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Abstract. The towing tank results of the Inui-hulls are walited for a validation of computer simulations gmediction
methods of the wave resistance of ships. The @igiata is presented in a new form with the necgssarections applied.

NOMENCLATURE

Avet Wetted area of canoe body Re Reynolds numbed-Ly, /v

Fn Froude numbet / (g-Lw )*? U Ship speed

g gravitational acceleration = 9.81 /s p Density of the water

Ly Length of the water line at rest v Kinematic viscosity of the water
R Resistance force

1 INTRODUCTION

There are many different and competing ways tonedgg the wave resistance of a ship. Any computer
simulation program or other prediction method netedse validated against reliable experimentallteslnui's
tank test results [1] are well suited for this mge. The quality of the originally published data de slightly
improved by applying a few corrections.

2. THE VISCOUSRESISTANCE

Inui conducted experiments with a submerged douimdel in the towing tank and presented the resuoles
diagram. The measurement points were taken frosndibigram and corrected for the blockage effedbviohg
Tamura's method [2]. The number of turbulence genes was estimated from Inui's description to Bén2the
first row and 31 in the second. The increment endhag coefficient caused by these protrusiongsdretween
810° and 110%, depending on the boundary layer thickness [3]s Bror was subtracted from the measured
friction coefficients. The corrected test results depicted in figure 1.
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Figure 1. Viscousresistance coefficient of S-201 from double model measurements
A least squares regression of the test pointsKbiae) gave the best fit for the following equatio
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This equation includes the form factor and is ordyid for this specific hull. For comparison Griges corre-
lation line is added. If multiplied with a form faax of 1.107, the agreement is exact. The redisirthe result of
a boundary layer calculation described in [4]. dsumption of a form factor is needed for the kalcalation.
Only the turbulence level of 1.5 % was chosen.tiiée lines agree quite well and establish somédemrce in
the test results in spite of the large scattehefaxperimental points.

3. THE RESIDUARY RESISTANCE

The difference between the measured total resistand the viscous resistance is the residuarytaesis. The
viscous resistance was calculated from equationiri@jeased by the drag of the turbulence genexakar the
residuary resistance component an additional ctorehad to be applied [2] due to the limited depfhthe
tank. The resulting 115 data points were sorted4andtliers were removed. After that the curve sa®othed
by averaging each two neighboring points. The tesushown in figure 2. The coefficients are vdi the
clean hull without turbulence generators.
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Figure 2. Calculated and measured drag coefficients for S-201
The numerical results are listed in table 1 atethe of this paper as a database for validationqaes

4, COMPARISON WITH MICHLET

With a length to beam ratio of 8.1 it seems possibl use Michell's thin ship theory for the preidictof the
wave resistance. The curves in figure 2 were catedl with the program Michlet [5]. The setting re tinput
file for the computation of the viscous resistam@s Grigson's line with a form factor of 1.107. Abd-n =
0.35 the prediction is good. The half entrance andithe hull S-201 is 21degrees, which might lmeléoge for
the short waves belofn = 0.35.

During the experiments the model was suspendetidrcarriage in such a way that it was free to hdaie
restricted in pitch. A trim angle of zero degreemswnaintained throughout the tests. At higher speleid is
only possible if the towing mechanism exerts a lomwn trimming moment. If this bow down trim is adde

the Michlet simulation, the agreement with the j#on improves at the high speeds.

What is also visible in figure 2 is a phase shétvieen the measured and the predicted values. Bxanum
drag coefficient is reached in the experimentsighdr Froude numbers than in the simulation. A kinpphase
shift is known from experiments with geosims of Wighulls. Kajitani et al. [6] report experimentaksults for
models of 2, 2.5, 4 and 6 meters length. The smtlie model the more are the humps and hollowgeshif
towards higher Froude numbers. It seems that theous wake extends the "effective" length of thelehand
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smaller models have a larger boundary layer thisknmelative to their length. From b.l. theory ikisown that
the turbulent b.l. thickness on a flat plate whle tength oy, is approximately 0.3y, -Re®? Assuming that
the additional length of the wake is proportionalthis b.l. thickness one can define an "effectiFedude
number:

U
Flrective = (2)
VoL, fi+CRe™)

A constant factor o€ = 0.7 is chosen for the curve in figure 3. Theeagnent at higer speeds is remarkable.

0.014

— measured drag, shifted Inui S-201

0.012 { — Michlet bow trimmed down

o o o

o o o

S S =

& © o
Il Il Il

residuary drag coefficient

o

o

o)

S
Il

0.002 ~

0.000

0.1
effective Froude number

Figure 3. Calculated and measured residuary drag coefficients with phase shift
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6.

APPENDIX

Fn Re Cresiduary Cviscous
0.1107 9.123E+05 0.00007 0.00490
0.1147 9.452E+05 0.00016 0.00486
0.1195 9.850E+05 0.00011 0.00482
0.1239 1.021E+06 0.00014 0.00478
0.1275 1.051E+06 0.00022 0.00475
0.1312 1.082E+06 0.00022 0.00472
0.1352 1.114E+06 0.00015 0.00469
0.1391 1.146E+06 0.00013 0.00467
0.1431 1.179E+06 0.00015 0.00464
0.1472 1.213E+06 0.00023 0.00461
0.1515 1.249E+06 0.00029 0.00458
0.1549 1.277E+06 0.00028 0.00456
0.1579 1.302E+06 0.00039 0.00455
0.1616 1.332E+06 0.00042 0.00453
0.1662 1.369E+06 0.00030 0.00450
0.1705 1.405E+06 0.00041 0.00448
0.1739 1.433E+06 0.00047 0.00446
0.1769 1.458E+06 0.00046 0.00444
0.1804 1.487E+06 0.00063 0.00443
0.1848 1.523E+06 0.00063 0.00441
0.1888 1.556E+06 0.00057 0.00439
0.1938 1.598E+06 0.00073 0.00437
0.2012 1.658E+06 0.00085 0.00434
0.2049 1.689E+06 0.00088 0.00432
0.2057 1.695E+06 0.00090 0.00431
0.2057 1.695E+06 0.00095 0.00430
0.2057 1.695E+06 0.00109 0.00428
0.2057 1.695E+06 0.00121 0.00426
0.2140 1.764E+06 0.00123 0.00426
0.2243 1.849E+06 0.00117 0.00425
0.2275 1.875E+06 0.00120 0.00424
0.2306 1.900E+06 0.00138 0.00422
0.2330 1.920E+06 0.00149 0.00422
0.2350 1.937E+06 0.00153 0.00421
0.2381 1.962E+06 0.00175 0.00420
0.2407 1.984E+06 0.00186 0.00419
0.2428 2.001E+06 0.00192 0.00418
0.2445 2.015E+06 0.00224 0.00418
0.2475 2.040E+06 0.00234 0.00417
0.2505 2.065E+06 0.00228 0.00416
0.2515 2.073E+06 0.00236 0.00416
0.2557 2.108E+06 0.00234 0.00414
0.2599 2.142E+06 0.00232 0.00413
0.2614 2.154E+06 0.00221 0.00413
0.2645 2.180E+06 0.00200 0.00412
0.2685 2.213E+06 0.00196 0.00411
0.2727 2.248E+06 0.00193 0.00410
0.2765 2.279E+06 0.00203 0.00409
0.2783 2.294E+06 0.00231 0.00408
0.2805 2.312E+06 0.00246 0.00408
0.2824 2.328E+06 0.00249 0.00407
0.2845 2.345E+06 0.00263 0.00407
0.2873 2.368E+06 0.00286 0.00406
0.2899 2.390E+06 0.00315 0.00405
0.2954 2.434E+06 0.00365 0.00404
0.3021 2.490E+06 0.00417 0.00402
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0.3100 2.555E+06 0.00470 0.00400
0.3182 2.623E+06 0.00498 0.00399
0.3268 2.693E+06 0.00490 0.00397
0.3352 2.763E+06 0.00472 0.00395
0.3401 2.803E+06 0.00452 0.00394
0.3429 2.826E+06 0.00434 0.00393
0.3461 2.853E+06 0.00421 0.00393
0.3501 2.886E+06 0.00414 0.00392
0.3524 2.905E+06 0.00410 0.00392
0.3552 2.928E+06 0.00417 0.00391
0.3593 2.961E+06 0.00418 0.00390
0.3641 3.001E+06 0.00424 0.00389
0.3687 3.039E+06 0.00443 0.00388
0.3744 3.086E+06 0.00467 0.00387
0.3789 3.123E+06 0.00483 0.00387
0.3818 3.147E+06 0.00503 0.00386
0.3878 3.197E+06 0.00546 0.00385
0.3912 3.224E+06 0.00575 0.00385
0.3973 3.274E+06 0.00636 0.00384
0.4032 3.323E+06 0.00695 0.00383
0.4065 3.350E+06 0.00722 0.00382
0.4148 3.419E+06 0.00788 0.00381
0.4205 3.466E+06 0.00834 0.00380
0.4231 3.488E+06 0.00860 0.00380
0.4269 3.519E+06 0.00900 0.00379
0.4325 3.564E+06 0.00952 0.00378
0.4406 3.631E+06 0.01029 0.00377
0.4478 3.691E+06 0.01095 0.00376
0.4539 3.741E+06 0.01137 0.00375
0.4581 3.776E+06 0.01169 0.00375
0.4656 3.838E+06 0.01211 0.00374
0.4764 3.926E+06 0.01255 0.00372
0.4841 3.990E+06 0.01289 0.00371
0.4893 4.033E+06 0.01315 0.00371
0.4931 4.064E+06 0.01327 0.00370
0.4958 4.086E+06 0.01336 0.00370
0.5001 4.122E+06 0.01341 0.00369
0.5067 4.176E+06 0.01350 0.00368
0.5156 4.250E+06 0.01367 0.00367
0.5230 4.311E+06 0.01374 0.00367
0.5313 4.379E+06 0.01368 0.00366
0.5407 4.457E+06 0.01352 0.00365
0.5495 4.529E+06 0.01334 0.00364
0.5575 4.595E+06 0.01324 0.00363
0.5650 4.657E+06 0.01305 0.00362
0.5732 4.724E+06 0.01287 0.00361
0.5795 4.776E+06 0.01275 0.00361
0.5847 4.820E+06 0.01260 0.00360
0.5872 4.840E+06 0.01256 0.00360
0.6009 4.952E+06 0.01216 0.00359
0.6188 5.101E+06 0.01146 0.00357
0.6284 5.179E+06 0.01119 0.00356
0.6412 5.285E+06 0.01096 0.00355
0.6592 5.434E+06 0.01044 0.00353

Tablel. Corrected valuesfor S-201
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