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Abstract

The comparison of model yacht test results 1s an
important part of improving yacht testing methods.
The tests of the 1/6th scale ANTIOPE model done at
the U. of M. are available in this report for com-
parison and correlation with actual full scale re-
sults.. Documentation of the equipment and procedures
used in yacht model tests 1s also provided. The
appendices supply detalled descriptions of the equip-
ment, procedures, and results of the tests run in
1975 at the U.. of M..
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1.. FOREWORD

In an effort to improve methods of yacht model testing
Panel H-13 of the Soclety of Naval Architects and Marine
Engineers initilated a program of testing on the 5.5 meter
yacht ANTIOPE,. In 1965 the full size yacht was tested at
David Taylor Model Basin.. Scale replicas of ANTIOPE were
distributed to towing tanks agreeing to participate in the
program., The goal of the Panel H-13 program was to enhance
model testing methods through intertank comparisons and
correlation wilth accurate full scale test results,

In cooperation with the program the Univesity of Michigan
Ship Model Basin tested a 1/6th scale version of ANTIOPE in
1972, The test results, however, were never forwarded to
the Socliety.

Consecuently, I was asslgned the task of reviewing the
1972 tests, determining their wvalidity, and writing the
report., After research on the 1972 tests, the task was
extended to include retesting the ANTIOPE model.

The purpose of thils report is to present the results
of the 1975 tests on the 1/6th scale model of ANTIOPE so
that they may be used in the Panel H-13 program..

The report also provides documentation on the yacht
testlng eoulpment and procedures used at the U. of M..
Ship FModel Basin.for future reference.
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This report preséents the methods and results of the 1975
tests dons on the 1/6th scale replica of the yacht ANTIOPE,

The model was run at the Univesity of Michigan Ship
Model Basin using a standard method of yacht model testing..
The heel and yaw were fixed and the model 1ift and drag forces
were recorded over a speed range of 1.34 to 4.14 ft/sec.
The data was reduced using a simple computer program designed
to extrapolate model scale forces to full scale forces. The
extrapolated data compared poorly with the actual full scale

" data, This 1s probably due to errors in equipment,

procedures, and scale effects..

Because of the poor correlation T recommend that the
ANTIOPE program be continued and further tests be done at

‘U, of M. The new tests should be conducted in a more

scientific and professional manner,

The appendices of thils report provide a collection of
the test results and equlpment particulars.



‘present _recommenda

3.. DISCUSSION

3.1 Background

In- the fall of 1965, Panel H-13 (Sailing Yachts) of the
Society of Naval Architects-and Marine Engineers Technical
and Research Program conducted tests for measurement of
hydrodynamié¢ drag and slde force: on* the full size 5.5 meter
yacht ANTIOPE. These tests and accompanyling results are
summarized in-Technical and Research Bulletin-1-28 "Full
Scales Tank Tests  of the 5,5 Meter Yacht”ANTIOPE.."

Identical 1/6th scale -models of reinforced fiberglass
plastic were made avallable by the Socilety in order to
enhance model testing methodss through intertank comparilsons
and” by correlatiomr with accurate full scale tests run in a
towing tank.. All tanks participating in this program were
expected to-cooperate with the project by conducting experiments
which would supplement the tests performed on the full size
yacht and then forwardlng a report of the results to Panel
H=13..

The Ship Model Basinmat the Univesity of Michigan
performed initial tests—on-one bf the 1/6th scale- ANTIOPE
yacht models in December of 1972.. A full series of tests
were=-run,but due té reasons unknown'the results were never

‘written up into report form.:

In- January 1975 the author was assigned the task of
reviewing the 1972 tests;, determining their validity,. and
making the appropriate write up.. Inaccuracies in the 1972
tests made it necessary to also retest the model., It 1is
the purpose of thils report to present the results of the

. 1975 tests on the 1/6th scale ANTIOPE model so that they

may be used in the Panel H-13 program..

The first sectlon of the discussion will describe the
problems in the 1972 test results. The second and third
sections willl describe the test equipment and test procedures:
of* the 1975 tests. The fourth section'will describe the

reduction of the 1225 test data, and the final section will
ons hagsed on the 1975 tests,
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3,2 The 1972 Tests

A careful review of the 1972 test results revealed
several problems which invalidated the data%s rellability.
The method of data reduction was faulty.. The raw data was
extrapolated to full scale by a computer program written by
R.S. Fry, J.D. Adams, and B.J. Young in June 1972, A listing
of the program was not avallable for inspection so a spot-
check using manual calculatlons was performed. It was
found that the program failed to convert the units feet/second
to knots in the appropriate places. Also, the Reynould's
Number was based on the full load water line length (LWL)
instead of 0.8 LWL as 1s common practice in the reduction
of model yacht data,

Poor documentation of the data made accurate interpretation
difflcult.. The graphs produced by the 1972 research team
were-inadeguately labelled and the variables used in the
computer program were not clearly defined,. Although these
problems were not insurmountable it was decided that-
retesting the ANTIOPE model would be easier than correcting
the errors in the 1972 results..

3.3 The Test Eoulpment For The 1975 Tests

The test eouilpment for the 1975 tests consisted of
the towing tank and carriage, the salling yacht dynamometer
and associated electronic ecuipment, and the model. Table-
1 is a summary of the principle dimensions of the towing
tank and the yacht model.

3.3.1 The Towing Tank was equipped with a test carriage
capable of very accurate speed control in the zero to ten-
feet/second range. On-board the carriage-was the salling
yacht dynamometer, electronic amplifiers and recording
enulpment used in the tests.

3.3.2 The Sailling Yacht Dynamometer has two basic components,
the balance beam and the instrument block. The balance

beam consists of a fixedand a pivoted bean system coupled to
the model and instrument block by a floating vertical

shaft,. Fore and aft movements are transmitted through

the shaft to the pivot beam and recorded by a transducer.

3.3.3 The Instrument Block contains the apparatus to
measure the model heel, yaw, heel moment, yaw moment, and
side force. The measurements were made with strain gages
and tranducers.. Appendix A contains dlagrams and photo-
graphs which 1llustate the parts of the dynamometer aquite
clearly.
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MODEL PARTICULARS

Length overall 5.21 ft
Load Waterline 3.77 ft
Max. Beam 1.05 ft
Draft .73 ft
Displ. 20.18 1bs
TANK PARTICULARS

Length 360.0 ft
width 20.0 ft
Depth 11.0 ft
Water Temp. 67.0 F

Table-1 Model and Tank Particulars
Yaw HEEL,
0 ok 10 20
2 o 10 20
6 0 10 20

Table 2. Heel and Yaw Test Matrix
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The dynamometer measured fprces By converting mechanical
deflections into voltages.. The voltages were filtered,
amplified, and then scaled into model 1lift and drag.

3.3.4 The Model was a 1/6th scale replica of the 5.5 meter-
yacht ANTIOPE. It was built of reinforced fiberglass
plastic by SNAME. The-model surface was smooth and clean,.
The model was eaulpped with turbu%ence stirulator strips.

( size 20 grain sand, 8 grains/cm? density, 40 mm wide )
along the forward sections of the keel and hull. These
strips can be seen in Fig la and 1b. Appendix B shows
further details of the model lines and towpoint set up.

3.4 The Test Procedure For The 1975 Tests

The test procedure used 1s commonly accepted as standard
in the industry.. Heel and yaw angles are set and the model
1ift and drag are recorded.. The model was run over a speed
range of from 1.34% ft/sec to 4.14 ft/sec. Thils corresponds
to full scale speed of from 2.0 to 6.0 knots. Table 2
shows the test matrix of heel and yaw combinatlons used in
the=test. Each combination was run through the entire speed
range.. Orientatlon of heel and yaw rotations are 1llustrated
in Appendix B. A waiting perlod of three minutes was
implemented between runs so that turbulence in the tank
would dissapate.. If over an hour elapsed between runs
a 'practice run' was taken to stir up the water and assure
uniformity in the test conditions.

3..5 The Actual Testinhg 6f The Model

The tests of the 1/6th scale ANTIOPE model were made
on the 22nd and 23rd of March, 1975.. The test ptocedure
described above was followed and no major difflculties were
encountered.. The model was tested in a sequence which
progressed from the upright condition ( 0 yaw, O heel ) to
the most extreme condition of heel and yaw ( 6 yaw, 20 heel ).

~ Two to three speeds were run during the carriage's run down

the length of the tank.. Black and white 35 mm photographs
were taken of one run in each condition.. Appendix C
contains a listing of the raw data obtained from the testing.

3,6 . Data Reduction

.~ Beductlon of the data consisted of extrapolating the
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model scale forces to full scale forces.. This was accomplished
with the computer program lisdted in Appendix D. Ther

computer program uses the 1957 ITTC friction line for the
calculation of the model and ship coefficlents of friection.

The Reynould's Number used 1n the program calculations
is based on 0.8 LWL to account for the shorter flow path
over the keel., A correction factor for the stimulator drag
of 0.0025 was input.. Thils factor was based on the tests done
in 1972,. The full scale coefficlient of 1ift was found by
rultiplying 1.25 times the model coefficient of 1ift,

The data produced by this program is listed in Appendix
D. Graphs of drag versus speed for the four heel angles,
drag versus yaw, and 1lift versus yaw are included in
Appendix E. There 1s also a plot of drag versus speed comparing
extrapolated full scale data and actual full scale data
in Appendix E. Thls plot shows that there 1s a poor cor-
relation between extrapolated'%nd actual data., Scale
effects are the probable cause}the discrepency.. Appendix .
F-1s a discussion of the scale effects which relate to these
tests,

3.7 Recommendations Based On The 1975 Tests

Research on the 1/6th scale model of ANTIOPE should be
continued at the U,. of M. Ship Model Basin. This recommendation
is based on three facts, -

3.7.1 The Scale Effects discussed in Appendix F must be
taken into appropriate consideration.. The 1972 and 1975
tests lack an accurate evaluation of the turbulence stim-
ulator drag and correction factor.. An inaccurate factor
can significantly alter the results of the model test
extrapolation. .

3.7.2 The Sailing Yacht Dynamometer was not as precice and
accurate as necessary for the testing of small models.. Speciff-
ically, the pivot pin in the balance beanm system allowsd
considerable transverse 'play'. This caused a shift in the
strip chart zeros and a subsequent error in the raw data.

3.7.3 The Students running the tests did not have a total
grasp of the scale effect problems and the testing procedure.
Errors in thelr test procedure could have altered the values

of important variables, e.g. stimulator drag correction
fact or,
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The continuation of the ANTIOPE testing program should
include reanalysis of the 1972 and 1975 test data using
the computer program in Appendix D. The model should also
be retested to accurately determine the stimulator drag
correction factor. 1In the retesting, an attempt should be
made to refine the tedt equipment and test procedures at the
U.. of M.. towing tank,

3.8 Closing

. The purpose of tnis report Has been to present the results
of the tests done in 1975 on the 1/6th scale ANTIOPE model
so that they may be used in the Panel H-13 program. No
conclusions were drawn from the 1975 test data as thls 1s the
job of Panel H-13. The recommendations made pertain only
to the ANTIOPE program at the Ship Model Basin at the
University of Nichlgan, and are based on the results of
the 1972 and 1975 tests. The Appendices of this report
contain the data necessary to make concluslons and should be
consulted carefully.
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Computer Program Used to Reduce the Raw Data

RFAL IWL,LAMLA,LIFT,LIFTY,LD
WRIT= (&,10%) o ‘
194 FOR¥AT (5X,'SPEEFD',7X,'?NY',7%X,'YA¥’,6X, Y HEEL',6X,'LIFT? 6x'naac'
18X,'LD',7X,'CDY',7X,*'CLY *) ' ’
READ (5,102) KASES,YACHT
2 FC2MAT (I5,F3.1) A
READ (5, 109) 3HN,LWL,LAMDA,93TSUE,CSTUD,CA,VISC
FORMAT (BF3. L,#;,O u) .
Dc 25 1=1,150 :
‘ READ (5,101) Vﬂ,YAH,HBEl,ERAGH,LIFTﬁ
151 FCE#IT (5F8.5) _ , S
. CALTULARTICN OF COEFFICIENTS FOR THEZ MODZL ] -
© RNX=,8% (VM*¥LWL) / {VISC) : .
.‘cna-(DRAGN)/( S*RFO*WELSUR*VJ*VH)
DCH= (210G (REM) /2.39259)
'crn=(.075)/((002—2.0)**2)
C¥¥= COM~-CFH ‘ : -
C CALCYULATION OF FULL SIZE COEFFICIENTS
© . VY=SOQRT (LAMTA)*VA
VK= ¥YY/1.€6889
~RNY= (.8% (VY*LAMDA®LEL)) /VISC
. DM#= (ALLOG (RNY) /2. 30259
“CFPZ= (.075)/{ (DMN=-2.0)%*%*2)
CCY=CZ¥Y+CWM+CA-Z5T0ED
NETST=HKE ITSUR*LAMDAX*TAMNA : _ \
. DRAG=CODYX*,5*RHOXNETSY*VY=VY R S e
CL¥= (LIFTH)/(.5*RHO*W Tsuv*vﬁ*vv) o Cel
ClYy=CLy*1.,25.
- LIFT=CLY*.5*RUN*HETSY*VY*VY
TD— l"-F‘.\./]._>:>‘.‘(1

11

(6]

>
[
(4]

)

o

WRITZ (L,11) VK,RNY,YAW, HEZL, LI-- LDEAG,LD,CDY,
FORMAT (5X,%5.2,210.2,7X,F3.1,6X,F4.1,3710.2,2210.2)

) ob
) b

CCnTINiE
EXD

- [ S v A N > - () . -— - .
shitn g
. . ‘ . . . °
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Speed 3.02 0.858 07_R.N. 0,0yaw 0,0heel' 3, 70lift 53, gy dras o, 111 '7P-ﬂacd0-0){'u3<,_
: L.0d  0.117 08 0.0 0.0 5,405 47,41 0,117 0.63E-02% 0.727-03 .
.05 0,14 0p 0, G, 0 6,75 75 4B B9 0L 655 :.yan—u}
£.12 0 0,178 08 0.0 0.0 10,26 80.08 0,13 0.678=-02  0.biE-03
5.03 0,14: 08 0.0 0.0 0,27 57.01 0.00 0.508=02 C.24r-U4
1.94 0.55E 07 2.0 0.0 16,74 9.68 1,73 0.578=-02 (.98F-02
3,00 0.84F 07 2.0 0.0 3,20 20.74 2,08 0.51E-02 0,11E=01
S L.ne 0.11F o8 2.0 0,0 86,40 37.93 2,28 N.52B=02 ©.12E-01
5.00 0.14F 98 2.0 0.0 132.3C 62,19 2013 0.5538-02  0,128-01
6.03 0,17% 08 2.0 0.0 210,60 119.27 1.77  0.722-02 0.131-01
1,03 0,5U4% 07 6.0 0.0 67,50 16.87 u 00 0L10E=01T G 408="1
3,02 0.85F 07 6.0 0.0 169,56 31.25 5.43  0.762-02 0.417%~01
3.54  0.99% 07 6.0 - 0.0 206,55 43,53 4.75 0,77E-02 0.36E-01
3.99  0.118 0A 6.0 0,0 299,70 59,19 5,06 0.827=-02 0.U42FE=01
4,99 0,147 08 6.0 0.0 481,57 95,78 5.05 0.853-92 0.4 3R-01
w 6.06 0,172 08 6.0 0.0 731.70 170.86 4,28 0.10E=01 0.4u4E-01
® 1.94 0.55F 7 G.0 10,0 -2.70 11,19 0,24 (.65E=02 .=0,16E-62
& 3,03 0.85% 07 0.0 10. 0 -4.,05 231.40 0,17 0.56E=02 =0.97E-03
S 4,03 0.11E 08 0.0 10.0 ~12.15 40, 12 -0.30 0.54E-02 =0,16%~02
R 5,05 0,147 08 0.0 10.0 -16,26 65.54 . . =0,25 D.57E=02 =C.1UE=02 8
g 6.00 0.17E 08 0.0 10.0 -22.95 113.03 C=0.20 0.69E=02 -0.1U4F=-02 W
G 1.9¢  L,558 07 2.0 10,0 33.75 8,60 3,92 0.50RE-02 0,29%-51 '
® 2,97 0.82% 07 2.0 10. 0 61,02 17.65 3.46  0.445-02 0.158-01
u.ﬁ“ 0,11 98¢ 2.9 10,0 . A1.56 37.10 1466 0.508=02 0.84R=02
.95 0.14E 08 2.0 10,0 190,35 62,73 393 0.568=02 $.17E-01
6.02 0.17F 08 2.0 10,0 307.26 119.82 2,86 0.73E-02 0.19E-01
1,94 0,558 07 B0 10,0 82,89 14,87 5,58 0,87E=02 0,48E~(1
2.99 0,847 07 6.0 10.0 192.51 30,53 8520 0.758-02 0.088-01
5,03 0.11% 0& G o0 10,0 351,27 58,70 5.98 0.80E=02 0.48E=01
5,76 0,T4F 08 64,0 10,0 553,74 104,53 5,58 0,907=02 0,507-01
6.08 0.17% 08 6.t 10.0 956,17 172,90 B9 0,108-91 0.51E=01
1.93 0.5u4r C7 0,0 2N, 0 6.75 12.98 NGE2 0,778-02  0.4DFE~D2
2,97 0.838 17 6,0 20,0 10.26 20.89 0,09 0.52E=02 U,268-02
4,05 0.11E 08 0.0 20.0 556 38.52 0 41 0.52F=02 0.218-02
5,06 0,147 08 0.0 20,9 32,490 64,36 0.50 0.552-02 0.230-02
6§.11 0.17F 08 0.0 20,0 67,50 125, 35 D.54 0,74E=02 G,40E=D2
1.94 0.558 07 2.0 20,0 29,70 12,49 2.38 0.738-02 0.172-01
3,00 0.84F 07 2.0 20,0 56,70 22,00 S 2057 0.548-02  0,1UE-01
3,90 C.11F 08 2.0 20.0 96,66 39.86 2,43 0,587-02 0.14E=01
5,06 0,147 08 2.9 20,90 198, 45 75.59 ? 63 0.67E-02 0.170-01
6.6 0,175 NE 2.0 20.0 307,80 130,90 2,35 0,79E=-02 U,18E=01
1.96 0.555 97 6.0 20,0 9.3G 17.19 b.Gh 0.995-02  0.408-01
3,00 0.84F 07 6.0 20,0 176,55 34,13 5,26 0,847-02 0, 44%=01
4,02 0.11E 08 6,0 20,0 330,21 62,03 5.32 0,855=-02 0,45F-01
5,16 0.14E 08 6.0 20.0 562,14 106.79 5,26 . 0.881=02 0.46R-01
6,02 0,170 08 6,0 20,0 788,13 173,39 4.55 0, 48E=01

CUTIOW TERMINATEID
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Appendix F

This appendix summarizes several sections of the paper,
"Scale Effects in Sailing Yacht Hydrodynamic Testing" by

Karl L. Kirkman and David R. Pedrick. The paper was presented

at the Annual Meeting of the Society of Naval Architects and
Marine Engilneers- in 1974.. The paper presents the results

of a background study of potential scale effect problems and
a broad experimental investigation.. '

Two factors which are relevent to the ANTIOPE model
discussed below.

The accuracy of full scale yacht performance predictions
from model tests is dependant on the model load water line
length. The reason for this 1is that even with turbulence
-stimulators on the models fully turbulent flow is not
always achieved, The full size yacht 1s assumed to work
in the turbulent flow regime of fllud flow. To duplicate
flow conditions in accordance with the laws of similitude,
the model must also operate in the turbulent regime, In-
small models,. less than 8 feet, the Reynould's Number

i1s generally below that assoclated with fully turbulent

flow., Therefore, in models less than 8 feet it is important

proper turbulence stimulation be used and turbulent flow
guaranteed, '

Accurate predictions of full scale performance are depen-
dent upon the correct determination of the turbulence
stimulator drag.The correction for the drag of the stim-
ulators is found by testing the model under simililar
conditions with and without the stimulators attached.

The difference in the model drag 1s then computed and
applied as a correctlion faetor. As the model LWL
decreases the stimulator drag becomes a more significant
percentage of the total model drag, and also becomes

more difficult to determine accurately.

Since the 1/6th scale ANTIOPE model 1s small it is
subject to both of the phenomenom descrlibed above. A nore
detalled discussion of scale effects is available in the
reference paper.
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