C.P. No. 237 C.P. No. 237
(17,909 (17,909}
A R.C. Technical Report A.R.C Technical Report

MINISTRY OF SUPPLY

AERONAUTICAL RESEARCH COUNCIL
CURRENT PAPERS

Investigation of High Length/Beam Ratio
Seaplane Hulls with High Beam Loadings
Hydrodynamic Stability Part 21
Some Notes on the Effect of Waves on
Longitudinal Stability Characteristics

By

D. M. Ridiand, A.F.R.AeS., G.l.Mech.E.

LONDON  HER MAJESTY'S STATIONERY OFFICE

1956

EIGHT SHILLINGS NET ~






Revort No. F/Res/257

August 1955

MARTNE ATRCRAFT FPERIMENTAL ESTABLISIMENT, FELIXSIOWE, SUFFOLE.

INVESTIGATION OF HTGH LENGTH/BEAM RATIQ SEAPIANT
HULLS WITH HIGH BEAM LOADINGS

HYDRODYNAMEC STABILITY PART 2]

SOME NOTES ON T:< FOFECT OF WAVES ON IONGITUDINAL
STABTLITY CHARACTEPTSTICS °

by

D. M. RIDLAND, A,P.R.Ae.S., G.T.Mech,E,

SUMMARY

Tn this report the results are given of tests on three models of
the series, designed to provide infommation on tne corrclation between
atability with disturbence ond slebility in waves, No correlation was
observed, but the results are analysed and compared with previous work,
and some importent general conclusions drawm as to the nature of disturped
stability and the behaviour of flying boabs in waves.
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1. INTRODUCTION

In carrying cut routine escessmcnts of the longitudinal stebility
characteristics of the various modcls in the present research prezamune
(References 1-20) tests were made both with and without distwrbance to give
a complete representation of calm weter stebility characterisvics. As it
was known that the application of disturbance impaired model stability in
calm water and that full scale seaplane stability generally wus cdverscly
affected by rough seas or sells, it was thought that it might bu pessible
to usc the disturbed 1limits obteined in the celm water tests to assess full
scale rough water characteristics. In this comnection consideration has
been given to the significance of the disturbed limits and a 1tushber of
experiments have been made to cusceve model behaviour in waves. Details of
tnese tests are given and discusscd in connection with available information
on disturbed limits. ' o

The subject of wivi~disturbance correlation woz briefly considered
in Reference 1, but wost of the information given there is repented beloy
end discusscd in conjunction wita the results of further 4 sts.

2, STABILITY WITH DISTURBANCE

2.1, Test technigue

Ze1ls 1. General

Disturbance techniques for stability testing have been uscd in the
R. A.E. Seaplane Tank for some time. In Reference 21 (1935) 1t was suggested
that, as calm water conditrons would :scldom be realised yull scale, some
disturbance of the watcr auring a modcl test was desirable, This was
achieved by doing cach dest run vhile the water surface 1as ~till dasiurbed
from the previous run, If anstability did not develop, howwver, the model
was "disturbed fairly violeatly" (by hand) aad the subsequent motion was
cbserved. 1% was noted that sometimec the large dlsturbance caused instability
Mmere the smaller oac (that duc e the disturbed water surface) did not;
on such occasions the interprotation of the results was Lo soms extent a
matter of Judgment and it . as found that a slightly pessimistic prediction
of the full scule behaviour wos often nade.

A morc deteiled uechnique wms .colssitated by the fact that in
1938 two seaplanes, the Lervack and the Luunders-Roe R2/33, stable model
scale with tic techniques then uzed, becawe unstable full scale, the latter
creshing as a result of this iastsbilaily. The revision of technique is
reported by Gotte?d “ho states that "a seraious difficulty appears when it is
necessary to dacide what is a suitable cisturbance to give the model" and
that "it has always been gencrally agrecd that the model disturbance should
be corrcctly scaled dovn from the masmimum disturbance the full scale flying
boat can receive in gervice. Unfortunately, individual judgment as to what
this means in praciicc shows enormouz varaations and disturbances given to
models have varicd from a gentle touch with oae finger to a2 push which
changed the attitude of the model by perhaps 5 degrecs". The apparent
discrepancy betwen model and full scale hehaviour of the Lerwick was
explained when the method of applying disturbance, as well as the amount
given, was found to bo of fundauental duportance. It was noted that a nose
down disturbance wos more effective in producaing instability than a tall
down disturbance of cqual nagnitude and that a train of about six waves
could causc the onset of instebility, quite as well as a manual disturbance,
even though they were woves of small height, as long as the wave length
was of the right order to produce a resonance effect *, It was

/concluded

# So-called; 2t is not suggested by the author of the present report that
true resonance occurs, but the term being commonly uscd in this context
it will be retained.
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concluded, however, that the wave tochnique is too time-consuming end that
a sultable manual disturbance must be given to the model: +this disturbance
must not be too small in case an unsbable region is missed, iv must not be
too large, so that the aircraft ucdsr consideration is not undvly rinalised,
i.e. so that the aircraft under cunsideration is not made to appe uw worse -
than it 1s under normal operating conditions, and it must be of “he right
kind. What the right disiurbance is must be determined by trzal.

The disturbance in general use in 19#+23 15 quoted by Liith wd
White in a review of porpolsing phonomenn, os boing a severe nosc Josn
angular disturbance of the order of 10° amplitude though, in the mare
recent tests on the Saunders-Roe EQAMFQh', the aprlied distbtirbances were
of the pencral order of 6°-8° noce dovm, except at fine angle. cr trim,
vhen the kecl atvitude was lowored to 09, i,e. the distwrbance was less
then €% The latter 1s substanttilly the same os the method duscribed 1u
the most recent review of taas ..oling technique (Refcrence 25) where it
is stated thal "1f no oscilluv... develoos, the rear cord {rmodcl guide
string) is jerked to give 4r. jwoucl an impulsive nose dovi drsturbance of
about 6°, or sufficient bto iuduce the keel aititude to zcro, whichever 13
the smaller",

It can be secen tha’l “he obove tecimiqucs are not well defandd and
lecave & great desl to the ,,udmment of the operctor, quite apart from {tav
drifiiculty of applyir s a piven ogrec of disturbance. Wmle they may b
satisfactory for iesils on zndavidual specifie airer:ft they are nov suitable
for tests en a rescarch szrics ol models; furthermore, the signiticance
of applying a givon degree of distuarcance ieg not fully understocd. The
revised techniques described below were therefore uscd in the rresent
investigation.

201e2, Prosert aavestisation

In order to ovtuiw Liamuis wvizch were both reproducible and com-
poaroble from model to rolel, two oots of lamits were obtaaned for each
model at cach welsut, cae peraz fur the undisturbed case and the other for
the case with maxinum dimtuwrb.unce 2 dofaned belowe The undasturbed iimiris
indicate whal car bu expectos 1uls scole in very calm water witoout disturb-
anec and are precisg, ana b dest conditions are those on which the
theorsticul tre-tment 2r bosed, The disturbed lamits are similarly precise
and rcproducible when obtoainzd by the nethiod used, whach was

(1) to glve o nes. Ao - 'mpulsive distlurbance to lhe model by
Jorkany an Lhe ver e wade glring, and

(ii) to give the mom . digvrbance 1ossible, so thet instability
woo wnduced o0 (11 speeds ard Lltitudes at whiech 1t was feasible
to do so,

and were obtainsd for vse in ca.igunction with the undisturbed limits to give
a complete picture or th: calm water stability characteristics.

That both setis of lialts ore necessary for a complete representation
of calm water stabilivy charccceristies is 21lustrated by the comparison of
Limdts in Figurce 1 . or two of {hc models, C end N, which were uscd in this
programme {Referencis 5 and 18;. In the undisturbed case C appeors %o be the
better model, but ondly ust, whoescas N is nuch superior under disturbed
conditions. Tor goed oll-roand zlebility N is unguestionably the better hull
form, but no such cleor cut decision could have been formed from a comparison
cf the undisturbed luadts only. Altcrnatively, consideration of the disturbed
limits only would indicatc that C in far worse than Il for narmal opercting
cenditions, which, of course, 1t is not.

/Tt



It wvas hoped that in adcdition to helping tovards a complete
understanding of celm water stability characteristics the disturbed limits
could be used as an indication of rough water behaviour, Detlails of experi-
ments conducted to determine whether this was in fact possible are gaven
later in the report; the remsinder of this section is concerncd with dis-
turbance limits only.

2. 2. The effect of disturbance on stability limits

The effect of disturbance in the region unstable without disturb-
ance is to produce s discontinuocus insrease in the amplitude of stecady
porpoising3, 7/, 11 (it follows that thove must be a critical disturbance in
this region, such that if 1l is exceeded, the model wall or:allete at the
higher amplitude). Furthcer, .s the dogree of disturbance is 1.acreased, so
is the magnitude of the unst.blc region until a limit is rcached when no
further instobility can be induced regardless of the distwbance; this is
referred to as the 1limxt ~ilh moximpm drsturbance. Partial limits for variocus
degrees of disturbance for Modcol.: A% and D/ are shown in Fimure 2 and illus-
trate this point; a completle zel of graded limits could have been obtaincd,
but this was considered unnccossisy. It can be seen that the limit with
maximum distuwrbance is, by its nature, a completely reproducible limit,
since to render a configuration unstable 1t 1s orly necessary to exceed the
ecritical disturbonce®, not reproduce il. Furthermore, it appears that a
slight misjudgment of whot coastitutes the mexdmum disturbance is unlilely
toc be significant, as evidenced by Pigurs 2, wiere an almost correct final
limat 25 obtained with 6° of distwiance, so that the error in a limit
obtaaned with greater amowsts of df:zturbance should be very small.

The limits in Fagure 2 are Daosed on observations taeken during normal
stability tests and the marked similarity of the wro diagrows may be noted.
(Model D diifers fron riudel A oaly with respect to afterbody length; that
of Model D is one bean loss thon thab of Model A). The number © indicates
the limit obtaaned with zero disturba .ce and at which the wmelitude of por-
poising is 2°; each o tn. other numbers indicates iune limits defining
unstable regions vhich .crz obtauisad with thet awrber of degrees of dis-
turbance, but the ocmplilude of porpoising et the 1imdt is not necessarily
20, in faci it 1s generally greoter. This is shown ia Figure 5 of Refercnce 1,
where the unstable regions have beca divided into zores of cqual steady
oscillations, or in Faure 14 of Refercace 3 and Figure 15 of Reference 7,
where porpoisin, arpliuuocs al specific poaints are porked. This feature is
worth noting; 1n thne undizuurbed cass tuere is o natural gradation of ampli-
tudes from stable teo unsteble roslons ~od to talk of 2 29 lamit infers that
cverywhere along the limit porpoising amnlitudes of 2° +vill be found (IMigurcl3,
Reference 12 for instonce)s I tne disbturbed case 1o speck of o 20 limit
implies only that porpoising ouLside tu. limit is of greatcr amplitude than
29; amplatudes of porpoising on the rimit rdght “c of aay higher wvalue.

It would be better to ialk of a lim:t obtaincd with x° of disturbance, or an
x° disturbarce limit,

Bxananation of rigure 2 aleo shows that with disturbance the mid-
planing region becowes unstoble first, rcaching a maximum wlidth with about
59 of dasturbance; further increascs 1a the degrec of applied disturbance
only raise the high speed lover limit. In the vicinity of the latter it has
been noted that the preater the disturbance neecessary to produce instability,
the more wviolent is the rosulting porpoising; in porticular, following a
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An investigation by Locke and Hugll27 into disturbance erfects
substantiates the cxaislence of different limits for different degrees of
disturbance and of a final lunit which further increases in magnitude of
disturbance dc aot alter. This work is interesting because 1t was res-
tricted to the upper limt region, where the present data are rather sparse,
yet lcd to the same conclusions.

2+ 3. Mechanism of disturbed instabality

So far, no mathematical theary has buen advanced for the case o
stability with disturbance and the phenomenon is not well understood.
Gott hog offered an explanntior of the uastable motion following a d&isburb-
ance, in terms of afterbody suctions?®, His account 1s clear and, as 1t
is generally supported by reccin! experience,.it is repeated below.

"Consider a wodel oscsllating with a small ammli.ude, so
that the motion is domped, and then let the amolitude be
increased untal 1% includes an attitude et wnicn suction
effects ocour. TIf the suction effect is sufficiently
localised it will act likc an impulse applied at a parti-
cular phasc in the oscilleizon and it is not difficult to
shov, from the uswal expressions for o dwmped harmonic
osctllation, that i. the phase of the impulse is suitable
the model will {len cxeeute o continuous undaroed
OSCill&tiOﬂ- cesivascananas

"4 .cording to this btheary the egsential feature is not the
di~turbence required to siort porvoising considered as &
furce or a mor.nt, hut the amplitucr. of osecill.ition
rogured to rench on ativitude at which suction offccts
ccow,  An iandication of 1he correctness of thi:z view wos
obtained cn an unstable model which -rag made to vscillate
at wmall steady amplituues by rumning through a long end
very shallo7t imve. ‘honever the double amplitude reached
about 59, porpoising of much larger amplitude commenced.
The riticel cordition need only be recched once and
couli be recched full scale due to ony number of chance
cirm amstances vhich do not exist at a1l under the con~
txolled condei_ons of tank tecsting, "

As s beon secn, the existence of the critical condition referred
to by Gott iz confirmed by the prescnt imvestigetion, in which it has been
referred bto & the critical disturbance,

3. WAVE TESTS

3 ls Test tecchniguce

e Lels  Gencral

Like disturbance tesats, wave tests have been made in the R.A.E.
Seaplane Tank for some time rud the tank opparatius scems to have undergone
little, if any, modification an that time. The wavemnlker is ol the oscillat-
ing flep type and reproduccs a decp sea wave or long swell; the waveform
18 approximatcly siimsoidal but deteriocrates (1) for wave lengtn/height
ratios of about 20:1 and below, when the vwaves fail to reach the far end
of the tank vaithout chhnge of form and (11} when the wovemoker is operating
under heavy loads, which give risc to illformed double-crested waves 49
The model can only be run head on into the wavetrain, snd the runs may be
made with acceleration or deceleration, or at steady speed525.

/The
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The general ouatlook with ~espect to tests in waves 1s interesting.
In 1935 1% was the practice to make brief tests in waves of two lengths, the
shorter being about egqual to the length of the hull, and the longer thres
times this length; the chief object of these tests was to obtain an assess-
ment of the general seaworthiness of the hull?l, It was considered that
tests in waves mercly accentuated any porpoising tendency and were not
necessary (from the stability point of vie7) if the normal routine tests
had been made. These views seem to have been generally held, where tests on
specific aircraft are concerned, up to the present day. Some thorough sca-
worthiness tests on the Smumders-Roe E&/M. were rcported in 1946, Refer-
ence 24, and in the most recent review of tank tcsting ’r.ochniquoé most of
the emphasis is on seaworthiness when waves are considsrcd. A method is
described, however, for recordinz the motion in paitch and hcave of a model
during a run through waves aad rcfcrence is made to a scries of tests on
models of the Princess and Shetland’O 1n which this method was used.
These tests were very limited an scope, due probebly to the time-taking
nature of wave btests in guncral, and, aparl from the prescat programme,
they appear to be the oaly tesis done in the R 4. E. tank with the sole
object of examining airecraft stability in vweves.

3elede Precent investigation

Apard from the gencration of Wavcs29, and thelr eff'ects, the
general procedurc for cach ol the present serics of test runs was identienl
to that used in the corresponding colm water case without disturbances AlL
wave tests were made wilh zero {lep, no ctlipstream, oae C.G, position and
at one beam loading, Crng = 2u75; the mclicl was towed from the wing tips
oit the lateral axis through the C.G. ~ith the model frco in pitch and heave,
and runs were made with selected clevator setvings and at coastant spceds,
all of which were in the pluning specd range., 21 rc¢ ocecasioa was the model
given any mamual disturbec .co.

Attempts were madc to read the 1raim, as well as any change in
trim, but these were not eatirely succcssful. Scmetimes the trim indicater
(pointer) was stcady aad at othor times it h.d a ccnstont amplitude, high
frequency vibration superimposed on the obviously steady trim indication
from the model; on thesc oceasions the motion was classed as stable. hen
the model oscillated in pitch a steedy oscillation of groator than 2° ampii-
tude was called unstable, but on a great number of runs the amplitude of tho
motion varicd over the run. Whea this happened a certein amount of discretion
was used; af, for iastance, the meximum saplitude was sustained for say only
two or threc cycles and oal; this meximum valuc was greater thon 29, then the
Tun was closscd as stable; if il was susteoined for about five or six cycles
the run was tcrmed unstanle. O some runs the pitchiayg, oscillations were
violent and the motion was obviously unsteble. At ne tinme, when deciding
whether a motion should be callcd stoble or unstablc, v=s any allowence
made for the motion ia heave, vhich was occasionally very pronounced, as
the main reason for doing lhe tesis wos to provide a cormparison with the
calm water test results, when only the mobtioun in pitch a3 coansidered.

Having selected o spced and clevetor sctting the procedure
adopted was to choose a wave leagib/hcight retio and, starting wath waves
of small height, effectively zacreasc the height whale kceping the ratio
constant until instability sct 1. I% was found that by repesting this
for several wone length/neight ratios curves of definitc form could be
obtained (Figure 10) scpuraticg regions of stoble and unstoble motion;
similar curves were cbtaoained for cach speed - cleovitos combination tested.

Critical disturbances were determincd by cerrying out test runs
in calm water and applying d&sturbances, the magnitudes of ~which were
progressively ircreased wntil instobility set in.

During most of the tests only visual observatioas serc taken because
of the time otherwise involved in analysis, but rccordings of a small group
of runs were made, by the mcthods of Refercnce 1, for comparison with the
results of Reference 30. /5.2. Scope



3.2, BScope of tests

Wave teste were made on .odels A, B end L of the series, aesrodynamic
and hydrodynamic data for which arc given in Tables I and II respectively.
As the initial aim was to determine the extent of .any wave-disturbance
correlation the points in the '{q, V) plane exesmined at first were in the
region between the undisturbed and disturbed stability limiis; later, in
the case of Model L only, the tests were cxtended to include points in that
part of the stable rezion which was unaffectcd by disturbance. All of the
points considered are numbered and listed in Teble IIT; for convenlence
they will be referred to henceforth by the numbcr and letter given in thas
table, e.g. 4B will indicate that Model B 1s being considered at a speed of
22 feet per second with elevators sct at -4 dcgrees. The relationships bet-
veen these points and the corresponding scts of stability limits are showm
for cach model in Fipures 3 and /4, wiich have kC\.l attitudes and elevator
angles respectively as ordinatcs.

The tests on Model A were of two kinds and all were made at
point 1A a1n the mid-planing region, In the first case a serics of runs,
made through waves of fixed height but of aif’ ering, lone*h/hcight ratior,
were recarded for comparison mth similer rosults for the Princess and
Shetland. In the second c¢as¢, a curve of J.a,f:.‘.,;‘l‘g, wave hcights for stability
was obtained on a wave longth/height ratio basc. In determining the points
for this curve no recordings were made, the runs being classed as staple,
borderline or unstsble 1a the manmer indicated in the previous paragraph.’
The nature of these tests wos mainly exm_m vbory and fuller tests were for
convenience made on Model B. )

The tests on Modcl B consisled 'of cobtaining curves of limiting
wave heights for stability at five points, 1B to b8, and of determining the
critical disturbance ot cach poial. These resulbs madae 1t Jairly clear that
no detailed wave disturbance correlation would bec forthcoming, though some
useful general results were obtained with respect to the behavaour of the
model. in different wuve systems. Purther tosts —erc made on Model L, but
for this reason no criiical disturbanccs were determined.

The tests on llodel L vere made to cheek the general rcsults of
Model B on a model haviag vastly differeat disturbcd limts, and, in addition,
wave tcsts were made al voints in'regions of the stability d:l.agram which
were completely unaffucted oy disturbance. Greater coverege of the (7, V)
plane was made 1n an cf{fort to obtain a beticr undersianding of stability
in waves and one curve, thal for point 6L, was oxtended as fer as possible
within the limitations of the wavemslanp system

3. 3. Dlscuss:Lon of results:

3 3.1s Cormparison of Model A vwith Princesgs cnd Shctla.nd

These tests werc made for comparison with simlar tests on the
Princess and Shetland®0, and tcst conditions had to be chosen accordingly.
The design loading for Model A 1as taken as 150,000 1b., the load cocfficicnt
as 2,75 ané the point selected Tor test, 1A, was in the mid-planing region. -~
Test runs were made in woves 2. 35 ££.% high and, in the comparison of results
with the Princess, linear dimcnsions for llodel A and the Shetland wwere scaled
up in the ratios 2.35:3 and 2.25:3 respectavely.

Six rcecordings werc made, one for each of lanc wave length/height
ratios 80:1 to 130:1 and they are shown in Iigpurcs 5, 6 and 7. HMaximim
and mean pitching and heaving amplituvdes and thelr ratiocs are given in
Table IV, together with corresponding results for the Prinecss and Shetland,
which were taken from Reference 30; +the amplitudcs are plotted in Figure 8
and their ratios in Figure 9. /The

® This figure was arrived at by scaling down the Princess wave height of
3 ft. by the cube root of thc ratio of the aircraft weights, viz:-

. ont o 3 (150,000y 1/3
/ave height = 3 (B.LOLOOO)
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The most obvious feature of the Model A records generally is the
apparent difference between the motions. This is probably duc to the motion
in each case being compounded of several basic clements the magnitude and
frequency of each being proportional to different physical characteristics
of the motion. In only one, that for a wave longth/height ratio of 110:1,
is there a regular constant amplitude motion. The 80:1 rccording resembles
a beat between two frequencies, the 90:1 is wrregular, the 100:1 has an
envelope of square waveform, while in the 120:1 and 130:1 recordings a
certain tendency to repularity can be observed., It is clear that any
detarled analysis of such results en masse would have 1o be statistical
and many more recordings would be necessary, so only a rough picture cen
be obtained from the present sct of curves.

The results are compared with those for 'the Princess and Shetland
in Table IV where the steady speeds are speeds for the mull form concerned
scaled up to the design loading and the tobulatcd figures are for runs
through the waves of. the heights indicated. When the Shetl.nd wove helght
iseceled up to Princcss size, sc is the speed, but when liodel A wave height
1s increased to Princess size thce speed becomes 84 knobs approximately, much
higher than that for the Princess. To obtain the same scaled spced for licdel A
as for the Princess would have meent runaing Modcl A at Cy = 5.9, which is
in the undisturbed unstsble region {Figure 3). The correspondencc chosen,

iz: that each of the throee points is reprecentative of the mid-plaoning
region, is considercd reasonable, but the much higher speced of Model A should
be borne in mind.

The mecan pitching and heoving amplitudes of Figure 8 arc of about
the same order, as far as one can generalisce, for the threc hull forms, but
the maximum velues for Model A are greatur than thosc for the Princess and
the Shetland, particularly in the case of heave., In Figure 9 the ratios
masximum amplitudeimean amplitude in both pitch and heave ore seen to be
greater for Model A then for the other two hulls., It should be noted that
these ratios, amongst other things, constitute o measure of the irregularity
of the moticn, and that one large oscillation could greatly increase these
values; the plots in Reference 30 were [adred by hand, there being no
cffective damping in the recording systom, and 1t i1s possible that occasional
high peaks were wmwittingly smoothed out. Some interesting points do arise,
hovrever, from this limited dato, Rcemonsnce occurs Cfor Medel A at a wave
length of 330 feet, it occw's for the Princess at 300 feet, although the
curves far pitch and heave are out of phase, and it occurs for the Shetland
at 270 feet (Figure 9); in each casc onc complete oseilletion of the model
corresponds to its passage through two wave crests. The greatest amplitudes
of oscillation in general occur at o wave length of 330 feet for Hodel A,
at 270 feet for the Shetland and at 270 feet for the Prancess (Pigure 8)
the values at 300 feet for the Princcss are, however, only slightly smaller
than those at 270 feet. It may be said therefore that meximum emplitudes
and resonance are found at the same wave longths,

Consider now the length (from forward perpendicular to aft step)
and maximum beam of each of these hulls scaled 1o 310,000 1b. :

Hull Form | Beeme Db | Leggth, L I,/ Ca. bL
fto f—bn © Sq. fto
Model A I 12,05 132, 6 1.0 l 2,75 1,600
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If now the ratios of the resonant wave len_ths to the réspective
hull lengths be determined, they are found to be almost aqual, viz: -

230 _
Model A 526 2.5

300
121. 0

Princess

2.5

270
Shetland e = 2,4
1is.1 b

‘ I‘.c would appear from this that the rescnant wave length 1s a
simple multiple of the hull length and that it is independent of hull shape
or length/beam ratio.

3e3.2, The wave diagram

Before considering the remaining tests, a detailed cxamination of
the extended wave diagram vthich was menticned in Section 3.2 1all moke it
easier to follow the subscquent discussion. The curve was obtained tor
point 6L (Teble III) and it is given as originally plotted on a wave length/
height ratio base in Figwe 10, In this form it has a shape charceicristic
of this type of diagram but the plot on a wave length base in Figure 11 is .
easler to appreciate, though curves plotted in this maancr have rather mcre
varied shapes, Both figlrcs arc non-dimensional and normal stability diagram
‘notation has becn used for the stable, borderline and unstable points res-
pectively, Maximum amplitudes of' oscillation arc indicated by the figurcs
near the relevant points; 1f the observed motion was regular this is
indicated by the underliaing of the figure, otherwise the motion was irrcgular,

It cen be =cen from Figure 11 that there 1s a minimum wave helght
of C.05 beam below which there iz nc instability. It may elso be secn from
Figure 10 that there is an upper limiting wove length/height ratio for
instability; in this case the motioca 1s stable above a ratio of about 850.
There may also be a luer limrting value, bul this zs not indicated by the
diagram. Returming to lMgurc 11, the meotion near and below the limit at
the higher wave lengths is moinly oscillatory, regular and of small ampli-
tude, while that fouad at tne lower wave lengths ils as often irregular ‘as
regular, and the transition from steady to oscillatory motion is rather
sharp. It may bec noted that at these wave lengths (below 25 beams) had the
limit been drawn wath respeel to regular solions only it would have been
less severc. In general, #th ingress inlo the unstable region, porpoising
amplitudes seem to increase at first and then reach a maximum value of the
order of 8 degrecr; one point (h = 0,351 beam, L = 33.10 beams) is un-
marked on Figure 11, but 1t lies well into this rcgion aund still has a
maximum amplitude of only & degrees.

The existence of limiting valucs of wave length, height and
length/height ratio for swtability could h.ve been cxpected. With regard
to wave height, a wave of infanitcsimal beipght could have no cffect on
the motion; it would have to reach finite size before a 29 erplitude
oscillation could be induced, I1n the casc of wave lenath, as this is
increascd at constant height the water surface approaches a plane, for
practical purposes, and the motion becomes as for calm water. Ihen the
vave length is decreased, it reaches a minamun value for a given wave
height, below which a ztable wavelorm cannot exist?e. There is thus a
limiting wave length/hcight ratio (7) for the existence of stable waves
and neither of the curves in Figurc 10 or Fagurc 11 would thereforc touch
the y~axis.

The remaining results are presented in the form of Fipgurc ll.
Only the curve or limit is drawm in each case, but the poiants defaning
this curve are given in the relevant teble. Iancs of constani wave length/
wave height ratio arc shovm in each figure tc aid discussion and it may be

/noted
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noted that the maximum wave lengths and heights in vhich the genersl tests
were made were 35 beams and 0.5 beam respectively. This gives a smaller
coverage of the wave length range than in the case discussed above.

33 3. Model A results

The curve of limiting wave height for stability at different wave
lengths is given for point 1A (see Table III and Figures 3 and &) in Figure 12
and the points defining the curve are given in Table Vo If is of simlar
form to that of Figure 11 when account is taken of the gifferent vertical
scales and as wave length is increased there is a progressive duercase in
the wave height at which instability is met, The ratie of decerease 1s reduccd
as wave length inereases, wntil a miaimunm wave height fer iastability of the
rder of 0,06 beam is indicated.

The six points marked at a wave height of 0.25 beem and lenghh/
helght ratios of 80 to 130 respectively are the points at which the recordings
gshovm in Figures 5, 6 and 7 weroe made. Each of these recordangs i1llustrotes
the type of motion which occurs at one poiatl in the kind of diagram now
being considered. It is interesting to see that the six points all lie well
within the unsteble region and thot if there 1s a tendency here to a limiting
porpoising amplitude as mentioned in the previocus section, it was probably
reached by each of the threc models, Model A, Princcss and Shotland, during
the tests considered in Scetion 3. 3. L

3034 Model B results

The curves of limiting wave height for stability at difforcmb wave
lengths are given for points 1B to 5B (sec Table ITT and Figures 3 and &) in
Figures 12 and 13 aend the points defining the curves are given in Tables VI
to X; the relevant cratical disturbances ars also given in these tablcs,.
The general tendency in all of these diagrams is the same as in that for
Model A; as wave longth i. increased therc is a progressive decreasc in
the wave height nccessory Lo produce instability and, olthough the curves
cnd rather abruptly, there is in three of the cases a definite tendency
tovards a pinimum wave height for instability, the value of which differs
from casc to cose., Too much attention shovld not bc paid bto the irrcgular
shope of the curves for points 2B and 3B; +the nature of the motions in-
volved and their ropresentoiion by stable or unstable points should be
remembered (Secticn 3.1.42).

An examination of the five curves shows that in a given vmve
system the most steble configuration, or part of the stability diagram,
is that represented by point 5B and the least stable by point 3B. If the
five curves are put in order of quality with the poorest first we get 38
o8, 1B, 4B and 5B, 2B and 1B are st the same elevator setting (Figure &)
and indicate an improvement in stability, z.e. o1 increasc in the wave
height necessary to induce instebility, with increase in speed, vhile 3B
and 1B are at virtually the same spced and show an improvement with increase
in clevator setting. Points 1B, 4B and 5B are for both progressively higher
speeds and clevator settings and should, it the changes already noted are
progressive and additive, show a much greater degree of improvement thon
the individual changes; thig iz in fact the oase.

It moy thus be tentatively concludcd that stabllity choracteristics
in waves will be improved by an increasc in speed or an increase in elcva-
tor setting, ®

2e 35 MNodel L resulls

The curves of limiting wave height for stability at different
wave lengths are given for points 1L to UL (sce Teble IIT and Figures 3
and 4) in Figures 13 to 16 and the points defining the curves axrc given

/in

% i.e,, & change of elevator setuing which will increase the nose down
pitching momeirts
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in Tables XI to XXIV, The general tendency for the wave height necessary
for instability to be reduced as wave length is increased can still be seen
in these figures, but the greater coverage of the stability diagram by the
test points has resulted in a diversity of cwrve forms,

»

It is convenient to consider the curves in the followang groups:

a

(1) 6L, 3L and 7L where n = -12°,
(ii) 2L, 1L and 8L where 5, = - 8°,
(iii) 10L and 4L where n = = 4° and
(iv) 12L and 13L  where n = 0°;

this allows the effect of increasing speed to be assessed at different
elevator settings; a regrouping

(v) 6L, 1L, 10L and 14L where Gy = 6.9,

It

(iv) 8L, 4L and 12L where Cy 8,2 and

9.2,

1!

(vii) 7L, 9L, 5L and 11L  where Cy

allows the effect of increasing elevator setting or angle to be determined
at different speeds,

The curves of thHe first group show, with the exception of that
for 2L, that with increasing speed the wave height necessary to induce
instability is increased and that the elevator setting has little bearing
on this change, (It should be remembered that these remarks apply to any
given wave system within the range tested and they are therefore general),
The exception to this rule, point 2L, shows that much higher waves can be
encountered without instability resulting than is the case at the next
higher speed, point 1L. Point 2L represents the lowest speed tested,
however, and is just past the hump, while the remaining points are at or
above low planing speeds. The conclusion that increase in speed increases
the wave height necessary for instability applies therefore only at low
planing speeds and above, not at hump speeds,

The second group shows that at all speeds, as elevator angle is
increased so is the wave height necessory to induce instability and, as
speed is increased, so is the rate of this change.

The best configuration when planing in waves therefore is one
where both speed and elevator angle are high,

3.3.56. General

From the foregoing results three general conclusions can be drawm,
They apply over the rangc of wave systems covered in the main tests, that
is in waves having wave length/height ratios of up to 200;1 or in waves of
lengths which are less than thet ot which the minimum wave height for
instability is fcound, The conclusions are that

(1) at any point in the planing specd range thc wave height
necessary to induce instability decreases with increase
of wave length (probably until the resonant wave length
is reached, after which it incrcases),

(ii) et any point in the planing speed range and at any wave
length the wave height necessary to induce instability
increases with increase of elevator angle, and

(iii) ot any point 1n the range from low planing speeds upwards
and at any wave length the wave height necessary to induce
instability increases with increase of specd,
/Minor
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Minor exceptions to these conclusions can be found, but they are
not felt to be saignificant.

It may be noticed that here and elsewhers in the discussion points
have been defined in terms of M and V not ax and V, i.e. elevator angle has
been used in preference to keel attitude., The reason ig that while bolh are
usually known accurately in calm water tests, this 1s not generally sc in
waves, when the model oscallates in pitch during wave tests it is difficult
to obtain an attitude reading and when the model 18 reasonably steady the
attitude 2s usuwally different to {1hav chiained in calm water for the same
speed and elevator setting. Observers were left with the impression that
attitudes were increased by waves from their calm water values and, to check
this, readings were taken at seven points, 4L, 5L, 7L, 8L, SL, 10L and 4L
(Tables XTIV, XV, XVII, XVIII, XIX, XX and XXIV). Vhen the mction was
oscillatory and of smell amplitude the nid-point between maxinnan and minimum
readings (sec Figure 5 for instonce) was taken as the attitude for this
purpose if it wos not possible to obtain a steady weading before any instability
built ups The mean of the readings obtained i1a different wave systems for
each point was then plotted against the correspoading calm water attitude
and the resulting curve, vhich is of definite form, is piven in Figure 17,

It can be seen that for this particular meodel, L colm waver atti-
tudes of less than 8° are increascd by waves, vhile those greater than 8°
are decreaseds Maximum and minimum values of attitude eppareatly cxist for
planing in waves and in this case are 6.0° and 6. 8° respectively; the mcan
working attitude renge has thus been reduccd to 13° for this model, The
speeds and elcvator settings at which each sct of ave tesis iore made arc
indicated; speed alone does not appcar to be significant, while:elevator
angle decreascs more or less progressively with incrcase in atiitude at cach
speed. The long afterbody of Model L (7 beams) has undoubtedly playcd a
large part in fixing the changes quaantitatavely (vhe rcduction of the atti-
tude range for instance, would peobably act be so great with a shorter after-
body), but it is considered that in genersl the ealm weter otiitudes of all
the models of this series will be similorly modifired by waves.

It is interesting to examince the test results for tiodel L in theé
light of the resonani wave length found at 2% tames the hull length with
three other models. Since the hull leagth of Model L is 13 beams one vould
expect a resonant wave length of 32 beams il this 1oti10 33 to be marntoined.
As can be seen from Figure 11 this 18 consistent wath the test resulis if a
1little lataitude is allowcd in the drowing of tho vave curve. Considering
the diversity of shapes represenied by the four hulls concerned the sgrecment
between the ratios rescnart vave length/hull length is remarkably good and
suggests that in fact there may be a general relationship involving this
factor.

In Figure 17 a comporisca i1s made of the wave stability charac-
teristics of lodels A, B and L. In the first diagram curves for the three
models are compared at a mid-planing specd and medium elevator sctting.

The basic model (A) 1s the poorest, a lorge improvemeunt results from fere-
body warp (B) and a farther but lesser improvemesl is obtained with forebody
worp and s long aftorbody (L). This does not of coursc mean that for any
given model an increase in aftcerbody longih will be more ¢ffective than
application of feorebody warn in improving behaviour in waves, since it may
well be thet, in the instance quoted, most of the possible improvement was
cffected bv the addition of forebody warw. leavaing little scopc for ony
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progressively higher speeds and aindicote that while' the long afterbody is
slightly better in short waves it shows o progressive deterioration rela-
tive to Model ‘B with speed at the higher vave lengths, 1.e. the charac-
teristics of the short afterbody model irprove at a greater- 'raie with .
1ncrease of speced than theose of the long ofterbody model. .

Lo CORREELATTON TRTVEREN STABILITY “ITH DISTURBANCE AFD 'STABILITY IN WAVES

An attempt to corrclate the offccts of waves ond dlgturbances on
undisturbed calm woter stabilzty characteristices may be made in several )
weys and the correlation may be detailed or general., In the detailcd type .
of carrclation the craitical disturbances wad wave. ofagrams.al corresponding
speeds and elevctor settings sre comparcd in an atiempt to cbtain o point !
to poant corréspondence over the whole (1, V) plane; +this con obviously .
be applied- only to Medel B results an the present case. In.the pgeneral .o
type of corrclalion an attompt is made to draw conclusions conscrning vhcle
areas of the (7, V) planc; Model I results are most suitable for this type
of tireatment by varbue of the faarly sood coverage of the (m, V) Llane wailh
test poinds,

It showdd be noted thnt in 2ll or the tests now under considera-
tion the tu.bilitj criterion ves taken to be an oseillation in pitch of 2°
amplitude and, because of the weve effcet on attitude, results are expressed
in terms of clevator angls, not keel attitude. '

For correlation the critical disturbance, i.e. the smallest dis-
turbance vhaich wwould 1..duce instebility ot any speed ond elevator.sevting, .
is assumed to Lo wquivalent to =y wave systen which would simnlarly just -
mduec instability.

. A detailed correlation may be made in ‘the following manner.,
Let on x0 disturbance limit be chosen {see Scction 2.2); the points at
which the craticel casiurbances are greater than x© -ill be steble and
those at which the cratical daistwrbances orc less thon x? wall be unstable.
If & vaversysten (defracd by weve heighl L and wave length L) can be found
vhich, Ly vairtve of the rlovant curves of critical.wave heichts (e. g -
Figurcs 12 end 13}, renders tlhe points stable and wastable an exactly the
same 7ay as doos the x¥ disturbance limit and if thc procedure czn be
repeated with disturbance limits of vericus vaelues, from one vhich cxcludes
to onc which includes 2ll tne points, then o detaarlcd correlation may be
said to have bheen eoiepiashed, In such a corrclction the converse need
not necessarily be truc, The aim 1s to interpret disturbance limits in
terms of stobilaly ir waves, not vicc versa, and in the cvent of a, detailed
correlation therc mey romein wmve systems which hove ao corresponding dis-
iurbance limit. ) : )

Apolying this vechnique ©o l.odel B and choosing initially a 3.5°
disturbance limit, and bearing in aiad the magnitude of the critical dis-
turbances, polnts 28 and 3B will be atsble, points 1B and 4B will be unstable
ond poant 538 will be borderline, i.c. the represcantotive point will be on
or ncor the stability limit. Turasag to Tizure 13 it can be secn that
borderline stabilisy will be obtained at oo:.nt 5B 1n scveral wwve systoms
having wave heights of the oxder of 0.2 beams, Selectung a vave system of
wave heaight 0,2 beams and wave lempth 20 beams it cn be seen that points ¢
1B to 4B arc rendercd wistable thurcby and Lthis occurs with ony system
lying on the 5B curve. In this case therefore detailed correlation couanot
be established, The samc is true of any limit obtalnc.d with dlstm'bances
in the range 3.0 “to L. 5 for lodcl B. - . !

In attempting to make o goneral corrclation no particular methed
was used; 1nstead the wave curves and the colm wetor, stability limits -
obtu;_ned with maximum disturbance for Model L were compored and any rele- .
vant Pacts were corisidered. -

/The
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The region of. instability obtained with d&isturbance is much
smaller for Model L than for Hodel B and, because of this, vwave tests were
made at points 2L, 4L, 5L and 7L to 10L, vhich are in the stable region
which is unaffected by disturbance, in addition to peints ocutside this
regroi. Even at these points save sysiems were encountered which could
induce dinstabality and 1l is‘clear, therefore, thet at these points there
can be ao vave~disturbance correlation. o the previous discussion on
Model B results,” limits obtained with gaven degrees of disturbance were
censidercd in conjunction vath eriticel aisturbances; in the casc of
Model L no critical disturbances were debermined and the disfturbed limit
(Figure &) is that lor maximum dasiurtance. Tais, as con be seen from
Figure 2, is probably a comround Limit involving various degrees of dis-
turbance. In a wave system which 1z ithe cguivalcent of this disturbed
1imit the previcusly mentioncd pointe uust be stable, posnts 1L, 6L, 11L&,
12L ond 13L must e uastable snl 5L and 4L must be bporderline, d.c. vhe
rcpresentative points must lic on or near the limits., Coaszdering the
curves for points 3L and 4L in Fagurcs 1o and 16 1t can be scen that no
wave system vhich is common to the two curves can he found, Therc is thus
no correlation between stebility charwcteristics in waves and the stability
limit cbtained with moxwumum distuariance.

This lack of correleavion in the case of Model L a3 imolicit in
the conclusion (ii) of Section 3. 3.6, which states in effoect thai as
elevator angle is increased stobility characteristics in waves are
amproved, As some of the high elcvator angle points (11L, 12L, 13L) lic
within the disturbed wnstoble rogion (Figure k, Model L) wherc for any
sort of correspondence a deterioration would be expected, there caa be no
wave-disturbance correlatiorn.

It would appear froem fundaonental con51dewat10ns that if any
carrelation were obtained, 1% would be purely fortuitous. r'rom the dis-
cussion on disturbance limits (Scotuon 2.2) 2t follous that there 1s a
physical disnontinuity ot the limdil, in goang from steble to unstable
regions a sudden change I'rom steady motion to porpoi-ing of large ampli-
tude is obtained, vhoreas with the save curves, therc is a progressive
wncrease in the amplitudes of porpoising with ingress into tne unstable
rogion and, by dcfiartion (Section 3.1.2), porporsing on the curve is of
20 amplitudoc. '

It is clear from the foregoing that disturbance limits cannot
be interprcted in terms of stability in waves.,

5. DISCUSSION

It has been concluded that thero is no significant relationship
between stability with disturbance and stability in waves, so that informa-
tion on the latter with respect to a given hull form nust be obtained by
carrying out tests in waves., In future teosis ca a dynamic model therefore,
for a complete assessueat of longitudinal stability characteristics, fthree
types of stability must ke investigated, viz: uwadisturbed and disturbed
stabulity and stability in vawves. For a satisfectory interpretation of
test results the meaning of each of these types of stability should be
uaderstood and to this end a summaery of the important points relatiag to
stability with disturbance and stobzlity an weves is given below,

When disturbance is appliecd the stable region obtained without
disturbance is reduced and this redugtion continucs as the degree of dis-
tuwrbance is increased until a miaimum region, which is unaffected by
further increases in the applled disturbancc, s obtamned,. The limt
dofining this region, which is knovm os the limit wath maximum dasturbance,
is reproducible and is obtained by giving to the model the maximum nose-
down impulsive disturbance compatible with safety. Like limits obtained
with any other degree of disturbance, it marks o discontinuity in the type

| /of
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of motion encountered; therc is a sudden cnange from the steady planing

of the stable region to large amplitude porpoising when the 1limit is crossed,
In general, the aincrease in the unstable region obtained with disturbance
commences in the mid-planing region following the spplication of the smaller
dasturbances, though insftability here may be prevented by o suitable hull
modification, e.g. a long aftorbody, and the final stages of the increase
occur in the high speed, low attiiude region fellowang the application of
the larger disturbanccs; instability can alvays be found in this region

if, large enough disturbances ars applicd. The violence of the porpoising
following a disturbance 18 increased where larger disturbances ere necessary
to induce instability.

As disturbed limits cannot be zaverproted in termes of stabality
in waves, but clearly represcent stability cheracteristics vith disturbance,
the question of what constitutes a full scale disturbance deserves closer
examination. The wash ¢f a boat, such ss that wwhich caused the crash of
the Saunders-Roe R2/33 < 22 ,Or a sudden yaw, such as that which caused por-
poising and finally damage to the Solont M.J.20133 are acceptable examples,
but a type of dusturbance which occurs regularly full scale i1s that encoun-
tered during landing., The suggestion that every landing constatutes a
disturbance was considered in essence by Gott3: and upheld in the light of
his experience, and it wes made (quitc indevendently) “n Reference 10 and
supported by American evidence. It is conmidered thereforc that limits with
meximum disturbance indicate either stability characteristics in iake-off
or pianing when a severc disturbance is encountered, or the worst stability
ciiaracteristics in landing,

1. waves, therc is a minimum vave height and o maximum wave length/
height ratio below end above vhiach respectively no instability is oblained.
The minimum wave hoight appears to occur at o wave length of 2% times the
hull length; this fector of 2% has carlier been fourd to be 51gn1flcant
with three other hull forms, the rescnauat wave lengih in each case being
24 +imes the hull length, and this may well be o universal figure., In
general, it appeears thail at o constant plaaing speed and elevator setting
the wave height ncccssary to induce instability decreascs monotonacally
with increasc of wave leaglh until the rescnant wave length is reached, and
then increases. Again, the “mave height neecessary to induce 1hstability at
a given wave length is incrcascd by iacreasc of specd or elevator angle or
both. .

These results mor be uscd to formulate a techmique for future
stability tests in waves, vmich can be made very brief. The srorst and best
wave stebility characteristins vall be cbtained at low planing speeds vwith
lovr elevator angles and at high planing speeds w1th high elevator angles
respectively, while beotween uhese extremes there is o more or less steady
change. Diagrams for these points wall therefore give £11 the information
nccessary on the wove stability charactoristics of a gaven hull in the
planing specd range.

It is felt bhat 1n fuburc tests esccount should be taken of motion
in heave as vwell as that in pateh, vhich was the only motion of direct
interest ia the present investiration, During the present tests it was
observed that the heaving motion occurred occesionslly in the complete
abscence of any ritching moiion, so bhat for any absolute asscssment of the
motion in waves of o given hull form the simple 20 piteh criterion is
clearly inadequate; lt is necescary to take account of several f{actors.
These will include the amplatude, frequency and degree of regularity of
the motion, both in pitch and heave. A suitable form of presentation for
such comprehensive tests would probably be a carpet graph of amplitudes
of oscillation in pitch and heave rclated to wave length and wave height
for each clevator speed combinataon, wath some allowance being made for
the frequency of oscillation.

/Some
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Some mention should be made of the lack of longitudinal freedom
in the stability test rig uscd in the tests of the present report. This
lack of longitudinal frcedom has been grven full theoretical consideration
in the undisturbed calm water case in Reference 2€, where it was concluded
that veriations of longitudinal velocity had only a slight effect on stebility,
and these conclusions were given an experimental check (Reference 21) when
it was found that the model behaviowr was similar under the two conditions,
with and wvathout longitudinael freedom, and thet when porpoising was present
the period and character of the mosion taldng place —vas wnaffected by the
introduction of the additional degree of frecdom.

In the wave te¢sts now under consideration most of the conclusions
are based on curves or limits which were dra.i with respect to porpoising
of 2° amplitudc. It is felt tnat while thore vill undoubtedly be an effect
due to the longitudinal constreint, av these small amplatudes it wall pro-
bably be neglagible and at nighcr amplitudes it will be morc quantitative
than qualitative; the geaeral conclusions of the report should ia any event
not be affected, The magnitude of the effcct should, however, be determined
if possible, together with thosc of the corresposnding effects on 1he heave
and forward motions, and if eny of the eflects is large it will obviously
he necessary to arrange for lonzitudinal freedem ia future tests.

It is possible to usc the results of the present tusts to suggest
a method for making full scale take~offs in waves. It has becn shown that
greater wave heights can be encountered under conditions of maximum elevator
and speed without inducing instability than otherwisc,; sco the best course is
to keep the control column forward and increase speed as quickly as possible.
This implies that the effect of acceleration 1s (a) not detrimental and
(b) roughly ccnstant over the (n, V) planc. In the present wave tests
instability was damped out while running up to speed and, as i1n the calm
water case (in which acccleration is beneficial) .t has not been considercd
worthwhile in the light of expericnee to check the constancy of the effccts
of acdcclerataicn on stability over the (7, V) planc, these points can, for
the present, be neglected,

While keeping the stick forward during take-of f unduc conccrn
about the nose of the cireraft digging in or being sucked dowm necd not be
felt, :The i1ndication of a miaimim mean atvatude ian Section 3. 3. 6 suggests
that in faci the oppositc vAll happeir; the pilot will have to hold his
aircraft dovm and allow 1t to become airborne when flying specd is rcacheds

Pcrhaps the most enlightening conclusion bearing on take-offs in
waves is that the rcsonant wave length is 2% times the hull longth; during °
take-of f waves of %this length should be avoided by as much as possible.
Waves of Just lesz than rcsonant length and sbove, may be effcctively
lengthened by follouing a take-off poth as near parallel to the waves as
possible, when there will be little risk of instability, but application
of this technique in shorter wave lengbhs may cause rcsonance and is there-
fore dengerous; in short waves toke-offs should be made hcad on into the
waves, The pilot can decide on which coursc to follow after making or
obbaining an cstimate of the weve length relative ito the length of his
aircraft,

An analogous technigue could be devised for landing and would
nced only & suiteble allowance for deccleration effects.
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beam of model

1if4 coefficient = L/ipsv® (L = 1ift, p = air density)

velocity cocfficient = VA LD

load cocfficicnt = A/wb> (A= load on water and

w = weight per unit volume of woter)

load cocfficient at V. = 0Q

longitudinal spray coefficient = x/b
lageral spray coefficicnt = y/b
vertical spray coeffacient = z/b

[ {(x, ¥, z) co-ordinatcs of points on
?elatlve to axes through step poaint
gross “[ng area
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1ABLE T

MODEL AERODYNAMIC DATA

Mainplane
Section Gottingen 436 (mod. )
Gross area 6. 85 Q0 fte
Span 6. 27 ft.
S.M.C. 1.09 ft. |
Aspect ratio 5.75
Dihedral . 30 ¢
on 30% spar axis
Sweepback 4o o'
Wing setting (root chord to hull datum) SECN
Tailplane
Section ‘ B. AF. 30 (mod. )
Gross area 1. 33 s8g. fi.
Spen 2,16 ft.
Total elevator area 0,72 sq. %
Tailplane setting (root chord to hull dxtum) 2° o
Fin
Section Fe e Fe 30
Gross area . ' Q, %0 sq. fh
Height L L £t
General

# C,G. position
distance forward of step point 0. 237 't
distance above step point 0. 731 f't.

¥ & chord point S.M.C.

distance lorwerd of step point C. 277 £

distance above step point L. 015 £,

# Tail arm 1 (C.G. to hinge axis) ’ 3.1 0.

% Height of tailplane root chord L.E. above 0.72 1t
hull crown

# These distances are measured either parallel to or normal to vhe
hull datum.

/TABLE II
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MODEL HYDRODYNAMIC DATA

Model A B L
Beam at step Q475" Q475" 0.475"
Length of forehody db4 G ' €b
Length of afterbody 5b s 7o
FArébody warp (per bean) 50 i Lo
Angle between forebody and afterbody 6° &° . &°
keels

Forebody dcadrise at step 5% 25° 25°
Afterbody deadrise 309 30° 300
Step depth C. 150 & 15b ! . 15b
*Step form Unfeired treasverse

Pitching moment of inertia (1b. £t.2) 22,9 21, 3 25, 5

/AR IIT
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TABLE JTT

TEST POINTS iOR WAVE TESTS

Point Model Speed Cv BElevatnr Jeusting
ft./sec. degrees N
1 A, B, L % 28 7.2 -8
2 B, L 2k 61 -8
3 B, L 29 7.4 ~-12
L B, L 32 8.2 ~ L
5 B, L 36 92 -2
6 L 27 6a G -12
7 L 36 Yo = -12
8 L e 8. 2 -8
9 L 36 9 2 -6
10 L 27 €. 9 -4
11 L 36 O 2 - 1 |
12 L 33 8. & G
13 L 37 9.5 0 %
L L o 6.9 A '

# This speed should be 27 ft./sec. Tor Model L.

Note: The point number and model letter ar» used to identify the test

points, e.g. 3L will indicate Model L at 29 {t./sec. with elevators
set at -12°,

/TABLE IV
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TAELE IV

TEST DATA FOR RECORDED STEADY SPEFD RUNS

}

Wave Maxa mum Mean Masomam Mean Max. Pitch | Max, Heave
Length/Ht. | Pitching | Pitching [Amplitude | Amplitude | Mean Pitch | Fean Hocve
Ratio Amplitude | Amplitudefin Heave [ 1n Heave
(degrees) (degrees;‘ (feer) (feet)
MODEL A. Steady speed 74 kaots. Wave heighrn 2,35 ft.
80:1 12.0 5.5 13.0 5.0 7. 18 2. 60
90:1 15. 0 9 C 17.0 10.0 L €6 1L 70
10G:1 .0 5e 0 15.0 3o b 1. 75 1. 76
110:1 .0 12,0 15.5 1:.0 1.17 .20
120:1 12,0 8.5 1.0 7.0 L4l L. 57
130:1 5 75 Le 5 50 5 %0 1. 67 1. &3
FRINCESS., Steady speed 69 knots. Wave height 3.0 fu.
80:1 11,1 8.3 12, § 9 4 Lo 3 1. 36
90:1 12.,6 % 3 16. 3 Po12.3 L. 35 1. 33
100:1 10. 7 85 16. 1 1.1 .26 1L.45
110:1 10.0 7.2 17.3 10. & 1. 39 L 66
130:1 12,1 8. 3 20, 8 12,86 145 1. 63
SHETLAND, Steady speed 59 knots. Wave height 2,25 4.
80:1 12.5 11. 5 9.7 5.0 i. 09 1.QB
90:1 . 8 L3, 6 12.8 1.8 1. 09 1.G8
110:1 7.6 5 7 47 32 1.3 L47
120:1 7.9 6. 5 5% 4ol - 1. 22 1. 31
130:1 10. 1 6o 7 1.0 5.1 1.49 1. 38
]
Assumed design Q&
loading o
Model A 150,000 1h, 2. 75
Princess 310,000 1b. 1. 08
Shetland 131,000 1b, 1. 08

/TABIE V
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TABLE V

WAVE TEST DATA FOR MODEL A

Point 1& Cp, = 275, Cy = 7.2, 9 = -go0

n | | on |1 B4 gﬁ g4

ft. | Tt b b L/ 91980 .38 Remaris
ENENE
g ™ =

0.033 111.66 |0,070 { 24.50 | 350 | 1. 53 [ US

0.008 | .67 |0.009 | 3.50 |200{0C.56 |8

0,017 | 3.33 10,035 7.01L}200]0.80 |S

0. 025 500 {0.053 ] 10.53 1200 0.98 i3 A Jjudder corresponding to impact
on each wave frcat was noticeable.

0. 033 6. 66 {0,070 | 1402 | 200 | L. 14 IS 53light oscillation in height simi-
lar to previous run, but the model

: gppeared to cut through the waves.

0.042 | 8.3, {0.0687 (17,58 j200} .28 |US Constrnt arplitude about 9°. Run
not quite long enough to check.

0.033 | 5.00 §0.0701{10.53 1150 0.99 S Mo change in attitude whatsoever -
qust cods the waver.

0.042 | 6,250,087 | 13,17 | 150} L.10 {US 3

0. 042 | 6,25 0,087 11317 150 1.10 Repeat run., Amplitude built up
slovly al first, then at increas-
ing speed reaching 12° approxi-

- mately at the end of the run,

0.033 § 3.33 [Q.070} 7.01 1100 0.80 {3 No change in height c¢r attitude -
cut through the waves.

0.042 | 4.17 {0.0871 6 781100} 0.90 |B Just becomang unstable at end of
run - took z very long time to
build up.

.02 | 4.17(0.087] 878 {100| 0.90 |B Repcat run. Model just became
disvurbed at end of run, although
put in early, The motion was some-
vhat lrregular reaching an ampli-
tude of about 3° before carriage
stopped.

0.050 | 5.00{0.105| 10,53 | 100{ 0,99 | US Still not a guick build-tp. An
amplitude of about 10° rcached ai
the end of the run.

0,042 | 2,0910.087| L.39] BO} 0.62 |8 Ho sign of change in height or
attitude. Cut through the waves.

0.050 | 2,5010.105) 5,261 50[ Q.69 |8 No height or attitude chinge.
Boat cutting through waves.

0,058 | 2,921 0.123| 61| 50] 0.7 {8 No siga of change in attitude or
height,

0.067 | 3.33]0.140] 7.01} 50{ 0.80 (S No change in height or attitude.

0,075 | 3.75| 01581 7.89} 50| 0.85 |US Reached an amplitude of 12°0-13°,

0.058 | 4.0910.12351 8, 62) 70| 0.89 |B 2 | Damped out in middle of run and
started again.

0.067 | 467 0.140| 9.83] 701 0.95 | US Reaching 10° amplitude at end of
run - still taking whole run to
burld up,

0.092 | 275|0.193} 5.79] 30} 0.72}8 No change in height or attitude.

0. 100 | 3.00| 0,210 6e31] 30{ O.761|B 2,5 | Damped out and built vp again at
end of run -~ confused.

0.108 { 3.2510.228{ 6. 8. | 301 0.78]|0Us Wave system slightly irregular.
Arplitude about 10° at end of run.

JTABLE VI
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TASLE VI

VAVE TEST DATA FOR LODEL B

' |
Point 1B. Cpg = 2.75, Cv = 7.2, n = =8% Critical disturhance = 3,0°

-

. 9 . Eis‘ g | .
h L h L g 00 15 g
£l te ] b | b |WR|SREIHS N Remarks
Ly £ e
0. 033 6.671C.C70 (U 0| 200 {224 | 8
0. Q42 8 341 0, 087117. 54| 2¢O | 1,28 | US
O 02 6.25] 0.087{13.15] 150 }1.10 | B Juct under 22 amplitude.
0,050 | 7.50) 0.105}15.80] 125 | L. 21 | US '
0.062 | 5.00{ 0.132{10.50] 80 |1.00 | B Just uvader 2° amplatude.
0.092 | k58] 0.193; &.65] 50| 0.9 | US
0.083 | 4.17]0.175] 8. 77] 50j0.90 | Us
2,075 | 3.75| 0.158| 7.9¢] 50}0.85 | B
0.08% | 2.50{ 0.175] 5.26] 30[0.68 | B Jusi under 2° amplitude.
0. 083 2,751 0.175| B.79| 33i0.72 | 8
0092 | 3.00f 0.193| 6.31] 3310.75 | B |
0,100 | 300} 0.211| 631} 30 |C.75 | US|
i L ! ]
TAGLE VII

WAVE TEST DATA FOR MODEL B

Point 2B. Cpq = 275, Oy = 6.1, 1 = =59  Crutacal dasturbance = 4. O°

h L E ] %? | C
P E % L/h | o & rjﬁ?& 4 Remarks
E%%ﬁﬂﬁ%
i R &
0. 033 6.67) 0.070|1 Ol 200 | 2.2 | 8 ‘
0. 042 8.34 | 0. 087|17.54] 200 1,28 | US .
0. Q2 6.25| 0,087113.15} 150 | .20 | US
0. 100 3.00f 0,213 6 31| 30)0.,75 | Us
0. 083 2,501 0.175] 5.26] 30} 0.68 | B
0. 075 2.25) 0.158] he7h| 30[{0.65 {8
0. 062 3,33| 0,132 701 53(0.80 | S
0. 067 3,33 0, 1.0] 7.0 50)0.80 | B. Just wnder 2° amplitude.
0. 075 3,750 0.158] 7.901 50]0C.85 { B ;
0. 058 4. 081 0.123| 860} 70{0.89 | 8
0. 062 L 67 0.132] 9,831 75| 0.95 | 8
0. 071 496 0.149]20.43] 701 0.98 | US
0. 058 5.00] 0,123]10.50} 861 0.95 | 8
0. 058 5, 83] 0.123]12.27] 100} 0.99 { US
O Ol 50211 0,092{10,96} 119 | L 01 | B Just under 29 amplitude.

/TABLE VIII
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TASLE VIIT

WAVE TEST DATA FOR MODEL B

Point 3B, CAg = 2,75, Oy = Tuly, m = -12° Critical disturbance = 4. 5%

I g W E?rq E% .
h Lol 1) o :—i ~. n
ft. ?t. b . ¢ |wn JRglREL g Remarks
§°0 | Eald
0. 025 5. 00 0. 053 |10. 50 200 0. 98 B
0.033 6. 67 C.C270 | 4. O 200 1. 14 Us
0. Q42 B8, 34 0. 087 {17. 54 200 1. 28 U3
G050 110,00 | 0,105 {21.05 200 1.42 s
0.033 | 5.00 { 0.070 {10.50 {150 | 0.99 | S
0, 042 6. 25 8. 087 113.15 150 1. 10 U3
Q.100 { 300 | O.211 6. 51 30 0. 75 U3
0., 083 2. 50 0. 175 5. 26 30 0. 68 B
. 075 2. 25 0158 | Lo T 30 Qe 65 ]
0.062 t 333 { 0.132 7. 0L 53 0. 80 B
0. 058 2,91 Q. 123 6. 13 5 Q. 7h o)
0. 058 5. 00 0.123 | 10. 50 86 . 99 B
Q. 050 5.00 0. 105 §10. 50 100 | 0. 39 ]
TABLE IX

WAVE TEST DATA FCR MODEL B

Point 4B, Cpg = 2.75, Oy = 8.2, 1 = =19 Critical disturbance = 3. 0%

o e} .
© Lﬁ ﬁm gj
h L h T, g oo B | A 0
L'n [oB 0] di &) Remarks
£t | £t b b i8¢ 28], 8
o  ul |
~ 1453 =

o.ox2 | 834 | 0087 |17.5 | 200 | 1.28
0.050 {10.00 | 0.105 | 2105 | 200 | L42
0.058 {11.66 | 0,123 | 24,55 | 200 | 1.53
0,058 | 8.75 | 0.123 {18.42 ! 150 | 1.32
0.100 | 3,00 | o.2111 631 ] 30 |0.75
0,108 | 3.25 | 0.2281 6.8 | 30 |0.78
0,127 | 3.50 { oo246] 7.36 | 30 | o.82
0142 | 375 1 0.298 | 7,90 | 26 | 0.85
0.200 | 5,00 | 0.211 |10.50 | 50 | 0.98
0.117 | 5.83 J 0.246 {12.27 | 50 | 1.07
0,100 | 7.00 {0,211 |73 | 70 | 1.17
0,092 | 641 | 0.193 {13.50 | 70 |1.12

- m—— —_ - - = - e - - “ s
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WAVE TEST DATA FOR MODEL B

Pownt 5B. CAq = 2.75, Cy = 92; n = =29,  Critical daisturbance = 3. 5°.
Lo, 12 |4
o oof g,
AN ERE R D 1
1. 1, . o 5 Remarks
i 5 HE Gy
1 0 =
0. Q.2 8. 3. | 0.087 17. 54 | 200 1.26 | 5
0.050 {10.00] 0.105 21. 05 1200 L4 | S
0.058 | 11, 66| 0.123 | 24, 55 200 L5313
0.100 }17.501 0.211 | 36,80] 175 | .98 UsS
0.108 | 13. 601 0.228 28. 651 125 1. 681 US
' 0,100 { 12,5010, 211 26. 30| 125 1. 60 Us
0.092 | 6.67) 0,293 |-LheOh| 731 L1} 8
0.108| 7.59] 0.228 | 16,001 70| 1.22%{US
' 0.092 5.00] C.193 10, 50 55 .00} S
0.100{ 5.00| 6. 211 | 10:501 50| L.oO} 8
0. 108 5.401 0,228 11, 36 50 L.0O31 8
v Q100 7 9,00('0. 211 18.95 S0 1.3 1 8
0,096 § 40| 0,202 1] 30.301 150 | 1. 74| US
0.092 |18.33| 0.193 | 38. 60| 200 | 2.,05] US Just over 2° amplitude,
0.083 [ 15.00] 0.175 | 3L.6C| 180 L7818
0,092 | 11.45] 0.193 24,10 125 L5218 Just below 2° ammlitude.
- 0.108 3.50] 0.228 7. 36| 32 0.83! 8- '
0. 125 3,501 0. 263 7e 36 28 | 0831 8
0. 117 5.83| 0. 246 | 12.27 50 .07 5
,0.125 | 6.25| 0.263 | 13.15] 50 | L.10] 8 ;
TABLE XTI
WAVE TEST DATA FOR MODEL T,
Point L. Chy = 275, Oy = 6.9, 1 = ~8°,
i ?*a US _};;{: —} E'
h L b g oo A E g
£ PN % Lﬂl,ﬁ%ﬁrgg p.@ Remarks |
. SRR TR
. w S o '
0.033 | 500 0,070 *| 10.50] 150 | 0.99] &8 {
C.058 1 7.50% 0,123 15, 80) 129 1.221 US | 4.5 Tot periodic.
0.050 | 7.50! 0,105 | 15.80( 150 | 1.22{ US |4 Trregular.
0.042| 6.251 0.087 | 13.15{ 150 | 1.10| B |1 Trregular,
"0.071] 500[ 0.149 |. 10,51 71| ©.99] B Néager & periodic 0501llat10n of
' - N " ) l‘ 5
0. 112 LB5( C.237 | 12.30) B2 | 1.07| UsS |7 Pericdic,
0.0791 585 G167 12.30] T4 | 1.0O7] US| 7 Two step porpoising,:
0.087 | 4.80] 0,18, 10.10 55 ] 0.97) US | & Nearly regular,
0.067| 3.85{ 0.140 8,10 581 0.86} 5 ,
0. 067 5,001 Q. 140 10, 51 75 0.99]| S |.
0, 050 5. 001 0.105 10. 51{ 100 0.99{ S | :
0.067| 6,661 0,140 | 14.00] 100 | 1.14] US| 2.5 | Periodic, "jeriy" type of motion.
0.117 | 4. 65| 0.246 9.79] 4O | 0.951 US}5 Periodic.
0.0921 4.00] 0.193 B 5h1] M4 ) C.8B) US4 Poriodic,
0.083| 3.35( 0.175 705 Lo 0.80] US| 2.5 ) Periodic,
0,067 | 2.65| 0.140 558 40| 0.70] 8 -
0. 1001 3.00[ 0.211 6,31 30| 0.7 US| 2 Steady, interspersed with 3°.
0. 033 6 65 0,070 | 14 0O}' 200 | 1.1y S
0.033 | 8.35} 0,070 | 17.57| 250 | 1..28{ 8 Steady except for one vwmng of
. 1, 5C,
‘0042 | 830! 0,087 | 17.47] 200 | 1.28| 3B Steedy except for occasional
) "placleer® of 19,
0. 046 | 10,00 0.097 21.05| 218 l.42] US | a5
0.042 { 10, 40| 0.067 | 21.90] 250.7 1l.45] US Peraodic "kicks" of 5°.
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TABLE XIT

WAVE TEST DATA FOR MODEL I

Point 2L.

CAO = 2.75, CV = 6:19 n = -800

f't.

o

L/

waves,
secs.
Stability
5/Us/B

“Max. AIKP-

Feriod of

degs.

Remarks

0.067
0,108
0.033
0.058

0.042
0.092

0.071

0.054

0-075

0.075

0.083

0.130
0.240

0.175
0.225

0.208
0. 175
0.21{-0

0.058

13435
8,00
8.00
8.35

8.35
8,35

6.65

10.70

12.00

9.00

6. 65

7.50
Te35

970
9.70

8.&
7+ 70
8.70

14.00

0.140
0.228
0.070
0.123

0.087
0.193

0.149

0«11k

0.158

0.158

0.175

0.272
O- 509

O. 368
Oeli?hs

0.439
0. 368
0,509

0.123

28,10
16, 83
16. 33
17.57

17.57
17.57

1,.00

22,50

25,26

18.95

14.00

15.80
15.46

20440
2040

18.50
o-L6l 20
18. 30

29,46

200

240
13

200
91

9

197

160

120

58

55
43

42

36

114

1- 2{-?

1.56

1, 34

l.14

1|22
1'%

1s 39
1,39

1,32
1. 23
1,32

L71

[y I e R ans
v wm

UsS

Us

us
Us

us

Us

us

ovit H
Ui\

-
LS B 0]

1.5

2.7

to 8§

<044

3.5

L0

follows wave frequency.
Divergent - convergent.
Periodic,

Built up erretically to 1.8°
then down to 1.5°.

Erratic motion, amplituds 0.9°.
Steady. Before porpoising

burlt up, wake cross-sections
Just off step widened and
narroved alternately - apparently
at same frequency as waves met
hull, When unstable, afterbody
was wetted for a mex. of 1b and
then completely clear,

Steady except for slight oscilla-
tion, Wake section fluctuation,
almost allowed wake to touch
afterbody above chine.

Erratic. Vetting of afterbody
from 1,5b to 0 but rarely com-
pletely clear. 3

Tairly steady. Wake nearly
touched afterhody wall, and
afterbody alternately clear

and wetted up to max. 1,5b,

mean 1b,

At start fairly steady, built

up erratically. Afterbody
wetting initially between 1.0
and 0.1b finally betwesn 1,5b
and clear.

Steady afterbody planing area
starting at 1.5b and rumming

off end - in phase with similsr
movement on forebody - obviously
of same period as waves,

Steady, Motion as for previous
run., Heavy vertical oscillation,
Steady in pitch. Large oscilla~
tion in heave.

Large oscillation in heave,
Fairly large oscillation in
heave,

Originally stable ard built up
slowly.

Repsed movement in piteh over 19.
Fairly large oscillation ia heave
Motion in general seems %o start
with oscillation in heave while
pitching motion builds up slowly,
starting from zero.
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TABLE XTII

WAVE TEST DATA FOR MODEL L

Point 3L. Cag = 2,75, Oy = 7.4y n = 129,

-
£t | £t | b p |WE(BEEAR 1T h Remarks
§EHRE | 2%
Ay wor |3
0.033 5.00 | 0.0701 10.50}1 150 | 0.99 |8 '
0.058.1 7.50 | 0.123{15.8| 130 | 2.22 {US 5 |[vot periodioc.
0.050 | 7.50 | 0.105] 5. &} 150 | 1.22 |uS | 3.5 | Irregular.
0.042 6,25 | 0.087} 13,15} 150 1.10 |us 5 Irregularf
0.071 5.00 | 0 149} 10.51f 70 | 0.99 [B 2 Irregular,
0.113 5.86 | 0.237} 12,3} 52 { 1.07 |US Apngachihg periodic roscillation
of 6-. . .
0.079 5.85 | 0,167 12,30 74 | 1.07 |US Approaching periodic motion of
4,59, .
0.087 L8 | 018, .10} 55 | ©.97 jUS 5.5 | Steady. Two stép porpoising.
0.067 | 3.85 | 0.140{ 8.20| 57-{0.86|US | 4.5 |Nearly steady, .
0,058 | 410 | 0.123| 8.63| 70 {0.89 [us | 2.5 |FErratic,
- 0.050 5.00 0.1051 W0.51] 100 0.99 | B O.h | 8light oscrllation.
0.067 6.66 | 0,140 | W00 200 | 1.14 |US 3.5 | Irregular,
0.058 | 2.75 | 0.123| 5.79f 47 |0.72 {s
0.071 3475 { 0149 7.9/ 53 | 0.85 i3 1.5 | steady.
0.046 | 2,9 { 0.097| 6.10] 63 | 0.74 S
0.042 5.00 { 0.087] 10.51| 120 { 0.98 |S
0.058 | 5.00 | 0.223} 10.51| 86 { 0.98 |US Tepeatedly burlt up to 2,59 then
damped out,
0.080 3,80 | 0.105 8,00 76 | 0.85 {8
0.058 | 4.457| 00123} "9.36| 76 | 0.92 |US 2.5 | Periodic.
0,117 Lo65 | 0.246] 9.79] 40 | 0.95 |US 9 Two step porpoising.
0.092 400 (| 0.193}1 8,41} 43 | 0.83 Us L Ferzodic.
0.083 3.35 | 0,175 7.05{ 4O | 0.8 jus 4
0.067 2.65 | 0,150 5.58] 40 | 0,70 {8
0.08% | 2,50 [ 0.175| 5.26} 30 |0.59 |B 1 | Steady.
0.100 3.00 | 0,211 6,31] 30 {0.75|US | 4 |Steady. .
0,033 6.65 | 0.070 1 400} 200 | 1. 14 (B Small, Periodic increase to 1.5°%
0.033 8.35 | 0.070} 17.57 2RC 1.28 [us 3 Steady. . "
0.042 8.30 .| 0.087| 17.47| 20 1.28 jus 2.5 | gteady.
0.025 6425 | 0.053] 13.15] 250 1.10 |8 ‘
| i
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WAVE TEST DATA FOR MOIEL L

Point AL. CAO = 2.75, CV = 8:2; n = <49,
o] - Ba [o] p’i
On T - N
h ool ~Am U E L)
t, If"t. Iﬁ Iﬁ y/n | 352 HR g%’ . & Remarks
hEdlEo |E |go
& neer | < =

0.033 8.00 |0.070 | 16,831 240 | 1.25] us Fairly steady with occasic.
al "f£licks®h » 20,

0.167 6,25 10.351) 13.15} 38| 1,10l US | 7.9 Large heave, Pitching motic
gradually built up to abou
69 - divergent.

0.071 6,65 10,149 | 1400 ] 941 L.14| US | 7.6 2.5

0.108 6,00 10,228 12,62| 55| 1.08] S | 7.3|0.8 | Large oscillation in heavs

0.046 6.65 (0,096 | 14.00| L5} 1.14] 8 6ol

0.017 4.00 {0.035] 8.41{ 240 | 0.88] S 6.2

0.050 6.25 10.105{ 13.15] 125 { 1.10| S Te3

0,067 6,00 0,140 | 22.61F 90 { 1.08| B 7.5 0.4 | Stesady.

0,058 8.15 {0.123} 17.15] 140 { 1.27] US | 7.0 Oscillation building up.

. 30 amplitude at end of run

0.117 6.50 10,2461 13.68] 56| 1,13] US | 7.5 4 Steady.

0.175 5.65 10,368 | 1L%1| 32| 1.05 US ! 7.8| 3.5 | Steady.

0.12 5.65 10,298, 11,90{ 40 1.05¢ 3 5.8

TABLE XV
WAVE TEST DATA FOR MODEL L
Point SL. Cp, = 2,75, Oy =92, = =29,
N S Y Ty i »
h L h "SU; o Em "g,; d ”fﬁ:
L oou Al m a
£t, £t. b b L/n B E o 'fég AR Remaris
8)4>m gm 4_;&3 ‘;S'U

0.033 8.00 {0,070 | 16.83] 240 | 1.25] 8

0.046 6.65 (0,097 2400 | 145 | 1.14] S 55 .

0.0%0 12,00 {0.105| 25.26( 240 | 1.56 US | 6.51 3 Steady.

0.067 8015 {0.140 | 17.15| 125 | 1.26| s 7.3

0.083 10.50 10,176} 21,901 125 | 1.44] B 6,511 Steady.

0.096 12.50 [0.202]| 26.65] 120 | 1.60 US | 8.0 Erratic motion., Divergent
oscillation with model
leaving water with incree-
ing Jumps until max. of 5%
oscillation reached, then
demped out. Motion repeat-~

0,100 9.00 |0.211) 18.94| 90| L3 US | 7.4 Occasional kicks of 4°
amplitude,

0.083 7.50 10.176] 15.80| 20| 1.22| 8 7.1 Occasional rapid flick of .

0.117 6.5 {0.246) 13.68| 56 1.13 B 6.5 2 Intermittent, steady. Mol
periodically leaving wate-
and steady at 6.5° whilst
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TABLE XVI
WAVE TEST DATA FOR MODEL L
Point 6L, CAO = 2,75. Cy = 6.9, N = =12°,.
- B . |P L a
h L h L [/ |8 §?’: %‘g < B K
£e.f gt b b 2ERED S Remariks
3] £ 31
39 2 A
0.033] 5.00} 0,070} 10.50 { 150 | 0.99} S
0.058{ 7.5 0.123} 15.80 130 1l.22] US| L Yot periodic.
0.080 1 7.5 0.105} 15.& 150 1.22{ B 2 Irregular.
0.0421 6.25| 0,087| 13.15 | 150 | 1.10{ US| 5 Irregular.
0711 5.00} 0.149| 10.51 70 1 0.99] US Nearer a p?I‘iOdlc oscillation of 50
0.058 | &4.101 0.123| 8.63 70 |'0.89) 8
0.113| 5.85] 0.237| 12.%0 52 | 1.07| US Approaching per:Lod:Lc osclllatlon
of €°, .
0.087 | 4.8 0.184} 10.10 | 55 | 0.97] US Nearly steady oscillation of 5°.
0.067 ! 3.85| 0.140| 8.0 | ‘57 | 0.86] B Vearly steady oscillation of 1,59,
0.05 { 5.00] 0.105¢ 10.51 | 100 | 0,99] B Small irregular oscillations of
about 0. 80,
0,067} 6.66| 0,140 14,00 | 100 | 1.14]| US| 6.5 | Two step porpoising.
0,117 1 4.65{ 0.246]1 9.79. 40 ! 0.95| US{ 5 |Periodic.
0.092 | 4.00] 0.193] 8.41 43 1 0.88| US| 5.5 | Periodic. . ‘
0.083 | 3,35 0.175] 7.05 40 1 0.80) US| 3 Decasional kicks of 6°.
0,067 | 2.651 0,10 5.58 1 40 | 0.70| S -
0.083| 2.50| 0.175| 5.26 30 | 0,69 B | 0.5]|Steady.
0.100{ 3.00} 0,211} 6.31 30 | 0.75; US Steady, diverping to 3° amplitude
at end of run.
0.033 6.65] 0.070 | 14.00 200 .14} 5§ | 0.2 {Slight oscillation. ’
0,033 | 8.35|0.0701 17.57 | 2% | 1.28) US Periodic diverging oscillation of
| 4°. Dampang out.
0.042 | 8,300,087 17.47 | 200 | 1.28} B {2 |Steady.
0.046 110,00 0.097] 21,05 | 217 | 1.42] US Periodic, 6° and 3° alternating.
0.025 | 6.25] 0.053{ 13.15 | 250 1.101 S . . -
0.025 | 25,00 }0.053] 52,5 {1000 2.581 B 1.5 | Slow,
0.033 | 33.30 | 0.070| 70,00 |1000 | 3.27}| B | 0,7 |Slow
0.042 | 41,60 | 0,087 | 87.50 |1000 3.951 3
0.017 | 16.65| 0.035| 35,10 {1000 | 1.92|.B |1
0.008 | 8435} 0.017{ 17.57 [1000 1.28) S
0,025 | 15.00 | 0.053| 31,60 | 600 | 1.79] B 1 1.5 ] Periodic. '
0.033 | 20,00 | 0,070 | 42.10 | &0 | 2.18} US| 7 Steady. . .
0.025 | 20.00 | 0,053 | 42.10 | &0 | 2.18['us | 2. 5| Steady, “
0,017 [13.30 | 0,035 28,00 | 800 | 1.66| B |1 |[Steady. * . .
0.050 |40.00 | 0. 105! 8:.20 | &0 | 3.82] B |1 Steady. ' “
0.0*’-I-z 33- 35 0008? ?O . 30 800 3. 27 B 1 Steady. ' i. i
0.042 |26.6510.087| 56.10 | 6,0 | 2.,7L| B | 1.5 | Steady.. o
0.033 |26.65}0.,070§ 56,10 | 80 | 2.71{ B {1 Occasional a'mpl:Ltude of 2°.
0,058 | 35.00 { 0.123] 73,70 | €00 | 3.41{ B |1 Low frequency oscillation,
0.050 {20.0010.105f 42.10 { 400 | 2,18|.US {8 Two step porpcnlslng.
0.121 [33.35 0,254 7030 | 280 | 3.271Us {2 Oceasicnal 2,59,
0.092 §33.3510.193| 70,30 | 360 | 3,27| B [<2 |Very low frequency. One sudden
' . kick of 40 - domped out
0.100 133.35 10,210 70.30 | 3% | 3.27[Us}2 QOccasional kick of 4°.
0.062 [33,35|0.132} 70.%0 530 %27 B 1 -
0,071 |37.50 10,149 79.00 | 530 | 3.62|B |1 .
0.058 |28.00 {0.123 | 59.00 L8 2.831 B 2 Steady.: ) ! P
0,050 |24.00 {0,105 B0. RO L8 2,501 US 1} 3 Steady. :
0.067 132,00 {0. 140 | 67.%0 | 430 | 3.16{B |1 Steady. ,
0,117 125,00 {0.2461 52,60 | 210 | 2,581 US |7 |Irrepular.
0,167 {16.65 {0.351{ 35,10 {100 }{ 1..91|US |8 Irregular, -
0,025 110.00 {0.053§ 21.04 | 40O L.h2 US| 4 Irregular,
0017 | 6.65 {0,035} 14,00 | 400 | 1.14| S
0,067 16,65 {0.240 [ 35,00 | 250 | 1.92{US |6 Steady.,
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TABLE XVII

WAVE TEST DATA FOR MODEL L

Point 7L, Oy = 275, Cy = 9.2, 1 = -120,

8 B ® & ¢
guade|B a2,
b L b L |p/midS8lB8oigh b Remarks
fte | £t | b b ol ] AR - R i
fu [N (p ) BEcH =
{0.033 | 8,00 {0.070 | 16.83| 240 | 1.25| US I Irresular.
0.046 | 6.6510.095 | 1400 45 | L1k B 7.3 Alternate 1° and 20,
0,017 | 4.00 10.035 8.41] 240 | 0.88!B {87 | 1.9 .
0.067 | 8.151{0.140 | 17.15; 125 | 1,26 us (8.0 | 2 Steady.
0.0%0 | 6.25]0.,105 | 13.15! 125 | 1.10{B |7.8 | 1.5 Steady.
0.087 | 6.7510.184 | 4 20| 77 | L15f{B 8.0 1 3teady,
0.100 | 9.00 [0.211 | 18.94) 90 | L.34{ US 6.5 very erratic, with model
leaving water occasionally.
0.083 | 7.5 |0.276 | 15.80| % | L.22(B |80 ]| 1 Steady.
0,117 | 6.50 {0.246 | 13.68] 56 | 1,13} B 8.0 | 1 Steady.
0.142 | 8.00 {0,298 | 16,82 56 | 1.26]US |7.5 Model throwsn nose up alear
of water. )
0.125 | 7.50 10,263 | 15,80 € | 1.221US Brratic., Model leaving wate:
. occasionally. .
0.175 | 5.65 10.368 | 11,90} 32 | 1.05/0S {8.0 | 5 | Irregular.
0.142 | 5.6510.298 | 11.90| 40 | L..05]8 &2 ,
‘ ! , ;
TABLE XVIII
WAVE TEST DATA FOR MODEL L
Point 8I.|o C“ﬁ = 20?59 C’V = 6-29 n = -80o
- E?,, o g
h L h L I_/h 2 §?§ ﬂ‘\; Eéﬂ = {'3; Remarks
fb. | ft.) B b TER S Bl i
e a9 | =
0.033 | 8,0010.070 | 16,831 210 | 1.25[ US Fairly steady with amplitude
building -up.
0.046 | 6.6510.096 | L..00f 145 2.1kl UsS |80 ] 1 Occasional kicks down to 5.5
0.017 | 4.00|0,035 8,41 240 | 0.88] 8 | 8.1
0.05% 1 6.2510,105 | 13.15{ 125 | Lio|us ! 7.4 | 2.2} Steady,
0.033 | 4.1510.070 8.741 125 | 0.8%31 8 [8.0
0.087 | 6,75} 0.184 | 14201 77| 1.15|B |7.5| 2 Steady.
0,067 | 6,00|0.10 | 12.62] 0| 1.08/B |7.9 1.8| Steady,
0.100 | 9.00}10.211 { 18,94} 90| L.3%jUsS{9.0| 7 | Steady.
0,029 | 5.35!0.061 | 11,26} 183} 1.02] 8 |&.1
0.117 | 6.50}0.246 | 13.68] 561 1.13{uUS|8.0{ 3 | Steady.
0.096 | 6,0010,202 | 12.61| 62| 1.08/8 [7.6
10,175 | 5.6510.368 | 11.90] 32| 1.051 8 |8.0
0.142 | 5.656| 0,298 | 11.90) 40 | 1.05{B | 7.5} 1 Sgeady. Occasional "kick" ¢
2 L
0.158 | 6.3510.333 | 13.36f 40 | 1,12{us!8.01{ 9 Steady,
0.208 | 6,25} 0,439 | 13.156] 3% | 1.10} 8 | 8.2
0.225 | 6,75 047l | 1420] 30| L15]US Very erratic motion.
H
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TABLE XTX

FAVE TEST DATA FOR MODEL L

Point 9L- CAO‘ = 2!759 GV = 9.29 T] = "60-

2. (8ale g
h L L I./h\ :8 § 235 r;g; 42 ttfa;u E- E’; Remarks
£t. | £ b EEgleSlEe (s
By n s =
0.046 | 6,65 15.00 { S | 1,148 | 7.0
0.03%3 | 8.00 16.82 | 240 | 1.25{8 | 7.3 Bouncing at constant atti-
: ) ' tude on cvery third or -
fourth wave crest,
0.0% | 12.00 25.26 | 240t 1.56{ US| 7.0l 3 Steady. '
0.067 | 8.15 17.15 | 125 | 1.26{s {7:4(" |
0.083 | 10.40 2l.90 | 125 | L.44 | USy 7.5] 7 Erratic. Wose.of model
: thrown up by waves causing
model to leave water
' frequently.
0,100 | 9.00 18.94 ] L3ABIUS|T7.0(3 , | Steady.
0.083 | 7.%0 15.80 | "0 | 1.22} US| 8.8 4.5 | Steady.,
0,09 | 6,00 12.61 62| 1.08; 8 |7.5¢1 Steady.’
0.117 | 6.%0 13.68 561 1.13| B | 7.3! 1.5 | Steady.
0.067 | 6,00 12,61 0| Lo8|B |81} 1.2 | Steady.
0.125 | 7.5 15.80 & 1| 1.22f us . Brratic. Model leaving .
water occasionally.
0.175 | 5.65 11.50 321 105 US| 7.0(3 Steady.
0.142 | 5,65 11.90 | 40 | L05;8 | 7.7 !
TABLE XX
WAVE TEST DATA FOR WODEL L
Poant 10L. C"-\‘O = 2.75, Cy = 6,9, T = —Z;.O.
G = )
hi a0l & 8o Remarks
f5. | £5, v | V0 g BA R g
o 2 o
A wo|l e | =
0.033 | 8.00 16,83 | 240 1.2%} B Fairly steady. Occasional
"flick" of 20,
0.046 | 6,65 L,00 | 145] 1.14] B | 8,0] 1
0.046 | 6,65 Ib,O00 | M5 1.1t 8B 1 7.51 1 Steady.
0.033 | 8.00 16,83 | 240 1.25)1 8 | 8.0
0.05 | 12.00 25,261 240 | 1.56| US| 6.0] & Spasmodic.
0,067 | 8.15 17.15 1 1251 1.26| US| 7.6] 2.7 | Erratic.
0.0% | 6.25 13,15 | 125( 1.10{ s | 8.2
0.087 | 6.75 14.20 771 1.15| US{ 7.8] 4.5 { Steady,
0.067 | 6.00] 0.140 |12,62 0] 1.08]/ s | 8.3
0.117 ] 6.501} 0.246 |13.68 561 1.13} Us] 8.3] 6.5 | Steady.
0.096 | 6,00 0.202 [12,61 62| 1.08} US| 8.0) 7 Steady,
0.083 | 5.00{ 0.176 [10.52 0| 0.99] B | 7.0] 1.5 | Steady.
0.175| 5.651 0,368 {11.90 321 1.05| usj 8.0! 7 Steady,
0,142 | 5.651 0,298 [11,90 | 40| 1.05| US| %.0| 10 Steady.
0.125 | 5,00] 0,263 {10.52 | LO| 0.99| US| 7.8] 5.5 | Steady,
0.108 | 4.35]0.228 | 9.16 ¥4y 0,92 US: 8.5! 8 Steady,
0.092 | 3.65|0.193 | 7.69| 40| 0.84| US| 7.5| & Steady,
0.079 | 3.35] 0.167 | 7.05 42| 0.8} 3 ! 8,0
0.083 | 2.5} 0.176 | 5.26 0] 0.68/ B | 8.0] 1 Steady,
0.100 | 3.00|0.210 | 6.31 300 0.75] 8 1 8,3
0.117 { 3.5 0.246 | 7.36 | 0.82) us| 7.5 Oscillation buzlding up; 6°
_ at end of run.
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TABLE XXI

WAVE TEST DATA FOR MODEL L

Paoint 11L. CAO = 2.753 CV = 9-2-; N = "100

. |8al g,
h L h L L/h |88 ﬂg 3 & Remarks 1
£+, 4. b b dao |25 0 |
E B N0 E (B-' g i) i
a5} L)) =

0.033 { 5.00 [0.070 V.50 150 ] 0.992 |8

0.058 | 7.5 [0.123 15. 126 | 1,22 IS

0.071 {11.25 |0.14S8 23,701 159 1,51 1|8

0.087 111,65 [0.184 | 24,55 133 | 1.54 |8

0.096 }13.00 {0.202 | 27.401 125 | 1,6; Small erratic oscillations with
occasional skips of &°»

0.108 | 10.00 |0.228 21,05 92 1,42 jus - Ocoasional ckips of 9° amplitude,

0.087 9.20 |0.184 19.371 105 .35 |8

0,15 | 9,95 ]0.316 | 0.9} 66 | 141 |US Thrown well clear of water,

0.142 | 9.35 {0,298 | 19.70| 66 | 1,37 |uUS An ocoasional nose up "flick"
of 40, ' )

0.129 | 7.50 10.272 15.80 58 1.22 |8

0.192 6,65 10.403 .00 25 1.1 |B 1.5 Steady.

0,208 | 7.20 |0.439 | 15.37| 35 | 1.20 jUS Bouncing clear of water.

0,092 |16.5%0 {0.193 | 34.70| 18 | 1.90 |uUS 5 Bouncing from wave crest to wave
crest with erratic piiching
movement. '

0.063 |13.50 [0.132 | 28.40 ) 216 | 1,68 |B 2 Bouncing from wave crest to wave
crest.,

0.075 }13.50 10.158 | 28.40| 180 | 1.68 {5

0.067 ]16.50 {0.140 | 34.70| 248 | 1.90 |us 5 Steady. Bouncing from wave
erest to wave crest.

0.071 { 16,50 [0.149 { 34.70| 233 | 1.90 [ US L Bouncing. Irregular oscillation

0.050 |11.00 {0.105 | 23,18]| 220 1.4,9 |B 0.81 Very low frequency oscillations.

0.0%0 [12.50 10.105 | 26,30 | 2%0 1.0 IS
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TARLE ¥XTT
WAVE TEST DATA FOR MOTEL L
POlnb 1211- CAO = 2075’ GV = 8-#; o= OO-
T 123 a
o + 1
0w .| 48 18,
h L h L L/h ls] g ul o ) [0
£b. | g6 | b b faglds v Remariks
[ w1 =
0.033 | 5.00 [0.070 {10.5%0 | 150 | 0.99
0.058{ 7.%0 (0.123{ 15,81 129 | 1.221 38 1.5 Trreguler,
0.071 | 11.25 |0.149 | 23.701 159 | 1.52{US |8 Irregular. Tendency to leave
water.
0,067 10,00 J0.,140 { 21,02 150 | 1.42]| 8
0.108 | 10,00 l0.228 | 21.05| 92 1.424 Us ' Small skips of I° interspersed
with skips of 80,
0.087 | 9.20 |0.184 | 19,37 ]| 105 | 1.35¢ S
0.150 | 9.95 0,316 | 20.90 66 | 1.41| US Qcecasional bounces clear of water.
Oell2 | 9435 |0.298 | 19.70}| 66 | L.37(US {6 Erratic,
0.129 { 7.%0 |0.272{15.80 1 58 | 1.22| Us Model bouncing well clear of
water.
0.117 | 7.00 |0.246 | .72} €60 | 1,17 US Divergent, 5° at end of run.
0.204 { 6,00 [0.219 | 12,63 58 | 1.07] 8
0,133 | 6.00 |0.281]12.63} 45 | 1.07| S
0.150 | 6.00 10,316 ]12.63| 40 | 1.07| B 2 Periodic. :
0.192 | 6.65 [0.403 | 14.00] 35 | L.14 ]| US Erratic motion, Model leaving
water,
0,175 | 6.1510.368}12.95| 35 | 1,09 B 1.5 Oscallating,
002)-{-2 6.25 0.%9 13.15 26 1.10 us Erratic bOUnClng. Vave Systenl
poor.
0,062 | 13.50 10.132 | 28.401 216 | 1.68 ] US .| Erratic pitching movemrent.
Q.080 | 11.00 {0,105 | 23.18| 220 | 1.491 8
0.050 [12,50 (0,105 26,30} 250 | LL.&O1US | 6.5 Irregular.
0.042 110.40 0,087 121,901} 250 | 1441 8
TABLE XXIIT
WAVE TEST DATA TOR MODEL L
Point 13L. Ca, = 2.75: Cy = 9.5, n = 0%
qg UJ. . .'E'm gi .
LB PN 5]
h L h L IL/h (o5 ol|dw &)
£t. | ft. b b / £ 858 5 8 Remarks
o 4 U]
ay {13] =
0.033| 5.00 [0.070} 10.50} 150 | 0.99( S
0.058| 7.5%010.123] 15,801 129 | 1l.22] S
0.071 | 11.25| 0,149 | 235,701 159 | L.511 S ‘
0.087 } 12.65 10,184 { 24..55 133 | 1.5+ | US | 2~3 QOccasional bouacer. QOne of 70
leavin% water.
0.108 | 10.00 | 0.228 | 21.05] 92 | 1.42] US Model bouncing well clear of
water.
01087 90% 0.184 19-37 105 1. 35 S ~
0.1%0 | 9.95{0.316}20.90! &6 | 1L.41{us Bouncing well clear of water.
0.142 | 9,35]0.298 | 19,70, 66 | 1.37(US Steady except for one "hop" of
: 7° amplitude.
0.129 | 7.50|0.272 ] 15.80 58 | 1.221 8
0,192 | 6,650,403 14,001 35 | 1.141 S
0.208 | 7.30 |0.4391 15,37 35 | L2 |US Steady except for one skip of
- (o amplitude,
0.062 | 13,50 1 0,132} 28,40 216 | 1.681 8
0,075 123.5 [ 0.158 | 28,401 180 | 1.68| B 1, Steady.
0.092 | 16,50 | 0.193 | 34.70{ 180 | 1,90{US [ & Erratic. Bouncaing from wave
; crest to wave crest.
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TARLE XXIV

VAVE TEST DATA FOR MODEL L

Point 14L. Crg = 2.75.- Cy = 6.9, 11 = +#°.
% - .
°g a8 (S B,
h L h L-lym |BE8| 2B E&|5E
ft, £t. b b neglanlegied Remarks
o + S o
B /] - =
0.033 | 8.00} 0.070 | 16.82 | 240 | 1.25| B 6.5 1
0.070 {12.,00} 0.105 | 25,26 | 240 { 1.561 US (7.5 7.5 Alternating.
0.067 } 8.,15] 0.140 |17.15] 125 | 1.26] B 7.0 | Lo
0.083 {10.40) 0,176 121,90 | 125 | Z.44| US |7.01 8 Steady.
O . 100 9| 0’0 Q. 211 18. 9‘,4- % lo 3}4- US - 7. 0 9 Ste ady.
0,083 7.50%1 0.176115.80 ¢ 9 | 1.221 U8 |7.0f 3.5 |' Steady.
0.096 | 6,00} 0.202 | 12.61] 62 | 1,08/ U8 |7.518 Steady.
0.067 | 6.00] 0.140 [12.61 | 9 | 1.08( B 6.8 | 1.4 | Steady.
0.083 | 5.00| 0,176 |10.52 | 0 | 0.99! B 7.1{0.5 | Steaay.
0.175 | 5.65} 0.368 111,90 | 32 | 1.05]US [7.5} & Steady.
001)-!-2 5. 65 Q. 298 11, 90 ¢’+O i, 05 us T 5 8 Stea&y. o
0.125 | 5.00| 0.263 | 10.52| 4 | 0.99{ us {8.5 Davergent. Reached 6
amplitude at end of run.
0,108 | 4.35({ 0,228 { 9,16 40 [ 0.92[US [ 7.5 Oscillating, possibly
‘ ‘building up to 4" ampli-
iude at end of run.
0,092 | 3.65] 0.193 1 7.69| 40 | 0.84| S 6.8
0100 | 3.00)] 0210 | 6,31} 30 | 0.75] 3 7¢3
0,083 | 2,50] 0.176 | 5.26| 30 | 0.68] s 6.3
0,117 | 3.50| 0.246} 7.36| 30 | 0.82} S 6.8
0.133 | 4,001 0.281 ] 8.41| 2 | 0.88] us | 7.0 Oscillation building up.
5° amplitude at end of run.
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