
C.P. $a, 237 
A R.C. Tech;ld Report 

C.P$JJ; 237 
A.R.C Techndl Report 

MINISTRY OF SUPPLY 

AERONAUTICAL RESEARCH COUNCIL 

CURRENT PAPERS 

Investigation of High Length/Beam Ratio 

Seaplane Hulls with High Beam Loadings 

Hydrodynamic Stability Part 2 I 

Some Notes on the Effect of Waves on 

Longitudinal Stability Characteristics 

D. M. RIdland, A.F.R.Ae.S., G.1.Mech.E. 

D&N HER MAJESTY’S STATIONERY OFFICE 

1956 

EIGHT SHILLINGS NET 





Rewrt No+ F/ReS/257 

Aucust 1955 

MAZX.E ATRCRAFT Fc(TEnIXiW"AT, ESTABLIS!JMENT FETXXSI'C%~ SUFF3I.K. _-I_ ___-____ ----...-__I-L--.LL --- 

IlWESTIGAT-i-OPJ OF IiJGH lXWCH/B~M RATLO SEXPLANE _-_ _._------- 
HULLS WITH HIGH BEAM .%XPINGS -_- 

HYDRODYNAMiC STABILITY PART 21 

SOIJE NOTES ON T;-3 3G'FET OF WAVES ON I0~JGTTVnl-K~ 
STABTLITY CHARACTE?:TSTICS ' -- 

D. M. RIiXQJ3, A.F.R.Ae.S,, G.1.Mech.E. 

SUMMARY 

In this report the results are given of tests on three models of 
the series, desxgned to provide lnfonnation on tne correlation between 
stability with disturbence and stabilxty in waves, No correlation xv 
obnerved, but the results are av.lyscd and compaZ'ed witii previous work, 
and some importznt general conclusions drawn as to the natlrre of distuxaed 
stability 8nd the behaviour of flying boats in waves. 
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1. LNTRoDUCTION 

In csrrying out routine esressmcnts of' the longitutil stability 
characteristics of' the various models in the present research ;urog,zo~,me 
(References l-20) tests were made both with and without disturbance to give 
a complete representation of calm rmtcr stability character&-tics. As it 
was known that the application of disturbance impaired model stability in 
celm water and that full scale seaplane stability generally v&s zduerscly 
affected by rough seas or s-Tells, it was thoug!lt that it might bi: possible 
to USC the disturbed limits obtained in the oslm ::-atcr tests to assess full 
scale rough water cheracteristics. In this connection oonclderation has 
been given to the significsnoe of tne disturbed limits snd a ~&cr of 
experiments have been made to o tiso~-m model beha,.*our in r-;avLss. Dotails of 
teese tests zre given and discussed in connection rsith avaiiabls reformation 
on &hue33 limits. , ‘ 

The subject of x.v~- disturbance correlation vliis briefly considered 
in Reference 1, but most of thL irzo rmation Siven there is repentoabe1cu.i 
ana discussea in conjunction vita the results of further tests. 

2. STABILITY KCTII DISTUR.SA.NGS 

2. 1. Test technique 

2.L 1. General 

Disturbance techniques for stability testing have been used in the 
R.A.E. Seaplane Tank for some timo. In Reference 21 (1935) it vas suggd2a 
that, as c&n water conditions :iould :oldom bc ro;liscd full so&c, some 
disturbance of the water tiwing a moai! test 1~s desir~blc. This was 
achieved by doing each test run vhilc the rater surface ras still disturbed 
from the previous rur& If instability &id not develop, h~,vvor, the mociel 
was "disturb&. fairly violently" (by huna) and the subsequent motion iJas 
observed, It was notea that sometm~c. the l~gc disturbance caused instabality 
where the smaller OLX (that due XC, the disturb& v;ater surface) did not; 
on such occasions the interprr~tat;on of the results ws to semi; extent a 
matter of judgment snd it , as i’0wa that a slightly pessimistic prediction 
of the full sc:,le behaviorrr vos often ma&. 

A mom detailed tcchmirpc XX ,i~~:c: sitated by the fact that in 
1938 'XO seaplanes, the Ler~?-lc!: and the ;:,io~dcrs-Roe R2/33, stable model 
scale vath the techniques then used, bcoe~ unstable full scale, the latter 
crcshing as a result of this instability. 
reported by Gottz2 -rho 

The revision of technique is 
states that lla serious difficulty appears when it is 

necesssry to ticidc iThat is a suitable iisturbance to &iv< the model" snd 
that "it has al-;:ays been yencrslly agead that the model disturbance should 
be correctly scalea dor;n from the msximum disturbsncc the full scale flying 
boat can receive in service. Unfcrtunately, individual judgment as to >&at 
this means in practice sho;s enormous variations snd disturbances given tc 
models have varied from a gentle touch with OX finger to a push which 
changed the attitude of the mod&by perhaps 5 degretis". The apparent 
discrepancy betwen model end full scale behaviour of the Lerzick zas 
explained when the method of aRpl.wng disturbance, as ~11 as the amount 
given, was found to bz oLn fur&mental importance. It vas noted that a nose 
down disturbance was more effective In producing instability than a tail 
down disturbance of equal nagn~tude and that a train of about six naves 
could cause the onset of instability, quite as tie11 as a manual disturbance, 
even though they were waves of small height, as ion; as the have length 
was of the ri&:ll order to Froauce a res012ance effect % It was 

/00ncluaea 
x so-called; it is not suggested by the author of the present report that 

true resonance occurs, but the term being commonly used in this context 
it will be retained. 
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conclu&d, however, that the wave txhnique is toa tine-consuming and that 
a suitable manual disturbance must be given to the model: this disturbance 
must not bc too small 111 case an unstable reglon is missed, it sxst not be 
too large, so that the aircr-aft wder~oonsideration is not unduiy ;-iljlised, 
i. e. so that the .xwcraft under consideration is not made to appL.L wrse . 
than it is under normal operating oonicitions, and it must be of '!PO rzght 
kind. What the right disturbance is inust be dotcrr~ned by tixl. 

The disturbawe in general use ti 194&S3 is quoted by L:;ith did 
White in a rcviev of porr,oising phononena, as b4.n;: a sevoro now .k~n 
angular disturbance of ~,ho oram- of loo smplitudo t!lough, in the nore 
~~~nt tests on the Saunders-Roe E(;/41+2~, the ap@m3 d~~t~~%ances were 
Of the general order of GO-80 note dcn~, except n’i, fine anSlsi CL' trim, 
when the keel attitude was lo.xz.~? to Co, i.e. the disturbance w% less 
than 60. The latter is cubsta?l!,:illy the same: as the method dLLscribod 111 
the most recent rev107 of tad.; ,L;tmg technique (Refcrenci; 25) whcrC it 
is stated that "if no OSC~~~L~~,,.. develoos, the rear cord <1~106~1 guide 
String) is jerked to giv- tr-- ;:a~01 an impulsive nose &xx &stwbance of’ 
about 60, or sufficient to i.Ldu:< t',x keel attitude to sore, whichover is 
the smaller". 

It can be seen ths', sre not nell dcfindd and 
lcave a great deal to t.hG 

the above tecimiqucs 
,,.L.xw~t of the operator, q uite spar-t from tnc 

tiflciLty of apply=-: a 2~;vcl; ;dgrec of disturbancti. WhiLe they mey i:d 
satisfactory for Lasts on ir~divfdual specific airor2t thoy are not sulr;l'o%e 
for tr::ts on a rcscxch sc;riss 3; ~olluls; furthtirors, the signit'icanoe 
Of 3pplyig a gvon degrh 31' distir‘cance is not i‘ully understocd !l%e 
rev.md techrriqws dcscrkxd belox;serc. therofcre used in the present 
investigation, 

WI were obtrun?Ft for VW ;n co.;J;ilction 7sith the undisturbed limits to give 
a ffimplctt picture or' th: caILL? ;;-atar stability characteristics. 

That both sets of linits src nece---- Ja-Ly for a complctc representation 
of calm water ztabilit;i characteristics is illustratoii by the comparison of 
limits in Figure l,"r the of J&c ~rod.cls) c ala. Iv, 9nich nere used in this 
prograrmne (RefcrcncLs 5 mci 1G;. In the undisturbed case C ~ppcsrs to be the 
better model, but only just, whwuas N is rruch suIxrior under disturbed 
conditxns, For good zll-roan5 3 lability N is unquestionably the better hull 
form, but no such cl~sr act ciec'lsion could have been forxed fro:,! a comparison 
of the undisturbed lz.xits only. Altcrnativcly, oonstderation of the d~sturbsd 
limits only would indicate that C is far worse ths.n il for normal operating 
conditions, which, of course, it is not. 



It vas hoped that in a&!ltion to helping toviards a complete 
understanding of calm water stability characteristxx the disturbed limits 
could be used as an indication of rough water behaviour, Details of emper?.- 
ments conducted to determine vhcther this was in feet possible are given 
later in the report; the rem&n&r of this se&ion 1s concernd with d..~s- 
turbancelimits only, 

2. 2. The effect of disturbance on stabilitg ljmits 

The effect of chsturbancc m the region unstable xi.thout disturb- 
snce is to produce e discontinuous inorease in the zmplitilde of steady 
porpoising3, 7, 11 (it follows that there must be a critic&l disturbance in 
this region, such that if 11 is exceeded, the model i-nil o~:;~ll;te at the 
higher amplitude). Further, -s tho dcgrce of distvkbancc is l.lcreased, so 
is the magnitude of the wst.blc region until a limit is rcacbcd &en no 
further instabilxty can be -UX%XX~ regardless of the distwbance; this is 
referred to as the liinlt .--ii,?? msxii,wn dxsturbance. Partial limits for various 
degrees of distwbsnce ior Moircl.~ A: and D7 are sho%;n ir, Fi,we 2 and illus- 
trate this point; a. co~lete cet of g-aded limits could have been obtalncd, 
but this was considered unn~w:s;::y. It csn be seen that the llrmt akth 
maxinum disturbazxz LS, by its xturc, a completely repro&usible limit, 
since to render a confi~rntlon unstnble it LS only necessary to exceed the 
critical disturbance'z, not reproduce it. Furthermore, it appears ihst a 
slight mxjudgm~nt of whr.t constitutes the maximum disturbance ih wi~kcly 
to be siyificsnt, as evidcxxd by Figure 2, rdlero an almost correst fxxl 
limit 1s obtanod with 6O of ZListtiunwe, so tha-i. the wror in a limit 
obtar;ctd Ttith greater S..TTOUJ~S of Esturbance shod& be very small. 

The limits in Figure 2 we >nsed on observations taken during normal 
stability tests 3rd the mxdcd sizd?arlty of the 9.10 diiagr?zl?s may bc noted. 
(EoCel D diifers f'zoon r!;dGi A LZ;~ ;rith rcspcct to afterbodjr l-e&h; that 
of h~ooclel D is one bcw 1;s~ than tb?t of hiodcl A). The nutbti* 0 mdicates 
the limit obtaxned xkth zel'o dlsturbl.ce ad et r;hich the dpl~tudc of por- 
poiszn2, is 2'; e;ch 31' trl- other numbers indicates tue limits Clefi- 
unstable regions irhich ~2'; obtaiid xi.Tiih tkt ,xxzzber of dcgces of dis- 
turbancc, but the zmpl~lccii: of poqoiswg zt the linit is aot necessmily 
Z", in fact it 1.7 gcncrdllj- grL=ter. Thus IS shover. in Figure 5 of Rcfercnce 1, 
where the unstable regions !xLw bcc,l divided into ZOLXS of equal stesdy 
oscillationc, or ill FL&Wa I.&. of ki'crcnce 3 and Figure 15 of Rcfcrence 7, 
where porpoisin, ampLi0.wi;: al sqmzffo 12olnts are rx~slced. :'his feature is 
worth noting; In trio un~ir:lwbod oas3 t:dre is a natural graSation of =ampli- 
tudes from stablo to unsixblc ro$xns ,xd to talk of ,7 2O limit infers that 
cveryvherc along the 1irJt ~o~~+zsmg amvlitudcs of 20 xillbc found (ICgwo13, 
Rcfcrcnce 12 for instzxti'. Ill tnc aisturlxa cnsc to me& of a 20 limit 
imp1lc.s only that por~~ox&g oukiC:e tw limit ic of &ntcr amplitude tkvl 
20; nmpl~tudes of porpoislng on the limit kght ':c oi cuv higher value. 
It vould bc better to 'kik of pi lips obttiod tdth x0 of disturbance, or sn 
xo disturbzrce limit. 

ZikarwzttiOLl of r'i&we 2 also rho-..s that with disturbance the mid- 
planing region beoomcs unstable first, rcaclnng a xo.xxmum nldth with about 
5O of dxturbance; further increases la the deyrec of applied disturbsncc 
only raise the high spw5 lo:-zr limit. In the vlclnity of the latter it has 
been noted that the hwntor the tisturbanxx necessny to produce instability, 
the more violent 1s the rcsultxx porpoising; IX particular, following a 
disturbance at lngh speeds end 10~: attitudes, tine porpoising of every model 
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An investigation by Locke and hug1127 into disturbance effects 
substantiates the ozstenoe of different limits for different degrees of 
disturbance and of a final lamit Yoich further increases in magnitude of 
disturbawe do not alter; This work is interesting because it ws res- 
tricted to the upper X&t region, vhere the present data ore rather sparse, 
yet led to the ssme conclusions. 

2.3. kIeohsnism of disturbed instsbilitx 

So far, no mathematical theory has bLcn advanced for the case or 
stability with disturbonce and the phenomenon is not well understood. 
Gott has offered an explsn~tlor of t?S unstable motion following a disturb- 
once, in terms of afterbody suctions . His account is clear and., as It 
is generally supported by recci!t expz-iencs,.lt IS repeated below. 

. "Consider a model osc;llating with a ~~11 nmpli,ude, so 
that the motion is tiqod, ala thon let the w!.iLitude be 
increased unt~l it includes an attituuo at whicn suction 
effects occur. If' thi: suction effect is sufficiently 
localised it id11 act like an impulse applied at a parti- 
oulor phase in the oscillation a&it is not difficult to 
sholi, from the usml expressions for F &qxd hsrmonic 
oscillation, that i, t:lc phase of the impulse is suitable 
the model xi11 thw oxcutc a continuous undaqad 
oxillatioa . . .: . . . . . . . . . 

"A,sorcling to this themy the essential feature is not the 
di~.turbu~co required to start porpoising considered as a 
fti?x or a morr,,lrb, ?xt the a~@itur- of oscilLiion 
rctAdre& ta r~;-ch cm ahitude at vtixA~ suction uff ats 
occu. An indication of the correctness of this view ~7"~s 
obtain& ol? u cnsz-,tSle model which '7a.s made to oscillate 
at mall etea?Q Lanplitu.res by runner through a long and 
very s:illo: ir~xe, !.hnever the double amplatude reached 
&Out 5', pot-poi.mq of much larger amplitude commonoed. 
The ,,riticol coni,ition need only 1,~ re,-ched onoc and 
coc'L3. be rexhad full scale due to any number of chance 
022"' mstwm~: &ich do not exist at all under the con- 
trdJ.leZ cond~t-on7 of tmk testing. 'I 

As LS b<,cn seen, the existence of the critical condition referred 
to by Gott is oonf'irmod by tile present xnrcstigat~on, in which it has been 
referred to a: the critical disturbonce. 

3. WAVE 7.XYY-I 

3.1. Test tcchni uo 

3.1.1. General 

Like disturbance tests, wave tests have been made in the R.A.E. 
Seaplane Tank for some tin*; r& the tsnk apparatus seems to have undergone 
little, if any, modification m that time. 'The navcmcC~;er is of tho oscillat- 
ing flap type wla reproduces a deep sea .cave or long ~~11; the wveform 
is approlamatcly sinusoidal but dotoriorates (1) for wave length/height 
ratxos of about 2O:l and holox, &en the w.ves fail to reach the for end 
of the Izonk x.xthout change of form xxi (ii) xhen the :-nvem&er is operattilg 
under heavy loads, vihioh give rise to illformed double-crested vnves29. 
Tho model can only be run head on into the wavetrain, end the runs may be 
made with acceleration or deoeloration, or at steady speeds23. 

/ The 
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The general otitlook vnth "espect to tests 1~ waves 1s interestmng. 
In 1935 it was the practice to make brief tests in ‘riaves of two lengths, the 
shorter being about equal to the length oi' the hull, and the longer three 
times tlus length; the chief obJect of these tests i,as to obtain sn assess- 
ment of the general sear-rorthinoss of the hullzl. It has consider-cd that 
tests in waves merely accentuated any porpoislng tendency and mere not 
necessary (from the stability point of vie-;) i? the narmal routine tests 
had been made. These views seem to have baen generally held, v&are tests on 
specific aircraft are concerned, uy, to the present day. Some thorough sca- 
'zorthincss tests on the Saunders-Roe h%,&!+ 'iwre reported in 1946 
ence 24, and in the most recent review of tank testing tcchniquc 3 

Refer- 
5 most uf 

the emphasis is on seaworthiness i;hen haves are considsrod. A method is 
described, hmcever, for reoorc!!n;: the motion in pitch and heave of a model 
during a run through iiaves aLLd Efcrence is made to a series of tests on 
models of the Frinccss and ~.nctland~C 1.11 vihwh this method r,as used. 
These tests were very limited in scope, due probably to the time-taking 
nature of wave tests in gcncral, cold, apnrl. from the present programme, 
they appear to be the o,;ly tests done in thr R.I,E. tank with the sole 
object of exsxining aircraft stabdxe in r-r,;?:s. 

3.1.2. Frccent investigation 

Apart from the generation of i?avcs2~, and thcic effects, the 
general procedure for each 0: the prcscnt scrics of test runs was identical 
to that used in the corrcspc:ldlng calm tirater case dthout disturbance. All 
wave tests we-m msdc -Irith zero Plap, ,10 clipstrcam, o.le C.G. position and 
at one beam loading, CA0 = 2.75; the mckl :zas to:od from the wing tips 
on ths lateral axis through the C.G. --ith the model free in pitch and. heave: 
and runs wcrc made riith sclectcd clcvstor settings and at constant speeds, 
all of kich wzre in the oL.nin& sRecd range. '3-1 2-c occasion ;:as tile model 
given any msnusl disturb: cc. 

Attempts mre ndc to read the trim, as ~11 as sny chcngo in 
trim, but these were not entxrely successful. Sometimes the trim indicatur 
(pointer) xas stceajr aA at other time s it h..d a ccnstnnt amplitude, high 
frequency vibration su+rimposed on the obviously stsady trim indication 
from the model; on thcsc oocasions the motion LZS classed as stable. Vhen 
the model oscillated in pitch a stccdy osoillatio,: of grcatcr than 2' ac@i- 
tude was cslled unstal~l~2 but on a great number of runs the amplitude of the 
motion varied over the rm. ?nwn this happened a ccrtein amount of discretion 
was used; If, for xzstzxce, the maximum rmplizude T;ZS sustained for SW 0riLY 
t'm or ttrec cycles and Odj tti, p maximum vduo vas grcatcr than 2O, then the 
run was clz.;scd as stable; ti ii XAS sustdncd f'x about five or six cycles 
the run was termed unstaolc. 01 some runs the pitchiai, oscillations ore 
violent sncl the motion TEs obviously wettile. hi: w SLUICE ;:rhen dcci8ing 
whether a m&Ion sriould bc called stable or unstabic, i&s eny allotiance 
made for the motion il heave, ?ihich eras occasionally wry pronoLUICed, as 
the maul reason for doing the tests XLS to provide a comparison with the 
calm water test results, :,fmn only the motion in pitch ‘.~rlj co,~sidered. 

Having selected a speed snd elevator c&ting the procedure 
adopted was to choose a :;a~ length/height ratio ,ond, starting uath VS.VCS 
of small height, effectively iacreasc the height ;klc lcccping the ratio 
constant until instability set in. It ;,as -;ound that by rcpcztxg this 
for several WVc lcn&th/'r.cight ratio: cwv.zs of definite form could be 
obtained (Figure 10) scpksating regions of stablu and unstable motion; 
similar cwvcs %'ere obtained for oath speed - clcv~.to,~ combkation tested. 

Critical disturbances wre determined bji csrrjjing out test runs 
in calm water and applying disturbances, the magnitudes of -.ihich ',ierc 
progressively irzrensed until instabilltg set in. 

During most of the tests only visual observations wrc taken because 
of the time otherxise lnvolvcd in enalys~s, but rcoortings of a small group 
of runs were made, by tho m&hods of Rcfcrcnce 1, for comparison ~5th the 
results of Reference 30. /3.2. Scope 
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3. 2. scope of tests 

Wave tests %2-c Aade on .wzdels A', H and L of the series, aerodynemio 
and hydru~tic data for 
As the initial aim was to 

which arc given in Tables I and II respectively. 

correlation the points in 
determine the extent of.sny -<rave-tisturbsnce ' 
the'(o> V) plane e xmined at first were in the 

region betrrecn the undisturbed and disturbed stability limits; later, in 
the case of Nodcl L only, the tests TEre extended to include points in that 
part of the stable region which nas unaffected by disturbance. All of the 
points considered are numbered and listed in Table III; for convenaencc 
they nillbe referred to henceforth by the number and letter given in this 
table, e.g. 4B till indicate that Model B IS being considered at a speed of 
32 feet per second wath elevators set at -4 degrees. The relationships bet- 
lieen these points and the car:-esponding sots of stability limits arc shorn 
for each model in Figures 3 and 16, 
angles ros&ctively as ord!natcs. 

+ch have keel attitudes and elevator 

The tests on Model A WE of ti?o kinds end all r;-cre made at 
point IA in the mid-planing region. In the first case a series of runs, 
made through waves of fixed height but of.dscrirq, lcn$h/hcight ratloT, 
were recorded for oomparuon with similar results for the Princess and 
Shctlsna. In the second cast, a curve of ' I~~Et:.~ wave heights for stability 
was obtaimd on a rlavc longth/hcight ratio base. In fictcrrmning the points 
for this curve no recoiidings mre made, the runs being classed as stable, 
borficrlme or unstable J.,? the manner indicated in the Grevious paragraph.' 
The nature of these tests r,as mainly e?Jioratory rind fuller tests ww for 
convenience made on Model B. 

The tests on kiodcl S co,~istcd'of obtaining curves of limitin ' 
wave heights for stability at five: points, X to 5ii, ;>a 02 determining the 
critical clisturbencc at each poi.lt. Those results ma&z it >airly clear that 
no detailed wave disturbance correlation liould bc forthcoming, though some 
useful gcncral results were obtained cith rcspcct to the behaviour of the 
model in different wave systems. Further tests -;ere ma& on Model L, but 
for this reason no critical disturbances w'cr~ dctormined 

The tests on liodel L i;crc nadc to chx!c the gcneral results of 
Model B on a model havidlg vastly &ffcrent disturb;J. limits, and, in addition, 
wave tests -zere mado at .oointo in'regions of the stability diagram which 
were completely unaffected oy disturbance. kxtcr coverage of the (n, V) 
plane was made 2n en &fort to o'btuin a bct'tcr understanding of stability 
in waves end one c-l:, that for point 6L, ilas extended as far as possible 
within the limitations of the :i-.~ve,malm.ng system- 

3.3. Discussion of results* 

3.3.1. Conp,arison of Node1 A >dth Princess end Shetland 

These tests were made for compnrLsor? v.ith similar tests on the 
Princess and ShetlandSO, &ld test con&tions had to be chosen accordin&. 
The design loading for Hodel A :ms taken as 150,000 lb., the load cocfficicnt 
as 2.75 an< the point selectc&i'or test, IA, was in the mid-planing region - 
Test runs were made in ~avcs 2.35 ft. m high and, in the comparison of results 
with the F'rincess, 1ulea.r dimensions for IJoobel A and the Shetland !AI;rc scale& 
up in the ratios 2.35:3 and 2.25:s respectively. 

Six recordings were macle, one for each of t‘cc wave length/height 
ratios 8O:l to 13O:l ,and they are shown in i'igurcs 5, 6 a& 7. E"f~um 
and mean pitching end heaving ,amplitudes and their ratios are given in 
Table IV, together with corresponding results for the Printiss snd Shctlend, 
which were taken from Reference 30; the amplitudes sre plotted in Figure 8 
and their ratios in Figure 9. /The 

n This figure was arrived at by sca.Y.ng do"m the Drinoess wave height of 
3 ft. by the cube root of the ratio of the aircraft %-eights, viz:- 

V/ave height = 3 ($??s"g) 1/r 
313,oco 
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The most obvious feature of the Model A records generally is the 
apparent difference between the motions. This is probably due to the motion 
in each case being compounded of several basic elements the magnitude and 
frequenoy of each being proportional to different physical characteristics 
of the motion. Ln only one, that for n wave length/height ratio of llO:l, 
is there a regular constant amplitude motion. Thu 8O:l recording resembles 
a beat between two frequencies, the 9O:l is erregular, the 1OO:l has an 
envelope of square waveform, while in the 12O:l and 13O:l recordings a 
oertam tendency to regularity can be observerL It is clear that any 
detailed analysis of such results en masse xould have to be statistical 
rind msny more recordings lnould be necessary, so only a rough picture can 
be obtained from the present set of curves. 

The results are compared tith those for 'the Princess and Shetland 
in Table IV where the steady speeds are speeds for the huJ.1 form concerned 
scalea up to the &sign 1oaZng and the trrbulatcd figures are for rws 
through the waves of.the heights indicates When the ShetLkl xvc height 
isemled up to Frinocss size, so is the speed, but i;hen Eiodei A wave height 
1s increased to Frlncess size the -peed becomes &+ knots approximately, much 
higher than that for the Princess. To obtain the same scaled speed for Eodel A 
as for the Frincess would have meant runling Model A at Qi = 5.9, &ich is 
in the undisturbed unstable region (Figure 3). The correspondenci chosen, 
via: that each of the three points is reprusrntative of the mid-planing 
region, is considered reasonable, but the much higher speed of Model A should 
bcborne inmind. 

The mmn pitching and heaving omplitudos of FiSure 8 are of about 
the same order, as far as one can generalise, for thG three hull forms, but 
the maximum values for Model A are greater than t'nosc for tho Princess and 
the Shetland, particularly in the case of heave. In Fxgure 9 the ratios 
maximum amplitude:mean amplitude in both pitch &rd. he&v2 x-e seen to be 
greater for Model A than for the other WC hulls. It should be noted :hat 
these ratios, amongst other things, constitute a measure of the xregularity 
of the moticn, and that one large oscillation could groctly increase these 
values; the plots in Reference 30 mre i".nire:d by hand, t‘nere being no 
effective &nping in tine recording system, wcl xt is possible that occasional 
high peaks were unwittingly smoothed out. Some interesting points do arise, 
hocrever, from this limited data. Rcsonanco occurs i'or Model A at a wave 
length of 330 feet, it DCDUL'S for the Princess at 300 feet, athough the 
curves far pitch and heave are out of phase, and it occurs for the Shetland 
at 270 feet (Figure 9); in each cast ono cospletc. oscillation of the model 
corresponds to its passage through trio wave crests. The greatest amplitudes 
of oscillation in general occur at a wave length of 330 feet for i!iodel k, 
at 270 feet for the Shetland and. at 270 feet for the Process (Figure 8); 
the values at 300 feet for the Frinccss are, hor;ever, only slightly smaller 
than those at 270 feet. It may bc said thcrefon that maximum smplitudcs 
and resonance sre found at the ssme nave lengths. 

Consider now the length (from forVmuYi pcrpendiculsr to aft step) 
and maximum beam of each of these hulls soalcd to 310,000 lb.: 

Hull Form Be2.m. b Le&h. L Lb C*b bL 
ft. r'i. sq.Cet. 

Moael A 12.05 132.G 11.0 2.75 1,600 
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If nox the ratios of the resonant wave len,,ths to the respe&ive 
hull lengths be determined, they are found to be almost equal, viz.: ' 

Model A 330 
132.= 2.5 

It Would appear from t'nis tiiat the ixsonant wave length is a 
simple multiple of the hull length and that it is independent of hull shape 
or lengtl$bem ratio. 

3.3. 2. The wave diagram 

Before considering the remaining tests, a detailed cxsmination of 
the extended wave diagram ~rillcll I?-- au mentioned in 5ection 3.2 x,x11 make it 
ewier to follow the subscqucnt discussion. The curve was obtained l'or 
point 6~ (Table III) and it is given as originslly plotted on a xave length/ 
height ratio base in Figwc 10. In tins form it has a shape characteristic 
of this type of dia~smbut the plot on a ~;avc length base in Figure 11 is . 
easier to appreciate, though curves plotted in this manner have rather more 
varied shapes. Both figl:rcs arc non-drmcnsional and norimal stability diagram 

'notation has been used for thu stable, borderline and unstsble'polnts res- 
pectively. Maximum ampl?tudcs,oi' oscillation arc indicated by the figures 
near the relevant pomts; if thi: observed motion ~-m.s regular this is 
indicated by the underliaing of the figure , othcn-risu the motion was irregular. 

It can be ccenfrom Figure 11 that thcrc is a minimum xwc height 
of 0.05 beam below which there is no instability. It may also be seen from 
Figure 10 that there is an ,~xpper limiting wave length/height ratio for 
instability; in this case thi motion is stable abovc a ratio of about 850. 
Thcrc may also be a ltiwr Ismiting value; but this is not indicated by the 
diagram. Returning t3 :?igurL 11, the motion near end bclow'thc limit at 
the higher vrave lcngths,is mainly oscillatory, regular and of small ampli- 
tude, chile that f'o~d at tne loxr wave lengths is as often tiregulx 'as 
regular, and the trsnsltion from steady to oscillatory motion is rather 
sharp. It may bc noted that at these wave lengths (below 25 beams) had the 
limit been drawn wo.tb ruspcct to regular motions only it wkld have been 
less severe. In gcncral, with iogress into the unstable region, porpoising 
amplitudes seem to incrcrx at first and then reach a maximum value of the 
order of 8 degrees; ale poxIt (II = 0.351 beam, L = 3j.iO bc~~mz.) is UP 
marked on Figure 11, but it lies ~11 into this region and still has a 
maximUm amplitude of o?Jy 8 acp2eb. 

The existcnoc of limiting values of nave length, height and 
length/height ratio for stability could h,ve been cxpeotcd. With regard 
to wave height, a 'leave of infmitcsimal l~cig:ht could have no effect on 
the motion; it VOUM have to reach finite size bcforc a 2' Z&ltude 
oscillation could be induced. In the case of wave length, as this is 
increased at constent height the xater surface approaches a plane, for 
practical purposes, and the motion becomes as for calm water. b'hen the 
wave length is decreased, it reaches a minimum value for a given xwc 
height, below ~ibich a stablo waveform cannot e~ist-3~. There is thus a 
limiting wave length/height ratio (7) for the cxistcnce of stable waves 
and neither of the curves in Figure 10 or Fi,$ro 11 would therefore touch 
the y-exis. 

The remaimng results are presented in the form of Figwc 11. 
Only the cwvc or limit is drawn in each case, but the poi;its defining 
this owve are given in the relevant table. Isncs of constant wave lengt,th/ 
wave height ratio arc shown in each figure to aid discussion and it may be 

/noted 
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noted that the ~~S&WI wave lengths and heights in which the general tests 
were made were 35 beams end 0.5 beam respectively. This gives a smaller 
coverage of the wave length rsnge thsn in the case discussed above. 

3.3.3. &de1 A results 

The curve of limiti 
lengths is given for point lA 

r,afe height fur stsbility at different Save 
T -- see Table III end Figures 3 and 4) in Figure 12 

,md the points defirmng the curve are given in Table V. It is of similar 
form to that of Figure lllvhen account is taken of the different vertical 
scales and as wave length is increased there is a progressive dccrcase in 
the mave height at v,hich instability is met, The rate of decrease is reduced 
as wave length increases, until a &limuin wave height fur instability of the 
order of 0.06 bcem is indicated, 

The six points marked at a cave height of 0.25 hcam and length/ 
height ratios of 83 to 130 respectively are the points at which the recordings 
shovn inFigures 5, 6 end 7 we;e made. Each of these recordings illustrztcs 
the type of motion rihich occur; at one poi& in thr kind of diagram nc:r 
being considereiL It is interesting to see that the six points sJ.1 lie quell 
tithin the unstable region and that if there is a tendency here to a limiting 
porpoising amplitude as mentioned in the previous section, it was probably 
reached by each of the throc models, Model A, Princess snd Shctlend, during 
the tests considered in Section 3.3.1. 

3.3.4. Model B results -- 

The curves of limiting wave height for stability at diff~rcnt xwo 
lengths are given for points lB to 5B (set Table III and Figures 3 end 4) in 
Figures 12 and 13 and the points defining the curves arc givcnin Tables VI 
to x; the relevant critical disturbsnces are also given in those tables. 
The general tendency in ali of those diagrams is t'hc same aa in that far 
Model A; as Rave length is increased thcrc is a progressive docreasc in 
the wave height nccesssry io produce instability end, although the curvCs 
end rather abruptly, thcrc is in three of the cases a definite tendency 
tczrards a minimum znve height for instability, tho value >f Tihich differs 
from case to case. TCC much attention should not be paid to the irrCgul,ar 
shape of the curves for points 2B and 3B; the nature of the motions in- 
volved and their ropresentntion by stable or unstable points should bc 
remnioered (Secticn 3.L2). 

An examination of the five curves shows that in a given wave 
system the nest stable configuration, or pit of the stability diagram, 
is that represented by point 5B and the least stable by point 3s. If thC 
five curves are put in order of quality with the poorest first XC get 3B 
2B, lB, 4B and 5B. 2B and IB are at.the s- elevator setting (Figure 4 I 
and indicate M improvement in stability, i.e. a1 increase in the wave 
hoight necessary to induce instability, r,ith increase in speed, while 3B 
and LB ere at virtually the same speed snd show en improvement nith increase 
in elevator setting. Points lB, 4B and 5 -arc for'bcth progressively higher 
speeds and elevator settings end should, if the ohangcs already noted zre 
progressive and additive, shajl a much greater degree of imprwcment thzn 
the inditidusl ohengcs; this is in fact the case. 

It msy thus be tentatively con&&d that stabiliw characteristics 
inmaves will be improved by an increase in speed or en increase in elcva- 
tor setting.= 

3.3.5. Model L results 

The curves of limiting wavz height for stabiiity at different 
wave lengths are given for points U; to &L (see Table III and Figures 3 
end 4) in Figures 13 to 16 and the points defin&?g the curves arc given 

m j.,e,, a c-e of elevator setting which rzi.11 irvz-ease the nose d.oen 
pit&Zing IllOIEilt. 
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in Tables XI to XXIV, The general tendency for the wave height necessary 
for instability to be reduced as viave length is Increased can still be seen 
in these fi.gUt-es, but the greater coverage of the stability diaLTan by the 
test points has resulted in a &versity of o-e forms, 

, 
It is convenxent to consider the curves in the follomn& gro?.qx: 

(i) 6~, 3L and 7L where q = -12O, 

(ii) 2L, IL and 8~ where r\ = - 8', 

(iii) IOL and 4L where q = - 4' and 

(iv) 12L and 13L where ,, = 00; 

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

(v) 6~, IL, IOL and 14L where cv = 6.9, 

(iv) 8L, 4L and 12~ where CV = 8.2 and 

(vii) 7L, YL, 5L and IIL where CV = 9.2, 

allows the effect of Increasing elevator setting or angle to be detenaned 
at different speeds. 

The curves of tHe first group show, with the exceptlon of that 
for 2L, that with increasing speed the wave ,helght necessary to Induce 
instabllity 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 bc 
encountered wlthout lnstabillty resulting than is the case at the next 
higher speed, point IL. Pout 2L represents the lowest speed tested, 
however, and is just past the hump, while the remairung poxnts are at or 
above low planing speeds. The conclusion that increase In speed increases 
the wave height necessary for u&ablli.ty 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 hclght necessary 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. 

3.3.6. General 

From the foregoing results three general conclusions can be dralm. 
They apply over the rango of wave systems covered in the main tests, that 
is in waves having wave length/height ratios of up to 2OO:l or m waves Of 
lengths which are less than thut at which the minimum wave hexght for 
instability is found. The conclusions are that 

(i) at any point in the planing speed range the wave height 
necessary to induce instability decreases with increase 
of wave length (probably until the resonant wave length 
is reached, nftcr which it increases), 

(ii) at any point in the planing speed range and at any Wave 
length the wave height necessary to induce instability 
increases xlth uxrease of elevator angle, and. 

(iii) at any point In the range from low planing speeds Upvfards 
and at any wave length the wzve hei&ht necessary to induce 
instability increases with Increase of Speed. 

/Minor 



Minor exceptions to these conclusions can be found, but they are 
not felt to be slgnzflcsnt. 

It may be noticed that here and elseI-There in the discussion points 
have been defined in terms of 11 ad V not cyc and V, i.e. elevator s&e has 
been used in preference to keel attitude. The reason is that ‘.&rile both are 
Usually know3 accurately in calm water tests, this 1s not generally so 2.n 
waves. ithen the model csodlates in pitch rlurfng %ave tests it is difficult 
to obtain an attitude reading ar:d when the model IS reascaably steady the 
attitude 1s usually different to tha-, obtained in calm water for the szme 
speed and elevator setting. Observws wre left 131th the impression that 
attitudes were increased by‘waves from their caLn ?;ater vslucs end, to check 
this, reatings were taken at seven pcints, &L, 5L, 71,, 8L, YL, 1OL and U&I 
(Tables XIV, XV, XVII, XVIII, XIX, XX aGi XXIV). ?;hen the motion :SQS 
oscillatory and of small smpliturle the PIid-point between DES~~IJU~ and rmnimum 
readings (set Figure 5 for instance) YES t&en as the attitude for this 
purpose if it was not pcsslble to cbtnln a ste8d.y reading bcfcrc any lnstablllty 
built up. The mwn of t'ne readings oLtaincd m different i-rave systems for 
each pclnt was then plotted against the correqc&lng calm water attitude 
and the resulting curve, rihich is of definite form, is given in Figure 17. 

It can be seen that for this particular model, L cdm -zzcr atti- 
tudes of less than a0 ere increascdby wav'es, lihile those ,&eater then a0 
3i-e decrease& Maximum and minunun values of attitude ~pparer?tly exist for 
planing in waves and in this case are 6.0~ and 6.8' respectively; the mean 
wcrking attitude range has thus been redxcd tc 1%' for this mcael. me 
speeds and elcvatcr scttmgs at i-which each set of ;wre tests wzre made wo 
indicatea; speecl alone does not appcsr to be signd'zc.%lt, -i~h-ihlle~elcvatcr 
angle decreases more or le,ss prc~essively Tat21 increase in attitude at coch 
speed. The long sf'terbcdy of Model L (7 beams) has undcubtw3l.y played a 
large psrt in fixing the changes qla&itntlvely (?;hc ?cducticn of thL attl- 
tude rqo for Instance, vrould probably r.ct be so great idth a shartcr sfter- 
body), but it is considered that in gonerd the calm Teeter aLriitu&cs of all 
the models of this series still be stinilarly mcdiflec by 'ihves. 

It is interesting to exsminc the test results for licdel L in th6 
light of the resonant wave length found 1~ 23 tvrles the hull lwgth with 
three other models. Since the hull len&th of hicdel L is lj, beams cne :-%uld 
expect a resonant wave length of 32 beams if thw 12tlc 3-s to be mazntamcd. 
As can be seen from Figure 11 this 1s ccnslstcnt 171th the test results if a 
little latitude is dlc--:cd in the drzing of the -KWZ curve. Considering 
the diversity of shapes represented by the four hulls concerned t'hc agreement 
bctwecn the ratios rescnsd ‘;ziye lengtbdhull length is rcnarkably good end 
suggests that in fact there my be a general relationship wvclving this 
factor. 

In Figure 17 a cornpa-ism 1 s m.zd, of the ~avc stability chzrac- 
tcristics of Ncodels A, B ad L In the first diagram curves Sorthe three 
models ore ccmrjared at a rmd-planing speed anti medlum elevator setting. 
The basic model(A) IS the poorest, 3. large iqrcvonmlt results from fore- 
body warp (B) and a fflrther but lesser ~mprcvcment is obtained with fcrebcdy 
wcrp and 3 long aftorbcdy (L). Thu dses not of ccursc mean that for any 
given model M increase in aftcrbc~ lc~~;::,h 1;~1t be ncrc effectlvo than 
application of fcrebcdy iim~ in imprcvm:, behavlcur In iiaves, since it ms~ 
well be thct, in the instance quctd, most of the pcssJbl< 1mpzrovcment YES 
effected by the addition of forebody ~raly, le;iTr&ng little scoppc for c3.y 
further imprcvcment by an increase in afterbody lcnbth or any other ~~-111s. 
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progressively higher -q'eeds and ll;sllc?tc that vrhile:the long afterbody is 
slightly be'tter m short waves it shor;s a progressive d.etericration.reYia- 
tive to >~!cdeX~"a‘with speed at the highsr i;ave lengths, i.e. the charac- 
terlstics of the short titerbody model iqxcwe at a greater*ra$e with .' 
increase of speed th,an those of thr: long titcrbody model. 

An nttapt to corrclato the cffuts of xves ona tist&bances on 
undisturbed calm water stzbillty characterlstzcs may be madi: in sevwal. 
wys snd the correlation may be Ctctsiled or general. 
of ccrrclatmn the wlticul cb3turb:u~cs 

In -l'ne dctailcd type: 
:.nd -0~~0. u%igx~, at corresponding 

speeds and elevrtor settmnp ire ~ompar~:i In an -Itwmpt to obtain pi point ! 
to point corr&sponilc;~oc over the v,holc (~1. 7) plaze; this CJX obviorisly , 
be applied.cnly to Iii;od.~l B resiilts Zen cho present case. In.thc g<nerGl . .' 
type of ocrrclation an &tcmpt is made to dxw conclusions ccnsornxg reticle 
areas of the (I'm, V) plnnc; Xc&l L results are most suitable for this type, 
of treatment by vutue of thc~fauly wo;l ccvcragc of the ('q, V) plane rnth 
test points. . 

It should be noted that m cl1 01' the tests noyi' w&r considcra- 
tion the st&bilitjr criterion i;zs to&n to bc JJ~ oscillntlo!l xn pitch of 2' 
aT;plitiMe and,'because of the x-x effect cc attltudc, rcsdts are expressed 
m terms of elevator angle, not keel cttitude. ,. 

'For colrrelaticn the crltlcal distabancc, i.e. the smrillcst dis- 
turbance i:hlch ;iuuld l.di?uce instability at 31~~ speed xxi elevatorisetting, . 
is assumed to bo qJl-ralent to P>V J,ztve systcn rrhicb iiculd sim~lzrly just . 
u~ducc uwt&ility. 

A dotaileci correlation msy be made m'thc follcwzng xwxcr. 
Let ,-n x'J &utwbance limit be chosen (see Scction 2;2); the pouts at 
::hich the crlticcl cilstvrbances %are gre-ter thou x0 -,illbe stable and 
those at irhich the cilti~al duturbanccs WC loss than x3 rnll bc unstable. 
If a Gave. z~-,sten (dafuc$ by wzvo hci&ht :; 
rMoh, by vu ix>"3 

ca.nd i-&me len@,h L) can be found 
of thu xl&l?t curve; of critxjl:xwc hcichts (e. g. . 

F1gurc 3 12 Xi81 13), runtiers the points stable e~-~d ustablc In exactly the 
saJi,e -,‘qj as L7ccs th:, x@ &stur'xnce llrnit and if the procedwc cczn bc 
rcpcatcd i,ith ~sxu-~~~noc limits of vax~~ous vC:luss, lfrom one rhlch excludes 
to one ~lx~cn illcludi:s all tnc points, then a dctalcd correlation may be 
said to hax :)cen c:,~~~9l~slxd. In such a ccrrclcticn the ccnverse need 
not necesscirlly bc trio. The niin 1s to intcrprct disturbance limits in 
terms cf stxbbllxty w. ..ilvec, not vioc versa, snd in the went of qdeteilcd 
correlation there IKL,, rcmc.in :wz systems :ihlch hL:v~ JO corrosponchng cl&- 
twbancc liqit. 

Ap$.ylng ti-,is ?;es:hnique -GCO :.odcl G s?d choosing initially a 3.5' 
dist&,bucb llmlt, and bcwtiy 111 11~33 thL I1~ngnitudc of the critical din- 
turbcnces, pelts 26 rzx3. 3l3 iilllbc ;,tpblc, points I3 e.& &3 still bc unstable 
cnnd point 5R :Till bc borderlinci L.c. the rcprcsciltntive point till be on 
or ncLa- ~thc st&lll'ty limit. 'Tl~r~l;n~ to ll$~r~ 13 it can bc seen that 
bcrderlino stab~licy xillbe cbtaxxd at point 5B m scvcral wzve systems 
havzng KWZ hclghts of the order of 0. 2 beaus. Selecting n wve system of 
wave height 0.2 beams and ~iavz ieczth 20 be::ms it c-n b? seen that points I : 
I.73 to 48 arc rcnclercd ustable thL.rcby a& i!li.s cccws 6th C.QJ system 
lying on the gS curve. In thw case thcrefolu detailed correlation cunot 
be established. The same is true of a?~ limit cbtaiz?ed with tisturbonoes 
in the range 3.O'to 4.5O for iiiodcl 5. _ I 

. t 
In attempting to make c general cor?x&xon no particular method 

was used; instead the bIavc curves and the calm l&tcr, stability limits - 
obta-hcd xith &&mum disturbance for Model L wore compared and'anyrele- . 
vmt ;"acts v-me coiisidcrc~ 

I 
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The region ofinstability obtained v,ith disturbance is much 
smaller for kiodel L than for Model B and, because of this, vjave tests were 
made at points 2L, I+L, 5L and 7L to lOL, rhich are in the stable region 
which is unaffected by disturbance , in addition to points outside this 
region. Eve11 at these poxnts zave systems x;cre encountered which could 
induce instab.bllity and 1% is'cleex, therefore, that at these points there 
can be ILO xve-disturbance correlation. Ia the previous discussion on 
Xodcl B results,' limits obtained yYxth ;$iwn degrees of disturbance ;7ore 
considered in conjunction ro.th critxsl distwbancoss; in the cast of 
Model L no critical disturbances rare determined and the disturbed limit 
(Figure 4) is that for ~"3;cu~1:in~ tisturbancs. !C?is, as can 'UC seen from 
l?igure 2, is probably a ccg:cund limit involving various degrees of dis- . 
turbencc. In a wave s&xx which is the oquivalcnt of this disturbed 
limit the previously mcntionod po<nts wst be stable, points iL, GL, llL, 
12L and 13L must be u?stablc sn.i jL and l&i must be borderline, i.c. -;ha 
roprcsentative points must lit on or near the limits. Considcrina t!x3 
cwvcs for points 3L and l&L in PlgurLc I.+ an& 16 it ten bc soon that no 
wave system which is oom2on to tl;c tr-io cgrves Cal? be found. Theri is thus 
no correlationbeti-ieen stabil;t;r characterlstios in .;aves snd the stability 
limit obtained xith rnaxo.~mzz distur'sancc. 

This lack of correl~tisn in the case of Node1 L is in+i.cit in 
the conclusion (ii) of Se&ion j.3.6, i,hich states in offoct that as 
elevator angle is increased stability characteristics in waves are 
Improved, As some of the high elevator angle points (1X, 12L, 13L) lx 
within the disturbed wstable rogion (Figure l+, Node1 L) :;herz for sny 
sort of correspondonce a deterioration wuld be e:Tected, there o&l bc no 
rmvc-disturbance correlation. 

It would appear frcn f~w&z~:ntal considerations'that if eny 
correlation trere obtained, it would bi: purely fortuitous. i'rom the dis- 
cussion on disturbance lists (Sect:on 2.2) it folloiis that there is a 
physical discontinuity at the lir;it, in going from stable to mstablo 
regions a sudden chwge from steady motion to porpoi;ing of large ezpli- 
tude is obtained, i?ocrens i-rith the xve curves, thcrc is a progressive 
uxreasc in the smplitud~s of porpox;n,o ;ji_th ingross illto too unstable 
rcgicn snd, by dcfi.liticn (Section 3.1.2), porpoxsing oil the curve is of 
20 sinplitudc. 

It is clear from the. forc&cing that disturbance limits csnnot 
be interpreted in tcrw of stabilit~r in ;-raves;, 

5. DISCUSSION 

It has been ccncluded that thcrrs is no sq+~ificent relationship 
betwen stability with disturbance end stability in I'Iaves, so toat informa- 
tion on the latter with reqect to a given hull form roust be obtained by 
cszrying out tests in xavoo. In future tests 011 a dynamic slodel therefore, 
for a coqlete assess,,le:lt of longitudinal stability characteristics, three 
types of stability must be invcstigatcd, viz: wdisturbed end disturbed 
stability and stability ii1 xwos, For a satisfactory interpretation of 
teat results the iner&ng of each of these typos of stability should be 
understood and to this end a summary of the xnporta& points relatirlg to 
stability xith disturbance and stability in uwcs is given belpi;; 

When disturbance is applied the stablo region obtained xtithout 
disturbance is reduced and this reduction continues as the degree of dis- 
turbance is increased until a ILLIUDI region, which is unaffected by 
further increases in the applied disturbencc, is obtain&, The limit 
dofining this region, which is known as the limit with maximum disturbance, 
is reproducible and is obtained by giving to the node1 the maximum nose- 
down impulsive disturbance compatible with safety. Like limits obtained 
with any other degree of disturbance, it marks a discontinuity in the type 
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of motion encountered; there is a sudden cLoange from the steady planing 
of the stable region to large amplitude porpoising when the limit is crossed. 
In genersit, the increase in the unstable region obtained rtith disturbance 
commences in the mid-planing region folloizing the application of the smaller 
disturbances, though instability here may be prevcntcd by a suitable hull 
modifica+ion, e.g. a long aftcrbody, end the final stages of the increase 
occur in the high speed, low attitude region Pollo;ilng the application of 
the larger disturbances; instability can aliiays be found in this region 
if,large enough disturbances <arti applied. The violence of the porpoising 
following a disturbance is increased where larger disturbances are necessary 
to induce instability. 

As disturbed limits cannot be ~nterRreted in terms of stability . 
in waves, but clearly reproscnt stability characteristics with bsturbanoe, 
the question of what constitutes a full scale disturbance dosewcs closer 
examination. The wash of a boat, such 8s that %ich caused the crash of 
the Saunders-Roo R2/3j L2,0r a sudden yaw, such as that which caused por- 
poising end finally damage to the Solent H.J.26133 are acceptable examples, 
but a type of disturbance which occurs regularly full scale is that encoun- 
tered during landing. The suggestion that cver3- landing constitutes a 
disturbance mas considered in essence by Gott31 and upheld in the light of 
his experience, and it was ma&o (quite m&~enCicntl.y) in Reference 10 and 
supported by American evidence. It is considered therefore that limits with 
meximum disturbance indicate either stability characteristics in take-off 
or pisning vihen a scverc disturbance is encountered, or the ucrst stability 
cceracteristics in landing. 

LI waves, there is a minimum i;lave height end a maximum wave length/ 
height ratio below and above which rcspcotively no instability is obtained 
The minimum wave bright appears to occur at e wave length of 24 times the 
hull length; this factor of 26 has csrlicr bwn four.5 to be significant 
vkth three other hull forms, the rcsona,lt wave 1engx.h in each case being 
2; times the hull length, and this may ~11 be J. universal figure. In 
general, it appears that at 3. constant plalling speed and elevator setting 
the T-rave height noccssary to inclucc instability decreases monotonically 
with increase of -;mwe length until the resonant ?iavc length is roached, snd 
then increases. Agnn, the 'KWL' height necessary to induce instability at 
a given wave length is incrcasod by increase of speed or elevator angle or 
both. 

These results sm.;7 bti used to formulate a teclmmque for future 
stability tests in waves, with can bc made very brief. The ;rorst end best 
wave stability characteristics ~~11 be obttined at 1037 planing speeds T#ith 
low elevator angles and at high planing speeds Gth Hugh elevator angles 
respectively, while bcween lhese extremes there is Al more or less steady 
chsnge. Ciegrems for those points rilll tLi -yefore give sll the information 
necessary on the XLWC stability characteristics of a given hull in the 
planing speed range. 

It is felt that in future tXs L ts account shouldbe taken of motion 
m heave as ~~11 as that in pitch, kich Y'ICS the only motion of direct 
intcrcst in the prcscnt invcsti~ation, 3uring thhc Rresent tests it KLS 
observed that the heaving motion occurred occcsiolmlly in the complete 
absence of ‘~%y ritohing motion, so that for eny absolute asscssmont of the 
motion in waves of e given hull form the simple 2' pitch criterion is 
clearly inedequate; it is necescary to take account of several factors. 
These will include the smplitudc, frequency a~3 degree of regularity of 
the motion, both in pitch and heave. A suitable form of presentation for 
such comprehensive tests tould probably be a carpet graph of emplitudes 
of oscillation in pitch and heave related to wave length and iJave height 
for each elevator speed combination, with some allownce being made for 
the frequency of oscillation. 
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Some mention should bc made of the lack of longitudinal freedom 
in the stability test rig used in the tests of the present report. This 
lack of longitudinal freedom has been @.vcn full theoretical consideration 
in the undisturbed calm :atcr case in Reference 26, zhere it vl~s concluded 
that vsriations of longitudinal velocity had only a slight effect on stability, 
and these conclusions zere given sn experimental check (Reference 21) when 
it ;;ias found that the model behaviour ,jas similar under the trio conditions, 
with and un.thout longitudinal freedom, snd that xhen porpoising was present 
the period and character of the motion taldng place --ias unaffected by the 
introduction of the additional dcgroc of frocdom. 

In the have tests now under consideration most of the conclusions 
are based on curves or limits which were dra,nl with respect to porpoising 
of 20 amp11';UaC. It is felt tnat vVhile thcrc xLl1 undoubte6l.y be an effect 
due to the longitudinal constraint, at these small amplitudes it :7111 pro- 
bably be negligible and at uighcr a.mplLtudcs it will be more quantitative 
than qualitative; the gczral conclusion5 of the re-oort should in any event 
not be affected. The magnitude of the effect should, howrer, ho determined 
if possible, together with those of the corrcsporA~ng effects on the heave 
and fan-rard motions, and if sny of tho effects is large it xxi.11 obviously 
be necessary to srrangc for long-Ltudlnal froadom i~l future tests. 

It is possible to USC the results of the present txsts to suggest 
a method for making full scale take-offs in waves. It has been sho%n that 
greater wave heights csn bc encountered under conditions of maximum elevator 
and speed. u-nthout inducing instability than other;ise, so the best cowse is 
to keep the control column forwrd and xwrease speed as quickly as possible. 
This implies that the effect of acceleration is (a) not detrimental and 
(b) roughly constant over the (0, V) piano. In tho present wave tests 
instability was Samped out vhile running up to speed and, as in the calm 
water case (in \j"nich acceleration is beneficial) It has not been considered 
worthwhile in the light of expericncu to check the const5noy of the effects 
of ndccleratxn on stability over the ('rl, V) plane, these points can, for 
tho present, bo ncglcctcd. 

While keeping the stick forward during take-off undue oonccrn 
about the no5e of the aircl -St chg.&g ~.n or being sucked down nedd not be 
felt. .Tho xVtioation of a m~~~~xwn, mesn attitude in Section 3.3.6 suggests 
that in fact the opposite xi.11 happen; the pilot x3.11 have to hold his 
aircraft down and allou it to become airborne when flying speed is reached. 

Perhaps the most enlightening conclusion bear-mg on take-offs in 
waves is that the resonant EWE length is 24 times the hull length; during ' 
take-off xaves of this length should be avoided by as much as possible. 
Waves of just less than resonant length and above, may be effcctivcly 
lengthened by follo;,ing a take-off p:th as near parallel to the staves as 
possible, whenthore :,illbc little risk of instability, but application 
of this technique in shorter xwo lengths m,ay cause rcsonsnce md is there- 
fore dsnprous; in short waves toko-offs should be made head on into the 
waves. The pilot csln aecidc on r&ioh course to follo!-V after making or 
obtaining an cs-iimate of the GWC length relative ,to the length of his 
aircraft. 

An analogous technique could be devise& for landing andwould 
need only a suitable alloxumx3 for iicccl~ration effects. 
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LIST OF SYIvBOLS 

b 

CL 

CV 

CA 

CA0 
cx 
ck 
CZ 

S 

v 

al( 

11 

h 

L 

beam of model 

lift coefficient = L/+ps+ (L e lift, p = air density) 

velocity cocffiaent = Vm 

load cocfficicnt = A/-C&~ (A = load On vv-ater and 

VT = might per unit volu~~ of wter) 

loa cocfficicnt nt V = 0 

longitu3nal spray coefficient = x/b 

ln-imal spray cocfficicnt = y/Iz 

vertical spray coeffxient = z/b , 

C (x > YI Z) co-orati=tcs of p0mts on zprqy cnvclopc 

relative to axes through stq ~omt 
, 
gross -Ang orea 

J 

vclooity 

keel attitude 

clcv~tor wtting 

mvc height 

wave lerqth 
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!umE I 

MODEL AJBODYNAMIO DATA 

IM.nplene 

Section 

Gross area 

Spa 

S.M.C. . 

Aspect ratio 

Dihedral 

I 
on 30% spar axis 

Sweepback 

Wing setting (root chord to hull datum) 

Tailplane 

Section 

Gross area 

Span 

Total elevator area 

Tailplane setting (root chord to hull datum) 

Fin - 

Section 

Gross area 

Height 

General 

K C.G. position 

distance forward of step pomt 

distance above step point 

xi chord point S.M.C. 

distance Zorward of step point 

distance above step point 

x Tail snn 1 (C.G. to hinge axis) 

R Height of tailplsne root chord L.E. above 
hull cru~m 

&o'itingen $36 (mod.) 

6.55 sq. ft. 

6.27 f-t. 

1.09 ft. 

5,75 

30 C' 

l+O 0' 

6' g' 

Ft. A. F. 30 (md. ) 

I..33 sq. ft. 

2.16 ft. 

0.72 ~9. ft. 

20 0' 

*<AR 30 

0.80 SC) f t 

1. L!+ ft. 

0.237 ft. ' 

0.731 ft. 

0.277 ft. 

1.015 ft. 

3.1 i't 

0.72 ft. 

w These distances are measured either paallel to o= normal to Ihe 
hull datum. 
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MO&l 

Beam at step 

Length of forebody 

Length of afterbody 

Forebody warp (per beam) 

Angle between forebow and afterbody 
keels 

Forebody dcadrlse at step 

Afterbody deadrise 

Step depth 

'Step form 

Pitclung moment of inertia (lb. ft.2) 

A d L 

0.475 ' 3.475’ 0.47j' 

cb 

3 

Lo 

6O 

250 

300 

@.15b 

Uafaiired traverse 

22.9 21. 3 23 5 

pmG3 III --- 



Point NO&l 

1 A, B, L 

2 B, L 

3 B, L 

4 B> L 

5 B, L 

6 L 

7 L 

a L 

9 II 

10 L 

11 L 

12 L 

13 L 

&I L / 

Speed 

ft./set. 

w 28 

ul. 

29 

32 

36 

27 

36 

32 

36 

27 

36 

33 

37 

27 

-.- - 
CV 

7. 2 

6.1 

7.4 

R. 2 

9.2 

6. y 

9. i. 

8. 2 

9.2 

6.9 

9.2 

8.4 

9.5 

6. 9 

w This speed should be 27 ft./m. for Xodel L 

-a 

-8 

-12 

-4 

-2 

-12 

-12 

-8 

-6 

-4 

-1 j ’ 

0 1 
0 I 

I 
+4 I 

. . 

Note : The pomt number and model letter ar ? used to identify the test 
points, e.g. 3L will mduxte Model L at 29 ft./set. wit‘n elevators 
set at -12O. 
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TABLE Iv 

TEST DATA FOR FLFCORDILQ STEATX SPEED RUNS 

Ws.ve Maxlmuul 
sngth/Ht. Pitching 

Ratlo Ampli'Lude 

(degrees) (degrees, i (rem) 

!ODEL A. Steady speed 74 lcnots. Wave height. 2.35 ft. 

8O:l 
9O:l 

100:l 
11O:l 
12O:l 
130:l 

12. 0 
15.0 
UC.0 
LO 
12.0 

J 7.5 

5.5 
9.c 
6. 0 

12.0 

f.2 

-7 -- -, 

lj.0 
17.0 
15.0 
15.5 
11.0 

5. 5 

5. c 
10.0 
3. 5 

1;. 0 
7..0 
3.0 

3. 18 
1. 66 
1.75 
1.17 
1.41 
1. 6, 

I 

I 2. 60 
1. 70 
I.. 76 
1. 20 
1.57 
1. r3 

WNCESS. Steady speed 69 knots. Wave height 3.C ft. 

7‘- 
,",i: 12.36 11. 1 ;;: 12. 16. 3 0 1::'; i-2 L36 'I. 33 

100:l a. 5 * 16.1 L-l.1 10. 7 i26 1.45 
11O:l 10.0 7. 2 17.3 10.4 l.39 ‘I. 66 
13O:l ! 12.1 a. 3 20.8 , 12.6 ! la-45 1.,63 

METLAND. Steady speed 59 knots. Wave height 2.25 ft. 

eQ:l 12.5 11. 5 9.7 y. 0 i. 09 1.06 
9O:l 

2:: 
lj. 6 12. 8 11. 8 1.09 1.00 

100: 1 4.0 1. 66 L79 
110:l 5. 7 ::: ::; 1.34 1.47 
12O:l 6. 5 5. 'c 4.1 
13O:l 10.1 6. 7 7.0 5.1 

I---- 
1.49 1. 1.38 
1.22 1. 31 

Model A 150,000 lb. 2.75 

Princess 310,000 lb. Loa 

Shetland 131,000 lb. LO8 

Assumed desiv 
loading Cd, 

/TABLE V 



h I L ^. ^. 
St,. 

0.033 
0.008 
0.017 
0.025 

0.033 

0.042 8.34 

0.033 5.00 

0.042 6.25 
0.042 6.25 

0.033 

0.042 

0.042 

0.050 

0.042 

0.050 

0.058 

0.067 
0.075 
0.058 

0.067 

0.092 
0. loo 

2.75 
3.00 

0.108 3.25 

St. 
Remarks 

b b 

11.66 0.070 24.50 350 1.53 us 
I.. 67 0.019 3.50 200 0.56 s 
3. 33 0.035 7.01 200 0.80 S 
5.00 0.053 10.53 200 ~0.98 S 

6.66 0.070 l.4.02 200 glut S 

0.087 

0.070 

0.087 
0.087 

17.58 

10.53 

13.17 
13.17 

1.28 1JS 

0.99 s 

LlO us 
1.10 

3.33 

4.17 

h.17 

5.00 

2.09 

2. 50 

2.92 

3.33 
3.75 
4.09 

0.070 

0.087 

7.61 

6. 78 

200 

150 

150 
150 

100 

100 

100 

0.80‘ s 

0.90 B 

0.087 8.78 0.90 B 

0.105 

0.087 

10.53 100 

4.39 50 

5.26 50 

C-14 50 

0.99 us 

0.62 s 

0.105 0.69 s 
I 

0.123 0.74 s 

0. l&o 7.01 50 0.80 s 
0.158 7.89 50 0.85 us 
0.123 8.62 70 0.89 B 

I 4.67 

h 
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WAVE TEST DATA FOR MODEL A 

point IA. CA, = 2.75, Cv = 7.2, rl = -E" 

-i-TA 

2 

0. l&o 0.95 ‘us 9.83 70 

I 
0.193 5.79 30 0.72 S 
0.210 6.31 30 0.76 B 2.5 

0.228 6.?4 30 0.78 US 1 
I 

3 

A ;uc:&r oorresponding to impact 
on each wave frcnt was noticeable. 
Slight oscillation ~.n height simi- 
lar to previous run, but the model 
SGpeared to cut through the wwes. 
Constant q?itu&e about Y". Run 
not quite long enough to check. 
Fo change In attitude whatsoever - 
jU5t coda the wave:‘. 

Repeat rur.. @lituue built up 
slody al first, then at increas- 
ing speed reaching 13' approxi- 

'mately at the end of the run. 
No change in height CT attltudo - 
out through the waves. 
Just becomIng unstable at end of 
run - took a very long time to 
build up. 
Repeat rw. Kodel just beosme 
dlsburbd at end. of rw, although 
put in early. The motion was SW- 
xhat irregular reaching en ampli- 
tude of about .1' before carriage 
stopped. 
Still not a quick bull+trp. An 
amplitude of about 10' reached at 
the end of the run. 
iJo sign of change in height or 
attitude. Cut til.roUgh the waves. 

No height or attitude oh;nge. 
Boat outtlng through wa\?es. 
No sign of chanp,e in attituc?e or 
height. 
No change in hei&t or attitude. 
Reached an amplitude of l2O-l3O. 
Damped out inmiddle of run and 
started again 

.Reaching lo@ smplltude at end of 
run - still talung whole run to 
build up. 
No change in height or attitude. 
Dmpeii old and built up again at 
end of run - confused. . 
iiave system slightly irregular. 
Amplitude about l@ at end of run. 

/TABLE VI 



h 
ft. 

0.033 
0.042 
0.042 
0.050 
0.062 
0.092 
0.083 
c.075 
0.083 
0.083 
0.092 
0.100 

h 
ft. 

- I 
L h L 

-L-L ft. b b 

3.033 6.67 0.070 14. C$ 
3. 062 8.34 0.087 17.54 
3. a&2 6.25 0.087 13.1: 
3.100 3.00 0.211 6.31 
0.083 2.50 0.175 5.2t 
FL075 2.25 0.158 4.74 
3.062 3.33 0.132 7.01 
0.067 3.33 o.l&o 7.01 
0.075 3.75 0.158 7.9c 
0.058 4.08 0.123 8. 6( 
0.062 4.67 0.132 9.8: 
0.071 4.96 0.149 10.4: 
0.058 5.00 0.123 1O.Y 
0.058 5.83 0.123 12.2; 
0. a-4 5.21 0.092 10em9( 

i 

-i- i , 
1 
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VAVEI TEST DbA FOR &iOlEL B - 

Point 13. CA0 = 2.75> CTJ = 7.2, 1) =' -8'. Critical distur%nce = 3.0'. 

L h 
ft. b 

I 

6.67 0.070 
6.34 0.087 
6.25 0.087 
7.50 0.105 
5. 00 0.132 
4.58 0.193 
4.17 0.175 
3.75 0.158 
2.50 0.175 
2.75 0.175 
3.00 0.193 
3.00 0.211 

L 
1 
1 
1 
1 

L 

1. I.4 
1.28 
1.10 
L 21 
1. 00 
0.94 
0. yo 
0.85 
o. 68 
0.72 
0.75 
0. 75 

-- 

;$ 
1 ,3 
p 
- 
S 
US 
B 
us 
B 
us 
US 
R 
H 
S 
s 
us 
- 

Remarks * 

Just under 2" amplitude. 

pOli-,t 20. CA, = 2.75, c, = 6.1. li = -5'. ~r~.tuxl tistwbance = 4.0'. 

L/h 

- 

zoo 
200 
150 
30 
30 
30 
53 
9 

:: 

%j 

100 
119 

1. ll+ 
1. 28 
1.10 
0.75 
0.68 
0. 65 
0. 80 
0.80 
0..85 
0. 89 
0. 75 
0.98 
0.99 
0.99 
1. 01 

i- 3 
$ 
WC ! 2;; 
5 
S 
US 
US 
US 
6 
S 
S 
B, 
B 
S 
S 
US 
S 
US 
B 
- A 

Remarks 

- 

.’ 

Just under 2O amplitude. 

Just uncier :O mplltude. . 



h L h L 
ft. ft. b, b 

0.025 5.00 
0.033 6. 67 
0.062 8.36 
a03 LO. 00 
0.033 5.00 
0.042 6. 25 
0.100 3.00 
0.083 2.50 
a 075 2.25 
0.062 3.33 
0.058 2. 91 
0.058 5.00 
0.050 5.00 

0.053 10.50 
0.:70 UC.% 
0.087 17.54 
0.105 21.05 
0.070 10. y3 
0.087 13.15 
0.211 6. 31 
0.175 5.26 
0.158 4.74 
0.132 7. 01 
0.123 6. 13 
0.123 10.50 
0.105 10.50 

h L h L 
ft. ft. b b 

0.042 
a050 
0.058 
0.058 
0.100 
0.108 
a117 
0. l42 
0.100 
0.117 
0.100 
0.092 
0.075 
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TA3LFI VIII 

WAVE 'JZST DATA FOR MODEL B 

Point 3B. CA, = 2.75, Cv = 7.4, rl = -12'. Critmal disturbance = 4.5'. 

T T 

L/h 

200 
200 
200 
203 
150 
150 
30 

;: 
53 
50 
86 

100 

0.98 
1. u 
1.28 
L42 
a 99 
LlO 
0.75 
0.68 
0.65 
0. 80 
0.74 
a 99 
0. -39 

S 
us 
US 
us 
S 
us 
us 
9 
S 
B 
S 
a 
S 

- - 

TABL% IX 

\VAm TEST DATA FOR UODEL B 

Point f& CA,, = 2.75, QJ = 8.2, .(I = 4'. Critical disturbance = 3.0'. 

a.34 
0.00 
1. 66 
8. 75 
3.00 
3.25 
3. 50 
3.75 
5.00 
5. 83 

0.087 
0.105 
0.123 
0.123 
0.211 
0.228 
o. 246 
0.298 
0.211 
0.246 
0.211 
0.193 
0.158 

L7.54 
7L 05 
s4.55 
18.42 

:z 
7136 
7rYO 

10.50 
12.27 
UC.73 
13.50 
15.80 

L/h 

200 
200 
200 
150 

:: 
30 
26 

:: 

:: 
100 

1. 28 
1.42 
1.53 
I.. 32 
0.75 
0.78 
0. 82 
0.85 
0.98 
LO7 
1. 17 
1.12 
1. 21 

z us 
B 
S 
S 
S 
S 
S 
us 
us 
S 
us 

I 
ui 
2 a 

. 

Remarks 

Remarks 
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TmL!~: x -....-- 

WAVX TXST DATA FOR MODEL B 

8.36 
10.00 
11.66 
17.50 
13. 60 
12.50 

6. 67 

0.087 
0.105 
0.123 
0.211 
0.228 

'0.211 
0.193 
0.228 
0.193 
0.211 
0.228 

'0.211 

0.042 
0.050 
0.058 
0.100 
0.108 
0.100 
0.092 
0.108 
0.092 
0.100 
0.108 
0.100 
0.096 
0.092 
0.083 
0.092 
0.108 
0.125 
0.117 
0.125 

200 
-200 
200 
175 

~ 125 
125 

:'o 
55 
50 
jo 
PO 

150 
200 
180 
125 
32 
28 

g 

1. C'1.2 s 
1. j3 3 
2.98 LTS 
1.68 us 
1.60 us 

f24.55 
36.80 
28.65 
26.30 

2% 
10:50 
10:50 
11.36 

7. 59 
5.00 
5.00 1.00 s 

I I 1.03 s 5.40 
y. 00 

IL LO 
18.95 
jO.30 
38. 60 
31.60 

1.34 
1.74 
2.05 
1.78 
1. 52 
0.83 
0. 83 
1.07 
1.10 

s I 
0.202 
0.193 
0.175 

us 
us 
S 
a 

18. j, 
15.00 
11.45 

JUST over 2' anrgditude. 

Just belov Z" em$itu&. 0.193 
0.228 
0.263 
0. 246 
0.263 

24.X 
;;; . 

12.27 
13.15 

s- 
S 
S 
S 

WAW TEST DA'TA FOR MOOnET, 

Point IL. ,Ck., = P.. 75, c\ = 6.9, rl = -8O.: 

0.99 
1.22 
1.22 
1.10 
0.99 

LO7 
I.. 07 

:z 
0:vv 
0. 99 
1. I.4 
0.95 
0.38 
0.80 
0.70 
0.75 
1.a 
1.28 

~‘28 

L42 
1.45 

- 
;> 
y;q 
;F 
>jT 
i!- 
S 
US 
us 
a 
B 

us 
us 
us 
s 
S 
S 
US 
US 
US 
us 
S 
us 
S 
S 

a 

us 
us 
.- 

& 
$ .4 
%- 
4.5 
4 
1 

7' 

l 

I 
2.5 

z 
2.5 

2 

4.5 

L 
b L/1 

10.50 156 
15.80 129 
15.80 150 
13.15 150 
IO.51 71 

12.30 52 
12.30 74 
10.10 55 
8.10 58 

X3.51 75 
10.51 100 
l4.00 100 

'8E ":: 
7105 40 
5.58 40 
6,31 30 

UC. 00 200 
17.57 250 

17.47 200 

21.05 218 
21.90 250. 
-- 

Remarks, 

Not periodic. 
Irreg.ulur. ' 
Irregulm. 
Nearer a periodic os'cillation of 
I.. 50. 
Periodic. 
Two step porpolsing.~ 
Nearly regular. 

0.033 
0.058 
0. o.!x 

,o.w 
0.071 

0.112 
0.079 
0.087 
0.067 
0.067 
0.050 
0.067 
0.117 
0.092 
0.083 
0.067 
0.100 
0.033 

'0.033 

'0.042 

0.046 
0.042 

5.00 0.070 
7.50 0.123 
7.50 0.105 
6.25 0.087 
5.00 o.u+y 

5.85 0.237 
5.85 0.167~ 
4.80 0.184 
3. 85 O.l40 
5.00 O.-l&O 
5.00 0.105 
6.66 O.-J&O 
4.65 0.246 
4.00 0.193 
;.g y.$ 

3:oo 0:211 
6.65 0.070 
8.35 0.070 

8.30 0.087 

10.00 0.097 
10.40 0.067 

Periodic, "jer!gT" type of mdtion. 
Periodic. 
Pcr'iotic. 
Per1oalc. 

Steady, interspersed with 3'. 

Steady except for one swing of 
L 50. . Y 
Steady except for 0OOasionai .-. 
"fllckar" of lo. 

Perlo&& "kicks" of 5'. 



h L h L 
ft. ft. b b 

1.067 
J.108 
I.033 
I.058 

).042 
I.092 

‘Z 
8:oo 
8.35 

8.3: 
a35 

0.140 t8.10 
0.228 t6.83 
0.070 16.8: 
0.123 L7.57 

0.087 L7.5i 
0.193 L7.57 

I.071 6.6: 0.w ll$..oc 

l.Ofjl& IO.70 0.114 Z.X 

I.075 12.00 0.158 25.2t 

1.075 9.oc 0.15e 18.9f 

I.083 6.6! 0.17: u+.oc 

3.130 

I.240 

3.175 
3.225 

3.208 

0.175 

I.240 

7.x 

7.35 

‘9’:: . 
8.8~ 

7. 7( 

8.7~ 

0.272 

0.539 

0.36E 
0.474 

0.439 

0.36E 

0.509 

15.& 

15.4t 

22 

18.3 

16. 2~ 

18.X 

0.058 &.OC 0.12: 29.4t 
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TABLE XII --- 

WAVE TEST DATA FOR MODEL L 

Point 2L. CA, = 2.75, CTJ = 6.1, 11 = -so. 

200 
74 

?3 

200 
91 

94 

197 

.1.66 
1.25 

Z 
1.2E 
l.2f 

1.14 

1.4; 

1.5c 

l.3L 

1.11 

1.2: 

1. aI 

1.31 
1. 3! 

1.3: 

1. 2: 

1.3: 

1.7: 

IS 
IS 
I 
> 

1 
IS 

3 

1.5 

JS 2.7 

3 

: 

3 

3 

JS 
JS 

JS 

S 

75 

JS 

6.7 
38 

0.4 

2.2 
5 

5*5 

3.5 

4.0 

Follows wave frequency. 
Divergent - convergent. 
Periodic. 
Built up erratically to 1.8' 
then down to 1.5'. 
Erratic motion, amplitude 0.9'. 
Steady. Before porpoising 
built up, wake cross-sections 
just off step widened and 
narror~ed alternately - apparent2 
at same frequency as waves met 
hull, When unstable, afterbody 
was wetted for a max. of lb and 
then completely clear. 
Steady except for slight oscilla 
tion. Wake section fluotuation9 
almost allowed wake to touch 
afterbody above chine. 
Erratic. Wetting of afterbody 
from l.5b to 0 but rarely com- 
pletely clear. 
J?alrly steady. Wake nearly 
touohed afterbody wall, and 
afterbody alternately clear 
and wetted up to max. 1.5b, 
mean lb. 
At start fairly steady, built 
up erratically. Afterbody 
wetting initially between 1.0 
and O.lb finally between 1.5b 
and clear. 
Steady afterbody planing area 
starting at 1.5b and running 
off end - in phase with similar 
movement on forebudy - obviously 
of same period as waves. 
Steady. Motion as for previous 
run. Heavy verticalbsoillation 
Steady in pitch. Large osoilla- 
tion in heave. 
Large oscillation in heave. 
Fairly large oscillation in 
heave. 
Originally stable ati built up 
slowly. 
i7.a8+l movement in pitch over lo 
Fairly large oscillation in heav 
Motion in general seems to start 
with oscillation in heave While 
pitching motiou builds up slowly 
starting from zero. 

/TABLE XIII 



h 
ft. 

L 
ft. 

0.033 
0.058. 
0.0.33 
0.042 
0.071 
0.113 

5.00 
22 
6.25 
5.00 
5.85 

0.079 5.85 

0.087 
0.067 
0.058 
0.050 
0.067 
0.058 
0.071 
0.046 
0.042 
0.058 

;:g 
4.l.o 
5.00 
6.66 
2.75 
3.75 

~:~ 
5.00 

0.053 
0.058 
0.117 
0.092 
0.083 
0.067 
0.083 
0.100 
0.033 
0.033 
o.olj2 
0.025 
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TABLE XIII 

WAVE TEST DATA FQR KODEL L 

Point 3L. CA0 = 2.75, CT, = 7.4, 77 = -lZ". 
- 

-T- 
h L 
b b 

t 

0.070 lo.w 
0.123 15.81 
o.l.05 15.m 
0.087 13.15 
0.w lo.51 
0.237 12.9 

0.167 lz.jo 

0.184 lo.10 
0.140 8.m 
0.123 a..63 
0.105 IO.51 
o.ufl UC.00 
0.123 5.79 
0.149 7.93 
0.097 6.10 
0.087 10.51 
0.123 IO.51 

0.105 a.00 
0;123 -9.36 
0.246 9.79 
0.193 a.41 
0.175 
0.140 :-;z 
0.175 5126 
0.211 6.31 
0.070 14.00 
0.070 17.57 
0.087 17.47 
0.053 13.15 

L/h 

:: 
150 
1% 

70 
52 

,74 

2:. 
70 

loo 
100 

47 

56: 
I.20 

86 

:: 
40 
43 
40 

z 
3 

So0 
252 
a30 
250 

n.97 
0.86 
0.89 
0.99 
1.14 
0.72 
0.85 
0.74 
0.98 
0.98 

0.85 
0.92 
0.95 
0.83 
O.&l 
0.70 
0.69 
0.75 
1.14 
1.28 
I.28 
1.10 

s 
US 
us 
us 
13 
US 

US 
ZTS 
us 

is 
S 
D 
S 
S 
US 

S 
US 
US 
us 
us 
S 
F 
us 
Da 
us 
us 
S 

5 
3.5 T 
5 
2 

2:; 
2.5 
3.4 
3.5 

1.5 

2.5 
9 
4 
4 

1 
4 

z.5 

- 

RellWA 

Trot perioFi0. 
II?-egUlar. 
Irregular; 
IrregulAr. 
Approachihg periodio~oscillation 
of 6O. I 
Appmaching Eriodic n&ion of 
4.50. 
Steady. T-m stbp porpisikg. 
I\mirly steady, 
Erratic. 
Slight oscillation. 
Irregular. 

Steady. 

Repeatedly built up to 2.5O then 
damFeed out. 

Periodic. 
Two step prpoising. 
Ferzodic. a 

strnfiy. 
Steady. 
Small. 
Steady.. 

Periodlo increa+ to l.9? 

Steady. 

;/TAB'LE XIV 



h L h L 
ft. f-t. b b L/h 

3.033 

0.167 

0.071 
0.108 
0.046 
0.017 
0.050 
0.067 
0.058 

h L h L 
Pt. ft. b b 

0.033 
0.046 
0.053 
0.067 
0.083 
0.096 

8.00 
6.65 

12.00 
8.15 

kg 

0.3.00 9.00 

0.083 
0.117 2," . 

0.096 6.00 
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TABLBXIV 

WAVE TEST DATA lQR MODEL L 

Point &. CA0 = 2.75, Cv = 8.2, 17 = -4.0. 

c I.070 
C I.097 
C I.105 
a I.140 
C 1.176 
C I.202 

I.211 18.94 

1.176 15.& 
l..z+6 13.6E 

1.202 12.61 

C 

: 

1.25 TJS 

1.10 us 

l.l.4. us 
1.08 S 
l.l.4. s 
0.88 s 
1.10 s 
1.08 B 
1.27 US 

1.13 us 
1.05 us 
1.05 s 

7.9 

::; 
6.4 
6 .2 

::: 
7.0 

TABLE XV 

Fairly steady With oocasic. 
a.1 "flicks" p 2O. 
Large heave. pitohng motk 
gradually built up to alxxr 
GC - divergent. 

2.5 
0.8 Large oscillation in heax 

0.4 Steady. 
Oscillation building up. 
30 emplitude at end of run. 

4 Steady. 
3.5 Steady. 

WAVE TEST DATA IQR MODEL L 

Point 5L. CA o = 2.759 Cv ~7.2 , ,I = -2O. 

16.8: 
U..OC 
25.26 
17.1: 

2? . 5 

L/h 
2- 
“0: 
‘$ / 
PI - 
1. 
1. 
1. 
1. 
1. 
1. 

1. 

i: 

1. 

34 

E 

08 

S 
s 
us 
S 
B 
us 

US 

i 

S 

7.4 

76': . 

6.5 

Remarks 

steady. 

Steady. 
Erratic motion. Divergen; 
oscillation with model 
leaving water with inores- 
ing jumps until max. Of 5" 
oscillation reached, then 
dmp9d out. Motion repeat-, 
Occasional kicks of 4O 
amplitnde. 
Occasional rapid fliok of. 
Intermittent, steady. MoT. 
periodioally leaving water 
and steady at 6.5' whilst 
air. 



0.042 
I 0.071 

0.058 
0.112 

5.00 

2; 
6.25 
5.00 
4.10 
5.85 

10.52 
15.&I 
15.83 
13.15 
10.51 
8.63 

12.3 

0.087 
0.067 
0.050 

!:8"5 
5.00 

0.184 10.10 
0.W 8.U 
0.105 10.51 

0.067 
0.117 
0.092 
0.083 
0.067 
0.083 
0.100 

6.66 
4.65 
4.00 

:*i; . 

::2 

0.140 
0.246 
0.193 
0.175 
0.w 
0.175 
0.211 

0.033 6.65 0.070 14.00 
~ 0.033 8.35 0.070 17.57 

0.04.2 

:*3; 
01025 
0.033 
0.0&2 
0.017 
0.008 
0.025 
0.033 
0.025 
0.017 
o.o!zfJ 
0.042 
0.042 
0.033 
0.058 
0.0~ 
0.121 
0.092 

8.33 
Lo.00 
6.25 

t5.00 
i3.x 
A 60 
-6.65 
8.35 
!5.00 
!o.oo 
D.00 
L3.N 
lo.00 
i3.35 
~6.65 
!6.65 
$5.00 
10.00 

;:- :; . 

I:- 3; 
57150 
t8.00 
t4.00 
i2.00 
t5.00 
.6.65 
.o.oo 
6.65 
.6.65 

0.087 
0.097 
0.053 
'0.053 
0.070 
0.087 
0.035 
0.017 
0.053 
0.070 
0;053 
0.035 
0.105 
0.087 
0.087 
0.070 
0.123 
0.105 
0.254 
0.193 

'2:*;; 
13:15 
52.h 
70.00 
87.50 
35.10 
17.57 
31.60 
42.10 
42.10 
28.00 c 
;:g 

56:U 
73.70 

$2: 
70.x 

o.l.00 
0.062 
0.071 
0.058 
0.0~ 
0.067 
0.117 
0.167 
0.025 
0.017 
0.067 

0.210 
0.132 
0.149 
0.123 
0.105 
O.U.0 
0.246 
0.351 I 
0.053 j 
0.035 
0.140 i 

70.30 
70.30 
79.00 
59.00 
50.50 
67.X 
52.&l 
35.10 
21.04 

L 
ft. 
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TABLB XVI 

'JAW3 TEST DATA IQR MODEL L 

Point 6~. CA = 0 2.75. cv = 6.9, 'I-I = -120.. 

L 
b 

i: 
I ” 

i 

0.99 
1.22 
1.22 
1.10 
0.99 
'0.89 
1.07 

0.97 
b.86 
0.99 

l.u+ 
0.95 
0.88 
0.80 
0.. 70 
0.69 
0.75 

1.28 

::% 
2.58 
3.27 
3.95 
1.92 
1.28 
1.79 
2.18 
2.18 
1.66 
3.82 
3.27 
2.71 
2.71 
3.41 
2.18 
3.27 
3.27 

3.27 
3.27 
3.62 
2.83 

;:z 

1:91 
1.42 
l.ut 
1.92 

L 

- 

S 
us 
B 
us 
us 
S 
us 

us 
B 
B 

us 
us 
us 
us 
S 
B 
US 

S 
us 

B 
us 
s 
B 
B 
S 
a 
S 
B 
us 
us 
B 
B 
B 
B 
B 
B 
us 
us 
B 

us 
B 
a 
9 
us 
B 
us 
us 
us 
S 
us 
- 

!I- 

; 

6.5 

:.5 
3 

I.5 

I.2 

2 

1.5 
I.7 

1 

1.5 
7 
Liz 
L 
L 
1 
L. 5 

: 
3 
> 
:2 

> 
1 
L 

4 

: 
3 
e 

; 

Remarks 

Fat periodic. 
Irregular. 
Irregular. 
Yearor f~ pviodic oscillation of 3' 

Approaching penodio oscillation 
of 60. 
Nearly steady oscillation of 5O. 
Nearly steady oscrllation of l.5O. 
Small irregular oscillations of 
about 0.80. . 
Two step porpoisirig. 
Periodio. 
Periodlo. ) ' . 
Occaslonsl kicks of 6'. 

. - 
Steady. 
Steady, diverging to 3O amplitude 
at end of run. 
Slight oscillation. ' 
Periodic diverging oscillation of 
-40. Damping out. 
Steady. 
Periodic, ho and 3O alternating. 

slovi. , - - " 
SlOG. , 

I 

Periodic. . ' 
Steady. 
Steady. ' ‘ , ' 
Steady. ( 
Steady. < .' 
Steady. , ! - 

\ 

Steady.. ; 
Occasional smp1itud.e of 2'. 
Low frequency oscillation. * 
Tko ste'p prpising. 
Ocoasional 2.50: . ' 
Very low frequency. One sudden 
kick of '4O L dosiped out. I 
Oocasionalkiok of 4'0 I ,-' 

steady. 4 ' 
Steady. 
Steady. 's 
Irregular. ' . ' ' . 
Irregular. 
Irregular. 

Steady. 

/TABLE‘XVII 
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TABLE XVII 

'WJE TEST DATA FOR MODEL L 

Point 7L. Cl 0 = 2.75,Cv = 9.2, rl = -12'. 

1. 25 

0"*3 
1126 
1.10 
1.15 
1.34 

1.22 B 8.0 
1.13 B 8.0 
1.26 us 7.5 

1.22 

1.05 
1.05 

US 

us 8.0 
S 6.2 

h L h 
ft. ft. b 

0.033 
0.046 
0.017 
0.067 
0.053 
0.087 
O.lOO 

0.083 
0.117 
0.U 

0.125 

a.00 0.070 
6.65 0.096 

‘;;“1”5 
6125 

:-OG 
0:105 

6.75 0.184 
9.00 0.211 

7.50 0.176 
6.50 0.246 
8.00 0.298 

7.50 0.263 

5.65',0.368 
5.65 ) 0.298 

Remarks 

Irmqular. 
Alternate lo and 2'. 

Steady. 
Steady. 
Steady. 
very erratic, with model 
leevmg water occasionallY. 
Steady. 
Steady. 
MO&~ them nose up clear 
of water. 
Erratic. Model'leaving water 
OCC~SlO~~lly. 
Irregular. 11.90 32 

11.9 40 I 
a 

TABLE XVIII 

WAVE TEST DATA FOR MODJZL L 

Point & Cl 
-0 

= 2.75p cv = 6.2, il = -8'. 

1.25 us 

1.u. us 
0.88 s 
Ll0 us 
0.89 s 
1.15 B 
1.08 B 
1.x us 
1.02 s 
1.13 us 
1.08 S 
LO5 s 
1.05 B 

1.12 us 
1.10 s 
1.15, us 

h L h 
ft. ft. b 

0.033 

0.046 
0.017 
0.050 
0.033 
0.087 
0.067 
O.lOO 
0.029 
0.117 
0.096 

SE . 

0.158 
0.208 
0.225 

Remarks 

-- 

16.83 240 a.00 

6.65 
La3 
6.25 

t:; 
6:Oo 

0.070 

0.096 
0.035 
0.105 
0.070 
0.184 
0.140 
0.2Ill 
0.061 
0.246 
0.202 
0.368 
0.298 

12.62 93 
18.94 9.3 
11.26 183 
"1~ ;; 2 

. 

0.333 13.36 40 
0.439 13.15 30 
0.474 14.20 30 

Fairly steady with amplitude 
building.up. 
Occasional kicks down to 5.5 

Steady. 

Steady. 
Steady. 
Steady. 

Steady. 

1 
P 2.t 

2 
l.E 
7 

3 

1 

9 

E 20” 
7.5 
7.9 E ;:o, 
8.0 
1. 5 

8.0 
8.2 

Steady. Occasional "kick" c. 
20. 
Steady. 

Very erratic motion. 

/TABLE x3x 
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TABLE XIX 

J'AVJ3 TEST D&CA IQR MODEL L 

Point YL. CA,.= 2.75, cv = 9.29 v = -6O. 
- 

h L 
b b L/h 

3.097 UC.00 
5.070 16.82 

J-45 
240 

1.14 
1.25 

3.105 25.26 UC0 1.56 
3.140 17.15 125 1.26 
3.176 2l.B 125 1.44 

Bouncing at constant attl- 
tude on every third or I 
fourth wabe &eat. 
Steady. ' 

3.211 18.94 
3.176 15.8s 
3.202 12.61 
3.246 13.68 
3.lul 12.61 
0.263 15.80 

2 
62 
56 
9l 
63 

1.34 
1.22 
1.08 
1.13 
1.08 
1.22 

11.90 
11.90 

T- 
;im 
;1> -. . 
.g . 
I) - 

S 
S 

US I 
S 
us 

us 
US 
9 
B 
B 
us 

US 
S 

1.05 
1.05 

::; 

:i”, 
7.5 

7.0 

7R:; 

22 

!:o, 
- 

3 

7 

z.; 

:.5 
1.2 

3 

Ek-ratzc. yose.of Ima+ 
thrown up by paves ca+sing 
model to leave.water 
,frequently. 
Steady. 
Steady., 
Steady.' 
Steady.' 
Steady.’ 
Erratic. Model leavitig 
water occ'asianally: 
Steady. 

- I 

h 
ft. 

L 
ft. 

0.046 
0.033 

6.65 
8.00 

0.09 
0.067 
0.083 

L2.00 
8.15 

Lo.40 

3,100 
0.083 
0.096 
0.117 
0.067 
0.125 

0.175 
0.142 

I 

, 

I 
, 
t 

, 
, 

I 

, 

, 

, 3.360 
0.298 

Point 1OL. Cho = 2.75s Cv = 6.9, 'q = -4". 

h L h L 
ft. ft. b b 

I.033 8.00 

2.046 
1.046 
3.033 
I.050 
3.067 
3.0!3 
1.087 
1.067 
1.117 
3.096 
I.083 
a.175 
3.142 
1.125 
I.108 
I.092 
1.079 
I.083 
I.100 
3.117 

6.00 

;*g 
5:65 
5.00 

?Js: 
3:35 

0.070 

0.096 
0.096 
0.070 
0.105 
O.uto 
o.l.05 
0.184 
O.&C 
0.246 
0.202 

:* :G 
o:isa 
0.263 
0.228 

:*:z; 
0:176 
0.2lO 
0.246 

16.63 

6:65 
6.65 
8.00 

12.00 

IA.00 

2% 
25:26 
17.15 
13.15 
UC.20 
12.62 
13.68 
12.61 
lo.52 
11.90 
11.90 
10.52 
9.16 
7.69 

:*",z 
6131 
7.36 

+ 

Remarks 

i 

TABLE xx 

WAVE TEST DATA lWR FODEL L 

1.25 B 

1.14 
1.14 
1.25 
1.56 
1.26 
1.10 
FL.15 
1.08 
1.13 
1.08 
0.99 
1.05 
1.05 
0.99 
0.92 
0.84 
0.80 
0.68 
0.75 
0.82 

B 8.0 1 
B 70-2 1 

Es 60 4 
US 7.6 2.7 

Is 7:: 4.5 
S 8.3 
us 8.3 6.5 
us .a.0 7 

7.0 1.5 
is 8.0 7 
us 9.0 10 
us 7.8 5.5 
~~18.5 a 
us 7.5 4 

a.0 
h80 1 
s 1813 
USI 7.5 

I L 

Remarks 

Fairly steady. Oooasional 
"flick" of 2O . 

Steady. 

Spasmodic. 
Erratic. 

Steady. 

Steady, 
Steady. 
Steady. 
Steady, 
Steady. 
Steady. 
Steady. 
Steady. 

Steady. 



h L h L 
ft. ft. b b 

9.033 
1.058 
3.071 
3.087 
9.096 

::: 
s.25 
~65 
.3.00 

0.070 
0.123 
0.149 
0.184 
0.202 

1”,:2 tg 
23.70 159 
a55 133 
27.40 125 

0.108 
0.087 
0.150 
0.w 

0.00 

9’:E 
9.35 

0.228 21.05 92 
O.Ml+ 19.37 105 
0.316 xJ.go 66 
0.298 19.70 66 

0.129 
0.192 
o.a38 
3.092 

7.9 
6.65 

.76:g 

0.272 
0.403 
0.439 
0.193 

15.80 

2; 
3i70 

58 

:; 
180 

0.063 -3.50 0.132 28.40 216 

:*o"z: . 

0.071 
0.050 
0.050 

L3.50 0.158 28.40 
t6.w o.l.40 34.70 

t6.w 0.149 
Loo 0.105 
L2.50 0.105 

233 
2aJ 
250 

-3s 

'?AVE TEST DATA FOR %DDEL L 

Point 1lL. CL\, = 2.75, cv = 9.2, q = -10. 

;/h 

1.42 us 
1.35 s 
1.41 us 
1.37 us 

1.22 s 
l.l4 B 
1.20 us 
1.90 us 

1.68 R 

1.68 s 
1.90 us 

1.90 us 
1.49 B 
1.60 s 

1.5 

5 

2 

5 

4 
0.E 

Remarks 

Small erratic oscillations with 
occasional skips of 6’. 
Ooaasional3ldp3 of Y" amplitude. 

Thrum well olenr of water. 
hn ocoas~onal,nose up "flick" 
of 40. 

Steady. 
Bouqoing clear of rater. 
Bouncing from wave crest to wave 
crest with erratic pitching 
movement. 
Bouncing from wave crest to wave 
crest. 

Steady. Bouncing from wave 
crest to wave crest. 
Bouncing. Irregular oscillstior 
Very low*frequency oscillations. 

/TABZJ~: XXII 
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TABLE XC11 - 

v&m TEST DATA FOR MODEL L 

POllIt =. CA, = 2.75, cv = 8.49 1, = 00. 

h L h L 
ft. ft. b b 

L/h 

1.033 
1.058 
I.071 

5.00 

:1:g 

0.070 10.53 
0.123 15.m 
o.J-49 23.70 

:z 
159 

I.067 .o.oo 0.140 21.02 150 
1.108 10.00 0.228 21.05 92 

I.087 
1. 153 
).W 
,.lzy 

IV.37 
a.90 
19.70 
15.80 

“62 
66 
58 

j.117 
I.104 
1.133 
1.1p 
L192 

Eo" 
6:00 
6.00 
6.65 

0.184 
0.316 

00' ;;i . 

0.246 
0.219 
0.281 
0.316 
0.403 

32: 2 
12.63 45 
12.63 40 
14.00 35 

j-175 6.15 0.368 12.95 
j.242 6.25 0.509 13.15 

1.062 L3.50 0.132 28.40 216 
j.03 11.00 0.105 23.18 220 
t.o.53 2. w 0.105 26.X 250 
j.042 .O.Kl 0.087 21.Y.l 250 

F 

c 
( 
( 

c 
( 

( 
( 
c 
C 

: 
( 
( 
C 

c 
C 

( 
c 
c 
( 

Remarks 

0.99 
1.22 
1.51 

1.42 
1.42 

1.35 
1.41 
1.37 
1.22 

1.17 
1.07 
1.07 
1.07 
1.14 

1.09 
1.10 

1.68 

'1% 
1144 

s 
B 
us 

S 
US 

S 
us 
us 
us 

US 
S 
S 
B 
us 

B 
us 

us 
S 
us 
S 

1.5 
8 

6 

2 

1.5 

, 

6.5 

rrregu1er. 
Irregular. !knaenoy to leave 
water. 

Small skips of 4O rnterspersed 
with skips of 80. 

Occasions! bounces clear of water 
Erratic. 
Model bounoing Nell clear of 
water. 

Fenodic. 
Errstx notx~n. Model leaving 
mter. 
0sc1llating. 
Erratic bouncing. Wave system 
poor. 
Erratio pitohing moFnent. 

Irregular. 

TAJ3LF XXIII 

WAVE TEST DATA WR MODEL L 

Point 1%. Cl0 = 2.757 Cv = 9.59 q = 0’. 

S 

z 
us 

us 

S 
us 
us 

: 
us 

S 

& 

h L 
ft. ft. 

Oo%B 
0:071 
0.087 

5.00 
1::g 
11.65 

0.108 

0.087 
0.19 
0.1&z 

0.129 
0.192 
0.208 

lo.00 

EJ 
9.35 

7.50 
35 
. 

13.50 
t36:g 

bh L 
b 

L/h Remarks 

0.070 
0.123 
0.149 
0.184 

$Z 
23.70 
24.55 

0.228 21.05 92 

0.184 19.37 
0.316 20.90 
0.298 19.70 

0.272 15.80 
0.403 14.00 
0.439 15.37 
0.132 28.40 
0.158 28.40 
0.193 34.70 

216 

11% 

Occasional bouxes. 'One of 7O 
leavil~water. 
Node1 ounolng well clear of 
water. 

Bouwing well clear of Mater. 
Steady except for one "hop" of 
70 amplitude. 

Steady except for one skip of 
Go amplitude. 

Steady. 
Erratic. Bouncing from wave 
crest to wave crest. 
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TAX3 XXIV 

'\'AvE TEST DATA FOR MOmL L 

Point I.&. CA0 = 2.75* Cl1 = 6.9, II G +4Q. 

0.033 8.00 0.070 16.82 240 l..25 B 6.5 1 
;.;g 

01083 

12.00 8.15 0.105 O.l40 25.26 17.15 240 125 1.56 1.26 us B 7.5 7.0 7.5 1.4 Alternating. 

10.4~ 0.176 21.93 I.25 1.44 US 7.0 8 Steady. 
0.100 9.00 0.211 18.94 90 IL.34 us . 7.0 9 Steady. 

;.o$', 
0:067 

7.50 6.00 0.176 o.a2 15.80 12.61 vu 62 1.08 1.22 us us 7.5 7.0 8 3.5 'Steady. Steady. 
6.00 0.~40 12.61 90 1.08 B 6.8 1.4 Steady. 

o$ 
o:u;! 

5.00 5.65 0.176 0.368 lo.52 11.90 60 32 0.99 1.05 B us :*: OS.5 Steady. Steady. 
5.65 0.298 11.90 W 1.05 us 715 8 stenay. 

0.125 5.00 0.263 ID.52 W 0.99 us 8.5 Divergent. Reached 6' 
mplitude at end of run. 

O.lo@ 4.35 0.228 9.16 40 0.92 us 7.5 Oscillating, possibly 
,buildmg up to 4" ampli- 
tude at end of run. 

0.092 3.65 0.193 7.69 41 0.84 S 6.8 
0. loo 3.00 0.2lo 6.31 s 0.75 s 7.3 
0.083 2.50 ,0.176 5.26 3o 0.68 s 6.3 

;A;; . ;L$ ",'24,6 ;;f . 30 30 0.82 0.88 us s 7.0 6.8 Oscillation building up. 
5O amplitude at end of run. 
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