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1, INTWDUCTTON 

Suoh ctidenoc x aas wallable when this investwation x,2 WLS 
planned indicnteil tint charges 111 the pitching nomznt of inortla of a 
flying boat model c?ld not zn thazsclvcs, -({hen unaccompaaicd by changes in 
EMS, have any apprcczable effect on the longitudinal hyrlrodynaiac stability 
limits. For this reason, no particular moment of inertia ti:1s aima? at 3.n tic 
construction of no&As 2.n the scrics (Table I) nor nas m zttcnpt nadc to 
vary the nomcnt of inertia a.esordw,: to any particular rvle ahllc bring&g 
the nass of each u&A to the various values ct Thloh it 8~ consider& 
dcsirablc to test stabz~lity. IDctra ncightn :-we rxxoly fuccd to a bar 
throu<Th the centre 2 gravltjr, thus kccpini; the moment of inertzn 
cffmtivcly oonsta3t. 

Since previous mvatigations of tilis matter did not cover ~QC 
saw ranza of v23ues of the var*p~ous parm&orrs imo1~d as are use3 in tii3 
pro~mwo, hor;cvcr, it -J.W felt Idvisable to cxrry out limzted tests on one 
model of the sorics to v&.Py that no plrtiotiar attention ncodcd to be paid 
to the value of the nownt of inertia. fiodcl B WLS used as it pcwitted 
O. norc adequate ra.ny;o Lf values to be covued than other nodels available. 

Rx- conpleteness three scparxte tests :mx perforr&, in ewh 
of which one of the three parameters, IJXS (n), moment of ma-tic (I), md. 
radius of gyration (k), was held oonstnnt at 932~ a2propriatc value, and 
the other two para.zters var~a? over a fs.ir3.y large ranz,c, lon~tu&nal 
hydrodynario stability liaits bana obtzincd for aohcomb-innation of values. 
h:ass ohan~jes wore, hwcver, only considera to shm their interaction s;lth 
changes in the other pzraactcr- -I mmmt of inertia md radius of ~ratian 
being tha factors of direct mterest. 

Since I, m and k arc relate3 by 1 = ck2, the effects on the 
limits of changes in them WC not mdependcnt. 'ihey CM be rcla.tcd 
anQticillly by conslderin~ critical trii2 (i.e. tne 4x511 at rrhlch 1ongitudina'L 
instibzlitx sets in) as a function I, n, 1: ma vc10c1ty and ta&g into 
Wmnlnt the i@icit rolat1as be'ween the par.u.lcters. DotdLs of this 
treatment are given and cozlparisons X&C of anelytioal 3i2d expcr3raental 
results. 

It h,as hem su&:cstcii l5atlimits plotted on a draught bzse 
would shon smctllcr scnsltivity to zzss an2 incrt2 changes than those on a 
velocity base. Graphs sho;Cng the efYccts of this change of base are 
thcrcforc mcludod, on& the thcorcticnl analysis has been extended to 
indicate the relation bctncen the tiJo sets of l&tits. 

The centre of savity has been t&en to bo fixed. throughout the 
theoretical trcatuent to correspond Tith tine conZ.tions of the model tests.3 

In o.dsition to -the 13its thaselvcs, figures have been znoludoci 
shorjinz the n~pl~tidcs of pomois.izzz m tha unstable regions. 3% es e enable 
the violence (or othhernlse) of the mstability to be ju&ed, and. conp~5.~on 
of then show the effect of chznccs in ZLSS ctz. on behaviour in these 
regions. 

2. PRWIOUS INVLsTIG~TlOpTs 

The tz~13s of a Jyna?Ac model is deter-.tied directly by tie value of 
c A0 at which z.t is to be tusto2. The bcdhcx+our of the ~..odol at different 
values or c.-, is governed by c, nw?oer of dosign factors, not ail of T&ch 
are being invustigated at prusent. iJl rxxlcls in the progrnno wiA1 be 
testdi at at least t&i0 v;lluss of C+.\o, and referenoc a111 be made at a later 
stwy to previous work relwwt totile behaviour of the rrodels at various 
load3 1n the npproprlate test oondltions. Dircc? consideration r.ill 
therefore only bc riven here to previous invutr$atlons into tne effects of 



varying the pitching moment of inertia end radius of ,gration, though it 
should ho note3 that ri change of mass tKt1 automatzoJly imply a change 
either in moment of inertin or radius of gration. 

'19-c effect 0; r:onent of inertia on the stibilit of a seaplane 
vas fnst wnstierej. theoretically by Per&-g and Glauer , who by +J 
trclting the planing surfaces as flat plates sha,;ed that in the single 
step case too small a moment of inertia would produce instability at an 
othornise stable pointuhile in the t\?o-step case too large c moment of 
mertra mould have this offset. Their general conclusion iias that in 
model tests the ratio m%s/momont of inertia MS lho niost oritacal factor, 
lee. th0.t 'the radius of gyration should bc ~z.wn Its correct saal.e value, 
an;! that ii' the mo.lzl r.ns then stable an incroasc in the radius of uratxon 
from this value ;;ould pro&cc mstability in the trio-step casse r?hilc a 
?d32Casc could proiiucc inst7Allity in the one-step case. No specific 
consiiloration ;73s, honovxc, given to ~biich, if any, of I, m and k veere to 
be kept Constant -&win:; the c?kxngon mcntlon& for the conclusions to bo 
valid. 

Richer&s and Wtohinsod also consider&l radius of gyration to 
be the factor which ;;ould have most &foot on stabilitJ9 and montioncd 
that changes in mxs :;h.ilc retaining the radius of gyration at its scelc 
value (by alter-in:! the moment of inertia) still rcsultcd in a movement of 
the stability limits. The latter point ws invostigato3 by means of the 
Routh discriminant, end led to the conclusion that both mass and radius of 
gyration should be given correct scale values in model tests. Tho size 
of the effect refcrrol to in this report ws illustrxt&i in Reference 6 
for one particul~ar model, Me mass bein; increase3 by 15:; and the moment 
of inertia by 109; the movement of the stability limit here was very 
slight, being approximately one-fifth of the change produced by a ;lO$ 
change of mass at constant moment of inertia. 

In Refcrencc 7, the results of fairly extensive tests on the 
effects of radius of gyration and moment of inertia changes wre Given 
both on critiosl trim end amplitudes of porpoisine; the ple.ninZ surface 
us&l represented -Ihe foroboiy cnly of a f'lyirg boat hull, so that the 
treatment ha3 concerned with the lower limit. The tests covered a range 
or values Of C& from 0 to 2, of cv from 3 to 7 dnd of rahus of Syratmn 
fromC.5 to 1.3 Ltns~ ,W incra3se in EdiUS of gwation at constant 
loed was found to louor the critical trim, while an increase in load at 
constant radius of !gyratAon raised it. Both these. cffccts nwe fairly 
laqc, being of tie olzlor of 2 CIep,rees for lOC$ change in the former cast 
aid. 1 degree for a chzxngo from CL o z 0,27 to O&.0 in the latter, 
Porpoising arnplitudos wre found to xncreaso markedly Ath decrease in 
radms of ,"yratlon at connswmt load. Fui+hce t c.5 to ;;i th a dynanic modd 
shmtcd that those amplitudes also increxsod i-iith nonont of inertia at 
constat radius of 3r2tion. iin ans.lysis in this report of conventional 
fl&'in& boats sh,oi~od them to have radii of aration of at most 1.55 beams, 
associated r;ith a Cr., cf the order of 1. 

Further limi'oed data on the subject r:ere sivcn by Clson and Land.'. 
Little significant change was found to result frau mcrceszng the moment cf 
inertia of a dynatic lrodclby 25$ at constant losd (Cl, = O-72), Similar 
results were quoted by Eavxison for lC@ change in mome%t of inertia at 
constant CA0 of 0.89 in Rofercnoc 9. 

The Benera conclusions of the various reports mentioned are 
substantiated in other sources but no quantitative dataaragiven. 

It v&l be seen that the axperimente.3. data mentioned allrelates 
to fairly low values oi' CA,* honever, the sonoral theoretical and 
experimental conchslcns may bo expected to extend to higher values of 
C-Y,. 

/ 3. Dl!XRFTION ---.< - 
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& already stated, the tests Caere oarrled out on I,IodclE of the 
ser'^cs itcscnbea 1n Part I of this aoccnJnd. Full aeta11s are g1ve.n there 
of the considerations aff'%ting the design of the models, but It umy be 
mentioned here that hiodel B has a length to beam ratlo of 11 (the forebody 
being 6 beams m length and the afterbody 5 bcws), 4” forebody narp per 
beam, an afterbody to forebody keel a?@e of 6' and a straight transverse 
step rsit'n a step depth of 0.15 beams. Fi,wc 1 gives the htil lines of 
the model and Fleure 2 photographs of xt. 

Lor&.tudu& stability tests xrc malie by twJing thd model fron 
the sing tips on the lateral axis throu.& the centre of gravxty, the mor?el 
bemg free m pitch and iwave, Zulus of Cn , moment of mertm, radius 
of gy'ratlon rind elevator setting -?ere selecteJ"before caoh run, 2nd the m@d01 
toveci at constant speed. The angle of trim iiz.s note5 in the stati 
condition , and if the model prov& stsble -t the sped selected it ms ,pven 
nose do%n distur5nnccs to detcrmlne ;fhethc? mstibliity could be mduced, 
the mount of dlstzbcmoe nocessmy to cxwz mstability boin&? in the ranXc 
0 - loo. Stablll@ limits nere bult up by these mctixds, the cUtur?3cd 
lwits cvldently representing the iJornt possxble case. men steaay 
porpoising did occur, exther rrith or Rithout zlisturb3nce, the Lunplitudu-<ns 
noted, amplitude for tnls purpose being ;lefmed %S the dlfferonoa betwen 
the maxunum and rmnxun trlns attaued m the osolllatlon. Full &tails 
of the techniques USC< are ;lvcn m Hcfercnce 3* 

The n1nlmlxi value of CA @ nb.ich could be cxcliev&i n%?z 2rO0, and 
the minimum moment of inertia 21.3 lb . ft2. A range of values of c*o 
%%.s cover&i at this rmnimurn moment of u?crtin by add;nL lzad ~tixg;hts to a 
bar throqh the centre of gravity (,Fi~ip+rc g(a)) q The ddition of these 
viezghts produced a change an the moment ol lncrtin of less than l$, SO that 
it can fairly be said tint the c.oment of m+rt~a rewlmed constant. h 
secow3 series of tests ws perforrlcd at constant radxs of zratlon :7iTh 
CA varying botileen 2.00 arid 3.00, thu constant value b?jng chosen as 
1.29 ft since th s iias the only vduo rho'n coulJ be obtxxuZi at all the 
values of C, o rcqured. Binally, x;lth CC o fixd at 2.50, tins centre of 
the range, the moment of inert53 us mcrease.l by W,'$ almost tic maximum 
increase obtiinable at this C I and one rihuh -5s likely to exceed any 
natural increase whxharzses% the manufacture of the models; moreover, 
the range covcreJ r~as much al<:er than r~ould be likely full-scale. In tiese 
last tVr0 cases the chosen inoilcnt of inertx was obtaind by sli&ng lead 
ncights along a light bar runnzng fore anA aft inside the model; as shovfn 
in Figure 3(b). 

The stabLli.ty limits obtnlned in t&w tests are shoi,n in 
F~.gwes 4-9, and the ForpoisinLng ~~~pl~C~des ~1 ~lpres 10-17, the lu;l-its also 
hem@ reproduced m those 3.attc.r fmres for conven~enceL 

The results of xn;llvldual tests are siven in Figues 10-17, and 
the stabllzty limits are comgarcd 1n Fgures 4-9. 

Figures 4 an1 5 illustrate conditions at constwt mcmcnt of 



y{xth tie mss hcL;?. ccms%5& ai3 the munent of uxx-t.ia cm2 laiiius 
of gymtim vticd (figacs 6 ml 7) aimstno change in thcunS.sturbd 
liIs.ts results; nLt &ffmnce there is mn bc attributd to expcricicntd 
error, The jisiurbd limit; 22‘~ rdiErc~m?W3.;ielysepUYitd, butthc 
amount is stdl not sig?lLficantr Thcfsct that thatits arenotin Ol?lCr 
i-lore ta& to cmfsm t&is visw~ 

nm11y, p$pres 8 and 9 shw t&t mth rx.llus of pyratlon held 
constant thy mrmtlon of the liruts dth lo9. is of tho ssme odor 3s in 
the case of' constant nomentor" iartxa, though here thwe ars3 no cases of 
curves bei= posltlonea oilt of oricr* ~hc vanntlm here onn 31~0 of 
course be considers4 as 3 moment oi" uicrha effczt. 

It is intzres ting to note that ii1 all cases the sepsJXtlons of 
the undifiturbeil lonur limits are of the ssmc od!or as the chwes in tip 
trims from loail to load rind thzit at the hr&er sped? inst&bility occurs 
ci?; about the si~i?e clcwtor settings irj cll cases. Figures shomin~ trlrn 
cows have not been ucludd m this report suce it is T!zth the linllts 
thenselves that it 1s concwnd, but these figures wdl. be eiven 3n the 
data report on M&e1 B. 

Consdennc the three sets of limits as a whole, it seems +diSt 
over the ranges of values consz&zed the vz&u of CA-, is the most 
critical factor, and that neither changes in the radius of gyration nor m 
the moment of inertia till nave any significant effect unless aCCOmi?ulld 
by ctingcs ~1 Cbo. 

The effoots of the various ch,w&es on the amplltXI;icS Of' pOrFOiSing 
(Fqxres 10-17) are In geneml less mzrkea, thowh m all cases there 19 a 
lnrze difference bc'zeen the nmplztdes at corresponding poznts m the 
undlsturbd SPA disturb& cases. i7lth moment of Inertia canstat, 0.n 
lncreise m load and &crease m radius of gyration produces a sm311 Ckicrn&F 
in the zzpli'dc.c- " in tho 3isturbd case 31? a no dlscernlblc change in the 
un;listurbed cnse. Lt constant load there 1s 3 small Increase with 
mcreasinz rCktu.5 of :gmtlon 3nd mcnent of u3ud.a z-3 the disturbed 03sCJ 
md a most marked mereixe In the udisturbd c&e. In the remnining case> 
vlth rd~ua of gratlon constant, there 1s no eviimco of o.m.n~e m cltiier 
fdirectlon. 

It 1s intcrestuz to compare these result:; ;ilth those quoted in 
Section 2 9s sdcvant to lower values of C,., l ;Tndc the &cn.eral, 
qualitative: conclusions OP those rderenccs"ore confirme3., the rndlus 
of rjyrntlon has not been four.3 to hwc the iLJ~portanoc it possessd at 
loner lods; 2s nlrcdy nentlmd, Ci seem tm only critical factor. 
Of course, if, as 1s conmon m ndcl tbZts, tho moment of matla 1s helix 
appreciably cmstant while the 10-l is lncrensed, '&.!u a &an!+? in CL*,, 
is nccompanitul VJ a c,hange m radius of pyratlcn, SC) that in this sense 
the value of the radius sf z.yratiolr o&n be said to be crItical. How ever , 
the results quoted z.n Section 2 referred to limit chzngos resulti% fmm 
c-bxgcs 322 rdus cf cyr3tlon at const,sntloz3; this effect IS not 
noticeable in the present c::scI tiwti@ it 1s possible, but .unLkcly, that 
it exists s.t other vdnes of cr 

F 
ir. the ran,yc LOO - 3,CO. It may be 

note3 that the vdue of rdius o ,r,yrati.on in the present tests ranges 
be5 em 2.17 mnd 2-82 berms, sone~~hat h~~;hcr values tn,sn those relcv~ant 
to Reference 7; LLWO the rz.l?ius of gyration of a fill-scale vcrs~on of 
the &si,g na+ testdt noticl bo &out 2.2 bws, however, this ruac of 
vducs is a recdutzo one. 
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Let V denote velocity 
ak keel att1tde 
a drau&t 
m ns.s s 

i 
nomat of inertia 
rnd1us or ~Kfmtlon 

2nd. c critical trim (1,~. the trin at shioh lcn:~itudinal 
insta3iL~ty sets in for any particular velcclty or Jrawht). 

Then the st&ility limits plotted against V and cck (as in 
Figures l+ - 9; f+ is merely 3. ccnst3nt multq3ic of V) can uc re:ardd as 
gr&phs of c as a function of V ana t;rc of I, 01, m? k: in W,uus 4 nd 5 
C LS represent&l as n funchcn of V, m rind I, or V, k <and I: in $?&wes 6 
an.nd 7 of V, I and m, 0~ V, k ati m; anrl in F~~urcs 8 3rd 9 of V, I and 
k, or V, n and k. 

Sccause of the lmplicxt rclatzcnship I = dc2 the seplraticns of 
the critical trim lines cn these var~.cus graphs arc no-tall mdependent. 
These separatlas can be reprzzeentol analyt~.cdly by pwtlal derivatives 
of the typejs\ , IThere the suffices in&ate the varzables tlken as 

\ >I?V,k 
tnc inclependat varxtbles cthcr than tn i: one -;rith respect to ;ehlch 
differentlatxcp is beinn:, cf'fectcd. 
be witten c:J-' , 

For ocr.verAencc this dcrivativc will. 
ad cthcrs -mitten sir.d.wly. The ccrilplotc set of 

thosodwivatzves ui the (ak,V) plnne is 
m,i 

cv 
V,I V,l.? 

9 c, 9 CI , 

n,lc V,k v,m 
CV 9 cm 3 % , 

For relntlon;; between ther;: vie prow& as fcllcriJs; 

let C = f(V,m,i) 

an2 smcc I = mk 
2 

q ji (m,k) say, 

. . 
To find GpJ ?here h, i and j arc the three w.r.rlablcs 
v$rjiables, dC must first be apressed in terr:s of dh, 

chosen aa indepen&nt 
iii and dj 2. 

C;” is then the ccdficient of M in thzs expresswn. 

eez:. oV91 3f 
m = T? ana since d' ., 

(I<" c?m c 2&k i, 

CW = -)r+k2Gf = C 
V,I v, m 

?I II1 f k2 CI etc. 
jI 

Other rcrlri'acns 
m .; m L. 

Lare cbtcin.cd~eltinati-q elm instud of c%. 
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n,k 
= GJ =c$k . . . . . . * (1) 

Ck = cy 4. k? cy * . . . . . . (2) 
v,m 

'k 
VD =2&c . ..s.. 
I - (3) 

k,V 
cI = c 

V,?l 
I + 

1 $1 
2 ill 

,...*.. (4) 

I,V 
Cl< 

=- ail VJ 
IT- %I , . . . . . . (5) 

ii sim1c.r set of relatums holds ?;itn the draught Fl replacing V thrmghc‘ut, 
viz, 

&I n,k 1,k 
ca x ca = ca ..,.... (6) 

l . . . . . . (7) 

,...... (8) 

k,d 
% = a,m 

cI +Ic 41 
k2 rfi 

. . . . . . . (9) 

14 
'k 

F ..z$ ,$'I 
K m . . . . . . . (10) 

c = f (V,n,1) ' 

I = Id i 
a = ij (v,~,I) I 

:1, a I.l,V aG,?~ 
a1 =cl I m,I 

-ml c, . ..*.. - (12) 

%' 
El,1 

cv 
and 1,m ca =- . . . . . , . 

Cl,1 03) 

'41 
/ shich 
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Qzah nlth the other 'JJO sets of relations zre sufficient to detczmino 
all other posslblc reLztwns. 

6. X?LTItN OF 'IHEOEIY To EWEXJXXT 

As already nct&, the separations of tile 'Kw1oUS 1lmlts plotted. 
for compwlson purposes m @;,ures 4 - 9 csn be relatal to the partial 
derivatlvcs enumzr~tecl in tho previous soctlon, as can the slopco of ticsc 
limits. This is equally true of both Lsturbcd an2 undistuz%ed llnrits, 
but consideration zsll only be given here to the l&ta?.- 

For cxample, consider Figure 4. The slopes of the curves em 
zivon by +m, and their separations nornul to the velocity X&S by c?I 
(it 1s immatw:rlal that the non-dirlaslonal p;ramctcra C, wnd Cc o have 
been used m a~notatul~ the i'imro ltsclf r~~thcr than V and m - tho effect 
1s nmcly to ohqc the units of mazaremcnt). 'ihat the slopes and 
SeparatLcna arc tiffwent in different scctzons of the bagram mcrcljr 
lndlcate; that the dcnvativcs nro not constants but are themselves 
functmns of v, I, m :‘Jld k. 

give slopes and s~~arnt-Lcns 
It should perhaps b3 not& 
ia zn alternative choice of 

irellh~vcbeen 
Ths fact 't&t the existence of tki-is 0hoiCC 

by Equation (1) of 
section 5; this equation also taktis account of lhhc fz& that the Y~~IOUS 

sets of lirmts consist u part of the SX%C limits collected tozcther in 
different conbin3-tlons. 

jQuatlons (2) to (5) ~;lve the theoretical relations between the 
vcrtioal separations of the lists in Figures 4, 6 md 8. If it is 
assumed that th novcmcnto:' tic litats XI picure 1s nc@igiblu being 
only pimkho order of possible zxperimmtal error, tml we h~vo $-,m = 0 

and % = 0 (this 1s self-ormslstent: see Equation (3)). Equatizns (2) 
and (4) then rodwe to 

CV,k V,I m = cr, 

and. k2 ,+v = c3',I 
I n 

rwpcctively. ThL first of these equatzons is in &rect accord yJ1th the 
cvldence of Fzgures 4 and 8, the vcr~oal separation of the l&Ats for 
c.2 o = 2.00 and for G/ = 3.00 being the sj~e in both cases, atlU.n about 
1%: all of this disc&&y could be attributed toexporimentcil error. 
Vurlfzcatlon of the seeon; rel:lntaon is not &rt%tly posslblc Nitliiut 
exprossmg the WL‘IOUS dcrlvltlves is functions of I, m, k and V, but a 
brief caloulatlon retily shorts it to civc zosults of the correct or&r of 
n;ynitwJ.e. Equatzcn (5) is self-wident. 

To enable the rclntion bct-iecn li,mits m velocity and drq>ht 
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rcmer-.ber that d in these oquatlons denotes drawht o.t points on critical 
trim linw only). No experer'imentel rozdmgs ofdrwht were obtain& 
aurme the tfst.8, but the requisite mforwtion can be obtaind by a EF?sect 
comparison of ~~gurcs 4, 6 enina 0 d.th 18 - 20; this only lnvalvcs tti 
assu~pticn that the differcnce botzun the draught of the forebody wu?a that 
0; ye corresponding i-re$? shape 13 w&l. ~hcsc figures shav that 

ii 
is positive rind 

Its chosen. % 
negatlvc, and both vslll be less than1 in the 

iZqu.atzo (13) gives the relation b&;een the slopes of the 
1imLts on the ti70 b%cs, 3nd because of the facts just mention& show that 
they ndl be of opposztc sicn ana that the sl.opc on the drnwht base ail1 
be greater than tl-dt or. the velocity bzse. This is confumd by all of 
Figllres 18 - 20. vote that in these fi,wcs dr3uglt zncreases from z-i&t 
to left so that slopes are reversed), 

For thelc%~cr limits 
n1,1 

9 

mpatior. (11) co%yts Fl@res 4 ancl 18. 
1s 11c,;3.t1vc, so that Cn’ is prdlotecl to be less t;h;;n Cj?f", which. 

is zn fact the ciso* It is lntcrestin[, to note that this tendency for the 
limits to collapse m c&an&g to a clrnught base is only possible when the 
slope of the limits is r,egative; if it nero positlvi: the oollapsc aould 
occur 1n tmnsferrinz from adra~&ht to a. velocrty base. 

Equation (12) cnnnot be ohcoked accuratdy aith the fisres 
wallable; it LW obscrvd previously that the scatter of tho lines in 
Fii,rmre 6 could all be attributd to cxpermentd error, andlf the curves 
were correct&i before transposiq< to o. draught base, then there nould bo n 
Complete collapse on both bases. .J%V 

"r 
nou3d be zero und;r~hcsc 

circumstances, which since CI &V 1s zero ~ioulil imply that CI' is 3130 
zero; this noulri bc completely self-oonslstent. 

& analysis can be made of X:rjultlons (6) to (10) in oraotly the 
sane manner as iias done rilth (1) to (5), hi &~vas very similar results. 
Details nil1 not therei'ore be Given hero. 

It null be seen that all the analytical prctiotrons hzre been 
verified, and that therefore m ~zneml it nould not be necessary to cover 
3 complete ranz:e of 111 the pnrzders mcriler t3 ascertain the &feet Of 
varym~ them; this could be aoneby P. lunitd. stirz;s of tests tC@her Ttith 
the results of scctlcn 5. In A sirnil= mznncr the effects or "QY chnqe 
of base could be prdlctd l:ithaut actudly mrrymz out the nork. 

7. coPKXLrsI~E4 

The expcrlr?lental evidcnoe obtained in this series of tests 
lndicntes thztw.thm the range of values of parameters ooverd, ~il;r 
tha load has an appnzci;Lble effwt pn stability l$mits. ml@l the load 
is hold constant, moment of inertia rncreases OF up to 4@ have no 
approclable offcot on the lirmts. 

Incroasc of the r~u.w of ~yratum at const+nt mass ~LQ the 
effect of increasing the amplitude of porpoisjng partiouLarl.y in the un- 
disturbed case, rghzlc the am?llW.e s we not noticeably affatd by 
c-es of maS3. 

Ll.1 the gcncral prcdictzons of the theoretlo&l analysis have 
been vcrificd; tbs znL:lcntes th3t to obtain cumplete infowtron on tie 
bdviour of a moJol under variations of the various parameters involvd, 
It is unnccassnry to pwfonn a larsc number of tests, 3~ce all the 
resul.ts can be forecast froo a li;ruted number of experiments. In tho 
Same cay the effect of a change of base on stabilzty limits car be 
accurately prcdictd analyt1oa;1y. 

/ aoF SYI?isO?s 
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LIST OF SYMBXS 

b beam 

c critical trim 

5 velocity coeffieiont = v/!&s 

CA loti coefficient =,$/wb3 

CA0 lQd wafficicnt at V E 0 
V,k 

cI etc. see section 5 

a draqht 

I pitching moment of media 

k pitching radius af gyration 

m maSB 

n nater density 

% keel attitude 

a load on isatcr 

17 elevator setting 

/LIST OQ,R.EXGR~CE6 



-13- 

I;. Reports dlrcctly related to &A. E.E. Hull Design Investz..gation (Ref. 2). 
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L. Johnston 
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\:nter and 3zi.r performance of secrplane 
hulls as affected by faxrinG and 
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high fineness ratio and full step 
fair~s. F/h3?./221. 1951. 
2L.R.C. 13,877. bIzch, 1951. 

Investlgatxon of high lcngth/bea;n ratio 
seaplaxz hulls wxth high beam loadi~gs~ 

~@krodynamic stabxlity Part I. 
Tcclvliques and presentations of results. 
Currant Paper No. . September, 1953. 

Stability on the water of a seaplane in 
the plw.ing condzition. R. & X. 1493. 
1932. 

Some notes on the maChenat.tlcti 
investlgatwn of porpoising. 
F/&5/72, 19%. A.B.C. 1259. 

The use of dynaxic2lly similar !.2oclelS 
for deternmiq *e pa-poising 
characterlst~cs of seaplanes, 
R. &: I;. 1718, 1936. 

'ihe porpoise chaxncterlstics of a 
pkanin& surface representing the 
forcbod,y of a flying-boat h&l. 
N.zi.C.1~. a.R.R. (Wt. L-479). 1942. 

Methods used in the N.A.C.ir. t%xk for 
the xzvestigatxm of the longitud~ti 
stnbiliQ characteristics of r.aod&.s 
of flying boats. N.a.C.iu Rep. 753. 
1943. 

Some systalztxc model earperiilents on 
the porpc~s~ characteristics of 
flying boat bulls. 
N.iL.C AL, 1t.R.R. 3F12, 1943. 
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Models. for hydrdyna?nc stcbility tests 

!ZGkl Forebody Afterbody Aftcrbody-forebody 
"rup It-&h keel angle 

beams 
I 

degrees 

A c 5 6 

B 4 5 6 

C 8 5 6 

D 0 4 6 

A 0 5 6 

E 0 7 G 

F 0 9 6 

c 0 5 4 

A 0 5 6 

H 0 5 8 
- 

stop 
form 

Forebody 
"arp 

AfterboQ 
length 



FIG. I. 
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no: 
N 

FPI 2 3 4 5 i 7 I) 9 IO 1’1 1’2 if 

6 d A 

MODEL B. 

HULL LINES, 
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FIG. 3. 

LCAD WEIGHT 

LEA0 WLIGHTS. 

I &%-I 

C.G 
LLLl 

LIGHT ROD 

-I 

b) MOMENT OF INERTIA. 

SCHEMATIC DIAGRAM OF ARRANGEMENTS 

FOR VARYING MASS AND MOMENT OF INERTIA. 
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4 

2 

2.7 5 

1 I I 21.3 LB.Ff* I 
C A. e.. (LB) k (FT) k(-s) 

2.00 13.4 I 26 2.65 

2.2s IS.1 I.19 250 
2.50 16.7 I-D 2.38 
2.75 III.4 I .075 2.26 
300 20.0 IO3 2.17 

I I I 

UNS+ABLE. 
\ 

MODEL 8. 
COMPARISON OF UNDISTURBED STABILITY LIMITS AT CONSTANT 



I2 

IO 

KEEL 
ATTITUDE 
(DEGREES) 

6 

--I-- 

1 2.25 ----y 

200 

I 
C 80 

7rl I I 2.75 

3co 
2.25 
2co \ 

STABLE. I/ I r  T- 

300 

225 

2’15 
UNSTASLE. _..-...---_ 

\;-- 

I 
I 

I = 21.3 L&FT* 

CA* 
2.75 ---y 
3.00 

* 

250 

cA. 
-w. (LB) k (FT) k(ua.is.) 

- 2.00 13.4 l-26 2.65 

2,25 15.1 I-19 2.50 
2.50 l&7 I.13 2-38 

2.75 I84 I.075 2.26 

3.00 20.0 I.03 2.17 

2 3 4 

MODEL 8. 

1 1 i 0 0 9 
i- i- 

II II 

2 in . 
COMPARISON OF DISTURBED STABILITY LIMITS AT CONSTANT MOMENT OF INERTIA. 



UNSTABLE 

m = lb.7 LE.. 
1 (LB. FT.‘: 

21.3 I.13 

2,82 I.24 

26.5 I-lb 

I 

I 2 

2.38 

2.B2 

2.65 

3 4 s cv 

- I c 26.5 

-1 = 29.02 

I - 21.3 

I= 2b-S 

I - 21.3 

I= 29.82 

MODEL 6. COMPARISON OF UNDISTURBED STABILITY LIMITS AT CONSTANT MASS. 
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KEEL 
ATTITUDE 
(rawtees) 

2.00 13 4 21.3 
2.50 16 1 26-s 

3.00 200 31.7 4-P 
0 I 2 3 4 S 6 

C” 
7 8 9 IO II I2 

MODEL 8. 

COMPARISON OF DISTURBED STABILITY LIMITS AT CONSTANT RADIUS OF GYRATION. 
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IO 

0 

STABLE 

= 2.6SBEAMS i - 

0 
4 5 6 0 9 

UNDlSTUiBED 
(FIGURES INDICATE AMPLITUDES OF PORpo:s:sNLc IN DEGREES ) 

4 5 6 =V 7 8 9 IO 

DISTURBED CASE 

MODEL 8 
PORPOISING AMPLITUDES 

AND STABILITY LIMITS (I) 
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0 

= 15.1 LB 

FIG. I I 

4 5 6 
CV 

7 B 9 IO 

( 

IC 

8 

6 

4 

2 

UNDlSTUdBED 
‘IGURES INDICATE AMPLITUDES OF POi%lSlNG IN DEGREES) 

I 
Lo== 2.25 

-h = 15-t LB 

= 21.3 LB FT’ 

= I.19 FT 

= 2.50BEAMS 

I I 

4 5 6 
CV 

7 B 9 IO 

DISTURBED CASE 

MODEL B 
PORPOI SING AMPLITUDES 

AND STABILITY LIMITS (2) 



FIG. 12 

-0 = 2.50 

m - le.7 LB 

i 

I - 21.3 LB. FT.* 

k - I.13 FT. 
E 2~38 BEAMS. 

4 5 6 7 0 9 

CV 

UNDISTURBED CASE 

FIGURES INDICATE AMPLITUDES 
OF PORPOISING IN DEGREES > 

STABLE 3 
PERIODKAL LV MODEL 

LEAVES WATER 

4 5 b 7 0 9 
cv 

DISTURBED CASE 

MODEL 8. 

PORPOISINC AMPLITUDES 
AND STABILITY LIMITS (3) 



FIG. 13 

I 

C 4’Q = 2.75 

-7 E 18.4 LB 

I = 21.3 LB FT’ 

k = I.075 FT 

= 2.26 BEAMS 

I 

UNDISTURBED 

(FIGURES INDICATE. AMPLITUDES OF P~::lSlNG IN OEGREES ) 

- 
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SW& / $1. I%., 1: -7.. ( 

i 5 9 I 9 9 

3 
STABLE 

x 9 < 
IO 

:: 

k X I.075 FT 1 1 I I LEAVES WATER 

= 2.2 6 BEAMS 

I 

4 5 6 7 B 9 IO 
CV 

DISTURBEO CASE 

MODEL 0. 
PORPOISING AMPLITUDES 

AND STABILITY LIMITS (4) 



FIG. 14 

X 
4 

STABLE 

=A, = 3.00 

= 20.0 LB 

= 21.3LB.FT’ 

k = 1.03 FT. 

2.17 BEAMS 

a2 
?k 

I 
X 
4 

4 5 6 7 8 9 IO 
CV 

UNDISTURBED 
(FIGURES INDICATE AMPLlTUDES OF %:O,SING IN DEGREES) 

6 

4 
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I I 

MODEL 

PERIODICALLY _ 

LEAVE5 WATER 

4 5 6 
CV 

7 B 9 IO 

DISTURBED CASE 

MODEL 8. 

PORPOISING AMPLITUDES 

AND STABILITY LIMITS (5) 



FIG. 15 

\ 

250 
- coo= M -16 7 LB. a 

3 
1 I 26.5 LB. FT.’ 
k . 126 FT. 

= 265 BEAMS. 
\ 

i 3 

5 6 7 6 

CV 
UNDISTURBED CASE 

IO 

FIGURES INDICATE 
AMPLLTUDES OF 

PORPOISING IN DEGREES 

r 
STABLE 
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M M ~167 LB ~167 LB 

r-l- 
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k x 126 FT 

= 265 BEAMS 

STABLE 

MODEL ‘PERIODIiALLY 
LEAVES WATER - 

4 5 6 7 8 9 IO 

CV 
DISTURBED CASE 

MODEL 0. 
PORPOISING AMPLITUDES 
AND STABlLlTY LIMITS (6) 



FIG. 16 
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.EAVING 
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\, 
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I 

STABLE 
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CV 
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MODEL B. 
PORPOISING AMPLITUDES 
AND STABILITY LIMITS (7) 



FIG. 17 
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%/ 
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MODEL 8. 
PORPOISING AMPLITUDES 

AND STABIUTY LIMITS (8) 



FIG. 18 

I - 21.3 LB.FT 

DRAUGHT d _ 401 . GL (INS) 
0205 C” 

01, 

MODEL 0. 

COMPARISON OF UNDISTURBED LOWER LONGITUDINAL 
STABILITY LIMITS ON A DRAUGHT BASE. 

(I) CONSTANT MOMENT OF INERTIA. 



FIG. 19 
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1 = 29.82 
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26 5 I.26 2.65 
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os%e c, 

dK 

MODEL 8. 

COMPARISON OF UNDISTURBED LOWER LONGITUDINAL 
STABILITY LIMITS ON A DRAUGHT BASE. 

(2) CONSTANT MASS. 
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I I 
k * I z6 FT= 2.65 BEAMS 

CA. rq (LB) I<LB-F?I 
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\ 
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MODEL B 

COMPARISON OF UNDISTURBED LOWER 
LONGITUDINAL STABILITY LIMITS ON A 

DRAUGHT BASE 
(3) CONSTANT RADI US OF GYRATION 
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