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A CGLLECTION OF THE COLLAPSED RESULTS OF GENERAL TA.~ TESTS OF 

MISCELLANEOUS FLYING-BOAT-HULL MODELS 

By F. W. s. Locke, ~Tr. 

This report presents summary charts of the collapsed results 
of genera.l tank tests of about one hlmd red flying-boat -hull models. 
These sumMary charts are intended to be used as an engineering 
tool to enable a flying boat designer to grasp more quickly the 
significanc(;l of various hull form parameters as they influence his 
particular airplane. /].'he form in .:hlch the charts are prepared is 
discussed in some a.etail in ordEll" to make them clearer to the 
designer. 

This is a data report, but no attempt has been m~d.e to produce 
conclusions of the usual sort or correlations. However, some 
generalizations are put forward on the v5.rious methods in which 
the sur.Jnary charts may be used. 

mTFODUCTION 

The increasing size of modern flying boats will no longer permit 
the deSigner to make a mistake. ~~en flight tests of the first 
prototype show up some undesirable hydrodynamic characteristic, too 
much time and money are usually involved in attempting to correct it. 
The designer must, therefore, be given the tools whereby he may 
predict the performance of a proposed flying boat with reasonable 
accuracy. 

In order to improve both the air w1d the water performance of 
future flying boats, there is imperative need of systematic design 
studies to determine the influence of the hull. It is hardly fair 
to ex~ect the desicner to wade through great masses of data in order 
tc mak~ these studies. He needs some simple, clear, and relatively 
accurate memls of getting an over-all picture of the effect of 
various hull variables. 
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The usual ferms of plotting the results of general tank tests are 
so comrlex that from 12 to 20 sheets of po:per are often required to pre
sent tr,e datL for one hull mc,del. Under these circumstances a long, lab
orious stt~dy is required to find out vrhlch is the better of the tvo hulls 
f or a gi -ven purpose. The prcblem of finding the best of a group of hulls 
is practic'll1y UImlFlllage3.0 le J both bec6.use of the .. ork and becuuse the 
method of presentation g1 ves the design8r no mental pictt:re of the be-
havior of the models. 

Durtng the l'lst 15 ye'1:;"s or so genc:r.31 tank tests have been run on 
a very large r..Ulllber of hull n:,)dels. This report presents the results of 
all the rn1,blislled NACA eeneral tank tests, and eon;.e from tee SIT and RAE 
tanks, in such form that tbcy will De of ir,med~ate usefulness for design 
purposes. /\11 the data for an:' one mcdel are presented cn a s:ngle sum
mary cr.art which may -oe used to moke ei tber specific or general cem:pari-
sons. 

The teet results are presented In tE;'rmS of the_ etanda.rd NA.CA 8e:t.-

plano coeff':'ci'3nts. Th:'oughcut this repcrt the following notation and 
definitions are used: 

CD :; t:./wb3 

Speed coefficient Cy :;: y/,j ED 

Res~8tmlce coefficient ~ :;: R/wb3 

Trimmin€~oment coefficient CM = M/wb'" 

Longi tudinal--spray coeffic ient Cx :; X/b 

La~araI spray coef~icient Cy ::;: Y/b 

Cn = Z/b 
i" 

\ertic~l-spray coefficient 

Forebody lencth/ber® ratio Lr i ' I 0 

AfterbcCy length/be~m ratio I·a/b 

Step he1ght/sternpost angle ratio h/cr 

Pi tchine "gyradius" constcJ1t k/L 

-~ 
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where 

t:-. 

w 

b 

V 

g 

R 

M 

X 

Y 

Z 

L 

h 

Aerodynamic pitch ddll1ping constant Mq/V :w b 4 

load on water, pounds 

spec~_fic weight or w',ter, poc.nds per CUOIC foot (62.3 for 
RAE ar.d 81'1'.,63.5 for NI.CA_. ar .. d 64_0 fer sea water) 

bnam ~t main 8te~, feet 

speed, feet per seco-nd 

accelerl:Ltion of gravi ty (32.2 ft/sed") 

resistance, pounds 

trimming moment, pounds 

10ng1 tuclinal pos1 tion of main~sp'l:-'·'l.Y point of tangency, meas
ured fore (positive) or aft (negative) of the step cen-
tro::'d, feet 

lateral position of ma:'n-spray point of tangency, measured 
from the hull centerline, feet 

vertical posl tion of _Olain-sp}'ay point of taneency, measured 
from the tAngent to the forebody keel at the main step, 
feet 

fo~~eb0d_'y length .. measureJ. from the intersection of chine and 
keel to the step centroid along a line parallel to the tan
gent to the foreuody keel at the main step, feet 

afte-rbody leneth, mF;8.AUred from the step centroid to the 
secor.d step centroid (;1' sternpost, whichev-er is shorter, 
feet 

forebody plus afterbody ler,gths, feet 

step he:'ght at the step centroid, percent of beam at step 

sternp'Jst angle) the angle between the tangent to the fore
bod.y keel at the main Bcep a~ld a line joinj.ng the tip of 
the step and th') sternpost or second step, whichever :;'6 

lover, degl'ee 
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forebody dead. rise at keel and main step, dogree 

afterbody angle, the anglA between the forebody and afterbody 
keels) degree 

maximum afterbody dead rise regardless of where it occurs, 
degree 

aerodynamic ta.il daruping der:vative (See reference 1 for com
plete defi~ition.) 

pitching radius of gyration, feet 

¥.oment data Bre referred to the center of gra.vity and water trim
ming lli~m8nts which tend to raise the bow are considered pc-slt1ve. 

Trlm (T) 1a tbe arJt:le betweon the ta.'"lgent to the forebody keel 
at thf:l main step and tl.e free water surface in all cases. 

Eee1 (:%') is tt.e &ngle between. the centerline p"1..ane of the hull 
and a pla.'J.8 perper.d:1 cu1_ar to t.he still.. water 8UJ:f d.ce. 

The ccoriin&t,,;,, of G:.A center of gravity are measured al:;ove the 
tangemt to the for"'[Jcdy keel at tbe ma~n st9P and forward of a plane 
perpendicular to the kGel snd passing through the st~? centroid. ~he 

step c':mtroid is the ceuter of gravity of the area on the fore1,)ody , 
b0undod by the tip of the st"lP and a line j(")injng the intersectIons of 
the step faces with the chines. 

The fol10wing ccmbinations of the coefficients defined above are 
used.: 

Plan1ng Ra.z:ge 

I,ift coefficient 

Resil3tanco cc",ffici~mt 

Speed coeff~cient 

Resista..'J.ce cceffic:!.ent 

Lcngi tudinal-·spray coefficier:t 

,.jC~?cv 

JCR/Cy 

(reference 1) 

(reference 2) 

(r~ference 2) 

(reference 2) 

(referer:ce 3) 

• 
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Lateral-spray coefficient 

Vertica1-spray coefficient 

(reference 3) 

(reference 3) 
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The CO~lrtesy of the National Advisory Committee for Aeronautics in 
furnishiJ.lg detailed test elata on certain models which had not previously 
been publ:! she:;, is deeply ap:;?reciated, It should be noted that the re
sistance and. porpo:sing data on SIT model.s 294-79 and 406 were determined 
under the auspices of the Glenn L. KLl't:':'n Company. The elate on SIT 
models 618 ~d 621 were 'determined for the Crurrman Aircraft Engineering 
Corporation in ccnnection with a flying boat being developed for the 
u. S. Navy. 

Dl"VELOPMENT OF CHART 

Figures 1 to 103, SUD':Il1ary chlU'ts used to present the datil shown in 
this report, are the result of a coordinated development program. It Is 
of importance to the ~ser of these charts to understand how they are 
lald out so that he con get the max1;11UIll bendi t from them. 

(a) T.1..tJ-!2..J2,QA ... At the top of the SUImno.ry chnrt is information de-· 
fining certain characteristics of the model and the test, which must be 
kno¥i"ll before intelUgent corr..p'U'isons can be made between charts. With 
the exception of the designation they are believed to be self--explana
tory. Very careful consideraticn Wfl.S given to the d.efinition of this ds
signation. By itself, the designation will give a crude measure of what 
are, perhaps, the most important hydrodynamiC characteristics of the 
hulls of modsr:n flyiflb boats. Thus, jf a chart has the designation: 

4.00 - 1.00 - 25.0 

it w9uldmean 

which, in turn, are a mensu~e of Spray Skipping Impact 

A further aa.vantage of tnis sys"tem of de8~gL~ting the hull 1s that each 
of t;'I.E; particular hydrodyn:::nic charncteris"tics iruproves as the number 
gets larger. Like most things in nat.ure, hcw8'Ver, ch8..."1gi::1g the hull 
shape to improve one hydrodynamic charact.eristiC r:lB.y harm another. The 
design~t1cn system is therefore not foolproof and sbould be .used with 
caution. 

, Background for the acsumption that the forebcdy length/beam ratiO 
controle the main spray of the hull may be found in l'eferences 4 and 5. 
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Both of these references show quite good ccrrelation of the mai:p-.-spray ... 
characteristics of existing flying boats ~.n terms of forebody/length 
beam ratio. Wflile it is u~daubtedly quite true that other hull form var
iables have a powerful inr~luence on the main spray characteristics, the 
forebody length/beam ratio appeal'S to be the primary para;neter. Reference 
6 incticates that one of the most important hull fC)rm variables governtng 
the skipping characterist::.cs is the atep height/stel'npost angle ratio. 
Recent and. as yet u1:]?ublisbed NACA tests indicate that the aftel'body 
length has considerable influence on skipping, but other factors seem to 
have only secondary effects. It is gerierally accepted that forebody 
dead rise is the hull--shape parameter controlling the violence of the 
landing impact. Hence} it is believed that the parameters chosen are 
eminently suitable for a crude and 'luick evaluation of the potentIali
ties of a particular hull. 

No m'3.tter how clever a design"ltion system is devised., it cannot ho~ 
to describe ccmpletely a shape as complex as a flying boat hull. For 
this reason, to the riGht and just underneath the title box, is a simple 
body plan of the hull. This should materially aid the user of the SUDl-. 

mary chart in getting a quick picture of the o::ho.1'e under consideration. 

A few other important dimensions and particulars of the hull models 
may 1::03 found in the tableJ on 1)':.8e13 12 to 14. These tobles may also be 't 
used as an index of' the SUJllilary cbp.rts incb.ded in this report. If any 
part::'cular hull should prove to be of direc t interest, it is strongly rec-
cIrtnE1nded. that reference be made to t:le o:riginal reports. The tables 
also give the sourco of the dota. 

(b) Me.in spr8.J~~~a.~-- The form in which the spray data is shown 

near the top of the chart was develcped in reference 3. This method of 
plotting haR the very powerful ndvant!'.6e of allowing direct comparisons 
between hulle, regardless of the loads at which t~e tests were made. A 
rather streng disadvantage is that the curves are Lot Visibly related to 
the hull itself. Orle way to o'rercome this diffic'ul ty is to compare the 
height and lateral positions of the points of tangency of different 
models at the ewe longitudinal positJon. If it is expected to load the 
djfferent hulls in different mar.ners, care mnst be exercised. A compari
sen of this sort is only possible at all becau80 of the fact that there 
is relatively little difference in the 

Cx/CD. 1 /3 curves for the vo.rious hulls tried so far. 

Plots shown in referonce 3 may be used to make an estimate of the 
accuracy C)f this form of plotting through the scattering of test points. 

(c) lli .. sulacement.ra.nge :-e§i6.:t.'1Jl£~'i.- In the middle of the summary 
ctart are sho~~ the free--to-trim resistance and trlm as determined in 

.. 
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the displacement range. This form of plott:l.ng was developed in refer- . 
ence 2 and was chosen in preference to that shown in figure 23 of refer
ence 3 because it yields difinite cInes to two otber very important 
hydrodynamic characteristics. 

The tow spray in rO'lJ.gh water (windshield wetting) is an exceed1ngly 
Im:>ortant characteristic of military flying boats ene. a simple means for 
evaluatille? it is very desl::-able. It appears that a re8.so:C!.ubly reliable 
criterion for evaluating bow apray is the peak of the Ct~V~ of 

CR/Cy2C6,2/ 3• The J;.eak: occurs at values of Cy2/C6.~ /3 near 1.5, which 

is in the vicinity of the speed at which bow spray is at its worst. 
This peak should, under no circumstances, be confused with the true hump 
which occurs much later. The peak in the Cp'/Cy2C!).2/3 cui've ia caused 
primarily by water piling up ahe::l.d of the bow. It therefore makes an eJE
cellent criterion for meas1cring the effectiveness with which the bow cute 
the water. The lower the peak the greater tbe ease with wl .. ich the bow 
cuts thew'lter. Hence, by inference, it may be used as a measure of the 
bow spray in rough water, "'hich appears to be directly related to the· 
ease with which the bow cuts throue:h waves. (See reference 7.) 

wit~ the lower power loadings corn~ng into general Uge, it appears 
that the free-to·-trL'l trj-m. is kOj.'e i.1'!rportant than the resisbnce. It 
is ha:cdly worth while doing :amch work to reduce the take-off time 10 
perco'.:rt U th.;) time is o'lreac_y about 20 seconds; whereas It :!.s i:nporta.nt 
i:f the time is neax 60 seconrla. On the o~h(;r hand

J 
if the trim is too 

high or too low the spray :s likely to be quite bad and, even though 
its dl;ration is short, it may do structural dam"l.ge. The scale adopted 
for trim is t¥ice as laree as that uEed in fi@.rre 23 of refe~ence 3. 
True, the re~ist3.nce scale is much i:Gllaller in the vicinity of the hump 
(Cy2/Cf).~f3 bet-weeu about 8 and 12), but it is believed to be largeenough 

[01' most practical purposes. 

In referencee 2 and 8 will be found data, plott-sd in this manner, 
which may be twed to get an estim.ate of the accuracy to be expected 
through the a.w.ount of scatter. 

(d) l:Janin.a...I!:.Ulgf: .. - In +-he planing range the restllts are presented 
in the same ma..."1Der as was o.eveloped in refel'ences 1 and 2. Contours of 
the planing resistance coefficient ,f7Ji?/Cv have been ami t-ted where 

they would be Llore than 2° or 30 outside of the l:.:r.ti ta of longi tudj.nal 
stability. Since there would n:Jt be much tope cf being able to operate 
a flying boat in this regiGn of i1l9t"1bil1 ty, regardless of how good the 
resistance migl1t be, omi tt.ir..g the data should avoid SOMe confus:!.on. An 
exception i8 the region near get-away in wbich the hull is riding with 
the forebody clelir. Under this circumstance, the contours were prepared 
whenever data was available. 
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In seime cases contours of constant CM are included. - at least 

wherE: i t W'~8 not too t:me- -co:Jsutning e.G dig them out of t.r.e orig:l nal d~l tao 
Ac tuelly, lllottir:g CM in this way is cOIJIplete1y irTRt;lonal. Ccm£tant 

CM W9.3 used for two realJons: it "lorks Cluise w611 (see data plots in 

references 1,8, ffi1U 9), and it i6 sirupler than the ratltiJi.al form 
,,,' C1J0v • 

The mAnner in which the v'3..ri ":Jus ccnf;cure in the pla!1ing r=-nge were 
derived deeervea oLreful att;8nt~ on at tht-' lQ,,--speed. end. At the :':"igher 
values of the plGIltDg-lift cceffic::'en"t" JC,.jC"' J the collaps::.ng process 

bree.ks do,;m. The ree:at1l1ce at c:Jnst.<mt trim flI'.d trim at constant moment 
for s;Jecific values of C.c." peel off the main curves. EX1Ul1ples of this 

ree}.ing--off proces8 may be fouCld in r8fercell68 2 u.nd 8. W:i:en the d.esigm;r 
is :rrepar:r;g reoistance or trim C1.lrv?s fn-m the disple.cel'rcent and. planing 
range J C.'ll'e should be take-n to see th;:it, tl::9 curves frc'm the two regimes 
overlap. '1'he 1m,e::::' vaJ.ues f!'c;:n eitb.:;r regime sr.ould then be U[~pil. This 
matte!" is disc'J.ssed in g:cater d.etc.il in r'8f,::ronc;:: 8. The :peak of the 
lower limJ. t scmetim2S, tut not ulwc:.ys J performs a simil3.!' peeling off. 
The breakdown of tho ccll6.ps-~IJG precess at the 10,,78r end of the plan:1ng 
range is regc>rded pr·1m8.1'ily as an in~or:Vt.lliGnce. It can be overccme by 
practice in using t:t·3 ch:!.l'ts a:ld goo:i ~udgUlent. 

The accuracy r;f the Y3T::OU8 co:r:tours in the plani:cg range mD.y be 
judged. b:;r p1ot~~ of da-tee:. sl:owri in r(;ferences 1, 2, 8, and 9. The reason 
that no test p:)~nt8 have teen shown on a;;.y of the chaytf:l in this report 
is merely to avoid. the confusion to the eye of D. great mess of b1ac}: 
spots. 

One Jast point that deserves :J:l".8ntion :is that speed incre3,.ses to
ward the rieht ever:Y'where on the summery che.rts. 

DI8C~mSI('N 

Co.) jIr=lin8-. .tbe .. ctu1r:L- The crucill.l Jeb in d.esignir:g a flying boat 
is to enst;re that the hull and air structure fit tcc;et!ler as a sir;gle 
working unit to give both geed air a...'l.d water perfor~ance. Just >.1.6 

airp1::mes d"J8isned for differen~ pUrpCSd8 rrSl."<.l.ire d:'fferant wing and 
power loadings, so do h~118 h~ve to be custcm-tailored for the particular 
jobs they are expected tCl p'3rform. 

The d~signer is badly tamperod, when hull dat,.l is reported in the 
conventional IDam:er, 1:,y the D:'..lltiplicity of charts he has to wade throueP 
to select a hull suitable for ~l::.e job he has in mind. The summary charts 
prf.sented wi th this report s}-.::mld a:;'d considerably in gett~ng tb the 

.. 
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root of the problem of selecting a eui table hull. Basic3lly, there are 
at leaAt three methods for using these chert£'o Depending on the time :UD. 
sb.ff aV9.ilable, best results will often be obtained by ustng a comb:'na·
tion of all three methods. 

The first and simplFlst meth.od of using the sUlIlmary ch':u-ts is to 
select those which contain hul:L form parameters of interest and spread 
them out over a large table. By merely at9.nding back and looking at the 
group of cha.:cts the designer can :.'eadily pick out, without further ado, 
those hulls having characteris t:Cr3 cor~p18tely uns')i tab l8 for the job he 
has in mind. This Itethod is not very effectiv0 for finding the best 
hull for a p,,,,rt:'ccular job, but vThat is very important is that it will 
quickly get rid of the deadwoodo It will be noted. that this 'type vf 
analysis will be greatly facili tated by keeping the s~ry charts in 
a loose-leaf b~nder w:1en they a::.'e net 1:..1 ~se. 

Beco.use of the job t1:at the hull is ex;ected to perfo:t'm, C"rtain of 
the hydrodynQmic craractel'istics wlll have }Jreccm:"n!lting influ.ence. The 
cri ter:a measm':'ne: these cho.racter::s~:i.cs In':l.y be plotted against the con
trolling r.:ul1-shape ·paramet(;rs. This P:'OC)Sf2 will unc.otibtec.ly show the 
bow of one hull is DeBt, the !lfter'tciy of ·mether hull, and so on. This 
should allcw the d.os:gr,ar to fi t the Yo.riOUt1 PElyts togetter to produce 
a hull h.:.tving the perfol"<iwDce he wents, and at the SOlne time he will 
have quite a good ::.d.ca of its cLarc.ct(;ri8tics. At this staee the 
deSigner should und.erta};:e tc..nk tests to get the specific characteristics 
of his hull, if the lillJlorta:c.ce of the project warrcnt.e the time and meney. 

The third methed. of ustng Elli11ilJary charts is actually to fit .hulls 
with satisfactory hydrodynamic characteristics to an airplane and deter
mine the aerodJ~amic perforr~ance, A ~uick method of determ1nlng thA 
hydrodynamic characteristics for spe~ific airplanes i'rom the slunmary 
charts will be found in reference 8. If the airplane i8 being designed 
for maxi~um range, for instance, at the expense of other characteristics, 
range may be plotted against various hull pc.r~eters. This type of 
design stud.;:". yields its clearest results when confined to a series of 
hulls having some systeme.tic change. Several such series will be found. 
in this report. Unfortunately, tbey are small families; however, in 
the nAar future several more complete studies should be available. 

(b) General.- The designer wHl undoubtedly be highly iI'ri t3.ted 
when he :-Ind-e;-a-hull witb some one interestillC chc.racteristic, but the 
data on the othere hyro~nnamic characteristics miGsing. U~1fortun8tely, 
this is likely to happen quite frequentl;;r Since, out of all the charts 
includt.-d, only 8.bout hal:' a dczen are complete. 'l'his disadvantage should 
not w0igh teo h8IwiJ.y, however, becau.se it is a relatively simple matter 
to get the aCl,ditiollal data necessary. S:tould such a hull or hulls tvrn 
up, the designer should. malee his needs known. 
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In tb4s connection, it is worth nottne that the testing establishments 
would m'lke a good dGal fBater progreFB if they delitBrEltely left gaps in 
ve.rio\.ls types of data used in prepar~ng a 6umIT,ar;- chart. For 1nst2.I1ce, 
as fur as large military flying b",ate are c'Jncerned, present des: [;;.'1 

trends seem to im:icate that stability lL'1d sj?ra:T are the contrall ing 
cr::' teria. viork on these t1,{Q character::'st~cs, at the eJrPGnse of o'!:ihers, 
would, d)pear Well. worth while.:fib·:m interesting hulls have be,m found 
it 18 vGry simple to go 'back ani get the mi9S:L..:lg data. 

As pointed out previously, the Dl:nlI.er in which the displacement 
range :~es':'stance and trim is :plotted was selected beciluse it gave clues 
to t.l:Je bow spray and main spray even thol).gh they were not actu:l.lly tested. 
Similarly, the rebistance conto~1rs in the planing range may be used as a 
clue to the upper limit porpoising and s:cip:?i~1g charSLcteristics o Ordi
narily: the upper Emit of porpo:'sir:s Eay.:::e expected to be about 10 belmf 
the line y!hich shews ·whero the fcrebod: r cemos clear. Fu:cther, it will be 
re3.oon:;_bl~r :P:U.'8 Hel to it. This will locate the py:mery up:0er limit) but 
not the second.'ll'Y -.:tIlner l:imi.t. 

At ve::y low vah)(;,3 of tl:e rl'."tu:lng l~ft cOc3fficient aLd mOderately 
hig}') trims, tl:e resist;~rr;6 clmt"1.1ru fl'E:'luentl;y be:ad to tte right. This 
bending is aSt30ciated with after'bod.y wetting, at:d hence presU1lJ.nbly ma.y 
be taken 3.8 a.t lea.st QIl :i!1d.ic[~b:'on of the skipu::'ng characteristics. On 
a few hu.lls tee be~lc~inc occm's quite Guade!11y, anr1 it 18 expected that 
then slc~.pp:;'ng "'ill t'e fO~'ld on~i~T at trims above the low3st sharp bend. 

The temptat.i.on to select 8GJI:e t'J.ll frorn this or other similar 
collections of summary charts as the final design should, be strenuously 
resisted. Because a certain hull -.,ras satisfactory on sone Given des::'gn 
does not necessarily me,'ID that it will be e~ually gnC)d for a new a.."1d 
different design, ~beEe charts should be regarded as an engineering 
tool for deteu')ining t:r6nds to arrive at a better hull. Lf kept in 
this light, ::10 matter bow closaly they are pushed, nl) incuperaole 
dlffic1Al ties should arise from the use of the s1m',L'lcry chLrts. 

CONCLUDING Ret-lARKS 

The group of summary c:1ar ts presen.ted in this report should be a 
valuable tool to aseist tbe c..esign.er in selecting a hull for a pa:cticular 
purpcse. By using the chartc and getting familiar with thGI:1, the designer 
will be able n:.ore quickly to arrive a!:i the POiIlt of most iaterest t.o him -
a high-PdrfoYllianCe aircraft. 

AViaticn Design Research Branch, 
Bureau of Ae:t'onaut:;.cs, Navy Depcrtment, 

WfJ.chington, D. C., January 1946. 

• 
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Fig. 6 DESIGNATION: 2.82-0.55-22.5 NACA "£N No. 1182
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Fig. I0 DESIGNATION: 2.82-0.26-22.5 NACA TN No. 1182
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Fig. 14 DESIGNATION: 2.66-0.75-75 NACA TN No. 1182
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Fig. 16 DESIGNATION: 2.82-(_43-22.5 N_A.C_A.TI'q No. 1182
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MODEL BEAM, 17.00"

1182 DESIGNATION: 3.00 - 0.44 - 22.5 Fig. 19
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NACA TN No. 1182 DESIGNATION: 2.52-0.39-20.3 Fig. 21

MODEL NO. 14 C.G= 0.32 b FWD. OF GENTROID Ca, = {NOMINAL) TESTED AT NACA No.I TANK
MODEL BEAM, 19.00" 1.07 b ABOVE KEEL k/L = DATE: '3,3

- 2.4 -

-- -CENTR

_o._ ....t-- 1--- 1--[....1- t-I -_--r-......l -[_t-=o-
I I 1 I t I I I 1 J / I I STATIONSPACINGGIVENAS

-0.4 -- " C z C Izs -- 5 DISTANCE FROM-o..W-i- r--T 7-4v..,,__1 V I-1'] .,.,,o,o,.u,,.,o,,,,.
I 2 3 4 6 7 8 9 IO t l iI,_.._.,,=_._._._ L '

-16

-14

-12

t.U

--I0 cb

-J

ez__

ty-

_, 6_ F-

--4 RESISTANCE,

t PLANING RANGE-2 -- Mq/VEb" =

o._ o._o

011 0.10

°"-_ 7

MOMENT AND STABILITY CHARACTERISTICS

0.0_ 0.0|

7--t --t
I

,__55.',
\\

s

/' '/_

/ 7 '-
I

-F---/i,,,,_

0.,15

/-+/k' ""-

°'_ "°°'T i

OillO l 005 O
o._s o._o



Fig. 22
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DESIGNATION: 2.44 - 0.56- 23.0 Fi g. 251
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Fig. 24 DESIGNATION: 2.84-0.51-22.5 NACA TN No. 1182

MODEL NO. 18 C.G.-" 0.49b FWD. OF STEP 06o = 0.60 (NOMINAL) TESTED AT NACA NO. I TANK
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NACA TN No. 1182 DESIGNATION: 2.12- 2.88-I0.0 Fig. 25

MODEL NO. 22 C.G.='°'23b FWD. OF CENTROID C-,, = (NOMINAL) TESTED AT NACA No, I TANK
MODEL BEAM, 17.00" 0.80b ABOVE KEEL Pv/L = DATE: 7/33

-'.6 _ --- -- ( ( i _CENTRI_ " _f0111 I X"'_ llJ _l _l ";ll

I Ii A 1 IMIISTATIONSPACING
- " ...... _ c = -,,_] i - OISTA,CEFROM
_0.4_ F ........._--i_! 5 6 ;z/C':' ; ,: II .! .; ....... ,;'J CENTROID' IN UNITS OF BEAM

. O.08L I k ....... _ OISPLACEMENT IRANGE [ • ] -_16--

=o,o4_ _ , _ ..... • ...... , .... ¢,o-

-- _......... IE 8--
7' E:

.......... I-- RESISTANCE o.4

, ,2 3 4 5 § "{ I_ _ I0 12 13 14 15 16 17 1,8 1,9

--1 ..... !
_i4-- "...............

N._Cv

////'I " }[ / / / / _./ Xz/ -- / / z o.o,
• / " 0,06

_ . '(il' c:////'/.'//d.; ,_,.,oo.,o°,/] i\_' o.o,

"- - - '_"flT(("////_>-'/" "/>_"_\ 1__,_........... I" \\,_,l/ ./A_v// -
4 R ' M NTAN CoTABILITYCHIA A,,TE I\ \ k ''i li (_" ( ? { /' /" /

-- -- ESISTANCE, OMEpLANINGO RANGE .R C RISTICS II " __ _ _" k _ _ _ -_`

---2 ..... Mq/VIb*= _L--_-d-C-_.Ic` I.... _ -__\\ \I, l ,.i,..,v [ I
I

0"35 O'_O Ol_5 0'_O O'iI 5 0'lie .... 0'_5



Fig. 26 DESIGNATION: 2.28- 2.88- I0.0 NACA TN No. 1182
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NACA TN No. 1189, DESIGNATION: oo-¢o-I0.0
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Fig. 32
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1182 DESIGNATION: 2.93-3.77- 20.0 Fig. 33
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Fig. ,.34 DESIGNATION: 2.9:,'3-3.7'7-25.0 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 3.57-0.55-20.0 Fig. 35
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Fig. 36 DESIGNATION: 3.12-0.44-200 NACA TN No. 1182

MODEL NO. 4OAC C.G.= O_Ob FWD. OF STEP 06, = (NOMINAL) TESTED AT NAC_ No. I TA,K
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Fig. 38 DESIGNATION:
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NACA TN No.

MODEL No. 41-A
MODEL BEAM, 12.00" z,o4 b ABOVE KEEL k/L:

1182 DESIGNATION: 3.56- 0.86- 26.0

C.G. = 0.44 b FWD. OF CENTROID Ca@= 1,40 (NOMINAL)

Fig. 41
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NACA TN No. 1182 DESIGNATION: 2.76-0.51 -22.5 Fig. 43

MODEL NO. 44 C.G.=0.48 b FWD. OF STEP CaD = 0.44 (NOMINAL) TESTED AT NACA NO. I TANK
MODEL BEAM, 17.00" 0.97 b ABOVE KEEL k/L = DATE: 6/55
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Fig, 44
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DESIGNATION:
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NACA TN No.

MODELNo. 47
MODELBEAM, 16.26"
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Fig. 46 DESIGNATION: 2.76 - 0.47- 22.5

MODEL No, 52 C.G.= 0.44 b FWD. OF CENTROID 06= = 0,46 {NOMINAL)

MODEL BEAM, 1700" 0.91 b ABOVE KEEL k/L=

.... t L 1

t
!

i

1-1 J2.8 ................. _ 3

.4 .......
................ t CENTROIO "_ O-

=.6 / != o
-- Z W

_ .. 3. 4 .... 6 7 8 9 iO i 12 i3 14

--o.o,t l l---_ - _ t i I
] .BOEING PB-I/ / /

0.07 --] -- : -- - _RIM
Ca= 0.6 1

0.06 _ .......... _ ,__

-o.o5t;J --_,- .... r-_/7 ----b---q---q---_,-----

-003 -- ..--_"-" -"-"'_ ....

/ /

_o.o ....... k';,.,J

NACA TN No. 1182

TESTED AT NACA No.I TANK

DATE: 6/'35

///

, --...._/,

BASE UNE

STATION SPACING GIVEN AS

DISTANCE FROM

CENTROID, IN UNITS OF BEAM

c,,,
--o,' ] I 1 _m-
ao:[ t I

o ! ? ,3 ,¢,__ _ ¢> 7 II _ Ip ,t _2 1,3 L', 1,5 1,6 tZ ,1,8 1,9

,6 1 L i I

i -_,/ct o,,i' I.', (;/llll,'lil /"f...i_ II1/ . /1/ /1 /'1 I
-' _,- I---- -t-_" -_o!_I ;( _11_/ -/"TLX;/," -,/?-_ 0/ i i t

f oo,\ ',,, ',, _ ._
-4 RESISTANCE, MOMENT AND STABILITY CHARACTERISTICS _]L_ _. k,. _[_ X" ,_f X _'_--_ .f t;- -,t;.;

; PLANING RANGE I I 10" \.\.b_.\_ \\ W _,
., r_./vio - t t / f o., 1 o.o, o.o, II ' , , -¢c-;/0,,.... ,

0,35 0.25. o.3o _ 0._0 0.i5 o.lo 0.05 9

Ir



1[

B

NACA TN No. 1182 DESIGNATION: 5.57-0.85- 20.0 Fig. 47

MODEL NO. 57-A C,G-- 0.36 b FWD. OF CENTROID C6o = (NOMINAL) TESTED AT NACA No I TANK

MODEL BEAM, 12,45" 1.93 b ABOVE KEEL k/L = DATE' 6/_
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lkTACA TN No. 1182 DESIGNATION: 4.17-O.85-25.O
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Fig. 50
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NACA TN No. 1182

MODEL NO. 61-A C.G=
MODEL BEAM, 12.00"
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DESIGNATION:2.82-056-22.,.5 NACA T_TNo. 1182,
MODEL NO. 62-AD C.G.=0.37 b FWD. OF STEP C,6,,= (NOMINAL) TESTED AT NACA No.I TANK
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Fig. 54
MODEL NO. 73
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NACA TN No. 1182 DESIGNATION: 3.15 - 0,26- R Fig. ,55

MODEL NO. 74-A C.G.= 0.45 b FWD. OF CENTROID C8, = (NOMINAL) TESTED AT NACA No.I TANK
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Fig. 56
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NACA TN No. 1182
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Fig. 58
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NACA TN No. 1182 DESIGNATION:2.82- 047 - 22.5

MODEL NO 126 B-5. C G = o.31 b FWD OF CENTROID C,,o =

MODEL BEAM, 14.00" 1.I7 b ABOVE KEEL k/L =

" 2428_l " -- 1 .........

1iv!ill-i l
_-2 3 - -4 ..... 5 _ 6 --i--8 ---9 -I0--

Fig. 67
(NOMINAL) TESTEDAT NACA No. I TANK

DATE: 2/42

FREE-TO-TRIM RESISTANCE AND TRIM

;ISTANCE

I0 I 12 13
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F-'_'g. 78 DESIGNATION: 3.78-1.06-25.0 NACA TN No. 1182
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Fig 82
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NACA TN No. 1182
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84 DESIGNATION: 3.69-1.OCo-27.0NACA TN No. 1182
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NACA TN No.

MODELNO. N 2/42-AI
MODELBEAM, 6.64"

- R8 -if--

-2.4 -t_

- 2:o _-'----
(._

6,6 m_
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Fig 86
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NACA TN No. 1182 DESIGNATION: 4.02-0.98-27.5__ _ Fig. 87' IMODEL NO. 0 EH58" C G- o.10 b FWD. OF CENTROID Ca. = 1.65 (NOMINAL) TESTED AT RAE TANK
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Fig. 88 DESIGNATION: 4.02-1.09-275 NACA TN No. 1182.
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NACA TN No. 1182 DESIGNATION:5.68-0.51-20.0 Fig. 89]
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Fig. 90 DESIGNATION: 3.32-O.62-20.0 NACA TN No. 1182
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I NACA TN No. 1187, DESIGNATION: :5.32-0.64-20.0MOOEL NO. _39-15 G.G" O.'_Sb FWD. OF STEP C-. = (NOMINAL)
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Fig. 92 DESIGNATION: 2.72-0.62- 20.0 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 2.72-0.61 -20.0

M_L NO. 559-22 C.G" 0.35b FWO.OF STEP C_ = 0.588 (NOMINAL)
MODEL BEAM: 5.40" 0.90b ABOVE KEEL k/L = 0.225
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Fig 94 DESIGNATION 593-064-200 NACA TN No 1182

MOOEL NO. 339-2 3 C.G.= 0.55b FWD. OF STEP C&o = I.T70 (NOMINAL) TESTED AT S.I.T. NO. I TANK
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NACA TN No. 1182 DESIGNATION: 4.54-0.67- 20.0

MO_L NO.339-46 C,G.=0,35b FWD,OFS_P C&== 2.722 (NOMINAL)
MODEL BEAM: 5.40" O.90b ABOVE KEEL k/L: 0.225
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Fig. 96
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NACA TN No. 1182 DESIGNATION: 3.32-0.62-200 Fig. 97
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!Fig. 98 DESIGNATION: 3.32-0.62-I0.0
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Fig. IOO DESIGNATION: 328-Q59-2QONACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 3.32- 0.72- 20.0 Fig. I01
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Fig. 102 DESIGNATION" :5.36-0.87-20.0 NACA TN No. 1182
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