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SUMMALRY

This report aims at providing & background, to be read
1 conjunction with the individusl model test reports, to the hydro-
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length/bean ratio hulls end high bean loadings.
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1. INTRODUCTION

In March 1951 a detailed ressarch programm.e1 on hulls of high
length/beam ratic was presented by Smith and Hamilton for discussion by
the Aercmautical Research Council Seaplane Committee. It was recommended
for action to Ministry of Supply and approved by ithe Primcipal Director
of Scientific Research (Air).

This programme was based mainly on an earlier report by Smith
and Allend summarising the performance gains to be expscted from the
combined use of high length/bean ratio hulls and faired steps, and pointaing
out that considerable reduction of surface drag coefficient is thus possible,
while giving the designer a much wider cholee of load coefficient without
pacrificing hydrodynamic performance or structural efficiency.

To agsess these points quantitatively ihe detailcd investigation
of Reference 1 is divided into +two main parts, serodynamic and hydrodynamic,
and the latter is further sub-divaded into stability, resistance and impact
testss The stebrlity tests are degigned 4o show the effects of furebody
warp,of afterbody length, angle and shape, and of sbep fairing on the hydro-
dymamic stability of high length/beam raiio hulls with high beem loadings.
These tests are being made by M. A.F.F. in the R.A.B. Seaplanc Towing Tank
on the proposed series of dynamic models (Table I) and the object of this
note, based on resulis from the first two models, is to describe and
consider the test techniques, presentations of resulis and other factors
common +to this scries. These cbservations will also Form a background for
results of individual model tests.

2, BASIC NQODEL DESIGN

20 lo AGI'O N iRe]

As only hull characteristics were under investigation, wing and
ta1l design was arbitrary apart from producing a reasonably stable crafi
with 1lift and moments of the right order, and the acrodynamics of all models
of the stability series were identaical, as far as manufacture would allow,
with those of the basic model, Aerodynamic data are given 1n Table IT.

A /15 scale Sunderland wing with cropped tips was chosen for the
mainplane vecause this scetion is known to have good characteristics model
scale. To simulate slipstream effects, provision was made for the fitting
of four compressed air draven turbine-propeller units. Leading edge slats
were fitted outboard of the outer nacelles to inereass Cr,.y and approximate
to the higher Reynolds Nurber 1ift characteristics appertaining full scale.
This model wing configuration (with slipstrcam) is shown in Flgure 1.

For tests without slipstream, the nacelles and fturbines were
completely vemoved and full span slats werc fitted (Figure 2). The tip
slats of the previous configuration were insufficient by themselves to
remove e kink from the lift curve?, which wes presumably due to the low
Reynolds Number at which the test was made.

The tailplane was that of = 1/15 scale Sunderland apart from the
clevators, the chord of vhich was increased to give better coverage of the
attitude range and improve serodynamic stebility. This effective incrcase
in ta1l area docs not apparently alter the lewer critical trim, i.e. the
trim of a point on the lower stability limit¥. The position of the tailplane,
high on the fin (Figure 3), was chosen to avoid interference from spray at
high planing attitudes.

The fin and ruddcr werc conbinced i1 one vertical surface, but
moments could be induced by the bending of a metal tab slotted into the

trailing edge.
/With
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With a keel attitude of zero degrees,the 3.1.7. ¢uarter chord
point was Q. QL feet forwerd of and 0,28 foot above the C.C. (Table II).
The model was thus aercdynamically siable, having a stick fixed static
margin of opproximately G 15 ¢ an the casc without slipstreat.

2¢ 2. Hydrodynamic

The hydrodynamic investigations were made by mekoing successive
variations on the basic hull form while retaining the same forebedy length
and beam. The metheds used to cobtain the hull lines for cach model of the
serics were, apart fron the changes in afterbody shapeo, «nd step fairing,
csoentially similar; thoy are described in Appendix I and hull lines for
the basic model (Model A) are given in Figure L.

In order to producc cleau breakawey of gpray, model scale, vith
neglipible effect on stabllity, chine strips were fitted to all of the model
hulls, They consisted of stripas of foul anscrted along the chine s¢ as to
bisect the hull wall-planing bottom angle and stand proud to the order of
0. 003 inchess

3. TEST TECENIGUES

The tests to be carried out on ecaca meodel of the sarics are
assossments of,

(i) acrodynamic 1ift,

(ii) hydrodynamic longitudinal stability,
(iii) spray, and

(iv) hydrodynamic dircctional stability.

Withan this framoework, model paramcters such as beam loading arc voried
to sult the nceds of the programme.

The apparatus used in the R. A E Secaplane Tank, fncluding the
varicus rigs and thc gencral methods of testing, ig described ia
Rcference 3. Briefly,

(1) +he 1ift is asgscssed by meking constent speed runs with
the medel in the 1ivt ripg at faxed lacidences clear of
the watcr and measuring the laf't;

(ii) +he hydrodyncaic longitudinal siobility is determined by
making constent speed runs at difforent Jlevator settings
over & range of specds, with the model frce in piteh and
neave;

(iii) +hc sprey io obscrved and photographed, mainly ovor the
disnlacoument range of zpocds during the loagitudinal
stability tcsts, and

(iv) the hydrodynamic directionnl stability characharistics
are obscrved “ith the model free in pitch, heave aad yaw,
by yovang the nodel to atarbocrd through hout 20 degrecs
at gongtent apccds,

Ideally these tests would be carried cut completely on on actual
aircraft of about 10,000 1b. weight when the complications of secale effectd
would be greatly reduced, but for rcasons of oxponse and time this cannot
be done.

/A



A proposal has beon made, howvever, for a reaearcn aiveraft of
this size®, on which a gelection of the tank tcsts can e ropeated, thus
making an evaluation of the wwrst scale effects possible, .wamiile, the
medel test techniques are designed to simulate as near as possible full
scale conditions. The 1al't assessment zs subsidizry in that id is made
mainly to ensure the correct load on vater dvring the stability tects.

The loagitudinal stebility test runs arc made (a) without and (b) with
digturbance, The former ic intended to simulate full scale conditions

of calm sea and no wind, while the latter is to represent the rough sce

or waeve cadg. lModelr spray 1e ecomplex Trom the secale effcet point of view,
but direct scaling uo has beon found to give a good idca of what right

be cxpectod full scale! for “hc calm water case; to gimulale sproy in
waves would be too expensive and time taking for the nformation

chtaancd, 7The directionnl stebility tests zre knowm to ~give onswers which
ere licble Lo a large scale offect hut, owing to lack of full ceale dals,
this hag ncver beeca determined guantitatively. The tests, howsver, o
showr which hull form iz better {rom the dircctionual stendooini. These
points are waplificd below and pariicular sttendzon ig »rid to any modafico-
tlono or additions to the metheds of Refcrence 3.

% l. Acrodynamic 1if3

Rms were made ot constast speeds vath fhic meodel at fixcd
ancidencces and the 1ift mecasurcd.

In the slipstream case, turbine speed was set to give a rcasoneble
teke~off prapcller thrust, and wos held congtant over the toks-ofil speed
renge. The curve of nodel thrust agarnst velocity cocfficiont is given
in Figure 11. Lift runs were made with a range of incidences at cach of
seversl specds, with clevators central. Without glinstream, l.e. vath o
clecan wing and full span leading cdge slats, a range of incidences was
covered at two spoeds, to chick Hoynolds Ifumber effects. This was ropeeted
with the slipstrecam confipguratica, propellers windmilling, to reprosent
the landing casc,

The ffret of clovator ansde on tne 1ift ims then cnecked by
repeabing the foregoing at daffercent elsvebtor settinps. This was justified
by the large elevaters and the comparatively large changes xn 1ifd thav
were found.

To complete the lift dats, = tailplanc 1ift curve weas cobtained by
repeating the case without slipgtrcam, but with the model tazl unit removed.

Throughout the 1af{t runs the medol was suspended so as to keep
the mainplane at a constant heighl, about 1.5 ¢ above the watcr surfacc.
No allowance was made for jround effect, bul earlier work on this subjsct
by Clark and Tyc ©, using a model with an unslatted wing, chows an error
an Gy, value ot 10 degrecs wing incidence (wing chord to horizontal) of
about 4% {uging velucs of hoight cbove woler corresponding to the vrescnt
casc)s The error is zero ot b degrecs incidonce, end spvroxamctely linear
up 1o CIp,. vhich 1s unchaazed by ground cifect. Ian the prosent hydrodymomic
stebility tests, therefore, ot 16 dugrecs incidenec, corresponding generally
‘o uppor limit attitudes, ons caa crpect o have actusl 1if4 wvalues of the
order of B greater then those at similar atirtudes obtorined by measwrement
irn the 1alt rig.

The 1ift curves are used primarily for cstimstion of load on
vater, so the mexumum error ill be found at take-off specds with high
attitudes. %t 1ncrecasing distaances from this rcogron of the slebaility diagrom
it will bo progreszavely less.  If the curves are used [or any theorctical
treatment a correction for ground ofTuet can be made to the slope.

/The
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The ground effect problem in the Seaplane Tank needs re-checking
at the higher Cy's currently obtained by using full span leading edgc slats
and, as the increase in slope of the 1ift curve on approaching the ground
nay be expressed as roughly equivalent to an increase in aspect ratio, 1%
may be possible to devise = pet of generalised correction curves having only
negligible crror,

3¢ 2a  Hydrodynamic Jongitudinal stability

For the longitudinal stability determination constant speed rmuns
were made with different clovator settings, over a range of speeds from
4 to LO feet per second. The model was towed from the wing tips on the
lateral axls through the C.G., being frec in pitch and hcave only. The
gspeed, elevator angle, trim, spray and stability characterisiics were noteds
Cn all runs wherce possible a 5 degree nose down disturbance was applicd and
the stability characteristics werc agein noted, but this was sometimes
prevented by the violence of the dinstability occcurring on the undisturbed
run, and by the model becoming airborne when disturbed. iy take-offs were
simulated, and each run was made with a smooth undisturbed water surface,
uging zero flap and cne C.G, position, In cach case the moticn was defincd
as unstablc when the resulting oscillation (if any) was appareatly divergent
or had a constant amplitude of 2 degrees or morc, This 2 degrec limit has
been chosen arbitrarily as the maximum permissible for gafety under
operational conditicng?. It was found that in the majority of cases of
instability, the oscillation maintained a constant amplztude and this could
be read to wathiun 5% On plotting these observatzons the unstaple pert of
the diagram could be divided into natural regions of egual steady oscallations
as in Figure 5 Similer dlagrams for each model should help in understanding
and corrclating the stebility of this scraes, but in general individuzl test
points with amplitudes will be given and no zones will be drawn.

3¢ 24 1e  Undisturbed casc

The model longitudinal stebility case vith no éisturbance (it
could be called the ideal case, inasmuch as the greatest possible number
of unknovms 1s climinated) has been given a fundancntsl theorctical treat-
ment vy Perring and Glauertl0 and is n consequence fairly well waderstocd.
Several simplifying assumptions were made, oae of which was that an the
case of lower lim:t (forebody) instability, the seanlane could Le represented
hydrcdynamically by a single flat planing surfaocs of finite iddth. Under
these conditions the theory has been found to give good quantatative agreement
with experiment when correct values of the stebility derivatives =are used?, 11,
In the case of upper limit instebilaty (4wo step porpoising), the seaplane
is considered equivalcnt to two flat plaming surfaces in tandem, but the
effects of the forebody wake on the afterbody are nezlected. The theory thus
becomes more qualitative than guantitative in this case.

In the present tests, on models with high bean loadings and a
correspondingly incrcased tendency towards chine immersion®™, the application
of Glauert's thoory mey be quoeried, The main point about chince immersion 18
that, at fixed incldence, when 1t occurs the aspect ratio of the plaming
surfacc starts changing, giving a discontimuity in the slope of the 1ift
curve for that incidence, at the point of chine immersioni?, From general

considerations, it would appsar that the theory is just as valid in this

/ease

¥ Chine immersion - In this report it has been assumed that chine inmersion
occurs when the point at which the forebody chine and transverse (or
equivalent transverse) step intersect, lies below the undisturbed -ater
surface planc, This is not strictly true, but it provides a convenient
basias on which to work (sce Refercnce 22).
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case as 1t zs 1a that of {1ying boats with beam loading coefficients of
the order of 1.C0. The theory iz based on flat plates, which have maximum
chire 1maersion, and has beea aprlied 1n cases where there iz lattle ox

no immeresion, giving good results. It as felt that stability calculations
in the vicinity of the lift slope discomvinuity could be avceided and good
iirmits could still be obtained.

Tke full scale longitudinal stebiliity limits tc which undigturbed
model Ilnmts correspond, are those obtained in conditlons of no wind and
doad calm sea. Urforiumately, a dead calm sea is of such infrequent
oceurcace that it camnot cconomically be waited for. Tormal full scale
stab1lity limits arc therciore determined zn a sea having waves less than
about ¢ zrches haipgh and either negligible or no swell, with wind speeds
of lese than £ knots for rcsearca investigations, or 10 knots for routine

4 J
w3 L«Su

3.2, 2., Digturbed case

In the case of stability with disturbance, no theory, or mcdifica-
tion of the sbove theory, has yoi becn advanced and the phenomenon is notb
o well understood

Drsturbaace techniques for otability testing have been used in
the Bs A E, Scaplanc Terk Tor some time, In 1936+3 it was the practice to
do test runs while the vater surface was stall disturbed from the previous
run. If anztabality dxd rot éevelop the model was Ydusturbed fanrly violeatly"
and vhe guhscquent motion wras coboerveds A more detailed Gochnique was
neceeszitatod by the fact that tvo seaplanes, the Lerwick and the Seunders-
Ro¢ R4/3%, stablc model scale, became wnsteble full sccle, the lattor crashing
as o result of this instability. Thile revigion of techruigue 18 repeorted by
Gott wao states that "a serious @3fficully appears when 1t 1z necessary
tn decide what is a surtable disturbance to give the model" and that "it has
al 7250 heen geacrally agrecd that the model disturbpance shouid be correctly
gcaccd down from the meximum disturbance the full scale flying boat can
receive in cervice'. It was found that o nose down @asturbence was mors
cffective 1n producing instabzlity than a tall down disturbance ol equal
mzreatide and that a train of about six weves could couse the oaset of
instob.lity, even ithough they were waves of amall heisht, as long as toe
vave length was of the right order to produce a regonance effect. It is
ccnetvded (xn Reference 1) that the wave tecknique is too time consuming
and that o suitoble monual d@sturboance uwust be given to the model, Thas
distuwrbance must not be too small in case an unstcble region dis missed, and
it must rot be too large, so that the aircralt under consideration is not
widuly poenaliged, 1.e. so thoal the stability of the aircraft 1s not made to
gppear worse than it is under normal operating conditrons. Some time later,
1t 19&49, Saith describes the digturbance given zs & severe nosc down angular
displeccment of the order of 10° amplitude and, in the more recent tests on
the Saunders—roc EG/thb, the spolied disturbances wersz of the general order
of 69 = 8% noge down, except =% fiae angles of trim when the keel attitude
was lowered to 09, i,e. the disturbance was less thaa 69, It is clear from
the foregeang that the degree of disturbance given 2g a compromise and that
the szgn:ilicance of applying a given degree of disturbance needs further
investigabion. Thisg has been done, in 2o limited manncer, and is considered
in the next wio paragrephs.

B 2o 30 Btabilaty limits with distwrbance

The offcet of diswvurbance in the initially unstable region 1s to
produce a sudden increase an the arplitude of steady porpoirzing, It follovs
bhet there must be a cratical dretarbance in this region, such that, if it
is exceeded, the model will oseallate at the higher awvplitude. Further, as

/the
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the degree of disturbance 1s increased, so is the unstable regicn until a
1imit is reached when no further instabality can be induccd regardless of
the disturbance, Partzel limits for 0, 3, 4, 5, £ and greater degrecs of
disturbance for Model A are showm in Figure 6 A complete set of greded
stabality limits could have been cobtained, but this wzz considersd
LNNecessnry.

-

[

An invegtigation by Locke and Huglilu inlo disturbance effects,
restricted to a particular part of the stability diagram, substantiates
the oxistence of differcnt limits for different degrecs of disturbance and
that therce is o final limit which further inecreascs in magrituds cr
disturbance do not alter,

Be Zaley  Viuve - digturbance corrcelation

The disturbance tcchnigue was <volved mainly to swaulate full
gcale conditions an waves without the expensc of tirm or laobour incurred
by producing waves in the tonk. It is suggessted that tnc 1-pact of o hull
on a wave front, or a series of wave fronts sssuming a cumulative effect,
could be congidered cs tantamount to a given degree of disturbance and con-
versely a given disturbance could be matched by one or more wave systems.
By taking (model scalc) several points within the 5 degres unsteble region
but outszde the undisturbed unstable region, it was possible to determing
for each point the critical nose down impulsive disturbance, i.e. the smallest
disturbance vwhicn wovld induce instobility, and relote il to a nurber of wave
troins which wourd similarly just induce instobility. This was done by making
steady specd runs through waves of selected lenzth/height ratios and, in
each case, effectively increasing the wmve height while keeping the ratio
constant until ingtabality set in, The nunber of such wave systems so
rclated to one disturbance at a given point in the stability diagram is
anfanite, lying clong a well defined narrcow bhand which could, for practical
purposes, be taken s & curve. The points chosen for iavaestigation, with
the corresponding curves, arc shown in Figures 72 and 7b respcetively,

(Wermal stability dlsgram notation is uged for peints in Figure 7b).

From this limited ilavestigation several tendcncics are apparent.
It secms that for a given wave length/height rotio, as attitude is decrecsed
s0 the wmve heizht necessary to induce instability incresscsz and, as specd
12 increased, the wave height necessary £or instabilzity incresses, the
of feot of wave height being less marked as the wave length/heipht robic
is incrcascd. Perhavs the resgt inpertant point is thoat a stebility lamit
obtained by applying a jiven degrec of disturbance does nol nccessarily
represcnt any particular full scale lindt obtaxned in a given wave syster.
For instancc, supposce 1t were Cesired to assess the stebality of a full
scale version of the model (werght 150,000 1b. ond bear 9,5 fect) in waves
of leongth/hcight rotio 5C:1 axd height 2 fect = 0,21 b, Thon, apgnoring
scale cffect, Tron Plgure 7b cases 1, 2 and 7 -yould be unstsble while
coses 4 oond 5 would be stcble. The 5 dogrec lumt (Fagurc 7a) is cbviously
ancorrect os 1t erbruaces oll the pounts; similurly with o AL degree limit
(from the cratacal disturbences of Pigurc 7aj. Ak degrec limit would
render point 2 stable, and a 3% degree 1imit would do likewise for poinis 1
and 2. while = 3 degree lumt, or lower, svould meke the points all stable,
Limits have been considered over a renze from complete instabiiiiy to
complete stability for the fave points and no satisfactory correlation has
been obtalned over the vhole gpsed range with the wave effects., From the
shepe of the curves in Figure 7o, it can be seen that this argument can be
applied to any of the wave systems considered other than those rendering
the five points all unasitable or steble, albhcugh the divergence in stability
lessens with ancreasing weve length/heaght ratios. The critiecal disturbances
were assessed to within % degree ana the wave systoms were acourately checked.

/That
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That points 4 and 5, with critical disturbances of 3.0 and %.5 resvectively,
lie close to the 5 degree 1imit, 215 possibly due to an inzccuracy in the
limit an that region. The daffaculty lies in giving an impulsive distrrb-
ance of exactly 5 degrees to the model without duplicating runs and in

that region the stuabilidy of bModel B was very sensative to the magnitude

of the disturbance, porpolsing amplitudes increasing rapidly as the limit
was excecded. It may be that the disturbances were slightly loss than

5 degrecs in ampliitude, as great care is neceded in thas high speed lower
limt region to aveid submerging the nose of the model, but this in 2o

ey detracts from the foregoing argument.

Aoy technique evelved te cxactly sirwlote, by means of dlsturbance,
full zscale stcbality an o given wvave train will be laboraious and the tame
token will be prohibitzve, Fubure tosts with disturbance will be mede .ath
an amplatude of disturbance greater than criticel (obout 7 degrees gonerally),
vizen the worst stability disgram will be obtained, Aliter malknng anr nccoasoy
allowvonce for ccale offect, this lamut will ropresent the worst stebilzty
cage 1n any wave systom. A the wove height or length/height ratlic decerecascs,
sc will fthesc limits tend to the colm vwober or undisturbed limits,

An clternative methed would be to mroduce in the tank the scaled
dowm waves 1n which the boat will have $o operate and then obtoain o gtubalaty
diagran wathout disturbonce, This Tethod would agsia be bime taking, but LT
the full seale techunique of acceloraled ruas with fixed clevotor is feasible
in the bvanik, the tonk time will be considercbly rceducced, olthough analyscs
of nocessavy récordings will slow things down, When declang wath waves 1n
the taank, Rofercnce 17 should be consulted oan wave stabilidy and wave makor
limitations.

A wave check, similar to the foregoing, carricd oul at one point
for liodul A {(waich differs geometrically from Model B only 1a respoct of
forebody warp) showed no differcnce from the corresponding resulis of
Model B, I{ secms reascnable to assume therefore that, for medels of
this scrdes al the sare wedipht, 28 cny mojor change an wave offocets 1s
brought about 14 vall be meinly due to afterbody alleraficons. GCocasional
wave checks, duraiag thc programmc, coupled ith tne tio lumiting stebility
dagrams, should give the opbirun cmount of information for the bire spent.

%, 2. B, Rocording systenrs

As a further ald in stability testing two desynn systens werc
atbached to the model rig, once for height using a flap type transnitter,
and the cother for attitude using a miniature transyditters Ropid responsc
indicators were used and these were fitted in an autonatic observor which,
by rmecns of a Bell and Howell AL cine camera, also recorded time and speed,
The sysicms have the nornal desynn 1iritotionsl€ but the reguired worliag
frequencies, 3 or 4 poer sccond, are low aand,ns the indreators acce daoagced,
the trends of height or attitude changes arc fairly well shown. Two oxarmples
sre given in Figure 8 (a) and (b). In (a) 2 disturbancc ot 28 foet por
scecond, Oy = 7.16, clevator -8 degrees is shovm. The obgerved amplioude
of porpoising wms 8 degrecs and this agreoes well with the roconded wiplitude.
In (b) the model zs running at e sbeady speed of 20 foot por ccoond,
1 = -8 degrees, through a vave train of length/height ratie 110:1 and
weve height .25 beam.  Calibratzon of the ottitude systen is rather tedicus
but this could easily bo overcome, if nccessary, by a medriication whach
would slightly increase model anertac,

/Tt
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It 1s interesting fto note, 1n view of paragraph 3. k., that, in
the two examples given in Pigure 8, although the test conditions were the
sarme in eoch case, whe recording with disturbance shovs no sinilarity to
the recording with waves., The frequeacics and amplitudes of oscillalien,
as well as the changes 1a C G, height shov marked differcncis. A deiailed
1nvegtigatzon along these lines over a range of wave lengtiy/heipght ratios
with wave hexghts sufficient to produce instability, swwoula be time taking,
but it should be dome 1f possibkle.

Ze 3s  Snray

In an attempt tc get spray phobographs of reasonable corporative
value F. 24 cameras were positioncd off the starboard bow, the siarboaxd
beam forvard of the wing and the starbcard bcam aft orf the wang, A cheguorsd
patiern, consisting of alternate black and white squarcs of 1/ beam sice,
with the step point as origin, was painted on the sgterboord side of the
model to aid in subseguent analysis. 4n exposure time ofﬁ}, of a second
was used in order to get photcgraphs of apparently contlnugﬁs spray onvelopes
instead of the discrete drops without sense of direction, which result froa
using say an clectronic flash wath an open camera shutter, As the camoras
are close to the nmodel, the depth of focus is small and roughly only cie
plane, chosen as that containing the grad on the hull side, could be 11
focus. The photographs therefore vill show parts of the sproy and model wing
as being considerably out of focus, but against the chequered background
the spray profile is sufficiently well defined for a reasonable comporilson
to be made,

The vhotographs were token simultonsously during the undisturbed
longatvdinal stability assessments, with n = -8 dogrees, mainly over the
displacement range of spesds, An exomple is given in Figure 9.

3ol  Hydrodynomic directicnal stsbility

For the directional stability asscssment the model wos towed and
pivoted at the C G s0 that it was fiec in pitch, yaw and hoave. A constraint
was applied 1n roll so that subsequent onelysis and corpariscn wwould not bo
unduly complicoted.  Further, as full scale take-offs arce nade os near into
wind as possible, ailerons are cffective at low speceds aad the wings arc
normally held level by the prlot. The roll constraint thus gives a good
first order simulation, The effect of roll constraint on Grrcclzonal
stability was checked and found to be negligible. It was folt that ihe
effect of change in welght would be of sl:ilarly small order, This hags
since been checked at onc other weight on iodel € and Lhe resulting siight
change 1n directional stability can,for proctical purposcs, be ignored.
Both of thess effects will be discusscd in the relevant model rcports.

Steady specd runs were made over a range of specds from 4 to 4O foct
per second. At each spocd the model was yawed in steps up to not more lhan
18 degrees, moments being applicd through strangs attached to the wing-iips
level watn the CuG. The direction and order of magn:tude of the resuluiogs
hydrodynaric momend wos Judged by the cperator throuzh the pull in the strings,
and the angle of yow wos rced off a scale on the trdlplane vith an acouraey
of about * % de%ree. This fype of test was carricd out cn a dymomic model
of the Princessl? but owing to the lorge undeteruned scale effcct it was
stoted to be somovhat inconclusive.

Then the model is yawed the water flows over the hull side
presented to the dircction of motion (the port side in the present cosc)
and, at the larger angles of yaw and higher specds, it sticks and covers
the whole of the side Cor the length of the efterbody sometimes running um

/the
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the vertical tail surface. It wos Felt that this effcet would not be so
severe full scale, so ebout six forward sloping siraips of thin triangular
seclion were stuck along the affected part of the afterbody woll to deflect
the waterds, 19, and the tests were roreated wath this modcl configuration.
The effect of attitude was checked by doing the forepciag ot twoe clevator
settings, +2 and -10 degress,

11 of the aforcmentioncd tests have not been done on sach medel;
in pariticular, rccordiags have been restricted to isolated cascs. Thosc
tests done on any model will be indoicated in the rolovenl model repord.

P

Lo DPRESENTATTONS

The majority of fThe test resulis for this serices of models arce
presented 1n nen~dimengional forme  IF, hovever, & flying boot of 150,000 1b.
end 905 Foes beam be envisaged (as per Refercace 1) the mocsels are then
1/20th scale and a quack 1des of full scale values ray be cbtained by
multiplying velocaty coefficient Cy by 10.35 gaving Inots and load coefficicnt
C by 54,600 gaving pouads.

l+1, Aerodynamic 1if{

The laft carves wathout slipstream have becn plotted 1n the normal
morner.,  An exoample showang the eflcct of elevalor is given 1n Figure 10.
The points plotbed are check points in respect of which the curves have hoon
modified from those of the first wiag tested. Tho toilolone lxft curve is
shown in Frsure 12 and 110t curves -ath slipstroou have besn plotted at
different thrust cocfiicients, Yo, Pacure 13.

None of the curves have been corrected for pround crfcct, this
teing considegrod winccegsary from a comparaiive bydrodynamic point of view

4.2, Eydrodynamic longztudinal stacility

The longitudinal stabiliity diagrams with and withoub dlsturbance
arc presented es in Flgures Iy and 15 respecilavely, Ifo flying rogloa is
wndrcated because, excopt at the lower weights and with slipstream, the
medaels id not 1y, but 2 pgood 1dea of flying speeds for sach clevator
scuting can be obvoined from the corresponding load coefficicat aragrans
wien €, = 0, c. 2 Figore 22

The limits only (and not the complete dlagrans) ere presenbed
non-dimensionally on a specd base, and oa a draught basc (Figure 16).
Curveg of load cocfflclent,cb,agalnsﬁ velocaty cocificrent; Gy, neceasury

Tor the sceond Gype of stability piciure, arc included.

The limites on o veleoelty cocfficient base are straightforard
and require little comront (Figure 16a), but o short explapation on the
derivation of the drought bose sheuld be useful ond is given below.

The idec of »lotting stobility limits on another buse wes
orrgineliy considercd from tiace poirnt of view of obfaining o collapse,
thercby saving time, and the base used wes ,C.,Gr. This was used by
Iocke 1n his method for the inborpeletion of stobality liritsZO, where 1t
15 suggested that by sultable modilfication of the secoles onc generalised
s¢t of limite, oca a /3 /Uy hase, i1l serve for dacfercad weight and wiag
conditions on tho sarme aull, Coaversely, %hen, one might expcet a complete
coliopse of limite for scversl -mights on the swmne hull vwhen plottg@ oI &
L va bosc.  This 1s stoted to be the case by Whitsley cnd Cre.o = bus

/that
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that 1t 1s only partially o can be seen from Fizure 16k, The Pfailure
to collspae moy be accocunted for by the fact that Locke's enalysis is
based on hulls 7Ath beom loadings of the order of 1.0C, when Froude
number effcets can be neglected at higher specds, and the presert sories
of hulls, wvaitn beam loadings of the order of 2. 75 and conscquent higher
draughte, give rise to Froude number effecis —~vhich cannot be ignored.
This, however, 1s only a svggestion eand has not been proved.

Yhen atiitude s fixed, /T /Oy 1o »roporbticral o draught
vut wn the stability case, wibth varying attiiude and consequently varying
aspect ratio, /O, /C does not reprcsent draught. To find a draw hi basc
hich s sulteble for siabality plotting, use ves mede of cava from a report
by Perring end JohnstonfZ. The two plaring cases, wathout and with chine
imnegsion, are cousidereds

Cace T = widihout chine jmuersion

Ta this case Lhe forebody of the medel 18 considered g3 sn 2desl
planing wedge (Figure 17) of infinibe beam 11 so far as the mawimun beam is
never weptod.

Assure & hydro@ynamic 1ift coefficient, ky, defined by

for v S1i,

I

n
P VESL a3 o

ere 51 1s the progected strll water plaming orea on a plane contazaing
the tangent to the forcbedy keel at the main gtep (Fagure 18) and the
. ~ £, -
relevant aspect ratic Al 1s delined as Al = O vhers by 18 the weobted
[
=1
boci  Expressiag 81 and &) an terms of draught, 4, and attitude, a,

e a4
WC e

i)
d‘..
gin g, o8 ox tan B

1

51

cad Ay = he ten o

Ly
Len B

Over the attitude range coagidercd, o is mmall, sc 1t caa be
assumed that sin g = ag and cos ¢g = 1. The projected arca and aspoct
ratio cxpregoions thea become

o ,
Sl = d‘" and Al - C'JK'_ .
o ton P tan B

From reference 21, an, the slope of the 1ift curve, is a funciion
of the ospect ratio and con be expressced as

[
a1 = Cp » A]_O"’5 = Cn EL" i
{

whers Cg is e cocfficicn®, depending on the deadrise angle B, {sce Fagure 19,
reproduced fron Refercace 21).

/aotuning
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Returniaz to cur oraginal base and substituting ve have

P R =
Jaa e g
Cy S 3 v
JF—\:zg_—:r—- -
i PV"/ la_‘j’n. . gb
S/ b ve
I“ 2 v 023
o d® oy « 0p e (boog i
/o tan B e itaﬂ S,E
/¢ G. 55
- a ] {5 (}-i- O..K)
b;’(tan 6)1'53 ’
therefore & = b figgg;ﬁl}‘55 . JEL_ . -
J Cg Cv (e o) 295

The mean deadrise angle for the wetted part of the forebody of
he model now under consideration can be taken as 289, in which case
Cp = 036 and tan B = G 5317, With beam, b = C.475 fect, the draught
expression simplifares to

a = [©
vﬁ%’ . O;i5800265 feet ..o wath eg 2n redians.
Y

It differs from the oraginal basge an that an attitude function
has becn brought inm. ‘This functlon,cq;o°¢ 2, 1s plotted ia Figure 20 io
simplify fthe transiormation of the stability limits from & velocity

coeffzicient to a daraught basa.

Cagsc IT - wath chine immersicn

Thas daffers from Case I iIn that the moxamum becam, b, of the
reprosentative wedge is alimys wetteds The 1lift equation iz unaltercd in
form,

N

ero= Pwﬂrz o3 ap ag

but 82, agoan the projected stall water plarang area on a plane conbaining
the fangent to the forebedy keel at the main step, becomes now, ingtead of
e simple triangle, a triangle plus a rectangle, the size of the lattoer
depending on the extent to which the chines arce immersed (Fagure 18).
The corresponding aspect rotie Ap is defined as Ay = Ei .
52

If (1< )s is the length of chine submerged and s is the wetted

length of the keel, then, cssuming os bofore that sin ap = ap and

Cos aKzl,

Y 8 o =

/~heace
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] c'

.tagg s

S (2-r)

whenee vy

u

[#23
8]
i
r\)icr' MY

= b (4d - b tan ),
j—#-GaK

Lboag
Ld - b tan B

A2

i}

it

and ag CB Ap 0. 55_

Reducing as in Case I we have

ol S
J_=2 :/PW"?-2 SZ as o . g}l
Cy wh3 v2
/'C ;" . ! OOJ-I-?
:',Br‘(ﬁi).;.d-buanﬁ;
W 3 4 b i R
g v 1
= fo o !il"d = b tan B! /e approximately,
Mt
therefore|” i K _ 4+ b tan = b d
| ov Cp™ ag °
Substituting for Cg and tan B, and simplifying gives
—.— L'_
d = Efgﬂi 365 40, 0635 feet ... with ag in radians,
L Gy ayr
v %l T
= i_‘"l 2022+ 0.0635 feet ... waith ox 1n degrees.
GV, ag

The above analyses are based on the assumpticn that a flying boat
can be represented by a planing wedge. The draught bases derived are therefore
only valad when planing conditions have been ecstablished, when there i1s no
interference from the afterbody and when the wetted part of the keel iz
straight, i.e. at lower limit attitudes gemerally. Draught is not normally
measured durdng stebility tests and the only check which could be obtaincd
was by measuring the draught from spray photographs.

Compariscon of measured and calculated draughts

_ ,  draught 4 ins. crror

K Ov | Ca  |Ca/OV measured | calculateg| s
e 7 2. 0 1.13 0,118 C. 65 0. 79 Q. 15
2.0 Te 03 LB82 0. 192 1. 00 127 0. 25
8.9 721 | %02 0. 140 Q.75 0.91 0.15
82 g.21 | C.315] 0. 061 C. 25 o041 0. 15
8, 6 Ge 18 1.2 0, 134 0. 80 0. 90 0. 10
g.2 1100 0.72 | 0. 085 0. 45 o 59 0. 15
.5 7.98 | 1.50 { 0.154 0. 75 1.02 Cs 25
8 8 824 | 0s65 | 0.098 0. 40 0 65 i .25
Mean error _ 0,18
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These photographs werc takea with the wodel at high attitudes
when there wes almost certzinly some form of afterbody zmterference,
loc. the aftcrbody mey have beon plaaing or it may heve been struck by
sprey from the main stop. Hither of tucse elfects would reduce the Torcbody
leed on water and make the celeulated load ccefficient too high, -vhich in
tura, would give high values of draupht.

It can be sgen Trom tue table that the caloulated draughts are

There io a mcan positive crror of O.18 1aches and arcund this
there ie a maximum scatter of 0.08 inches., The mean error could be duc,
in additron lo iacorrect valucs of load cosfficient because of afterbody
iaterfercuacc, te tno use of an ancorrect value of deadrizc coefficicnt,
Cgs as tue rodel -ased had a forebody warp of L degrees per beam, or o
the lproriig of aplosn up an the defimation of wetied area. The scatter
can cusily te accounted for by the method used to obtsin draughts from the
sproy photographs, It 1s felt that with a more detailed irnvestigetion the
nagor error could be elaminated, vhen the formulze wall give draughts as
acceurstely az they can aow be obtained by dircct measurerent on tne shabilaty
rig  The draugnt formulae wall, of course, be just as applicable full scale
zs they arc rodel scele, providang that the correct values of vC./Cvy can
e ovtained.

1hoe lowrer stability limits for lodel B are plotted on a draught
baze 1nm Plgure 21, As, according to our earilicr definitica, chine immersion
“Al1l ocecur et draughts cbove d = 0,5 b tan B = 1. 52 inches, the formula
used Vs thot Zthout chine zororsion. The stability limits are transformed
into a fanily of streight lanes, which coaverge regularly as draught
decresses.  (The lower dreushts are al the right hand sade 1n cornformity
wath the previcve Iimiec plots). The lower weight limit, Cap= 200, does

ot arvear to belong to the family, but as it lies mainly outside the

limts of apeliacetzen of the formula, in that the curved part of the
forchbody xcel is vweiled and the forebody can no longer be represcnted by
a siplc wedge, 1t can bo ncglected vhen considering the method of plotting,
Il can be noved, howover, that 1f all the curves were extended to o = G,
the raxzrum drought error would be C.05 inches, and the overzll chonge 1a
crauent along the lower limits 13 only zhout 0.3 1nchos.

The oim here hos becn to cstablish the methed and its validity.
The irplicetions of this type of plot and its possible modification, in
the light of xmore recout Amorrcan wedge dafa, will lfcrin the subject of a
leter note, ~hen nore of the prescat scraice of wmodel stshility Sesis have
beoen completeds  In all the individual model reports lengivudinal stabilaf

lamite will be presented both on a Cy bese and on & diought basc.

In obtuaning too previously considercd lower limits, increases
in modaed welght wers cffected by addang weights to the C.G. bar, 1.c. by
kecranyg the noment of inertia rclatively constant and decreasing the radius
of gyretzone  Ibis approxingtcs {o the full scale casc and changes in
moment of inertia nave litile efTect on stobilaty lamits over o wide range
when the limits sre found by means of constant specd runs?3, Tt is felt
however, thot the variatson of critical trim with mass, moment of inertia
end redius of gyration reguircs further investigation on these hizh C.
modc e,

The foregoing cxamples have becn based on longitudinal stebilaty
lirits vathout disturbasnce, but limits with disturbance arc sresented in
the same mennecr,

4 typical load cocfficient diagram is shovm in Pigure 22, The
curves, Which corrcspond to frim curves on the stability disgram at the
same O, o ore corrected for clevator effcct.

/e Spray
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baBe  SDYEY

The grray charscteristics of any of the models ot a given speed
can bust e asgsessced by inspection of the spray photogrophs for that specds
Fy oulteble anciysis the co-ordinatec, ¥, ¥, 2z, of a pcak on the spray
bilster have becn obtained for cach of the spoeds 4, §, 12 and 16 feet
pexr second. At hichor speeds fthe spreay peak 1s blanketed by the wing
“he locus of these points has becen plotted in Figure 23 for liodel B ab
C., = 2,50 usmng the non~dimersional co-ordinates Oy, Cy and Cg with the
ston point as crigine  This linc gives o good overall 1dca of the model
gorey characterastics at a given weignt and will form o convenaont basis
or comparison, 1 it is desired to use any of the more involved K AeGCs
coray co-orcinstes such asz Cu/Ch /' , {Refercnce 24) mufficient informaticn
wll be found an each model regort.

bolys Dircotional ctcbility

Unlike the longitudinal stability diagrom which is divided anto
definite stuble and unstable zonce, the directional stobility dlagrom, with
degrecs of yaw as ordinates and veleocity cocfficients as sbscissae, represeals
a vlanc of instability which 1s crossed by lincs of both st.kle and uustable
ourlibrivn,  IT the wodel is positicned {(an effecs) atl any poaint in this
nlanc and then given cormplete freedom at constont speed, it will swing round
to the ncarest line of siable equiliabraum that it con reach wathout crozsing
an unstable line. In cother words, it will swing towords o line of stablis
cuilibrium and awvay from a line of unstoble egualibriuwr, The prescent tests
have been made with ne rudder tab, i.e, with zero aerodynwmic yawing .omsnt,
and the dirceticnal stabilivy dagrams are for this casc only. Similar
dlagrans could nave been obtained for different rudder settings, but they
ere not necossoxry to the nresent investigetion and it is gonsidered that
they would doffer by very lattls from the zero yawlng moment casc.

The First dircetional stobility diagrom (Figure 24) has boeon

cbiaincd for sodel A wath exn elevator sctting vhich glves « stoble tow

he-off trim, snd cxplanateory notes, based on cbservation, have bheea acadeds
The sceond disgrom (Figure 25a) corresponds fo stable hagh toke~off trime,
It cun be scen that piiea chinges have little effect on tnc dircctioncl
stobllaty execopt ot hi_h speceds, cnd oven there the effecl is ansufficicnt
e warrant seporaic investigations. The remaining modcls have thus been
tested ot one clovator settzay only.

It nes been suggesied that, although the afcrementlionsd dingrans
cre useful for 2 medel to model comporison, because or the large scale
ffect (completely undetirmined tarough lack of full scale datn), modol
directionzl etability iests should be repealed with side breciker strips
in position snd the btwe sots of dlagrams so obtaincd reprosemt limiting
condrvions betweon which the full scale cases Iie, This has been done in
the hirh afttitude crope end the regults sre given in Figure 25, This suows
thet the stable eguiliivraam line is substantially unsliered up to Gy = 3
and it 1s then coilncident with the speed axis. The breaker strips inlended
to rrevent the flow from sticking to the after hull side functicmed sell
in this respect, bul 1a view of the fact that only an exact reproduction
of sart of tnc normal stebilaty diasraa 1o cbiained by this type of fest,
e, the curve below Gy = 3, it has beea discontinued,

A mueh betbor ildea of the naturce of directicnal stability diagrams
could be obtalned by yawing a small model through 360 degrees. This ig not
completely develd of practicael significance, wmarticulerly at lowor spoeds.

A pilol using reversible prich propcllers could ecasily overcorrsct and in
the lumit a flying boat maght well be draven backwards when sanoGuvring.

Host of the models in this programme 3l thus be tust.d dlrectionally
et one weirht, one C. G position, ons elevator setting end one rudder setting,
without bresker strips. Rewulis will be presented in the form of Figurce 2ba.

Jhe B Bluvator



he 5. Blevator ef{cctiveness

A5 the acrodynamic choracteristics of cach model are the sore,
the e’feet of changes of hull parameters, such as forchbody virp, on
clevator offectiveness can easily be asceriaineds Corresoonding to cach
moacl weicht therefore a plot of clevator cffectivencss an toke-off wall
be gaven. The analysis has been donc in some detzal because the curves
of attitude zgeinst elevaitor angle cbtaincd were of' defanite form and hod
little coatier. Tnc ncthod used iz illustrated in Tagure 26 (2), {b) and
(c)e Tigure 26(.) 15 a plol of aftitude apainmst clevator angle Tor a given
speed, {p) 2o tne slope of this curve together witn the mean ordinate and
(c) i ire Trumel groph showing the variation of clevator offeciivencss - ith
velocrty coetiicient.

5. CCICTLUDILG LRLIES

The test techmioucs employed th*oughout tae nydrodynorde stobilaty
owrt of the advanced hull design iavestigation will be oo locad dovm an this
cport.  In the casc of the disturbaace technicue hOﬁGVur, it iz often

]ﬁpOSSlblL vo give large disturbences ot the high specd cnd of tﬂe Jower linit
region and we ore St&ll lett with the operator's opinmion of what 1z o
reasoncble disturbance under the ecircumstancces. The technique is cescotially
on ¢slinntion of the ablllﬁy of the flying boatl to operalsc in waves. Ir wiln
dasturbance, a good scet of disturbed stability limize clozes up oua toe
steble regioa completely ulsqppbura, thea the boat 1s useless in roupgh vwalcr;
on the other hand, 1f the disturbed limidts differ only slightly from gooa
undasturbed limite, the boat wall handle well in rough wetor.  In the ovrecent

sts 1t 1s proposed to gave sufficient disburbance to the modcel to obbei
she vorst mozsible limits, subJject to safety considerations, The full scale
WAVEC CLEC cadl hen be oxpected to lic betreoea thege and the undisturbed limzte.
Seme zieas vhrch will he found unstable by this bechnaique ore vnlzkely to
cave dnslobility full scale, but the use of the ~cthod pormits o more reliable
corpariscn of disturbed cascs thon vould othemice e possible., 4 drsburosnce
of spy 2 degroecs naonltude mipght rave the same lirmats for tvo hullu, where e
larger dasvarbence wrll separate thers  That there arpears o be no sigls
%bldtluﬂuﬂgﬁ but con & disturbencce of given megnatude ard o gaven vove syslem,
does rot clitcr this reasoniag, and o small error an the high speed lower 1imit
with dlsturbonee should not prove unduly troublosomc.

Ia 21l indavadusl model test roports the faigurcs will be to tue
vade scale so thal thoey are dircetly compardble. Any devaation from, or
aadition oo the techingues of thisz report, will be particularly notcd.

Points arising which need further research include the exilenszon

of fleuert ecwnd Porring's theory to include the wove case, The fllst stcp
here vould appear to be the answer to the guestion of why docs the modll
porrorse ith e greoter undanped wmlitvde aftor dasturbance in cola wmter
than it docs belore being dis thfbea. Having setiled this, porhaps o relosion
chip could bo entoblasbed bewicen the frecuoncy of porpoising in waves, the
freguency of the calr wator dlsturbed oscaillation and the rate of izpoct

of the bos Jith the wwve fronds.

Trom the discuszion on hydrodynonic dircetionol ghabilaty 1t is
obvicus that zome full neale dntr is necossary te allow an assessment of the
scall offcet to be mode.

The method o) plobting steoility lindits on a draught basc needs
substomtiotion, «nd it could possibly be cxtended to include the urper limzt,
At presens, cnly 4o poiats are nceled ‘o establish a lower limit (2g it is
r. str-isht line) but rore work is nccessary before the idea can be Tully

P
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The investigation of thne varzation of critical trim with mocs,
moment of inertis snd radius of gyration, necessary because of the hizh
beam locdings of these models, is now being curried cut and -all be
reported in Part II of thais scries.

JLIST OF SYIBRCLS
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LIST OF SYMROTS

Loed coeff:cient Ca
Veleeity coelfficiont Cy
Lonpitudancl sprny coelficient Oy
Interal sproy cocflficicat o

Vertreal orray coel{icient

ty

= Iopacd ou sicter - 1b,
= Lenoity of voter - Ib. per cu. Tt
= Maxamun beam = 0.475 ft.

= Tater spesd - £t per sec.

= Jfeoccleration due to gravity - 32,2 £t. per see, 2

i

Longitudinol spray co-ordinate - f£1.

= TIatersl spray co-crdinate - ft.

= Veritical sorsy cowordinste - ft. 3

»

Tobal laft coctficient.
Tazl 11f% coelTicient.
Gross mainplone arca - zg. T4,

Gross toiiplane area - sq. £t
Wilag imedidence - degrees.

S MUy = Standard meor chord - ft.
Kecl angle to horazontal - dogrees.
Elcvator angle - degroes.

Thrust coefficient = Yo

pip~a?

= ¥roncller thrust - 1b,

= Dencity of air - siugs per cu. fi.
= True zar specd ~ £, ner sec.

= Propeller mameter - 4.

vith stop point
as origin,

/&,
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LIST OF ST ROLS
(Contd. )

Hydrodynamic 1:f't coefficient.
Deadrise coefficient.

Draught - f't.

wetted beom - 1.

Jietted length of keel ~ 4,

Density of water - slugs per cu. ft.

Letiod length of chine - 4.

Projected still water planing area - sq f
Lspect ratio of 8.

Slope of hydrodynamic 1ift curve.

Slowe of hydrodymamic laft curve.
t.
J
)

Projected still water planing area - sq. ft.

wspect ratio of Sp,

/LIST

without chine
Immersion.

with cliine
immersior,

CF REFERENCES




- 23 -
LIST COF EEFERENCES

Noa Authorg s) Mtle

1 #e Go Smdth Nobes on 2 detailed research programoe
Je 4. Hamilton on acro and hydrodynmrncs of hulls
with hich faneness ratio and full stop
fa.:i.‘r‘i.ngs. MeAeEuEs Repor‘l} F/RGS/221 .
—R.Co 13,877« March, 1951.

2 4 G Smath Weter and air performance of seaplane
Je E. Allon hulls 28 affected by fairing and
fineness ratio. R. & M. 2896,
aungust, 1950.

3 T. B. Owen Model testing technique cupluyed in the
L. G. Kurn R.4.E. seaplane tonk. (To be published.)
A. G, Srdith

4 J. M. Benson The porpoising charactoristics of a

planmng swrface representing the fore=
body of a flying boat hull. S.471 (6166),
NACA/AFR (VR L - 479) . October, 1922,

5 D. M. Ridland A comparison of three types of chine
abtrip for use on models for test in the
seaplane towing tank,

M.AE.E. Tech, Memo, 17. Novermber, 1952,

6 R. Parker Notes on a research ajrcraft proposed for
use a8 a sexplane test vehicle for ths
development of odvanced designs and bagic
research work. M...E.E. Report ¥/Res/229,
ARG, 15,538’ Decerﬂber’ 1952.

7 P. W, 8. Locks A method for making quantitotive sbudies
of the main spray characteristics of
flyaing=boat-tull models. N.Cu/aRR/3Ki1,
Noveriber, 1943,

8 X. W. Clarke Scme neasurenents of ground effect in the
Wae Do Tye soaplene tank. R.a.E. Report B.a. 1421,
Aero. Tech. 132h. 4a.R.Co 3263,
September, 1937.

9 A. Gy Spdth A review of porpolsing instability of
H. G. Whate seaplanes. R. & M, 2852, PFebruory, 1944.
10 Wa Go As Perring The stobility on tho water of a seaplane
H. Glzuert in the planing condition,
Re & i, 1493, BSeptenber, 1932.
11 K. S. M. Davidson Porpoising. A4 compardison <f thecory with
F. W. S. Locke experimens, NACL/ARR/3G07. July, 1943,
A, Susrez
12 As Ge Smith Notes on the water flow over a wedge.

M:-A.-E.El TGCI‘I. I‘&enlo. 18- AnR-C- 15,93}.{’.
Maxrch, 1953.

13 L. P. Coocmbes The use of dynamically similar rodsls for
Ve Go 4o Perring determining the porpoising charvacteraistics
L. Johnston of seaplanes. R. & M. 1718,

November, 1935,

/.



—2,4_-

LIST OF REFERENCES (Contd.)

No, Author Titlo
14 Je P Gott Note on the technique of tank testing

dynanic models of flying boats as
arfected Wy recent full scale
experience. AJR.C. 14L378. December, 193%9.

15 G. L. Fletcher Tenk tests on a Jjet propelled boat seaplane
fighter (Saunders-Roc ES/AL).
H. & M. 2718. Januw, 191}-6.

16 F. W. 8. Locke A method for studying the longitudinal

W. C. Hugli dynamic stability of flying-boat-hulld
madels at high planing speeds and during

landing. NuaCA/sRRAH3Y, April, 19L5.

17 C., H. E. Warren Calibration of the wavencker in the R.4.E.
W. D. Tye towang tanke Ra.a.B. Toch. Note Aero. 176k,
AJRWC. 9770, March, 1546,

18 F. R. J. Spearman Measurement of dynamic performonce of
degynn repeater. R.auB. Tech. Note
Tnstn. 122, August, 1948,

19 T. B« Owen Model. tests on the directional stability
on the wator of the Princess fiying boat.
R.4.Es Tech. Memo Aero. 262, fpril, 1952,

20 F. W. 8. Lockeo A graphical method for anterpolation of
hydrodynardc characteristics of specifiic
flying boats from collapsed results of
genoral. tests of flying=-boat-hull rodcls.
NaCA/MNA259, January, 1948.

24 D, Wnittley An interinm roport on the generalised
P. Crews rresentation of tank tests on a seaplonc
hull or float. Saunders=Roc Report No.
AE/37/T.  March, 1947.

22 W Gs Lo Perring Hydrodynamic forccs and moments on a simple
L. Johnston planing surface and on a flying boat hull,
R. & M, 1646, Pebruary, 13935.
23 R. E. Olson Methods used in the N.u.C.u. tank for the
N. 5. lLand investigation of the longitudinal stcbolity

characteristics of models of flying bonts.
NACA Report 753. 1943.

2, F. W. 8. Locke "General" main-spray tests of flying-boat
models in the displacement rangs.
NAC,/ARR/5402. April, 1945.

25 E. P, Warner Alrplane design - performance,
Mograw-~Hill Book Co, Inc., New York and
Londons

/APPENDIX I



w2 P

MODEL HULL DESIGN

le  GINERAL

In the basie design refeorence is mude to a streamline shapes
This 1s defined?d by

2 2
fomarfl LI'O%: (%) +0916y mo«;ls |'ltllabtal.lilll10'..(1)
A"J-ft 60?;: %)2+0006?9y2+012923.y :0836 ...09.9.:..0(2)
vwhere ¥y = diometoer at x,

x = dastonce from point of raximun dzancter, and

il

L overall lon~th of streamline shape.
The maximum hull beam, b = 04475 fecot,maximun height = 2b
and step depth = Q.15b.

Ze FOREROTT

The forebody is 6b long and is of comsbant bean for 3b foruard
of the step. The beam for any station in the forward half i given by
equation (1)}  The tumble home is scmi-circular in cross-section with
the beam at that swetion as dlaneter. Forébody worp varies from model
to nodel, but 1n the case of zoro warp, dszadrisc 1s constont at 25° for
the first half of the forebody for.ard of tho step and dincrenses ain a
rnanner giving good lines to 63° at the forvard perpendiculars In side
view the foreébody keel ig parallel to the hull crown for the farst %
forvard of the step, it 1s then clliptical, rising o 1L obove the keel
line at the forvard perpendicular.  4ll forébody cross~sectioms are
parallel sided.

3. AFTER3CDY

Afterbody length and angle varics to conform to Table I, but the
plan vier of she ofterbody planing bottoan i1s defined by equation (2).
Lfterbody deadrisc 1s 26° at the maan stop, increasing to 30° in 40 of
afterbody length and remasning constant at 30° to tho aft step. Cross-
sections are parallel saded up to of lesst the heighd of the aft step, but
above this 2 faarans, was added to carry the toxl unit. This was drown so
ag 0 give sood lincs and can be seen in Pigure 3. The il erovn ar'b
of the main step is parallel to the forcdbody keel and the afterboldy
turhle home is semi-carcular in cross-sceiion. The acrodynamic torl arm
13 constant, so0 whether or not there is a counter, and af go its design,
is dopondent on afterbody longth and angle.

/ TIBLEI
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TABLE I

Models for hydradynaimdc stability tests

Model | Forebody Af'terbody Af texrbody-forebodsy Stop To determine
varp length kecl angle form effect of
degrecs boams deprees
sor beoam
A 0 5 6 Forebody
warp
B 4 5 6
c 5 6
SJQ -
g 8
D 0 L 6 e 2 Afterbedy
2 length
A 0 5 6 g7
£ 0o
B 0 7 6 g
25
r 0 3 5 qc':uf S
5 8
i
G 0 5 L Af'terbody
angle
A ¢ 5
B o] 5 8

/ TA4BLE IT
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TABLE TT

Model Aerodynamic data

lhjnglane

Section Gottingen 436 (mods)
Gross aren 6.85 8ge Tt
Span 6427 £t.
SeifsCe 1,09 ft.
Aspect ratio 5475
Dihedral 3° o1
on 30% spar axis
Sweepback ) 1° o
Wing setting (root chord to hull datum) £° 9t
Tailplane
Section ReleFo 30 (mod.)
Gross area 1.33 sge £ha
Span 2416 £t
Total elevator aren Ce72 8e Tt
Tailplone setting (root chord fo mull datum) * o
Fin
Section R.A.F, 30
Gross area Ce80 sge £
Height 114 £t
General

# C.G. position
distance forvard of steop point 04237 L4
distunce above step point 0731 Tta

# % chord point S.M.C.

digtance forward of step point 04277 ft.

distance obove step point 1,015 £+,

# Tail arm 1 (C.G. to hinge axis) 3.1 £t

# Helpht of twilplane root chord L.E. above 0.72 Pt
hull crown

# Thesce distances are measured either parallel to or normal
1o the Indl datiuca
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FIg.3.  PHOTOGRAPHS OF BASTC MODEL.  (MODEL 4)
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KEEL ATTITUDE —-DEGREES

KEEL ATTITUDE — DEGREES
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10

FIG 6
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MODEL A
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KEEL ATTITUYDE — DEGREES

FIG 7A
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HEIGHT
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FIG 7B
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MODEL B
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KEEL ATYTITUDE
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KEEL ATTITUDE— DECREES
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FIGS 17 & 18
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