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ADDENDUM

Subsequent to the publicaticn of “this report a better methed of
af'terbody desigy was evolved consisbing 1n esseace of fitting the after-
body %o the caleculated wake shape 1o provide adequatc ventilation in the
planing condition. This methed was applied tc the R,\A.E. floats
described 1a shis report and an improved version of the floais produced.
L. summary of this method of afterbody design with the rosults obtained on
the K.AWK, floats was prescnted at the 7th Internatiomal Congress of
Lipplied Meohoanics and is reported in the Proceedings.

. Proceedings of the 7th International Congress of Applied Mechanics,

1948.

"Some sspects of the Flow Round Planing Seaplane Hulls or Floats and
Loprovements in Step and nfterbody Design." - K.li. Tomaszewski and
.A.lG'l Sni.th.
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Hydredynamic Design of Seaplane Floats

by

K.M. Tomaszewski, Inz. Lotn. (Warsaw)

SUMMARY

A generalised float form together with its attactment to the seaplane
is designed on the basis of existing data and tank tests.

It is shown that a good compromise can be achieved bhetween design
for water gtability, trum, spray, seaworthiness on waves, good aerodynam.c
form, buoyancy amd casc of manufacturc.

Much stronger afterbodres can be used for floats than for hulls
without loss of porpoising stabalaty and arc neocessary for good stability
and trim at the hump speed,

The final form evolved should prove a useful basis for the design
of fleoats for any particular purpose.
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1 Introduction

The purpose of this report is bo examine the geometry of seaplane
Tloats aod theilr positicon relative to the C.G. for porpoising stability,
spray clearance and seaworthiness.

A palr of floats and their atiachment to o small seaplane have been
desiuyned and tested i. the R.4L.d4. seaplane towing tank, 5o illustrate
the principles involved, The design features are however set ocut 14 a
non-dimensional form for general use.

Tesks with float~seaplanes have shownl that desuign for porpoising
stability 1s more severe for flying-boats, than float-seaplanes. It 18
necessary 50 desian for much deeper steps, higher and smaller afterbodies
for the fomer, For thig renson the shape of the Tloats was hased ia hhe
farst place on flylng-boat hull design and later chaages were uwade by
strengbhening the afterbedy to improve stabiliby and trim in the hump
regLin. The design layout was chosen as a compromise between manufacouring
requirements and theoretical desiga.

The water characteristics of %he twin-float-seaplane are determined
by six main parameters: (1) sbaitic load on the water (beam of the float
and total weight of seaplane), (2) geometry of the float in terms of the
beam, (3} position of the step of the float relasive %o the C.G. of sea-
ploae, (4) wing setting relative so she float, (5) aerodynamic character-
1scics and (6) track of float (distauce between the centres of floats).
The float desizn for gocad porpolsing stabiliby and seaworthiness is o
series of compromiscs between these parameters.

In this report the parameters (2) and (3) are investigated for
constant values of the parameters (1), (4), (5) and (4).  The beam of
the float was chosen for a siatic beam loading coefficient Cp = 1.5
: o

and has been kept congtant. A% this beam loading the volume of the float
was chosen to give reserve buoyaancy of 110% on the original form., It
was 1ncreased to 1404 for the final proposed fom. X

The position of the float relative to the C.G. of the seaplane wag
first fMixed for ssatic s".:afbifJ.:J.*:.y‘2 and then modified to satisfy the results
of the trim and stability tests on a powcred-dynamic model., For all
tests the wiag setting relative to the float datum was kept constoat? at
5.8°. A powered-dynamic model of “the Auster V was used, so keeping the
aerodynamic characterystics constant’ for all the modifications., The
track of the floats was the same as for the Auster V with "Quesa Bee"
floats but observation of spray conditions during the tests show that
better results may be obtained 1f the track be increased. This will
also mmprove the lateral stabilaty. The increase is however limited
because. seaplanes with large tracks are difficult to keep on a straight
course when larding on one float, C.A.G.I. recommended that the track
of floats be 15 to 20: of the wing spand.

Stability and scaworthiness tests were made both in calm water and
waves.

2 Deslagn of float geometry

In the design of a float [or good porponsing stability and sca-
worthiness 1t is convenient to consider three different conditions on the
water; (1) at reat or at low speed (the displacement rogion), (2) during
transition from displacement to planing flow {the hump region) and (5)
planing on the forcbody (the planing region). These three diffcrent
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conditrons depend on (a) forebody geametry, (b) geomebry of step, (c)
geameliry of afterbody and (d) location of floats relative to the
seaplane. From available loformacion oh exlsting designs of floats
and hulls for a given statlc beam loading coefCicient (C, ) the

geometry of the requived float may be solved non-dimensiocnally in
terms of the beam and from static stabrlity considerations the floats
may be located relative to the seaplane.

Floats designed in this manner still require sesting in a towing
tank 1n order to obtain the best final form for any given operational
requirements.

The lines of the first version of the float design are given in
Pige 3.1 and the dumensions in terms of the beam in Table I. The
derivatbion 1s as below,

2.1 First version forebody shape

The shape of the forebody affecis co.ditions on the water during
take-cff, landing and taxying., A long forebody with a fine bow gives
good spray clearance and high static trim in the displacement region.

A low forebody deadrise angle i1s better for resistance and lower Limit
porpoising stability, and a high deadrise for impact and spray characher-
1st2cs.  In the planing region a flat bottom (small deadrise) with
conatant beam amd no keel rise is necessary fo obtain the maximum nomal
force with the minumum wetted area.

2,11  Forebody length

There are 14 exis.ence several empirical rules giving forebody
length (£p) in %erms of beam (b) for a given static beam loading
cooff101ent (in our case Cy = 1.5) required %o satisfy spray comditions
amd static stability. o

Parkinson gives the £ ormula

where K = constant.
Then for X = 0.0525, (very light spray), <& = 5.35.b
X = 0,0675, (satisfactory spray), £p = L.7L.b
K = 0.0825, (heavy but accepbable for overéoad),
BF = l’-{-oz ob
K = 0.0975, (excessive spray),  £€p = 3.92.b

Locke” gives the forebody length in terms of beam and static beam
loading coefficient to provide [lotation at rest and to prevent nosing
under when taking-off or alipghting as

(SN I

= 3.5.9.0p
0



For Cp =1.5, £, =L.b,

All the existiang rules for the forchody length are very empirical
and must be used very carefully.

In the preliminary design of the floats the forebody lengfh NAS
chosen as dp = L.7.B.

2.2  Bow heighi

If the forchody length is shorl a high bow reduces the buoyancy
and hydrodynamic 1ift of the forebody at low speeds so increasing the
resistance and spray severcly.

In rough water a low bow gives rise to very severe spray. It
the forcbady 1.s lenpthened sufficlently and at the same time +the bow
15 raised, the eatrance inio the water 1s less abrupt and the spray
characteristics are mmproved. A high bow with large forebody length
mrpht be more favourable even in smoosn wabter., For the large foreﬁody
length of &p = 4.7.h, the height of the bow was chosen as hb = 0.75.b,
for good sproy conditions on calm and rough water,

2.13 Keel hcight

In the planing region %he bes: results are obhtarned wath no keel
rise. For this reasoa *the keel liae 1s made ssraizht for a distance
£; = 1.7.0 forward of the step. Thig assumes 5hat this is the
maximun we ,,ed length of the keel during planing. From Ec =1.7.b
to the bow the keel line ruises as an ellipse wiith semi-major axis
(@F - &c) = 3.b apd semi mnor axis by = 0.75.b.  An.elliptical
shape with a large bow deadmsc ansle g1ves ccasonable ailr drag amd
pocd buoyancy af rest.  The kecl line designed in this way 1s drawn
in Fig. 1.1. He1phts are guven ia Serms of the beam.

2.L. TForebody deadrise anple

It 1s necessary to be very careful i1n choosing %the forchody
deadrise because the various requirements conflict with one another,

To give effitecient 1ifiing characterisitics 1la plaming, a flak
bovtom 18 the hest form for the forebody (deadrisc anplc zero) bub
such desipgn grves very large lapact forces durtng landing and bad spray
characterstics. The wonerease of deadrise anzgle reduces these forces
and spray severity but raises bhe lower limit of stability and causes
deteroration in planing characterisiics.  Increase in the angle of
deedrise Trom the step to the bow gives a slight reduction of the
reststance before the hump speed and improves the cleanness of running
1n waves. At the hump speed the part of the fleat affected by this
change of deadrise angle 1ls completely clear of the water in calm
gondrtions., It appears, therefore, that from the desiga point of view
the forebody deadrise anglc may be considered 1n two parts. The
forward half of the float forcbody, designed from “the point of view
of the low-speed rough water characteristics, and the after half, from
the point of view of the hump resistance, lower limit porpoising
stability, good planing characteristics impaci and spray coaditions.
In designing che forward part of the forébody to reduce spray over the
windscreen and incc the propcllers, care should be ftaken %o select a
form which will give casy catry 1nto waves encountered head-on. By
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raising the bow the force of the impact with the oncaming waves s
reduced. It appears that satisflactary bow-spray characteristics may
be dbtairned without compromising the plaming characseristics and aany
chonge which softtens the mmpact hetveen float aind waves teads to reduce
the spray., Anericaos tests show® that Lnereas ng Lthe angle of deadrise
at the bow has little or no effect on the miasmmun awr drag or angle

of minimum drag. Po ob%ain a low lower~limit of porpoising stability,
good planiay characteristics and reasomble forces due to impact when
landing, the deadrisc angle at the main step was chosen as o = 25°

and kept constant for £, = 1.7.b. To obtain the best spray formation
especially on waves the deadrise angle increased smoothly fram

€, = 1.7.b to the bow, The change of deadrise anple with the fore=-
body length was chosen from the spray analysis! and 1s represented

in Fig. 1.2,  The increase of deadrise angle at the bow was considerably
greacer than had nomally been used in the past,

2.15 PForebody shape in plan viow

For planing bthe breadth of the part of a float wetted should be
constant, The breadth of {the float is therefore kept constant
(bx = b), from the step forward to &g = 1.7.b. Frem £y = 1a7.b
%0 the bow the plan view is part of a "Standard" streamline form
with a maximum diameter correspording to the beam at £, = 1.7.b
(40% of the total length of a streamline). Such a fom should
give good planing characieristics and low air drag. Fig. 1.1 gives
the local beam of the forebody io terms of beam at mawn step.

2,16  Forchody chine height

The forebody chine line may be obtained for each transverse
plane of the float as an iniersection of the local deadrise with the
chine half breadth, the latter being dbtained from the forebody plan
view of the float., Fig. 13 shows the methad of cbtaining the chine
line and Fig. 1.1 the height of the chine in temms of the beam along
the forehody length.

2.17 Forebody bottom shape

Concave curvature at the farebody boitom improves the spray
conditions and reduces wmpact forces but makes for some complication
in manufacturing the floais, Constant curvature of the botton
reduces this camplication a liitle. For this reason the curvature of
the forebody bottom was chosen as a constant symmstrical parabola
between kcel and chine for all transverse cections of the forebody,
Fig. l.4 represents the shape and method of drawing this parabola and
Pig. 1.3 gives the locatzon of 4lus curvature relative to keel or chine
lines of the float.

2.2 Tirst version afterbedy shape

The design of the afterbody is very closely connected with the
design of the main step. Scome nformation s gilven in references 5
ard 10 on the effect of dimensions and proportion of the afterbody
on the water characteristics of the hull or floats.

2.21  Afterbody length

At low and medium speeds (hump speed) the afterbody serves to
provide aft buoyancy and prevent the attitude from becoming too high
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af the hump speed. A% high speeds (whea planing) %he length of %he
afterbody should be as shar®t as possible., A long afterbody leads to
porpoisiog on the upper limit of ilnstabilibty. HNear the hump speed

a strong afterbody lowers the lower limit of instability. The require-
ments for the lengih of the afterbody are therefore conflicting -~ long
at low speeds and short at high speeds. Snith and whitell recommended
that the lengih of afterbody for boat seaplane be 2.5 to 3.0 of beam
with a pointed rear step.

Locke4 gives a Tfomula for the average length of the afterbody,

1

Ly = 2.5 . CA05 . b,

for

CAO = 1‘5, ‘ﬂa

i

2,9 « b,

The R.A.E, tests with float-seaplanes showl, that floats with
afterbodics up co 3.8 tumes the beam and polated rear steps have

large stable ranges at both hump and planing speeds. For this reason
the lenpth of afterbody for the first tcsts was chosen as £, = 3.2.D.

2.22  Afterbody keel angle to forebody keel

The angle of the afterbody keel :o the forebody keel at the step
has a larpe effect ca trim, waber resistance, porponsing stability and
skipping of the seaplane. A% lew speeds, 2ncluding the hump speed,
Lacrease Lo the afterkeel angle rcduces the buoyancy and the hydro-
dynamic lifc of the alterbedy. fo compensate for Sthis roductlon in
110t the floabs tend to assunc a highcer trim. 4t very low speeds
iLhis dncrease in brum is smell and the change ia vesisbance is
negligible. The maximun effect 135 at the hunp speed at which increase
in afterkecl angle causes a large 1acrcase in trim and accompanying
large 1ncrease in free-to-trim resistance, At planing speeds however,
1t lowers the resistance and impcoves the stability. A low after-
keel angle mves cleanest cunnmihg but gives a lower upper lumit of
stability just above the hump specd. According to Amcrican tests
the low afterkecl angle proveats skippins espeecially 1in rough waker.
For the first tests the afterkeel angle was chosen as 99 and the keel
I1ne madc straight. If the results of tesis with such a hiph aftcr-
keel angle show that free~to-trim angles at the hump specd are large
she afterkecel anglc could be reduced to 7° as proposed by Smuth and
Whltell, for the miaimum afterkeel anyle (for flying boats) giving
satrsfactory porpolsing stabilicy ot planing specds.

2,23 Afterbody deadrise anglc

A larger deadrise angle on the afterbody than on the forchody
at the skep position improves the ventllation of the afterbody botiom.
This cauges iLnprovement in the ventilation of the forward half of the
afterbody, mmprovement in the upper limit of porpoising stability in
the planing region and alleviates skipping. The aft half of the
afterbody couabrols the upper limit of porpolsing stability near the
hump speced. A more pointed rear step generally gives an improvement
in stability*.  Increasing the angle of deadrise aft on the afterbody
decreases the 1ift of the afterbedy and therefore increases the trim
and reirstance at the hump., Most of tlus iascreased rcsistance ils due
to the higher trim. Full scalc aft taxying tests wath floats having
decreasing aft deadcise in the afterbody show dangercus diving beadency
even at very low taxyiap speecds. The e tendency to dive 1s mainly
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because of the suctrion on the after part of +he afterbody bottom which
occurs when the chine is immersed. If the deadrise angle is increased
towards she rear stcp diving can be eliminated.

The selegied distribution of deadrise angle 1s given in Fig. 1.6,

Z2.24  Afberbody length with ruddexr

To improve control on %the water at low speeds the afterbody
length was increased zo 3.5.b io accomnodate a water rudder,

2.25  Afterbody shape in ploa view

The plan view of the afterbody 1s the after part of the "3treamliae"
form® used oa the front of the forebody. Maximum diamefer correspords
to that at the step position and the trailing edpe of the streamline
occurs at 3.2.b from the step. Because of the rudder the end of the
streamline form was modified as shown Pig. 1.5,

2.26  afterbody boitom shape

For the first scries of fests the sides of the afierbody botiom
were made f£lat, Fig. 1.3 and Fig. 3.1.

2,27 Firsi version step form and keel height

At speeds below and at the hump a small depth of step 13 desirable
for low resistance. At high speeds the walker resistance decreases as
the depch of step is increased due to a greater clearaice of the afterw
body from she water (better ventilation of the alterbody bottom).

For coastant value of the afterkeel angle the water resistance decreases
as the depth of step Lg raoreased up to a certain depth beyond which no
further reducticn 1s obtaiued. This value of the step depth depends

on bhe afterbedy keel line. For shallow steps when the attitude of the
float is such that the afferbody keel 1s nearly horizontal, the flow
from the step suddenly tends to cover the envire afterbedy planing
surface and the resistancce and draft are suddenly increased, This is
accompanted by longitudinal 1nstabildsy. Increasing ihe deptg of step
removes the tendency toward nostability. American tests show” that a
75% wncrease 1n depbth of step (from 2.%s t0 L.lti of the beam) caused

a very small increase 1a aercdynamic drag and very marked improvement

in stability.

For the first tests the depth of step was chosea as 7.7 perceat
cf beam at maln step. The step was faired in elevaiion to a disiance
approximately four times the step depth,

The height of the keel line is given in Fipg. 1.5. To reduce forces
on the rudder when landrnp on tTwo steps the afterkeel angle of the
rudder 1s raised to 10°.

2.28 Aftverbody chine hewpht

The afterbady chiac helpght may be obtained by the same method as for
the forebody chine height. Fig. 1.5 shows the height of the chine line
1n terms of beam along the afterbody length and Fig. 1.3 the method of
obtaining this height,

2.3 Float deck design

The shape of ihe deck was dastgned for low ailr drag. The %op Line
of the deck from the bow to €4 = 0.9.b is an ellipsc and then a
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straight line parallel to the datum line of the float and ending as a
part of a "Standard" streamline fomm/. The radaus of the float body
was taken as half the breadth of the float. The deck line and the
helght of the radaus centre above datum is given in Fig. 1.5 an tcrms
of the¢ beam at main siop.

?

2.L Float attachment

The float attachment was desaigned an a trouscr leg form for
minmun air drag ond meximum strength. This form-.also has minimum
interference with the spray formed by the floats. The leg can be
variced in transversc anglc as requirced relative to the float, The
upper cnd of the streamline leg can be attached to any rcasonable
part on the fusclage or wing.

Data ard 1llustrations are guiven in Pig. 1.7 in tems of the beam at
main step.

3 Doscription of Model for Testang Floats

To cxeminc trum, stability and spray formation of thesc floats
on calm water and waves the floads were faxed to a 1/5th scale powercd=
dynomic model of the Auster V.  The full scalc beam of the float was
choscn for o nommal take-off weight of the adrcraft (1820 1b),

be 2 |8
CAO'W
where ' Ao = Eggg = 910 1b = static load on thc water
’ CA; = 1.5 = static boa@‘loading coefficrent
W o= 62.5 lb/ft3 = donsity of fresh water
b = 26 inches

t

The goneral arrangement of seaplane is given in Fig. 2, and the
Tloat dimensions in Fag, 3.1.

& Chorncteristics of Furst Version Ploats

4,1 Tram and porpoising stabality

The results arc given in Faig. 4 for take-off at overload (CAO = 1,58)
and landing at light load (CAO = 1.42), ‘The moedel has a poor lower

limit of stobality, being unstablc without disturbance at all specds obove
20 knots when left free to tram with elevator neutral,  This instebility
beeanes less severc as the toake-off speed 1s reached.

The attitude, when the model 1s left free-to-trim with clevator
neutral, incroases sharply wath speed as it approoches the hump (15.9
knots) and then decreascs rapidly, giving a large variation of trim with
spced.

It is not possible to increase the attitude sufficicntly to reach
an upper limit of stabilaty despite ample clevator powcr.

10,



With slapstrcam, the elevator is very offcctive even at the hump
Speedo

L.2  8Spray charocteristiics

Spray characteristics arc shown in Fig., 9 for landang a2t light
load (Cp, = 1e42) and an Fag. 10 for takc-off at overload Crp = 1.58)¢

The propeller and wiﬁdscreen are clear of spray at all take=off
and landing spceds.

At low speeds (up to 10,6 knots) the floots are very clean and
no part of the scaplanc is affected by the spray. In the hump speed
range the spray, duc to interfercnce between the two fleats, wets the
undersurface of the central and aft parts of the fusclage. At planing
speeds the floats are agoin very clean and no part of the seaplane is
affceted by the sproy.

5 Modificataons and thear effect on trim, porpoising stability and
spray on calm water

.

To improve the lower limit of stability and decrcase the attitude
at the hump speed thrce modifications were made. PFirst the fairing was
regnoved from the step = Mod. "A". Second the step was moved Fforward
219 of the beam ot main step (step depth at keel rcduced to 4.21% of
boom at main stcp) - Model "B'. Thard the afterbody was strengthoned -
Mod."C", Table IT gives the dimensions of the float in tems of the
beam at the main step for modification "C" and Fig. 3.2 represents the
float lines.

The effect of the modafications are summarised in Table IIT and
1llustrated an Figs. 4 to 6. A canpariscn of the dafferent floats is
made in Table IV, Fig. 7 gives a comparison of attitudes with the
stick central and stoability limits with and without disturbance during
take-off at overloead. Fag. 8 canpares the difforent stick positions
which make the float unstable and also the ratc of change of attitude
with clevator angle on the stability limits.

501 Modificotion "A"

The results of porpolsing stability tests are given in Fig. 5A
for take-off case at overload (Cao, = 1.58). Comparison of tho first
veraion with modificotion "A" shows that removing the feiring from
the step gives:

(1) A reduction of hump attitude of about 1° (7 = 0°),

(2) o lowering of the stability limit of about 2° in the speed range
just asbove the hump,

(3) an inprovement of elevator sensitivity on the stability limit,
(4) = nore central stick position on the stability limit below 40 knots,
(5) a farther back stick position on thc stability limit above 40 knots,

(6) a slight improvemcnt in spray characteristics at the hump speed
probably due to a lower attitude,

(7) & reduction of buoyoncy 0.3%6 relative to the first version.

1l.



5.2 Modification "B"

The results of porpoising stability tests arc given wn Fig. 6B
for teke-off at overload (Ca. = 1.58). Coupariscn of modification "A"
with "B" shows thot moving the step forward gives:

(1) no change of attitude at hup speed,

(2) o lowerwng of the stability Llimzt of about 1% at speeds just
above the hump,

(3) a worse elevator seasirtivity on the stability limit,
(&) o more central stick position on the stobility limat,
(5) & reduction of buoyency 0.7 relative to the first version.

5.3 lMcodification "C"

b

The results of porpoising stability tests arc given in Fig. 6 for
larding and toke-off ot overload (Cp, = L.58).  Comparison of

nodificatrons "B" and "C" shows that strcngthcnl:i.nglfhc afterbedy gives:

(1) a rcduction of hump attitude (n = 0°) of about 1%° (about 2°
when oampared with first version of floats),

2 a lowering of the stability lwumit of about 150 about 3.7° when
¥
compared vith first version of floats) just sbove the hump speed,

(3) a wider stoble range of speeds and attitudes without disturbances,
(4) a more censtant elevator sensitivity on the stobility limit,

(5) odight improvenent in spray characteristics in the hump speed
range,

(6) an increase of buoyancy 0.7 rclative to the first version.

It is expected that cven in rough water conditions (with large disbt -
turbances) the floats will be stable during tnke-off at attitudes: above
6° due to the fact that the unstoble range with disturbances is very
narrow and during accelerated motion the seaplane passes tnrough the
unstable region Just above the hunp so duickly that instobality has no
tune to bulilLd up.

6 Seaworthiness with modification "C"

6.1  Take=cff in waves

v

Tests have becen made with four different systems of waves'15 and |
in zero wind conditions. PFig., 11 shows the wave test conditions, Fig. 12
the spray charncteristics cobtained for waves 1.25 £t height and 25 £t long,
Fig. 13 the spray charactcruistics for waves 2.1 £t height and 84 £t long.
Table V swmariscs the results of the tests in waves and calm water.

These tcsts show that small waves up to 0.8 £t (wave height:
float beam = 0.37) improve the spray characteristics in hump region by
reducing the interfercnce botween the twe floats.,  With larger waves
up to 2.1 £t (wave height: float beom = 0.99) the floats are very clean
at low specds but 1n the hump speed range the spray duc to the blister
interference boetweeon the two fleats huts the undersurface of the fusclage

1z,



slightly. Thuis occurs when the seaplane runs at very small and very
large attitudes due to the effect of the waves. At medium attitudes the
floats are very clean. At speeds just before take-off the model starts
to bounce at higher attitudes.

6.2  Af% taxying

Full scale expericnce shows that float seaplanes can be lost
because of a very dangercus tendency to dive when taxying in an aft
direction., Aft taxying tests were made in R...E. Seaplane Tank with
R.AE, floats = mcdafication "C". The mecdel was frce to pitch and rise
abouts 1ts C.G. at overload. Tests werc made at speceds up to 15.9
knots (full scale) without disturbances and with small and large
disturbances. The results of tests arc tabulated in Table VI,  These
tosts show that in aft taxying on calm water (no disturbances) therc
is no tendency to dive, Up to a speced of about 8 knots the scaplane
runs similarly to nomal forwaod taxying and no part of the aircraft
is affected by the spray. At speeds higher than 10.6 knots the sca-
plane runs bow down and at a spced of 13.2 khots and above it runs
with the rear step clear of the watcr but spray hits the propeller.
When small disturbances were applied the seaplane behaved in the same
wey as without disturbances up to a speed of 8 knots. 4t a speed of
10.6 knots and above there is a slight tendoncy to dive (bow up)
which starts to be dangerous at o speed of 15.9 knots. Large dis-
turbances causing cauplete submerging of the aft part of the float
do not affect stability up to a speed of 6.6 knots, but at o speed
of 8 knots there is a slight tendency to dive (bow up) and at a speed
of 13,2 knots and ®bove the seaplane dives (bow up).

These tests show that up to a speed of 6.6 knots the aft taxying
condition is very safe even when large disturbances are applied., It
is expected that in practice the aft taxying performance will be nuch
better because the medel was pulled thrcugh its C.G. position.

7 Madifications and their effect on buoyancy

M.A.E.E. tests of the Auster with "Queen Bee" floats showed that
the floats were just satisfactory for buoyancy and stability in calm
conditions but at overload and in disturbed sea conditions the buoyancy
was on the low side,

Table IV gives 2 cauparigon'of the buoyances of the "Queen Bec"
amd the varicus R.A.BE., flcats. Fig. 15 shows the variation of reserve
of buoyancy with static beam loading cocfficient for the first version,
modification "C", "Queen Bee" and proposcd floats, It can be seen that
at overload the "Queen Bee" floats have only 8%: reserve buoyanoy,
whereas that of the R.A.E. floats tested is 1007 to 104% and thot of
the proposed floats 12%.. For the soame static beam loading coefficleont
the total buoyancy of the R.A.E. floats tested is 1 to 3 percemt
smaller than that of the "Quecn Bee" floats. The total buoyancy of
the proposed floats is 10 percent greater than that of the "Queen Bec"
floats.

Fig. 16 gives the variation of draft with attitude and static beanm
loading ocefficient for the first version and the proposed R.A.E. floats.
This figure shows that for the same values of qgo and attitude the

draft ig smaller for the proposed floats than for the first version
floats., The difference in draft between these two floats is greater at
higher attitudes and higher static beam loading coefficients. Por

GAO = 1,5 the difference in draft would be as follows:

13.



sTtrtude Percentage

deprees Reduction
~3° ’ 74
6° 8.

Fig. 17 gives the variation of the distance of the line of
buoyancy froa the F.P. for constant static beam loading coefficient
(CAO = 1,5) for the first version and proposcd R...E. floats.
Cemparison of the two floats shows that for the same position of C.G.
the static floating angle will be smaller for the proposed floats,
Por constont helght of C.G. above the fleoat datwa the difference in
fleating angle increascs when the C.G. 1s nearcr the step.

8 Conclusions

The interesting fcatures of the float design considered n this
report are (1) she greater freedom of design permissible compared
with hull design which results from the possible usc of strong
afterbodics and shallow steps, (2) the good stability, trin and sca-
worthiness achicvable at a high bean loading.

No upper linmit of porpoising stability is present, and the floots
arc very well bchaved in waves up to & height cqual to the beam. In
addition the floats can be towed in an aft direction without diving,
cven when subjccted to a tall down disturbance.

The lower limit of sbability is very hipgh at the hunp speced on
the floats tested with weak afterbodics, sc that poor stability resulted
for the first version which was based oa boat seaplanc hull design.
Thas stability was considersbly iaproved by usc of a strong aftcrbody
without the introduction of an upper limit at high specds, a solution
not possible with boat seaplanc hulls.

The requircnents for good spray conditlons are shown to be a
fire cutry combined with a high bow, ample rceserve buoyancy forward
and an overall reserve buoyancy of at lcast 100 percent. To avoid
interference between the floats the trnck {distance between them)
should be af least 3.2 .imes the beam ot the main step.

It 13 oconsidered thot further dAaprovement of the float form
"C" may be obtained by lowering the afterbody so that the step depth
is reduced from 7.7 to 5 percent of the bewma, as shown in Fig. 1i.
Thes 1is based on the following rcasons:

(1) at spceds below and at the hwip speed o smaller depth of step
reduces the resistance.

(2) 1In the hump speed rmnge the float with stronger afterbody has
a lower free-to-trin attitude and lower limit of stability.

(3) The tests of the suster V on the "Queen Bee" floats with a depth
of step of 2.38 percent of the beam show that floats with such
snall depth have quite o reasonable lower limit of stability
and no upper limit despite ample clevator power,

k.



{i;}) L stronger afterbody =nd forebody will reduce the tendency to
nose up and down in waves and by causing the floats to run at
medium attitudes at the hump speed will reduce the spray.

(5) Floats with a stronger afterbody will not reach such high
attrtudes when planing on waves and will have loss tendency to
bounce,

In ccnclusion it is considered that the dynamic design features
discussed in this report, together with the static design features
described in refercnco 2, will cnable a designcr to achieve a good
float design for any desired operaticnal condition. Lny such float
form should be tank tested if possible,
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LIST OF SYMBOLS

attitude rclative to the forebody keel at the step
clevator angle

afterkcel angle

heecl to heel angle

cverall deadrise angle

deadrise angle at keel

deadrise angle at chine

nmean deadrise ongle

beam at main step
local beon
distance aft froa F.P. along datum line of the float

saxiaun wetted length of the keel of the forebody
duraing planing (assuned)

the forebody length

the afterbody length

the afterbody leng'"th with rudder

keel height above float datum

chine hexrght above flcat datum

bow height above float datun

height of rmdius centre above float datum
radius of the float body

deck -height above float datum

distance of C.G. fron step along float datum

height of-C.G. chove float datum

trpek(@XELAN6E Batween the centres of floats)

wave. height (efest to trough)

: wiHvESIEHgEL

distance of buoyancy fran F.P.
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Specd s

.l

v = forwrrd specd of carcraft

Vh = hump specd

V‘B = toke~-off speed

V5 = lending speed

Vinx = taxying speed
Density:

W = 62,5 lb/'ft3 density of fresh water
Forces:

Wy = overlcad weight

W = nomal welght

WL = light weight

A = static load on the water
Acceleration:

g = 32,19 f'l:/sec2 acceleration due to gravity
Coefficients: u

Cy = == = Velocity coefficient (Froude Number)

Jg-v.
Cp = _[:\‘3_ = static beam loading coefficient
o ) \/W.b.3

da, = elevator sensitivity

an
General:

C.G. = gentre of gravity

F.P. = forward position of float on float datum.

i7.
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FLO..T DIMENSIONS IN TERMS OF BEM

T,BLE L

(First Version)

FORESCDY

Station | P, 1 2 3 L 5 6 7 8 5 10 11 12 13 | 1.
(£gsb) * 1007 0 7.5 15 20 50 9G 120 150 180 210 250 270 300 L9 470

"n 557 | us® 557 | oss | 535 | s w®  w2® s | et |29 ¢ 26° | o25® 25 | 250
{ly.sb) * 100 75 5305 | 515 1 L1243 | 30 21.5 15 10 5.2 3.5 1.5 A - 0 9
(hgtb) * 2000 1 75 That 1 T2 | 7345 | 70,8 65001 55,90 48,5 | L0 1 33,8 28,3 | 25,0 | 23.8 | 23.8| 23.8
(btb) * 100 0 22.0 31,2 L3l 60 71.2 80.0 86.5 91.6 95. 4 97.°~ 29.6 100 100 100
(bpeb) * 1007 75 9. 1 67.9 | GL.2 | 59,2 ShO| 49,8 | LELT | M2 | n2.3 1.2 40.2 | L0.0 | L0.01  40.0
(Rep) + 100, ¢ O 11.0 | 15.6 1 21,7 | 30.0 35.6 1 KOO 43.3 | 45.8 | L7.7 LB.8 | L9.8 | 50.0 | 50.0] 50.0
(a:b) * 100- i 0 9.8 13.8 19.0 25,2 28.2 29.2 29.0 | - 28.8 | 28.5 27.9 2749 27.9 27.9| 27.9

|
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T./BLE I (Contd)

FLOAT DIMENSIONS IN TERMS OF BEAM
(Pirst Version)

AFTERBODY

Station L 15 16 17 18 19 20 21 2 23 21, 25
(&) * 1007 470 502 534 566 | 598 630 662 691 726 758 790 | 820

8,0 26° | 26° | 26.75° | 28° | 30° | 32° | 30 | 36° | 37.25° | 37.75°| 38° | 38°
(b D) ° 1007 7.7 12.7 | 17.7 22,7 ) 27.7 | 32.7 | 37.7 | 42.7 | 47.7 52.7 | 57.7} 65.8
(hy:b) * 100% 32,1 36.7 | 41.7 47.1 | 52.5 56.7 60.4 | 62.3 62,9 61.7 50.8 | 65.8
(b,:b) * 1007 100 98.4 95.8 92.3 | 86.1 77.7 67.3 | 54.2 40,0 23,4 | 8.0 0
(Hp:b) - 1007 0.0 | 40.2 | 42.1 3.8 | 46.9 | 51.2 56.2 | 62.7 | 69.6 76.9 82.5 | B83.7
(R:b) -+ 1007% 50.0 | 49.2 | 47.9 46.2 | 43,1 38.8 | 33.7 | 27.1 | 20.0 1.7 40| O
(2:b) + 1007 Straight Iine

b = beam at main step
bx = local beam

= distance aft from P.P. along datum line
h. = keel height above datum line

hp
R = radius of body
a

hg = chine height above datum line
= height of centre above datum line

= distance from centre of planing bhottom curve




TABLE IT

FLOAT DIMENSIONS Tl TERMS OF BEMM
(Modification "C")

FCREBODY
Station PP 1 2 3 4 5 6 7 8 2 |10 . 12 13
(£43b) * 1007 0 7.5 15 30 60 90 120 150 180 210 {240 | 270 {300 459
0.,° 559 550 55° 559 53.5°{ 51° 47° 529 37° 32.50|290 | 260 1250 25°
Ehk:b) -+ 100% 75 58.5 [ 51.5 | 42.3 { 30 21.5 [ 15 10 6.2 2.5 (1.5 | O.4 |0 0
hgib) * 1007, 75 The6 | 4.2 | 73.5 | 70.8 | 65.4 | 56.9 | 48.5 | LO.4L | 33.8 |28.3]25.0{23.8 | 23.8
bx:'bg . 1007 0 22,0 | 31,2 | 43.4 | 6O 71.2 | 80.0 | 86.6 | 91.6 |95.4 |97.6]99.6{100 100
hp:b) » 100: 7 69.4 | 67.9 | 642 | 59.2 | 54.0 | 49.8 | 46.7 | k42 (42,3 |41.2 ]| £0.2{40.0 | 40.0
R:b% . 1004 0 11.0 | 15.6 | 21.7 { 30.0 { 35.6 | 40.0 | 43.3 | 45.8 {47.7 {48.8{ 49.8{50.0 | 50.0
ath) + 1007 0 9.8 | 12,8 | 19.0 { 25.2 | 28.2 | 29.2 | 29.0 | 28.8 |28.5 |27.9]27.9]27.9 | 27.9
AFTERBOLY
Station 13t | 1, 15 16 17 18 19 20 21 22 123 | 24 ] 25
(£gsb) + 1007 bu9 } 470 | 502 } 53h | 566 | 598 | 630 1662 | 694 | 726 |[758 1790 {820
n° 260 | 260 | 260 | 260 | 269 | 26,500 26.25°27° | 28° | 29,50 33,50 450 | -
(fye:b) & 1007 7.7 10.4 | 14,3 | 18.3 | 22.3 | 26.2 | 30.2 |34.2 | 38.1 | 42.1 | 46.0 |50.0|/55.8
hgtb) « 1007 32,1 ] 3461 36.2 ] 41.5 | 45.0 | 48.1 | 50.4 |52.7 | Shek | 55.4 |55.8 |55.8|55.8
bx:bh) « 100 100 | 100 98.4 | 95.8 | 92.4 | 88.% | 80.8 1 73.1| 61.6 | 47.7 130.8 {2.4 |0
hg:b) * 100 40.0 1 40.0 | 40.8 | 42.1 | 43.8 | 6.9 | B1l.2 |56.2 | 62.7 | 69.6 |76.9 |82.5|83.6
R:b) * 1005 50.0 | 50,0 | 49.2 | 47.9 | &6.2 | 43.1 | 38.8 |[33.7} 27.1} 20,0 11,7 |4.00[0
asb) » 1007 27.9 | 27.9{ 27.5 | 26.7 | 25.8 | 24.4 | 22.7 {20.6 ] 17.3 | 13.7 |9.00 {4.20|0




TASLE IIT

LIST OF MODIFIG.TIONS

Modifiecation

Nature of Mcodification

Effecct of Modification

HAII

Step fairing removed
(step depth at keel # beam = 7,697)

(1) ?educ*'lon of hump attitude (n=0°)

about E

(2) Just above the hump speed the lower
stability limit is lowered sbout 2° amd
elevator sensitiviiy on stobility limit
improved.

(3) Below 40 knots for instability position
of stick more central, above this speed
more af't,

I'BII

(1) step moved forward 21 of
beam

(2) step depth at keel reduced
(step depth at keel+ beam = 4.217)

(1) IEIump attitude the same as modification

L i\" .n__.

(2) Just ebove the hump speed the stability
limit is lowered 13° relative to modif. "A"
but elevator seasitivity on stability limit
worse than medific. "a",

(3) On stability limit position of stick more
central than modification "a".

"C"

1) Step depth as modification "A"
52) Position of step as modification
"B"

(3) After keel angle to forebody
keel reduced from 9° to 7°.

(4) Afterbody bottom curve as
forebody curve

(l) Reduction of hump attitude (n=0°) about
1%° relative to modif. "BY.

(2) Just above the hump speed the stability
limit is lowered 2° relative to modific. "B"
(3.7° relative to f':LI‘S'.. version)

(3) vider range of stable speeds wizthout
dis turbances.

(4) More consiant elevator sensitivity on
stabrlity limnat,
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TABLE IV

COMPARISON OF FLOAT TESTED AND SCME DETAILS OF REL.TIVE WATER PERFCRAMANCE

Queen Bee R.A.BE. Floats
Floats
First Modific—- Modif'ic— Modific- Proposed
Version ation "a" ation "B" ation "C"
Beam {f't) 2.035 2.17 2.17 2,17 2.17 2.17
Length of forcbody + beam L.28 4. 70 4. 70 Lot L.49 L.70
Length of afterbody ¢ beam 3.85 3.50 3.50 3.71 3.71 371
Total iength of float ¥ beam 8.13% 8.20 8.20 8.20 8.20 8.41
Height of float + beam 0.85 0.90 0.90 0.9C 0.90 0.90
Step depth at keel + beam | | 2.38 With fair— 7.69 4.21 7.69 5.00
c.G Distance forward of step, parallel ing
N to keel datum + beam 0.40 0.61 0.61 0. 40 0.40 0.40
Position (geight above keel datum ¢ beam 2.62 2.38 2.38 2.38 2.38 2.38
Track of flcats + heanm 3.11 2.98 2.98 2.98 2,98 3.20
Maximum cross sectlonal area * beam x height of
float 0.71 0.7 0.74 Q.74 0. 7 0.7
Forebody deadrise at step 259 250 259 250 250 250
After keel angle to forebody keel 5.75° 9° 99 9@ 7° 7°
Keel angie to fuselage datum -.. 59 -3° -30 =39 -3° =3
Angle of mean chord to fuselage datum 2.8° 2.8° 2.8° 2.8° 2.8° 2.8°
CA  at (Light weight (1720 1b) 1.59 1.42 1.2 1.42 1.42 1.42
o (Overload weight (1920 1b) 1.78 1.58 1.58 1.58 1.58 1.58
Reserve of (Iight Weight (1720 1b)). 106% 12184 12%;7 1227 1267 1544
Buoyancy at EOverload weight (1920 1b) 8% 102% 101 1007 104 129%
Cp. = 1.5 118% 1127 111% 110% 114% 140%
Volume of float = (beam)d 3.26 3.18 3.17 3.16 3.20 3,60
Forebody volume #+ afterbody volume - 2.74 - 2.24 2.17 1.83
Volume of float ¢ max. cross sectional area
X total length 0.666 0.584 - 0.58 0.586 0.6L,2
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TABLE IV (Contd.)

COMPARISON OF FLO,.T TESTED LIND

SME DET.ILS OF REL.LIIVE WATER PERFORMANCE

R...BE. Floats

Q : - s NP
";igztfce First Modifice Modific— Modific-
Version ation "n" ation "B" ation "C"
Take - off at overload - Flaps 20°
Maximum attitude (rclative to keel datum) on stability
limit with 7° %istur.( ) 7.7° 12.7° 10.8° 9.5° 9°
Speed (knots 26,25 20.5 21,0 21,0 21.0
Corr ndL
OTTESPOTRLIE 1y cadence of mean chord 150 18.5° 16.6° 15. 30 189
Maximum attitude (relative tc kecl datum) on stabilaty o o
limit wiLthout %1stur.( ) 7.7° 12.5° 10,0°. 9.3° 6.2
. Spced (Knots 26,25 21.0 21.0 21.0 26.25
Cerresponding (1, idence of mean chord 1509 18.3° 15.8° 15.1° 12,00
Moximum attitude (Relative to keel datum) for clevator o
gmﬂiman=0? ( ) 9,25° 12.4 11.8° 11.8° 10.4°
: Speed (knots 20.00 16,0 16.5 17.0 18.0
Correspordin
po g (Incidcnce of mean chord) 16.55 18.2° 17.6° 17.6° 16.2°
Lamding at overload = Flaps 20°
Maximum attitude (relative to kecl datum) on stability
limit with 7° dustur. - - - - 5.25°
Corresporﬂing(SPeed (knots) - - - - 32.0°
Incidence of .mean choxd - - - - 11.05°
Maximm attitude (relative to keel datum)for elevator
posation m= 0° - - - - 9,75
Corres.pondj.ng(SE’GG’d (kncts) ) ’ - - -~ - - 25,0 .
{Incidence of mean chord - - - - 15.55
Landing at light load - Flaps 20°
Moximum attitude (relative to keel datum) on stability o ol
1imit without %istur.( y - 6.8° 11.25 - - -
Correspordin Specd (knots 26.2 21.0 - - -
P € (Incidence of mean chord 14.5° 17.05° - - -
Maximum attitude (relative to keel datum) for elevator
position m = O‘(’ 8.0° 14.1° - - -
. Speed (knots) 19.0 16,0 - - -
C nd =
OFFESpoTHLng (Incidence of mean cherd 15,3° 19.9° - - -
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- TABLE VI

LFT TAXYING PERFCRMANGCE (CAO = 1.58)

Speed Nature of taxying Effect of small Effect of large
Knots without disturbances disturbances (bow up and down) disturbances
2.7 Attitude of taxying similax Very stcady. No tendency to Very steady. No tendency toa
to nomal taxying change attitude. change attitude.
5.3 Ls above As above As above
6.6 As above .. 45 above As above

Slight tendency to

098

8.0 Ls above As above dive(bow up)
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FIG.13. (3)
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FIG.13. (4)
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FIG.13. (5)
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FIG.13. (6)
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FIG. 15 & 16.
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AND STATIC BEAM LOADING COEFFICIENT.



(s

5) IN3DI4E30D ONIGVO1 WV3g

)

3 . -

JILVLIS INVISNOD YOd di WNOYHd ADNVAONG 4O 3ONVISIA 40 NOUVIYVA

Id

FIG. 17

‘NOISH3A LsHid
‘SIvOTd QRSO0

b







C.P. No. 15
2154
A.R.C. Technical Report

PUBLISHED BY HIS MAJESTY'S STATIONERY OFFICE
To be purchased from

York House, Kingsway, LONDON, w C.2, 429 Oxford Street, LONDON, w 1,
PO Box 569, LONDON, SE 1,
13a Castle Street, EDINBURGH, 2 1 St Andrew’s Crescent, CARDIFF
39 King Street, MANCHESTER, 2 1 Tower Lane, BrRisTOL, |
2 Edmund Street, BIRMINGHAM, 3 80 Chichester Streef, BELFAST,
or from any Bookseller |

1950
Price 5s. éd. net

5.0. Code No 23 -9006-15



