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DESIGNING SEAPLANE HULLS AND FLOATS.*

By Lieutenant Benoit.

Among the difficulties encountered by the seaplane builder,
one of the greatest is the designing of +he hulls and fioats.
This work requires a great faculty for dbservation and much ex-
perience, because very siigat modificaticns of the shape may
make considerable difference in the facility of taking off and
in the seaworthiness. This is offten the stumbling block of in-
experienced or mediocre construotors; Coubtless experimental
data, such as tho ”esalts of tank tests cf nodels, reader it-
possible to predict, at least in prinoiple, as to how a hull or
float of a given shape will comport itself. We will see far—
ther along, hcwever, how unccrtain these metheds arc and how
they leave room for empiricism, which will reign for a long time
yet in seaplane research burecaus.

If we comsider a scaplane during the run before the take-
éff (Fig. 1), we find that it is in equilidrium under the ac— -
tion of certain external forces plus that of inertia. The ex—
ternal forces are:

1. The weight P, a constant force applied at the center

* From ”L'leronuuulque June, 1926, pp. 199-2C8.
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AB. The propeller thrust T, whose value diminisnes Zoozoi-
imately according to a parabolic law T = T, - av® while the
speed is increasing;

3 he resultant of the actions of the air on the seaplen
which we will resoive into two forceg, the action T on tne
horizontal uall vlanes (stabilizer and clevasor) and the action
R on the rest of the seapliane (wings, hull, engine cockpits,
etc.), each of these two forces being itself resolved into a

ertiqal'lift'and a. horizostal drag. These fcrces increase as’
the square of the velocity V. Their lines of anplication are
determincd bf testing a wodel in a wind tunnel.

A. The resultant E [resolved inds o 1ift Hy and a dvag
H.) of the acticn of the water on the mull. E; 1s the puoyent
force of Archimedes, which tends toward zero, when the seaplane
is taking off, plus a dynamic 1ift which follows a compleX law
and whose linc of application varies greatly Irom the beginning
to %the énd of %the take-off run. It is_largely for the purpose

.

of localizing the dyramic tbru st when it reaches a high value,

that seaplane Mulls are given a longituiinal digscontinuity callied
the step. & can bhe approximately doberm ned for various valucs

of V bye&a tank
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A nowlcdge of the dregs By + Ty ahG iy, which arc all.
functions of <V, Trenders it possible to &raw Lhe ourve £(V)
of the forces required for propulsion, while 2 mowledge oi tie

characteristics of the engine and propeller makes 1t nossible



N.A.C.4i. Teochnical lMemorandum Fo. 376 3

to obtain g{V), the cufve of the available forées (Fig. 2).

Since the take-off speed is V, or the flight spced at the
angle of minimum power, 1t is manifes -that the necessary condi-
tion for flight is that the cufvc f(7) be ontirely under the
curve g(V) froca V=0 to V=7V  £(V) presents a maxirum
for the critical spced ("hump speed" of Znglish writcrs) com-
prised between O and V,. The curves f and g may thereforé
happen to intcrscet in vhe vicinity of this speed. The scaplane
cannot “hen cxceed the critical spced and it is -impossible 10
take off.

Thc quality of a hull'is suffiéiently charactcrized by the
curve f. The more flattened the curve £, the better the cor-
" responding shepes. Since this curve is cifficult %o plot, one
often contents himself with characterizing a huil Py the dura-
tion of its take-offi in s%till air witﬁ a given load. It is then
necessary f6 Getermine the weights per horseoower @nt per square
meter of the given‘seaplane.

Since a quick teke-off is essential for a seaplane, it 1s
very important that the pilofs should have no other troubles.
The seaplane rust still possess excellent nautical qualities.
ﬁastly,’the designer will try to give the mulls such shapes as
to enable strong, light and simple construction. The provlem
is obviously very comblex. Before considering it, we will

state what is meant by "seaworthiness.' It comprises:
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1. Ability to navigate, to make evolutions and %o be towed
in a strong breeze cn a rough sea;

2. Ability to taks off from a vory choppy sea {sea of force
3-4) without throwing much spray, which demages the propellers
and controls. It wust be'possible to wake off across the wind,
because it is better when there arc well-formed waves, to keep
the seaplane heading toward -them durihg the whole take-off.

3. Ability to alight on a rough sea without dangerous

shocks and without any tendency to ricochet.

The usual method for detemining the best shape of a mll
or float for a given purpose is that of the test tank. Exccpting
for a few details cof installation,. the methcd is the same as for
the study of the huils of ships but, while for the latter the
model is tcsted under conditions similar to those under WhiChla
ship is navigafed, the seaolane model is tested under entirely
different conditions. In fact:

1. Tﬁe model is tested at several different speeds, but
each time at a constant speed. The forces of inertia are not
represented and the conditions of equilibrium of the system are
modified;

2. The variable force r, action of the air on the tail
group, procuced By the pilot during the take—off, is not recpre-
sented. In a geﬁeral way, the fdrces of aerodynamic origin,

which greatly affect the trim of the seaplane, are neglected;
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3. The mocdel is more a glider thaﬁ a seaplane. In varticu-
lar, it coes not quit the water ahd hence the period immediately
preceding the take-off cannot be studied.;

4. Study of the alighting is practically impossibile;

5. It is imnossible to test the scawcrthiness;

6. The pitching is not damped by the wings and tail group.

On fhe wizole, the tcst of a model only poorly represents
onc special case of employing a seaplane, namcly, hydroplaning
on still water without the action of the pilot on. the controls.

Very many tests of ecapnlane models have 5een made in Eng&
land since 1912, principally in the W. Froude National Tank by
Mr. Baker and his assis{ants. It is undeniable that these tosts
have had a good effect or the productions of British constructors,
but it is nonc the less certain that some defects in English
hulls come from too great faith in the method of testing.

In France a seaplane hull with three steps was built in
1923, afier very encouraging tcsts with 2 model. This hull, like
its model, lifted very quickly, but left the water only with
great difficulty. Alighting was very difficult and this hull
was destroyed after a scére of flights when the water was caln.

It is obviouslr well -to B¢ cautious in drowing conclusions from

-

-

the recsults of tank tcsts of models. The principal results ob-.
tained in the Froude Fational Tank were published in the Reports

and lemoranda of the Eritish Advisory Committec for Aeronautics
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(now the Aeroncutical Research Committee).

Another method of studying hulls consists iﬁ the use of
"albums of hulls" giving a complete summary and foming & con-
venient reference book on the various types of seaplanes thus
far built, both in France and abroad. The number of different
seaplanc types made .in the world between 1913 and 1925 is esti-
mated at 500-600. New types are now being produced at the rate
of about 60 a vear.

Aﬁ alvun of hulls should ccnorise, for each type of sea-
plane: |

1. A drawing of the hull;

2. A table of characteristics giving the principal dimcn-
sions, the.angles of incidence of the various elements and cer-
tain information concerning the complete ceaplane (weight, power,
area, etc.).

3. A summary of the results of the tests and of the obser-

vations of the parties using the seaplanes.

In such an album it is possible‘tb group the hulls by simi-.
larities and draw gcneral laws from their comparison. It amounts,
in fact, to an improved empiricism. Obviously such a method can-
not revolutionize the science of  hydraviation, but it las the
merit of &voiding serious defects. This method enabled us in
1922 to design a hull which, after a few retouches, proved to be

4

an appreciable improvement.
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A third method, which we proposed and employed in 1922, and
whose realization is in progress (the seaplane Romano), is that
of full-scale tests with an experimental seaplane designed and
built especially for this purpose.

This seaplane which carries a pilot and a pdssenger, is of
low power (150 HP.) and of the central-float type. The float
is relatively inexpensive and can be readily replaced by other
floats of various skrapss and dimensions. The same float can be
modif;ed by the acddition of caissons or sheathing. The inclina-
tion of the float is variavle, as well as its distance from the
axis of the propeller thrust. Lastly, the principal character—
istics of the seaplane (weight, power and even the wing area)
vcan be oonsidérably modified between one test and the next.

The tests comnrise the determination of the time required
to take off in still air, the estimation of the nautical quali-
ties and various secondary observations kphbtographs of the
wake, registration of the shocks, accelerations, etc.). e can
even'hOpe to determine with some degree of accuracy the forces
P, T, Rand r (Fig. 1) for different speeds. The knowledge
of the acceleration (measured with the accelerogréini or com-
pﬁfed'from the law of specds) renders it possible to determinc

the unknown force H (resultant of the actions of the water)

and to plot the curves H, = f,(V), and H, = £,(V)' charac-

teristic of the submerged portion of the float or hull.
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The cesigning of a seaplane comprises the determination of

the following elements: |

Yaximum width or beam;

Length at weter line;

Length over all;

Draft of water;

Shape of the bottom of the hull or float.
It would be convenient to be aﬁle to determine the principal
dimensions approximately by means of formulas, before making
the model tests. The estimation of the weight, in particular,
" presupnoses a knowledge of these dimensions. Many fommules
have been proposed, and it is no exaggeration to say that cach
designer employs his own, but that few of them are susceptible
of generalization.

The maximum width or beam is usually caloulated for a flat
bottom and then corrected, if the bottom ise V-shaped, by means,
of the formula b! = b/cos?a, in which b is the width of the
flat—bottomed float, * ' the width of the modified float and
180° — 20 +the angle formed by the straight lines drawn from
the keel to tﬁe chines (Fig. 3). For a hull or float having a
displacement of P (kilograms) the width b (meters) is glven,

according to some writers, by the formula

¢c = P/Y = constant = 1200,

c being termed the "seaplane load index." The values thus
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found apply well only to seapiancs of 1500-2000 kg (3307-4409 1b.)
~ha.ving a ceiling of about 5000 m (16400 ft.). Outside of theee
values, c¢ varies greatly, increasing wheﬁ P increases. Mr:'
Blanchard, the well-known French-constructor, ecstablished an
empirical rclation, b> %= 113C P, which is of wider applica-
tion than the preceding.

Linton Hope used the formula b = 0.0385 (P?/To )" "

, in
which T, 1is the nominal horsepower.' This fomula is not very
prccise, but seens more logical than the preceding ones, because
it contains T, . ‘The take-off tine of a seaplanc depends, in
fact, not only on the shape of its hull or float, but 2lso on

the available power and on its.take—off speesd. It is cven af-
fected, although to a smaller degree, by the efficiency of the
propeller at low spéeds, by the wing profile and by various other
seaplane characteristice.
| _ A formula cannot be logical therefore, unless it contains
‘at least the expressidns p/T, and P/8 of the locad per horse-
power and the load per unit area of the wings. It seemed to us
to be of intcrest to compare, among existing séé@ianes, those
which have tihe same value of the term P/T, Jfg7§: i.¢., the
same ceiling. The graph representing b in terms of P was
fcund-tc'be practically a straight linc having for ifé equation
b= P/35.8 +80 (P inkg, D in om) with P/T,/P/S = 50

for a viplane. The various points of the graph are all very

near a mean straight line and the deviations correspond 2 0pToxi-
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mately to the differences in the take-off qualities. A siniler
law aopcars if we express the values of " b  in terms of P for
float scaplancs (having TravemunﬁéAor Richardson floats), namne—
ly, b= B/50 + 40 with 2/T,./P/S = 45 for biplanes and 6C for
monoplancs. ihen P/To~/57§— has a different value from the
foregoing, i% ié only necesséry to add a corrective teime.

Sorac constructors kecp systematically above thesc figures.
In relaity large flcats offer less resistance at low specis but
a considcrable resigtance at high speeds. They are heavier now-
ever, and nore difficult to take off.

Length cf the water line.— The lengths 1, and 1 before

1 22

and behind thc vortical line passing through the center of the
hull oz floaf, are determined separately. 1, must be suchh that
the submerged bow will create a restoring couple sufficient to
lessen by scveral degrecs 3he dowmward movenernt due to the pro-

irst phase of taking off, when the soced

[ 1)

peller thrust in the
and, coﬁsequently, the hydrodynamic thrust on the front of the
hull are still very small. This condition can be expressed DY
hu0n234 = Xi,d, in wihich h is the distance from the axis of
the propeller to the water line; n, the R.P.M.; D, the dian-
eter of the two-bladed propeller; ag, a‘characteristio cocffi-
cient of the propcller comprised betwecen 0.012 for slow sea—
nlanes and 0.016 for swift seaplanes; d, tnc nean width of the
hill in front of the center of the submerged portion; K, an

empirical constant which appears to have a value of about 220.
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Mr. Blenchard cstablished, in an anclogous mamer, a sinpler ond

ku

more gencral fermula h = 3.6 1 siny, Y being the angle beiween
the wing chord and the water line.

The length 1, of the water 1ine behind the center of buoy-

2
ancy is generally determined by the necessity cf balancing thc
submcrgct olumes before and behind the center of buoyency and

2lso by considerations of stability in flight (leverage cf the
ail group). It also depends on the reor shapes, cf waich we
will spcak ferther on.

The leagth L over 211 is derived from the preceding di-
mensions, after the descigning of the stermhas been finished and
the tail group has beon put in pldco. Linton Hope, the invontor
of flexible mlls, used the formla L = 0.725,/ B, which can
manifestly zive only 2 rcagh apvnroximation.

The mclded depth of a mull or float may vary within quite
wide limits. If =ust he sufficient to
hull o frce;board cf over 80 cm (31;5 in.) and for the rcserve
buoycncy tc be about 350% suﬂlng ‘all cpenings copabdble of e-
ing closod watecr-tight, which is not the casej.

Tighin these limits, save when the hull or flcat is o we
fitted out os o passenger cabin, the depth mmy'be nade os saall
as ncssible, so as nct tc incrcase uselcssly the weight ond Tl
acrodvynnnic drag of the float_and, in some cascs, the distonce

of the »ropcller axces from the center of gravity.
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Degignine the keel and the chincg.- This is cof capital in-

portance, since the incidcnces and the radii of curvature great-
1y affect the cbility to take cff and alsc the seaworthiness.
It is nccessary, when the seaplane hull is under the best congle,
for the incidence of the wings to correspond to the fliéht at
ninimum powver. For this purpose, the mean éngle between the
¥cel and chines at the step and the wing chord (defined bf the
tangent tc the intracdes) must have a ﬁositive value of avout 2°.
When the mull flcats ot rest, the mean angle between the kocls
and the water ‘line rust be small (3° or 3°) (Fig. 4).

The changes in the curvature of the Zeel and chines must be
very gradual up to thc water line, where 4he chines rust erierge
at an anglec of 12-20°. The kecl, on the contrary, can fom a

deep stocmand cut the water line at an angle approaching 700°.

Drawing the transvarse sections.— The shape of the trens-

verse scctions somewhat affeots‘the take-off qualities, but has
a much greatcr effect on the throwing éf spray and the fatiguing
of the ull when the sea is rough.

The bottonn of the mull will generally present two syrmetric—
al concave surfaces joined at *the keel by an angle or by & cou-
vex part with 2 horizontal tangent. Ir the secticns near the
sten, the tangents to the section in the vicinity of the chines
rust be horizontal or even inclined downward (Fig. '3), in orcer

tc nrevent the throwing of spray. The tangents are grodudlly
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r&lSud o8 the section considered approaches the stern

Llile

1 - C - N Y . W e = ;s Cn
The cngles a (already defined; may reach 15-18°. Avove the

u
[»]

chines, the secticns have & nore or le polygonal outline. It
is advantogeous, however, in créer to climinate the weak points
which coastitute angular assemnblages, to join the bottom to the

sides by o rather.wide rounded strip.

¢ steps.~ Two types of hulls seen to have been definitely

adopted: +the kind with on e step behird the center of gravity
and that with two steps. In the latter +he princinal step is
very near the vertical line paséing through tne center of grav-
ity and the rear step is for the trim. Ir hydroplaning, it sup-

ports only about one-eizhth as much as the principal step. The

mill with & single step Located far enou5n benind the center

“

of grevity is generully very seaworthy. hen such a hull texie
on & rough sea, the contact with the wave crests takes ploce

near the step, which is ihe.-part of the scaplane nearest whe

I——"l

water. This contact exerss a force pessing behind the center of
gravity and tims creates & downward couple at the bow (Fig. 5).
The scapnlane nitches forward gzently and thus maintains its spced

instond of rebounding dangerously backward, as is the case when

the step is located too far forward.

The bost location for the sicp cannot te determinéd DY &
sirple formmla. There are, in fact, no less than four elencnts
to consider: the height of the center of gravity chove the votton

of the hull, the height of thc propeller, its thrust and the
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1ift of the teil, account being token of the ocffect cf the pre-
peller slip strcam. |

The pilot rmst be able ot any instant, even with the wind
aft, to offset the diving moment produced by the 1ift of the
wter near the step, by a stalling moment created by the ele-
vator. This limits in practice only the recoil cf the step to—
ward the rear. Moreover, it is prudent, on & new type of hull,
not to ploce the siep in an extrene position and to retain the
nossibility of placing "caissons" berind the step, in order %o
detcrmine the best location.

On mlls with two stcps (wblch are little used in Fronce),
the nrincipal step is oven with or s ightly in front of the
center of gravity. The rear stcp, cfton censisting of an at-
tached coissen, rmst be near the water linc. Its incidénce,
when at rest, is small (1 - 29) and ;ts width about 3/5 that of

the principal step.

Desiening the rear nortion of ihe uﬁl. “Mhen there is on-

1y one step, it is advantegeous. for the keel and chines to be
rectilinesr between the step and the stern-post. The chines
must be sharp, in order %o prevent the tail from being suo—

rerged in alighting.

-

+3

e angle betweer the keel at the step and the tangent

\c

drawn from the step to the tail has Lecn fixed experimentally

at 12°. I% is advisdisnot to let it fall telow 79, so that the
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pilot wili be able fo 1ift the bow sufficiently beforc tating-off.
If there are o stops, the tail wmist be raiged freely oe-
hind the rear step, 150,'fcr'example. 3etween the two sieps, the
hull wust be straight and slightly inclined (7-8%9) or 51ight1y
convex. It is not necessary, in the vicinity, for the chines
to have sharp cdges. The hull, on the centrary, may piesont a
rounded. contour.
It would seen advisable, from the aerodynamic #icwpoint,:
to give tne ull a plan shape similar to that of a streamlined
body with the lcast Lead resistance. Experienoé has shown, how-
ever, that such hulls dip too much and that it is better net to
streamline thom too wuch in front. it is also wecll to draw 1n

the sides slightly bchind the step {(Fig. 8).

\ .

Lateral stability. Iinz-tip flcets. Fins.- The study of

the static or dynamic stability cf a floating seapnlane compriscs

th

o

determination of the capsizing couples produced by lateral
winds of given velocitics and the calculation of the restoring

couples, a calculation into which cutcr only -the weight of the

seanlane ond certain geometric clements of the hull.

The capsizing couples, in terms of the initial inclinations
and of the wind velocity, can be determinod by testing a model
in o wind tuancl by o very simple mcthod. In spite of its in-

portance, this kind of tcst has never becn made.

3.

The caloulation of the restoring couple peculiar to the

e

givon hull is a common practice in naval construction. For a
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