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FWATIONAL -ADVISORY COMMITDEE FOR AERONAUTICS
TECENICAL MEMORANDUM ¥O. 645

RELAT;OHS BETWEEY SHIP DVSIGN AND SEAPLANE DESIGH*

......

By Georg Schnadel

Seaplanes, because of their speed, seem especially

adapted to supplement traffic by ship. However, they have
hitherto been lacking, to ‘4 considerable extent in safety,
economy, and range. Especially must their seaworthiness
bé improved, since forced landings on- the water cannot be
.avoided, and withont seaworthiness, freguent total losses
must be expected. Consequently, high insurance premiums
and a lack of freight and passengers are to be expected.
" Qur -‘comparisons will acco*dlngly be Iimited to- large sca~
planés -of at lecast ten mctrlc tons (22 040 lo ) flylng
weight.

The séapléne'should ‘be’ 4e513"ed as“a oronounced 101g—
distance airéraft with a large aspect ratio of  the ‘wings
and a minimum drag. The propeller efficiency should be as
great as Possible and the fuel. consumptvon Der kllometer
(ox mllo) ‘ds small as p0351ble;**‘7f= : . i

Sach a- acwplane should also: have sat*sfactory stao11—
ity -and “seaworthiness on the wateér, water-tight bullkheads,
fire protecction, adéguate strength in a seaway-and ade-
quate life-saving and radio equipment. .It 'should be clear-
1y understood,  hovwever, that safety is only relatlve aad
that thére is no-absolute safety.

*“Zusammenhaﬁge zwiSchen.Schiffbau'uhd'Seéflﬁgzéugbau}"
Zeitschrift faur Flugtechnik'pnd HotorluftSchiffghrt,-Aug_
ust 14, 1981, pp. 453-456." o ' .

Fofx "Das Grossflugboot -a, paper reqd be;ore tne Ge
de Hreande und Ford. der. nomp.-5031ffoau-Ve s..AnSualt
1927, Werft-Reederei-Hafen, Vols VIII, 1927, pp, 504- 5L6”
Kussner: "Das Wwirtschaftliche 0zeanflugzeug." Zeitschrift
fur ‘Flugtechnilr und lotoriuftschiffahrt, Vol,. XIX, 1928,.
PPe+51k3-530, : - RNV PO R A L S SRCE

>
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1. Stability

- Stability means the ability of. a.floating body to
right itself after a disturbance of its equilibrium,  The
static stability of a floating body is measured by the
restoring moment, This has two components: stability of
form and stability of welght For small inclinations,

‘We have .the. formula .

hst W BM sin § T W BG sin d ¥ GM sin ¢

3G ‘being the distancezbetween'the cen%ers:pf‘gravity and
buoyancy, W - the weight, and. GM the metacentric height,

‘In seaplanes: BG 1is generally very lar e, so that
the negative sign applies, Hence it is "enerally very
difficult to secure adequate stability in a seaplane with
only a central hull, Twin floats or some other means of

. adding stability such as sponsons or side floats must be

used~-1r order to produce an, addltlonal restorlng moment,

ﬁl“Lre 2 shows the relatlve stabllltles for a cer~
tain draft.* The rolling noment ‘of tbe ‘wind .pressure on
a wing is also shown., In ‘every case “there seems to be

‘adequate. stability and safety against cap3121ng. It must

be.remembered, however, that long-distance airplanes re-
quire a very heavy fuel load, amountlng to about 40% °f .
the take-off load, Stabilizers should tﬂerexore be ef~
fective for a wide range of drafts, They must accord;pg—
1y have a considerable depth, as their efficacy is de-
stroved when they are submerged,

It is possible to make a twin-float seaplane with
satisfactory stability, out the freeboard must be high

" enough, so that it will not nose undex when starting in

a sesway, Tne.disadvantage of this acrangement lies in

the weight aand high cost of the itwo ficats., The resist-
S (G -

ance in both air and water is also gx;dte_ ;aan for other

“typess (Fig. 3,) These factors have greatly hindered

the developmant of large seawortny twin- flueb seaplanes,

Because of these disadvantages, twin floats are not suit-
. able for long-distance seaplanes. On the other hand,

*Garner and Coombes: "Seaplane Hulls and Floats," _.Ai?—:
craft Eagineering, London, Vol, II, 1930, pp, 195y223.'

-~
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twin floats are alwajs Urexe*red ‘on’ “small seaplanes for. )
reasons of stability and seaworthiness,

These disédva tages Dertaln “in-‘a- still higher degree
to seavplanes with more “thahn- two floats. :Such .seaplanes
have poor seag01ng characterlstlcs ‘andi- 1mpa1"ed strength
for taking off and landing iW & ‘seaway..

The le1 g boat ‘with ‘widg stubs-is especially simple
and economlcal._ ‘Thére is 61é consideradle difficulty,
however, if the’ stablllty s’ to ‘be maintained at different

rafts., Since the hel ght of the stubs is-limited, the
stability varles greatlj ‘4t differentidrafts, For stabil-
1ty in taleng and in- taklng off i they require a rather

large angle of attack (ng."4) Which causes great resist-
ance both on the water ahd*ih'thé air.* Moreover, the
boat- is endangered by the waves in taking off and in land-
1nb,;s1nce ‘the force of the impacts increases as the cubo
of the-: 11noar dlmen51oas. Thc requisite: strength is-very
dlfflcultly a*talnable, evon for ' flying boats of' very
llﬂrgo dlmenslons, "Hence: tals typc of seaplanc is not suit-
.aolc for lonr fllwnts. " : i

Ouuslde of Gormany,,alrolanes with supporting floats
are Drelerred Recentlv ‘such supporting floats have been
placed near “£he hull, with the retention of the wing-tip
floats on binlanes, Wotwithstanding their slight resist-
cance . to rair and water, wing-tip floats should not be used
on - seuwortny"ly1 g boats, The boats are tossed about vi-

1Prt1y, and .the delicate wing tips are liable to be dam~
abed ,Aence wing-tip floats are not’'desirable on mono-
planes.** Inboard floats are best,; therefore, for sea-
qwortny seaplanes, Their reslstance can be greatly reduced
oy r1v1ng tnem the proper form.

In view of the rolling moment produced by the wind ;| ",
pressure and the requisite large aspect ratio of the wiangs,
seaplanes should have taperlng wings with high wing load-
ing. (Fig. 5.) Protection of the wing tip when rolling
and ‘2 favorable - not too high - position of the center of

—~——

*Gerner: "Seaplane Hulls and Floats." Aircraft Eng.,
1930, ' ’ ‘
: Gouget - ""The Design ofASeanlanes.W 'AircraftAEng., 1930,
P. 202, )
~Rennie: '"The Develonﬂent of Long Range 1ying Boats,."
Acronautlcal Englqberlng, 1931,
*#*Brandt: MEnglischer und deutscher rlugbootbau,' Luft-

wacht, 1929,
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gravity can-be obtained by using a large dihedral angle.

“ By using these:.ideas regarding their construction,
it scems possible .to buildlla:ge“stable flying boats of 50
metric tons (1104231 1b,) without auxiliary floats. The
hull nust then be made broader above ‘the stepe . ‘

+ Because.-of the air resistance, angular ship~shaped
forms:.of hulls and :floats above the water -line should be
avoided, 3British experiments indicate that their tops
should be well rounded, (Figs. 1, 6, -& 7.) The drag is
thus reduced about-20%, disrogarding the interference drag
duc to the obstruction of the circulation about the wings.*

. 2e. Propulsion
In:designing ships, groat importance :is accorded the
safety of the power plant, On. freight steamers, it is
complétely separated from the rest of the ship by bulk-

"heads end shaft tunnels., The power plants on seaplanes

must be correspondingly well protected. The best way seems
to consist in giving the engine and propeller an elevated
pqsition1 "It is hardly possible to give a high position

to the propeller alone, due to the heavy and complicated
driving gear waich would thus be necossitated.

" In seaplane design, it is difficult to locate the ra-
diator in the propeller slipstream, where 1t must be placed,
in order “to have sufficient cooling effect while taxying.
Froatal radiators are known to have a very high resistance.
If the radiater is suspended directly before or behind the

'prb?eller, the efficiency of the propeller is greatly re-

duced, It is therefore desirable to install the radiator
at a sufficient distance from the propeller, In the case
0f a pusher propeller, the loss 1is then partially recover-

‘‘gble. It is also possible to use radiators of the Brit-
‘ish type, with which . a down-flow of %the propeller slip-—

stream is possible, Likewise, surface radiators, in-the
léeading edge of the wing or on the engine support, arc de-
sirabvle.. .

Lnother important improvement consists in the iatro-
duction of the Junkers heavy-oil cngine with its low fuel
consumption. Despite: the greater weight. of the engine,

*iitchel: "Racing ééablangs and Their Influcnce on Design.’
Aeronautical Engincering (Aeroplane); 1929,
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it considerably increascs the-rango of long-distanco air-
planes, as likewiso thec economy of opcration,

3, ther Tl nt pulkheads

Water~tight compartments greatly increase the safety
of seaplanes, This point has recently received much atten-
tion from ship designers and.has Dbeen the main theme of in-
ternational confercnces,

. - Thec requisite degrec of protection by watcr-tight siuib-
divisions for passenger ShlpS ‘is determined by tho len gtA
and soced of tho ship and thae number of passengors. Tho
distribution of the wator-tight compartments will also de-
pend on the liability of the differcent parts of the ship.
to injury.* For scaplancs the speed can havo no influoace
on the roguisito degrce of safoty, but the sizec of the
ceplanc and tho number of passengers must be considercd,
Onec wator~tight compartment is sufiiciont for & small sca-
planc and two for a largc scaplano, i.c., 0aC or tWo cou-
partments may spring aleak without danger of the craft.
sinking., In socoplones, the portion near the step is espe-
cially liable to injury from take-off and landing impacts.
Zven. in middlesized. seaplanes this portion saould be:rso -
divided that two compartments can be flooded without dan-
ger of sinking., Very large seeplanes may have a double
bottom in the vicinity of the step.. 'noreover.-prov151on
nust be made for. preserving the stability of the seaplane,
14 the event of the flooding of one_compartment,in the
hull or stabil izing Lloats, and. by wing tanks in case two
compartmonts. are.flooded, - Openings in the bulkheads .
should he.oclosed og,slldlng doors, bocause ainged. doors:
arc not. safe cnough, . It should be possible to closo tho
bulkhead. doors from 01tnor sido or from above,. -

4 Protectlon agalnst Fire

Easily inflammable fuels, like Zasoline, should be
stored outside the fuselage, as on submarines, the wing
veing well odapted to this purpose. Fresk air must cir-

culate oa all sides of the tanks. ’
o

*Laas: "Die ScuW1mn;an15£elt der F;hrgastschiffe " 5.7.G.
1929,

" Xounigs: "Der Internationale Ve rtrag zZum Scnult" des men-—
scalicaen™ Leoers auf’ Sec, " S.-.G. 1930. : :
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5., Construction
The ratio of the frame spaciag to tie platec thick-
ness ranges: I ‘

_in ships, from 30:1° %o 80:L

" gecaplanes, from 200:1 '“;i:SQéfl-

)

"SIIQ are built with platcs wihich resist shear and com-

prossion; aircraft with o thin skin, Whercas the ship de-
sigancr s»r‘vcs to prevent buciling under normal stresses,
pao aircraft do 319a0r uscs constructions with corruge-
tions in the skin, enco suci cons*ructlor 1 foaturcs os
lighteniang holcs in thc webs shou1d ﬂot oo us d by shlb
designers, :

’1

) Hulls wqd floats arc’ now made éntirely of metal,:
though the morc economical wood construction is still suc-
cessfully - cmplooed Tho chief & dvantage of mectal con-
struction is the facility of producing very smooth sur-
faces, thus diminishing the resistance., A beginning has
recently been made in England in the use of rustproof steel-
in place of light alloys, for surfaces below the water, in
order to avoid corrosion.. = = ' .

Increases in size have ‘hitherto: been made without re-
gard to economy or risk, Under the pressure of economy
no furtiaer increase in size is to be expected but rather
a decrease. I think it is botter to devolop the long-
distance seaplanc first and then undertake to increase its
dimensions. The Rohrbach Romar, duilt for the French, is
capable of maglng a2 nonstop flight of about 3500 km (2175
mlles) with 'a useful load of 800 kg (1764 1lb,), a total-
starting weight of 19,700 kg (43,431 1b,) and a fuel con-
sumption of 7200 kg (15,875 1b,) at a cruising specd of
150 km. (about 100 miles) per hour,

Accordiang to British experimeants, the resistanco is
considerably rcduced by rounding the aull and floats. The
resistance and propcller officioncy secem to ve capable of
furtiher improvement by improving the rddiator, and a sav-
1ng in weight scems to be posswolc oy bramrb the wing.,.

Under these conditions a considcrable incrcase in
flight range and speed may be expectcd, The. flight rango
can be increascd to about 50Q0 km (3100 mi,.) simply by
using the Juniers oil engine,
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In conclu51on I wish to call attention to the fact
that” Brltlsh flying-boa X &es1gners have recently expressed
views which are in part similar to those here enunciated.
Seaowrthy long-distance sezplanes require the monoplane
type of construction with high wing and tail and protec-
tion of the power- plant from the waves. The stability of
the. 20ll must be insured by fioats., It is believed that
the resistance of such a’ flying boat is less' than that of
a landplane.

his is the trend of’ the most recent products of the
Blackburn Aeroplane and tiotor Coe., Ltd,.,*, Szaunders Roc,**
and the Supermarine Aviation Wprks.***

L Whlle the 1rst two companies have already completed
'11y1n5 boats o? the new type, the Supermarine Aviation
Horks has recently received from the very con nservative
3r1tlsh Air Himi stry an order for the céonstruction of a -
large’ flylng Boat” with a span of. 53 m (about 174 ft,),

‘an engine’ power of” o4OO _hp, and a speed of 235 km (140 ml.)
per hour., Y

Discussion

.. Mr. Croseck: .In shipbuilding it is generally suifi-
cient to consider' only the static 'stability, The differ-
ences in ‘shape and structure are slight, The static-
qtaalllty,noments will differ Dbut slightly from one an-
other .Yor the same initial stability. The 1rertle forces
will also-be of the same order of mabnltude.

In seaplane construction, the shape and»arrangement
of the flotation gear vary greatly. The static-stability
moments may differ greatly for the same displacement and.
initial stability, Considerable variations in the iner-
tia moments can be effected by varying the arrangement of.
the flotation gear, airfoils and power plant. As a crite-
rion for the requisite stablllty, however, there is the
fact that large inclinatioanas in forced oscillations in the
seaway must be avoided.

. *¥0f,: "A British Reconnaissance Boat."  Aircraft Eng.,
1930, p. 20Ls . - L ‘
**Cf';."A VlVlng Boat Series," Aircreaft Eng., 1930, p.
199, ‘ T :
*RRCE,

j»'A’.{iel.‘c;l;l_-a,utics_ in:i930." The Eﬁginéer, Jan,, 1931,
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Synchronism between the wave period and the natural
rolling period is dangerous. _In shipbuilding, thercfore,
it is endeavored to keeép the inertia radius large and the
netacentric height small, This produces long rolling
periods with respect to the wave period., The inertia ra-
dius is limited in seaplane construction. This leads to
large metacentric heights, The natural period of roll is
very short, The motions are similar to those of ‘a raﬁt.'

The flotation goar, hithertd tested .and shaped oaly
for taking off and landing, should also be tested for taxy-
ing, rolling, and lying at anchor,

Dr. Bader: From the viewpoint presented by Professor
Schnadel, it is not easy to understand why seaplanes
should be made with wing stubs. It is hardly necessary to
mention here that, from the pilirely aérodynamic viewpoint,
the inboard float offers less resistance, due to its long-
er lever arm corresponding to the smaller buoyancy re-
guired for producing the same stabilizing moment, In this

connection, however, attention should be called to the

fact that, with inboard floats, the stabilizing moment
nust be transmitted through a much longer distance to the
hull, which necessitates a considerable weight increase
for a given degree of strength, Consequently, the struc-
ture is not so strong as is possible with stubs with their
broad Dases applied directly to the hull, and the support-
ing floats might accidentally be torn off. Inboard floats
are also more liable to nose undor in a seaway than stubs
located at the right height and set at tho right angle.
The aerodynamic disadvantage of a large angle of setting
for the stubs, as claimed by the lecturer is, in fact, not
upheld by tests, iloreover, the stability under different
loads varies dbut slightly and at the greatest angles of
heel at which the wing touches the water, is practically
the same.

Sliding doors for the bulklieads, as in a shaip, seen
inexpedient for the weaker hulls of seaplanes, Hinged
doors can be made to shut more, tightiy,

Dr, Grulich: With the development of more reliable
long-distance seaplanes, their seaworthiness becomes less’
important, Constructors should endeavor to make seaplanes
so reliable in flight that forced landings will not occur.
Especially in large seaplanes, such as will be necessary
in future for transoceanic flight, tais can be attained by
making the wing structure and the power plant sufficicantly

v : . . .. e
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strong and by prov1d1ng enough reserve power 'so that tee
seanlane can fly with one or more" englnes stonped zur—
thermore the engines can be mounted in the wing so as to
be accessible 1n fllght.

The pronellers can be protected from spray by belnb'*'
located near the trailing edge of the wing. A lower ‘de-~ .
gZree of seaworthiness will then suffices

QgLngggl_qufer' I am especially interested in the |
statement of Professor Schnadel regarding the increase 1n:
the apparent resistance of the complete seaplane as com-
pared with the sum of the resistances of the separato
parts. To what angle of attack docs the stated value of
40% corrcspond? It is only apparcnt resistancec, because

it is roally additional "induced drag" due to the disturb-
ance of the elliptical 1ift distridution, In order to es-
tablish this, the relation of the angle of attack would
have to be known. Additional induced drag is important

for seaplanes, because it has the greatest effect on the
take~off and landing ability at low speecd, i.e., at large
angles of attack. The disturbance of the elliptical 1lift
distridbution by fusclage, hull and floats must theroforec
receive particular attontion in the designing of socaplanes.,

Professor Schnadel (concluding remarks): Rogarding
the comments of iir. Crosocck, I would only remark that tho
stability of a ship may vary groatly according to whether
it is traveling in bvallast or fully loaded., Ships with a
low frecboard should always bc investigatod for dynanmic
stability. The periods of roll differ groatly according
to thc sizc of the ship and the stato of loading.

To Dr. Bader I wouvld say that the weight increasc due
to tire use of inboard floats is small, because the wing
spors arc alrcady largo so as to withstand the acrodyna
ic forcecs. The landing impact on the floats can be b*cgt—
ly rcduced by shaping their bottoms corroectly, so that
‘there need be no foar of damage., If rightly formed, there
is no danger of nosing under in a scavay.

iy statements regarding the air resistance of wing
stubs are indirectly confirmed in Dr., Dormier's lectures,
in which the considerable 1ift is mentioned. The unfavor-
able aspect ratio, however, results in a rather large in-
duced drag. ’
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I agree with Dr, Grulich that the flight character-
istics of seaplanes’ shoald first’ be: 1mproved and that the
seavorthiness should’ theﬂ be made as ‘great as pos51ble.

In reply to Dr. Topfer, 1 wou'l'cl' iy that the total
drag of .the seaplanc was 149 (not 40%) greator than .the
sum of the drags of the separate narts.‘

Translation by Dwight i, Miner,
Jatlonal Advisory Comm1ttcc»'
for Acronautics, ‘
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Fig.3 Comparitive resistance of various types of lateral stabilizers.
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