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 APFRECIATION AKND IRTERMINATION COF THE
HYDRODYNAMIC QUALITIES OF SEAPTANES

By John B. Pexizinson
SUMMAKY

The hydrodynamic quelities of interest in the normsl operabion
of a seaplemne, esteblished over a period of yeers by model testing
and by some knowledge of full-size overation, are swmaiized and
briefly dilscussed. The aquellties provide a bagis for the determi~
nation of consictent informetion for a muber of seaplanes that
can eventually be correlated with pilots' opinions to establish
quantitative requirements fur setisfactory hendling on the water.
They also provide means 1or comparative evaluations of different
socplenes and direct correlations between model tests and actusl
seaplane operation. A suggested tabulation of the infoymation
required for a comprehensive hydrodynanic evaluation of a sesplane
is given In an appendix. ' .

INTRODUCTION

In reseearch on seaplanes conducted by the Netional Advisory
Committee for Leronautics it has become desiveble to stummarize
briefly the hydrodynamli: gualities that have been uecd in the
Langley tanks to evaluate the relative merlt of vericus seaplanes,
the rolative importance of various orerationsl peramstors, end
tho relative effectiveness of various modifications of seaplane
designs. These qualities have been ecsteblished over & period of
Jears by & large amount of model testing as well as by a limited
amount of experience with actuasl seaplane operstion. The gqualities
are confined in the most part to recognizable cheracteristics duiing
femiliar maneuvers and to those characteristics susceptible of
direct meesurement during normel operation on the water.

This paper is Intended to serve in a broad sense as a common
bagis for further seaplane flight testing, tank Investigations,
end design. It thus becomes en outline for a determination of
consistent information regerding the guclities of a numbex of
seaplenes that can eventually be correlated with pilots' opinions
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to esbablish guentitative regquirements for satisfactory hydro-
dynemic qualities. Such research would be & loglcal extension
to that carried out by the NACA on the requlrements for satis-
factory flylng gqualities of alrplanes.

‘Tho qualities listed do not include reference to the final
control forcee and movements, which are of first importance from
the pilots' point of view and are an essoniial part of the flying-
qualities rescesxrch. Morcover, the qualities cannot be considered
camplete at the present time but ars subJect to revisions and
edditions with new seaplane developments and more full-size testing.

A large pert of the tenk experience has been with large multi-
engine configurations heving relatively high wing, power, and hull
loadings. The relative importence of the qualities changes with
the loadings; hence those deecribed mey not be equally appliceble
to all clesses of--seaplanes. Tho quelities are, however, repre-
gentative of those receilving most attention at present.

HYDRODYNAMIC QUALTITIES

The hydrodynemlc guelitiee of interest—in the normsl operation
of a seuaplane may be grouped under four headings as follows:

1. Longitudinel stability and control
a) Trim limite of stability
b) Center-of-gravity limits of stabllity
¢) Landing stability

2. Seaworthlness

éa) Spray
D) Motlons and accelerations in rough water

2. Performence - : - . =
2&) Take-off acceleration
) Take-off time and distance

L. Lateral stability and comtrol
a) Handling in close guerters

D) Texying
c) Teke-off and landing

These qualities are discussed briefly in the order nsmed, and

typlcal data from model investigations are presented, when available,

to illustrate the types of plotting believed to be most useful. The
discussion has been made independent of detailed references, but
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additional Information and examples of the patterns to be expected
may be found in various NACA papers on sesaplanes. .

LONGITUDINAL STABILITY AND CONTROL

Trim Limits of Stablility

The trim limits of stebility define the ranges of trim and
speed 1ln which porpoising occurs and provide the basie for investl-
gating dynamic longltudinal stability on the water. Typical
trim limits for various multienglne flying boats as determined
by dynamic-model tests in the Langley tanks are shown in figure 1.

In general, seaplares are d;‘;namica;'.ly sta‘ole in the displa.cement-
speed range up to the hump speed. At planing spesds, there is a
gtable ra.nge of trim bouniled by the upper and lower trim limit of
stabilit Both limits are a function of the losd on the hull; hence,
for ooni'igurations where slipstreamt has a large effect on wing 1ift,
the 1imits are lowered by the application of power as shown.

Lower trim limit.- Porpolsing below the lower limit primerily
involves the forebody end is first ifound at & speed slightly above
the hump wherc the afterbody comses clear end &% a trim neexr the
gternpost angle ( engle between the forebody keel and a line Jjoining
the forebody keel at the mein step with the sternpost or after end
of the afterbody keel). The lower 1limit decreases rapldly with
speed and, for conventional hulls, spproaches a trim.at high planing
speeds between 1° and 2° referred to the forebody keel.

The lower limlt 1s not alweys well-defined at speeds near the
hump but 1s more definite et higher spesds. Vory small exiternal
disturbances are sufficient to start the ;porpoising once the
limit nas been crossed.

The lower 1limis 1s sometimes affected at high speeds by after-
body wettil or other interference flows. Such an effect is shown
in figure 2%0) in which the 1limit, power on, apparently Jumps
suddenly to the limit, power off, near a speed of &0 miles per hour.

Upper trim limits.- Porpolsing above the upper limits involves
both the forebody and afterbody. It may tegin near the hump speed,
but the limits are usually determined fiom a higher speed at which
the trims can be atteined with available up-elevator and after
center-of-gravity positions to the teke-off speed.
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In general, the upper limits heve two branches. The first
brench is obtained in going froam the stable.to tho unsteble range.
The second branch, lylng below the first, covvesponds to the trims
at which ths vornolsing stops once it hes been startod. This
hysteresis is the result of the afberbody rumning in the weko of
the forebody. ;

Tho two branches almoet colnecido at the low-speed end but,
when the porpolsing ls violent, diverge rapidly at higher spesds.
(see fig. 1{b).) When the porpeising ie rclatively mild, as is
the case with ample depth of sbtep, the Tranches romein within
epproxinately 1° of each other out to the take=off spesd. (Bee
fig. 1(a).) The upper limite are sametimes affected by intore
ference effects such as shown in figwre 1(c). In this figwve,
the lower branch without power is normel, but the lower braunch
with power has a more camplex shapo-

Test procedure.- In the lLangley tenks, the limits of-a model
are determined by a succession of runs at constant spoced and power
during which the trim reange ig covered by varying the elsvator
doflection and center~of-gravity position. Ths effect of tlese
moment perameters on the position of t!e limits has been esteblished
to be negligibvlo. :

The correspondiing determination for the segplane is more
difficult because of the necessity for planing et constant speed
as the trim is varied. ZILimits have been messured during accelerated
runs when the accelerations have not been so great as to obscure
the boundary between steble and unsteble trims.

Center-of ~Gravity Limits of Stebllity

The trim limito of gtabillity, elthoughk of basic importance,
are not in themselves a slgnificent hydrodynemic quality beceause
the actual instabllity encountered during take-offs depends on
the relationship of the trim limite end the rumning tidims. If
the trim track (variation of trim with speed) lies wholly within
the atablos rengs of trims, the teke-off will be etable. If,
however, the trim track intersects a trim limit, porpoising will
occur of an amplitude depending on the penetration into and the
duration of operation in the unastable range.

Whetlier the trim tracks lie within the stable range of trims
or not depends on the external longitudinal moments acting. Thus
the importent sonrces of these moments become in e practlcal. sense
significent pereameters when dealing with porpolging. The longl-
tudinal position of the center of gravity, as in the case of
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aerodynemic stability, 1s a convenient parameter to deflne the
stable range of moments. L

Dofinition of center-of-gravity position.- The longitudinal
peeition of the cente? of gravity is usually defined in percent

of thie mean serodynamlc chord (M.A.C.) of tho wing to be consistent
with the method univergelly employed in alrecraft opsration. In

the case of seaplanss, where the cenbter of gravity is often ab

some distance from the M.A.C., the reforence exes rmst be defined.
For couvenience, the position is usuelly referred to the korizontal
projJection of the M.A.C. perallsl to the longitudinal refecronce
line of the eirplems as shown in figure 2. _ . .

The vertical position of the center of gravity ls usually
defined as its distence in feet or inches a&bove the keel &t the
step perpendicular to the longitudinal reference line. The
dimension should be recorded since the vertical position has
an appreciable effect on the effective horizontel position at
trims other than zero.

Yarigtion of ampliitudo of poryoisinz with center-of~gravity
position.- Typicel plots of maximum emplitude of porpolsing during
accelerated teke-offe against position of the center of gravity,
determined from tenk tests of dynamic models, are shown in figure 3.
The emplitude 18 defined as the largsst dlfference betwsen the
meximue and minimm Primsduring one porpoising cycle at any speed
during the teke-ofi. It ususlly varies approximately linearly with
the center-of-grevity position in the .astable range. The slopes
are gencrally the seme for different slevator deflections bus are
not the seme for the lower-limit and upper=-limlt porpoising and
for different seaplancs.

As may be seen from figure 3, any degree of insbabllity may
be encountered with a conventionel seaplans depending on the cenber-
of-gravity position and elevator deflection. The rractical conter-
of-gravity limit for one elevator and flap deflectlon is usually
defined as the positlon for a maximum smplitude of porpoising of 20
es shown.

Tower-limit porpoising, defining tho forward cenber-of-grevity
1imit, usually occurs at Iintermeodiate planing spseds where the
trim track intersects the lower limit and then reenters the stable
range after which the instebiliity demps out. Upper-limit porpoising,
defining the after center-of-gravity limlt, usuelly occcurs at speeds
neayr teke-~off where the trim track crosses the upper 1limlt, increasling
trim, and continuss gbove 1t untll the hull is alr-borme. In same
cases with ebnormel trim tracks or unstable "islands" in the trim
limits of stebility, the practical limits are more difficult to
determine and must be fwrther gqualified.
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Yardstlon of centex-of-gyevity llmits with elevator epd flep

of stabillty with upward deflection of the slevator are shown in
figure 4. Similer dete showlng variations with flap deflection
for verilous elecvator deflections are shown in figure 5. Thewe
plote very widely among dlfferent designe and, conseguently,
offer .a means of quantitabive dlifsrentiabion between satisfactory
and unsatipfactory longlitudinal stebllity end conbtrol.

Figuro 4(b) presente date for e flying boas, tho stability of
which is critical with elevator deflection and which, with the
center of gravity forward of 30 percent M.A.C., requires a large
upward deflection to avold lower-limit porpolsing near the hump
speed. These cheractorletics, however, are considered satisfactory
in service. Data very similar to those shown have been obtained
for the full-size seaplane by the Navy using & relatively simplo
technigque.

For comservatlive practice, the center-of-gravity linlts ere
defined for elevator deflectlons which leave a reserve for recovery
in the event of porpcilsing induced by a large disturbence, such as
the weke of a boat. Dowrward deflecticne of tho elevator are not—
normelly consldered in defining the limits. For exsmple, at the
forward 1limiv with neutreal elevator, the full up-selevator travel
ig avallable for recovery from lower-limit porpoising, and, &t
the after limit with full-up elevator, the fuvll down-elevator
travel to neutral is avallsble for reco.sry from upper-limit
porpoieing. Thls favorable pettern is illustrated in figure 5(a).
Figure 5(b), on the other hand, shows no stable rango bstween the
forward limlt with zoro elevator deflection and the after limit
with -20° elevator deflection, and stable teke-offs with constant
elevator can only be made with little deflection avalleble for
recovery. Such a chieracterlebic is not neceeserlly unsatisfactory
because service teko-offs sroc not normally mede with comstant
elevator deflection and the reservo deflection may not be considered
egsontiel by the pllot. -

Plote of the type shown in figures 4 and 5, together with
the aerodynsmic-conter~of~gravity limits, determine the range of
poslitions of the center of grevity for prectical operation and
shouwld be included in tho opsrating instructions of the airplane.

Test trocedure.=- Measurcment of water speed ls not normally
required to determine the center+«of-gravity limits; hence, the
Instrumentation may be simplified to include only e visuael trim
indicaetor, en elevator-position indlcator, and a flap-position
indicator. The Navy procedure is to meko a succession of teke-offs
with the copllot malntalining conetant elevator deflection
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and undseysgbanding thet the pilot mey ove power his conbrol if
required. Rlcovator deflectlions ab various conber-of-gravity
positions for amplitude of porpolsing of apyroximately 2° are
then plotted as in figure 4, For unusual patterns, the approxi-
mate waber‘smeed at which the instability is encoun‘bered. should
also be no’ced. ag an eld in interpreting tho data. :

A 1a:cge nmber of teke-offs abt full power is detrimental to
tho engines; congequently, 1t may be necessary to explore completely
the limits by means of model bests =nd to confine the full-size
experiments to those required for correlation with the model dsba.
The type of date shown in figures 4 end 5 in any case supply tke
necessary informetion for the operating instructions of the alrplane.

Lending Stebility

The hydrodynemlc longitudinal stebllity of a seaeplane appllos
to both sako-offs end lendings, but the maneuvers differ in detall
and the landing etebllity 1le best treated as a sepearate hydrodynamiq
quality. The landing stabllity becomes of perticular lmportance
when the hull tends to leasve tho water in a succession of skips
Yelow flying speed and when the seaplanse is not under camplete
control. gckipping ls primerily a function of landing speed and
trim but ig also influencod by the approach technigue end the
vertical speed.

In practical operation, it is desirable to lend stably ab
high trims to obtain slower lending spee’s. Instebllity abt conbact
trims, for which the afterbody touches f.rst, ls usually assoclated
wilth the upper porpoising Ilimits. Skipping of equal or greater
violence mey elso occwr abt trims bolow the lower branch of the upper

trim 1imit and above the lowsr trim 1imist. ,u
YVariation in smplitudes cf th conbact trim.~ Typlcal

variations of sklpping emplitudes 'w:l.'bh contact trim, obtained from
lending tests in the Lengley tanks, ere shown in figure 6. Figure 6(a)
illustrates the effect of afterbody ventiletion varied by changing

the depth of the step. Bslow tho angle for which the afterbody keel
is horizontal on contact, the amplitudes ere negligible for elther
depth of step.. Above this angle the amplitudes are dangerously high
with the shellower step but are negligible &bt all trims with the
desper step.

Figure 6(b) 1llustrates & form of landing instebillty associated
with tho position of the center of gravity with respect to the step.
In this case, lendings with the center of gravity at 40 percent
M.A.C. are also unsteble below the afterbody-keel angle end become

[}
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progressively worse until the afterbody 1e horlzomtal. Above

this angle the smplitudes decrease suddenly and =re approximately
constant at higher trims as for a shallow step. Moving the center
of gravity forwerd 10 percent M.A.C. eliminates the sharp increase
in amplitude below the criticel angle but mekes little dlfforence
at other trims.

Landing ingtebility from additionel cauces may be encountered,
in which case the pattern may be more complex than those shown, and
trime other than that corresponding to the afterbody-keel angle may
became critical.

Teosgt_procedurs.- Landing tests arc mede by meking a succession
of landings at verious contact trims and reccrdlng the subscquent
behavior. The violence of bhe resulting oscilleations or skips in
terms of verticael mction, trim change, or mmber of skips is then
plotted againet the contact triwm for varlous landing-flap settings
and positions of the center of gravity.

Landing teste are mede by the Navy using a visual tiim indlcator
end en eirspeed indicator to gulde the pllot—during the approech
and to determine the trim and alrspeed st contact. The number of
skips after contact is counted as a measwre of the landing stabllity.
Amplitude in trim, for the type of plot shown in figure 6, can te
read directly from the trim indicabtor by an cbserver. Amplitude
in vertical moticn is difficult to measvre for & full-slze seaplane
but is easily meassured in the Lengley tarnks as a criterilion for
systematic investligation of various parameters.

SEAWORTHINESS

Spray

Svray 1s of importence in the operation of seeplanes when 1t
ocbscures vision, intlicts physical damage to structurel ccmponents,
caucea instebility, or deleys take-offs by reducing the power of
the engines. The syray of heavily loasded multiengine configurations
often results In one or more of these defects and, In any case, 1s
a significant guality from considerati..as of research and deslgn.

Svrey cheracteristics are usually recorded qualitatively from
pilot's observations or photographs. The value of the data is
greatly enhanced 1f accompanied by tangible evidence of spray
effecte, such as corroesion of propeller blates, damege to
flaps, or undue engine maintenance. For comparison and correlation
purposes, it is of value to record the range of speed over which
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sprey effects of interest occur and the cffects of acceptable
overloeds, Any spray limitation on the mesimmm grogs load is.
an imnortant quality. The ninimwm loads for syray wetbtlng tho
win:lehield, the propellers, the flaps, and the tall surfaces are
additional items for quantlitative com;a.risons between ty ;pes and
corrolations with model daba.

Pyvpical smooth-water spreay repges.-~ Typlcel ranpges of speed
Tor spray ‘in propellers and on flaps of multiengine types are =
shown as functlicns of the gross loed in figure 7. ‘These deta
were obbtalned with powered dynamic mofels in smooth water in
the Lengley tanks snd can be obtalned in a comparable form for
full-gize seaplenes with the aid of a water-spesd indicetor or -~ "
e sensltive alrspced indicator. The data do not, of course, - ’
indicate tho importent cherecteristics of denslty and d.ura.tion,
which have a dircect bsaring on the spray erfects.

_Rgggh-*water syray.- Spray in rough waber is a more complex
Problem, snd quantitative determinations of thils quality are
difficult to make. Dring wave encountewvs, barats of spray
strike components not normelly wetted I suooth weter, and the
geverity of the effects is incressed. Spray under adverse sea
conditions will elways be an important comsideration, howover,
and 1ts evaluetion will Jogically teke the form of measuremert
of the sprey loads ‘on the campcnents or other pertinent effests.

Mntions and Accelerations in Rough Weter

The most severe service conditions for a seaplane ars the
rough-water teke-off and landing. A guantitative Investigation
of rough~water qualities for a full-sizeo seeplano is not often
feaslble or even safe. Nevertheless, these qualities ere of

rimary lmportence in the d.esign of types requj_ring a high ora.er
of seaworthinees. K

'Ei'ocm an over-sll’ standpoint, the qualities o:E‘ most “interest
are the normal snd angular eccelorations end the meximum trims.
The acceleratlons are measures of tho load factors for structures .
supporting concentrated messes, &énd the maximum trims are indicative
of the extent of dangerous operation sbove the stall angle, usually
below flylng speed and without latersl control. These gqualities
may be directly moesured either far tho full-size scaplaeno or for
a dynenic model in the niore cont;ro:L'Led. conditions of the towing .
tank. . L

The surface of the ge& is usually a confusod ;pattern of
superﬁnposed. wave, trains y and the weves vary widely in length and.
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height. Moroover, the maneuvers ere Tavorsd as much es posseible
by the pllot by a Judiclov s choice of operating aroe and direction
with respect—to the prevailing swell. In the tank, however, mare
regular reproduclble wave systoms aro usod, and tronds msy be
optablirhed with varlstlions in the lmportant parameters that serve
as guldes for limitcd open-waber testing.

Variation of meximum acceleration and trim yith wave slgs.-
Typical variatiors of meximum acceleretion and trim with wave
length and helght, ss obtalned from freo landings of powered
dynsmic models in oncoming waves in the Langley tanks, are shown
in figure 8. There is & pronounced effect of weve length on the
normel. acceloration at the center of gravity, and the highest
maximum acceleration apperently occcurs neer a wave length of 2.5
hull lengths (measured firom bow to stornpost). Incroasing the
wave holght for a given length increases the acceleration as
would be expocted. The maximum trims obtained are not greatly
affected by tho wave parsmetbers and, in general, are higher than
the stall trim.

Test procedure.~ The points shown from the model tests are
the protable meximums obtained from a muvber of landing runs at
each wavo longth and helght and usuwally ocour during an uncontrolled
encounter with a wave front subsequent to the initlal contact.
Although obteining similer conslstent data for a full-size seaplane
would be difflcult; it can be atbempted with etandard fliight
accelerometers, a v1sua.l trim indlcator, and socme method of observing
the slize of the waves such as a hydrometer-type buoy.

PERFORMANCE

Teke~off porformence was orliglnally of first importance as a
hydrodynsmic quality end remains go for the very high power loadings
of long-renge transports and some personal-owncy types, as well as
for the wing loedings resulting in a long planing run and high take-
off speed. The performence is conveniently defined in terms of the
take~off time and dietance which arc direct measures of engine~cooling,
operating~-area, and cther probleums. '

Taks~-off acceleration.~ The teke-off time and distance are
functions of the longlitudinel accelerating force and, hence, of the
longltudinal acceleration. A typlcal verigtlon of the acceleration
of & lerpe long-range flying boet with speed for various elevator
deflections, as determined fram tests of a powered dynamlc model in
the Langley tanks, 1s shown in figure 9. In this figure, the
acceleration varies wildely with the elevator deflections. At the
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hmyp speed, low defloctions are favoreblo which ecmetimes lead to
lower-limit porpoising; wherees neesr take-off, inbermediate
deflections aro favorable which scmosbtimes lead to upper-Llimit
porpoising. Some manipulation of the controls is required to
obtain the best take—-ofi performancs. iy

Teke-off time and distance.- The teke~off performance l1s
reedily determined from the curvo of accoleration against speed
as shoyn in figurc 9. Teke-off time is the area under tho cwxve
of 1/a plotted against speed; teke-off distance is the erca
nnder the curve of v/a plotted in the seme way. For the sea-
plane considered end at a constant elevatar deflection of -15°,
the time for & given increment in speed is greatest near the hump
speod. The distance for a given lncrement in spesd, however, is
elso large noar take-off, es is usually tho casc with high wing
loadings. '

Tegt procedure.=- The data shown in figure 9 can be measurod
directly with a low-freguency acceleromester end & water-~spoed
indicetor during take-offs at verious conetant elevator deflections.
For consistency, the measurements should be made from the time the
engines develop full teke-off rotational speed to the timo the
gtep lesves the water. If these times are definltely established,
teke~-off time may be directly measured with a stop watch or tlmer
record. Teke-off dlstance is most convenlently calculated fraom
the plot of v/a or from the area under & water speed-time curve
if this curve is recorded. .

LATERAL, STABILITY AND CONTROL

Very little systematic research has been done on lateral
steblllity and control in terms of full-size operating parameters
similar to that described for the other hydrodynemic gualities.
This soction, therefore, merely summerizes the obvious lateral
qualities as & means of pointing out observetions that mey be
made in the course of flight tests and as a moans of providing
& besis for further ressarch in model size. '

Hendling in close quarters.- The handling problem in close
quarters 1s essentlelly the seme as for surface vessels, and lts

evaluation is largely dependent on the seamenshlp of the pilot.
Quelitative information of velue include response to alr controls
or water rudder, sensitivity to differentiel power, and weather-
cocking tendency. More quantitative information includes such
items as minimm speed with engines running, which may be nsgebive
wlth reversible propellers, and minimum turning circle. '



12 NACA TN No. 1290

l_:y_gg -~ The cbllity to texy crosswind mey be expressed 1in
terms of abllity bto hold a stralght course, ebility to twn down-~
wind, and tendency of the downwind tip tloat to bury. A mmerical
value of-intercst for comprrison purposes is the maximum advisable
crogsewind or, more specificelly, the crosswind at which a tip float
submerges and 1ts ability to ererge when the ceaplane is turnsd into or
out ol the wind. The abllity to texy dowrwind mcy likewlse be describsd
by &ebllity to hold course and tendency to weathercock in winds of
various magnitudes. - :

Take-of f and landing.- Lateral stebility and control problems
associated with teke-ofs and lendings include the tendency to yaw at
10w speeds on take-orff, to skid at high plening apecds, and to yaw or

"water loop on landing The ebllity to hold course can be desocrlbed
rovghly in bterms of the control deflections or dlfferential power
required and charactoristics exhibited in a crosswind. Nobes on the
adequacy of the tip {flosats underway end thelr eifects on course-keeplng
qualities are useiul supplementary Informatlon.

CORCLUDING RFMARKS

The hydrodynsmic gualities jresented esre generally eXpressed in
torms appropriate to various sizes and tyves of seaplenes and to both
the prototype and powered dynemlc model. These qualities provide,
thereforc, means for comparative evaluations of different seaplanes .
and. for direct correlations between tank operation snd actual seapleans
operation as well as for the establishment of quentitative requirements.

A suggested tabulation of the information requlred for a compre=~
hensive hydrodynamic evaluation of a sesplene, either by full-size or
model tests, 1s glven in thke appendix. All the items nemed have not
yet besn determined for eny one design, and some cf them asre not of
gufficient Impoirtance to Justify complete lnvestligation In all cases.
They seorve, however, to outline the possible ecops of a flight or tank
investigabtion of a specific design and of further hydrodynsmic research
on conventional seaplane problems.

The adequacy of the qualities for tho purposes siated can best be
established by their determination for as lairge a variety of seaplanes
as possible. It 1s urged that agencles in a position to conduct hydro=-
dynamic investigations along the lines progposed will continve the
~ resoarch as opportunity offers in order eventually to provide a
broader basis for the over-all improvement of the operating charac-
teristics of scaplanes.

Langley Memorial Aercnawbtlcal Leborabory : : o .
National Advisory Committee for Aeronautics
Langley Field, Va., March 18, 1947
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APPENDIX

INFORMATION REQUIRED FOR EYTROIYNAMIC EVALUATION OF A SEAPLANE

General:

Hull

Three~view drewing of general airangeument

Span, ft

Over~all length, £t

Helght, ft

Hormel operationsl grogs load, 1b

Meximum overload gross load, 1b

Wing area, sq £t

Total teke=-off horsepower

Minimm flight speed, flaps in ncrmsl landing positlion, mph

Avorage landing speed, flaps in normal landing position, mph

Avereage teke~off speed, flaps in normel teke-ofl position, mph

Aerodynamic center-of-gravity limits, normal and ovexrload,
percent M.A.C. :

Average vertical dlstance of center of gravity from keel at
step, normal and overload, ft

particulars:

Length, %

Beam over chines, £t

Helght at step, £t ' s

Length of farebody, chines at bow to step, Tt : El

Length of afterbody, t '

Static trim, normal and overload, deg

Static draft, normal and overload, It

Static heel, normal and overload, deg

Angle of afterbody keel to forebody keel, deg

Sternpost angle to forebody keel, deg

Angle of dead rise forward of step including flare, deg

Angle of dead rise forward of step excluding flare; feg

Angle of dead rise at bow, deg . .

Angles of deead rise of afterbody, deg }

Depth of cgtep at keel, £t - '

Dopth of step at chine, Tt

Propeller dlameter, It

Static propeller clearance on low slde, normel and overloed, It

Static flap clearance on low side, take-off and landing position,
noxrmael end overlead, It

Static tail-surface clearance on low side, elevator neutral,
normel and overload, Tt



1k NACA TN No. 1290

Quentitative hydrodynsmic qualities, normel and overload:

Longltudinal egtability and conbrol.

Veriation of center~of-gravity limits with upward
elevator angle, tale~off flap deflection

Verlation of center-of-gravity limits with flap
deflection, lowest practiceble upwerd elevatwr
deflection fur farwerd limit and highest practicable
uvpwerd elevasor deflectlion for after limit

Varlatlion of number of slkips and amplitude in trim
vith contect trim, landing flap dofloction, end
position of center of gravity

Seaworthiness .

Water speceds at which windshields, inboard end outboard
Iropellers, flaps, end tail surfaces are subject to
Bpray

Maximum ncrmal accelerations and trims in rough water

Performance '

Variation of longitudinal acceleration with speed end
upward elevator deflection, full-power teke-offs,
teke~off flap deflection

Take-off time

Take~-off distance

Lateral steblllty and control

Minimum speed, engines running, mph

Mindmm tuening circle, ft _

Mazimum edvisable crosswind for taxying or crosswind at
which tip float submerges, mph

Meximm advisable crogswind for lending

Control deflections requlred to hold course on take-off
and landing, fractlons of full deflection

Qualltative observationa, normel and overload:

Longltudinal stablility and control
Technique required during teke~off to avoid porpoieing
Technique requi~ed for approach, contact and remainder

of landing run to avold instability

Plliot's reactions

Besworthiness
Technlque requlred to alleviate spray demage -
Photogrephs or observations of criticel spray conditions
Suray damage and malntenance required
Rough water behavior
Pilot's reactions
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Performance ;
Technigue required for normal teke-—offs
Engine cooling charscteristics
Pilotts reactlions

Lateral stability and conbtrol
Ability to manesuver safely in close quarters
Ability to taxy crosswind and turn downwind
Abllity ‘to taxy downwind
Tip—-float behavior
Technigue regquired to hold straight course during

take—0ffs and lendings

Effect of crosswind during take—offs and landings
Pilott!s reactlons

Pilot's over-all evaluations, normal and overload:
Pilott's over-all evaluation of water handling, take—off,

and landing qual’ties as compared with similar types and
with other classes of seaplanes
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