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NATIONAL ADY IEORY OOMMITTEE FOR AERONAUTICS

. ADVANOR RESTRICTED REPORT

THE LONGITUDINAL STABILITY OF FLYING BOATS AS
DETERMINED BY TESTS OF MODELS IN THE NACA TANK
II — EFFECT OF VARIATIONS IN FORM OF HULL

ON LONGITUDINAL STABILITY

By Starr Truscott and Roland E., Olson
BUMMARY

Results of investigations of the longitudinal-stability
characteristics of several models are considered in an at-—
tempt to arrive at general canclusions as to the effects of
variations in the form of hull on these characteristics.
Data are used from tests at constant speed, establishing the
trim limits of stabllity; from tests at accelerated speeds,
establishing the limits for stable positions of the center
of gravityj and from tests at decelerated speeds, establish—
ing the landing charagteristics. The counclusions drawn are
not necessarily flnal dut the available information indicafes
certain trends that are offered as a guide to future tests
and design, '

v Tho lower trim limit of gtability is not appreciably
affected by ochanges in position of center of gravity, posi-
tion of stoep, plan form of step, depth of step, angle of
afterbody keel, and length of afterbody, A reduction in the
angle of dead rise decreases this limit to lower trims. An
increase in gross weight raises this limit to higher trims,

The upper trim limits of stability are not appreciably
affected by a change in pesition of center c¢f gravity., Mov—
ing the step aft appears to raise the limits slightly. These
linits are raised to higher trims by an increase in gross

-weight, an increase in devth of step, an increase in anglo

of afterbody keel, a decres#se in length of afterbody, and

by ventilation of a shallow step. These limits are chansged
by a variation in the plan form of the stop in proportion to
the chenges in the offective depth of step and the effective
prosition of the step,
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The limits for stable positions of the center of
gravity are shifted by a distance approximately egual to
the distance the centroid of the step is movedy Increasing
the depth of step does not appreciably change these limits,
With heavier gross weights the range of stable positions
for the center of gravity is reduced.

Instability in landing at high trims is reduced or
eliminated either by increasing the depth of step or by
ventilating the step. A depth of step of the order of 8
percent of the beam has been found necessary., Large venti-
Tation ducts located near the keel and just aft of the step
are effective, but ventilation ducts near the chine are in—
effective, With a depth of step of 5.5—percent beam, the
landing instability of one model was not eliminated by vary—
ing the angle of afterbody keel from 4% to 8.5° and increas—
ing the length of afterbody from 161 to 311 percent of the
beait s ‘

INTRODUCTION

Several models of flying boats have been investigated
at the NACA tank in an effort to determine their longitudinal—
stability characteristics. Part I (refercnce 1) of this re—
port describos the methods that have becen uscd at ther tank.
The models usually represented specific designs; generally
either the full—gize airplane had been built or the construc—
tion was at an advanced stage before tests of the model were
reguested, The possible modifications were, therefore,
limited to small changes that were expected to improve the
stability characteristics without appreciably altering the
existing design..

With such an approach to the problem of longitudinal
stability, the greater part of the rescarch has consisted
of a number of unrelated tests, cach of which was made for
the specific purpose of improving the stability of a partic—
ular dosign. The investigations have Deen restricted to the
cssentials because of the limited time that could be allotted
to any single test, A complete study of the effects of all
the modifications was therefore impossible, and in many in—
atances the dats are incomplete., Repetition during the sev—
eral tests has been large, and the contribution of any single
test to the general problem has often been small.

gotr—1
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A study of thése teste has been made for the purpose
of determining what genoral conclueions may be drawn from
them as to tho effects of variations in the form of the hull
on tho porpolaing characteris tics of the comploto model, In
some instances the data aro meager and tho conclusions aro
not nocossarily final. All theso toste havo boon mado with—
out poworod propollers, ) ' :

DATA

Wherever possible, the datd on which the conclueions
of this report are nased are presented in the form of curves.
Theee curves, in turn, are based directly on data obtalned from
tests of a number of different models and represent what are
believed to be the most reliable data obtained from these
tests,

The stability characterigtice of tha different models
are not compared becaunse thoy generally represent entirely
different designs end the aesrodynemic characteristics of
most of tho models were not determined, derodynnmic tests
also sho7 n large scale effect as evidenced by decrenassad
nngle of stall, Since the nerodyn~mic 1ift cannot be pre—
dicted with any dcgree of accuracy, tho load on the water
at any particular speed cannot be determinod with sufficlient
Preclsion to justify conclusions as to tho relative meritg
of the several models, 4dAerodyn'mic iatn are no-v being deter—
nined for each model as & routine portion of the tesgt program,

TREIH LIMITS OF STABILITY

The trim limite of astabllity are defined as the trims
that separate the stable range of trims from the unstable
range. These limits are determined by verying the trim at
constant speed and observing the trim at which porpoising
first appears. This procedure is described in detail in
reference 1, : :

" ‘Three trim limits 6f stabillity exist for models of con—
ventional flying boats., The lower trim limit of stability,


http://www.abbottaerospace.com/technical-library

representing the limit to which the trim may be decrocased
before porpolsing occurs, generally appears as the storn

post emergea from the water. Tho spood at which instability
eppears therefore corresponds very nearly with the hump
speed, at which maximum resistance is obtained, The motion
is principally an oscillatlion in pitch, and the violence in-
creases wlth further departure in trim below the limit, A%
intermediate planing speeds when the trim 1s near the lower
linit, the load on the water 1ls carried by the forebody alone
and the stern post and the afterbody are entiroely clear of
the water, At high epeeds the change ln the lower limit with
spoocd 1s small., The forobody carries practically tho entiro
load on tho wator and only spray strlkes the aftordody,.

The upper limi%, lncreasing trim, renresents the limit
to which the trim masy be increased before porpolsing 1ls en—
countered, Indication of the presence of high—angle porpois—
ing or the existence of an upper trim limit of stability has
been found in tests of all dynamic models of flying boats
towed in the ¥ACA tenk, This limit firset appears at inter—
mediate planing speeds and is generally present throughout
high speed to take—off. The porpoising motion is principally
in risey, and a small departure in trim abovo the limit causes
vioclont porpoising. A further increace in trim does not
greatly affect the vlolence of the motion,

After porpolsing at high trims 1s established, the trim
must be decreased below the upper limit, increasing trim,
before stability 1s recovered, The trims of recovery define
the upper limit, decreasing -trim, The separation between
the two uppor limite 1z at firet small but increases rapldly
with speod. When the porpolsing motion ceascs, the trim
generally decrceases suddenly, which indicatos that an excoss
of negative pitching momont was roquircd in ordor to rocovor
8tabllitye. This limit cannot bo determined near got—away
speed, bocause the model tskes off when the trim increases
and the porpolsing becomes erratic.

The following trends in the effects of changes in the
several ltems are noted from a study of the results of the
tests of a numher of models:

Effegt of change in pgross welght.~ An increase in gross
welght generally ralses sll the trim limits of stablility

" toward higher trime, Typical results, representing data
obtalned for three differcent models, are shown in figures
l, 2, and 34 In ull the figures of this roport, the gross
" load coefficient OpA, = 4,/wb3

8911
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where

4o inltial load am wateor, gross 1oad, pounds
b  meximun besm of model, feet o -
w spocific weight of water, pounds per cuble foot

At high speads %the lower limits tend to convorge and
tho change in limit with load ies loss-marked. Tho curvos
of figure 1, which show the lower limits for soevoral valuos
of the gross welght, actually cross and a discontinuity or
sudden decrease in trim ogcurs., The afterbody interference.
apparently has some influence on the 1ower limit at these
epeeda,

The upper limis, imncreasing trim, is raised as the . -~ -
gross welght 1e incrpased end the speed at which it 1e first
obtained 1s also lnoressed, The upper limit could be obtalned
at lower speeds by aprplylng external moments or by changing
the position of the center of gravity., This information would
be more acadonic than practical, The pltchlng moments used
for those tcats include the maximum that can be obtained from
the tall group at nositions of the center of gravity used in
flight.

It has beon obsorvod that the uppor limit is ralsod as
tho load 1s incroasod. If afteoerbody clearance is a factor
upon vhlch tho rosition of tho 'upror limit doponde, thon
thias limilt would protrablv bo ralscod becausc tho dopth of the
wako 1s groator a% tho hoavior loads. Highor trims aro thoro—
fore necessary tc wstablish a flow over the afterbody compa=
rable with that at light loads. The problem of afterbody
clearance wlll be further consicered in connection with the
effects of depth of utep, ventlletion, length of afterbody,
and angle of afterbody keel, The avallable data appear %o
indicate that the upper limit, decreasing trim, is raised
a8 the load is increased., Many inconsistencies are found
that are mainly due to the difficulty in obtaining this
linit. (See reference 1,) With heavier loads, the porpois—
ing appears to be more violent and difficult to control,

In a parallel investigation conducted at Stevens In—
stitute of Technology with a 1/30-size model, the same
goeneral trends were observed, but actual valuees and details
of behavlor were different from those obtained in the WACA

zank Hhen a 1/10~size model of the same flying boat was
este
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Effect of change 1n position of center of gravity.-—
Data Telative to tue effect of Lorlzontal movement O0F tho
centor of gravity on the trim limits of stablility are ocon—
tradictory. The available data that are considered as most
accurate are prosented in figures 4, 5, and 6, (Similar
data havo boon obtained from tests of othor modols, dut in
thoso casos deformations of tho modol during thc tosts havo
boon g0 groat as to makeo tho data of dubious valuo for uso
in drawing gonoral conclusions.,) The accoptable data indi-
cato that tho lowor limit is not appreciadbly ochangod by
changing the position of the center of gravity. The effect
on the upper limits is not entirely conclusive, A4n examina—
tion of the data indicates that the upper limits may bde
congidered, within the accuracy of thelr determination, as
unchanged by movement of the center of gravity. Since the
flow over the aerodynamic and hydrodynamic surfaecos 1ls tho
samo at any givon trim, rogardless of the position of the
contor of gravity, tho 1liunlt at vhich porpoising starts
should be independent of the position of the center of grav—
itye ©OSome differences might be expected in the upper limit,
decreasing trim, inasmuch as this limlt represents the trim
et which the mnodel recovers from a porpoising condition, A
change in the position of the center of gravity would be
expected to change the effectiveness of the damping forcos
of the aesrodynamic surfaces,

The principal effoct of a change in the position of
the contor of gravity is tho change in control moment, In
figure 4 the uppoer iimits, lucreasing trim, could not bde
roackod at forwvard positions of tao contor of gravity and
tho lowor limit was inconnlote at tho aftormost position of
tho center of gravity., Trims with full-up and full—down
elevetors, with the center of gravity at 28 percent mean
aerocynamic chord, are shown in this figure.

No complete data are avallable relative to the effect
of vertical chrnges in the position of tho center of gravity
of a complete model on the trim limits of stadbility. In
tests of a single planing surface, tha vortical position
had very little effect on the trim limit (lower limit).

Lffect of depth of step.~ The offoect of varying the
depth of step vas dlscussced in referoncs l. Additional
date obtainod froam toests of othour modols ‘aro shown in
figuros 7 and 8, Thc samo tronds as roportod in roferoaco
l aro notod, The lowor limit is not approciadly affoctod
by chanzo in dopth of stop and tho uppor limits aro raisod
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" with incroaso in depth of &top. In figuro ‘8 -tho wuppor limit,

increasing trim, at a load of .Cp, = 0,97 and ¥ith tho doop
step could not be obtained with the available ocontrol moment.

The afterbody clearance appears to be the 1mportant
feature of the planing bottom that affects the upper iimit,
The increased depth of step ralses the whole. afterbody and -
provides more clearance and better ventilation of the step,.

The trends produced by increasing the depth of step are
generally substantiated by the results of similar tests that
have been made in the sumall tank at Stevens Institute of
Technology.

BEffect of change in position of step.— Trim limits of
8tability obtained for different ponitions of the main step
are shown in figures 9 and 10, The modifications shown in
figure 9 involve no change in dopth of stop as the transverse
step 1s moved} whorocas that shown in figure 10 produced an
inecrcaso in dopth of step of 3.3—porcent bean.

Changing the poaitlion of the step caused only small and
lnconsistert changes in the lower limit at int ermediate »nlan—
ing speeds, Greater differences, without definite order,
were found at high speeds, but these differences may be gen—
erally attributed to changea in smoothness of the forebody
pPlaning surfaces, No apvreciable difference in the lower
linit at intermediato speods is to be expected, inasmuch as
the modol 1is planing on the Torebody and any change in the
position of the step 1s similar in effect to an opposite
change in the position of the center of gravity. Change
in tho aftorbody intorferonco with chango in the position of
tho stop may have a small affoct on tho lowor limit at high
sepoods,

Tho rosults shown in figuro 9 indicato thet tho uppor
limits aro ralsod as tho step is movod aft, This indication
is not conclusivo, inasmuch as somo discoropancios appear for
tho loads shown in tho figuro and for othor loads that woro
investigatod dbut not includod in this roport.

Ohangos in tho position of tho stop chango tho hydro—
dynamlc momonts, which, in turn, change tho rango of trims
that can bo obtainod with the avellablo aorodynamic control
momonte Tho chango in hydrodynamic momont is moreo important
than eay esmall difforoncos in trim limits, This offoct will
bo consldorod furthor in connootion with tho dctormination of
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the proper location of tha step by tests in which accelerated
runs are used,

Bffect of change in plan form of step.—~ When the plan
form of the step is changed, both the position and the depth
of step are changed, The effects of these changes must be
considerod in determining the relative merits of any partic—
ular plan form, Data showing the effect of modifications of
the plan form of the step on the trim limits of stability
are included in figures 9 to 13, These modifications of the
plan form include transvorse, Vee, notched, swallow-tall,
curved, and breaker gteps.

Within the limits of accuracy of these tests, the lower
limit of stability is unchanged by a change in the plan form
of the stepe ©Small difforences oceur nsar hump speeds when
the afterbody comes cloar and again at hlgh spoeds where the

spray striking the uafterpody is changed by the modified steps,

Data regardin; the upper limits are lncouplete. In
figure 9, the upper limits obvtained with the curved steps are
higher than those ovtained with the transverse steps. The
fact that the curved step 18 aleso effectively farther aft
than are the transverse steps may partly explailn the increase
in the trim limit., The data relative to the upper limits,

snowvn In filgures 10 and 11 for notched and swallow—tall steps,

aro incomplete}.but the r~eneral conclusion is that the in—
provomoent noted in the bohavior during talko—off and landing
may be attributed to the incroase in the dopth of step rather
than to a change in the plan form,

The data for the upper limit, shown in figure 12, are
not consistent and represent the early afforts at investi~
gating this 1imit,

Effect of ventilation.— Observations of the flow of
water at the main step during high—angle (upper—limit) por—
polsing indicate that Auring a part of the cvcle the wator
completely seals the step and actually wets the afterbody
Just behind the step. Observations of the flow of water
behind the step and of tho reduction in violence of uppor—
linit porpoising with increase in dopth of ston indicate
that a vontilation of the stop would bo bonoficial, Moasuro—
monts of tho prossuro bohind the stop during upper—limit
porpoising show that a dofinito nogativo prossuro 1s do—
volopod.

L
3
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:

: In order to improve the - 8tability at high trims-end -
high speods, ventilation of thu main step has been investi-
gated, The forebody and afterbody of a model having parti-
cularly bad landing :characteristics were aeparated at the .
step in order to allow air to flow under the afterbody from

) the interior of the model, Ths width of -thils slot was varied
and .41fforent parte of the Hlot were sealed at the afterbody

: bottom during the ‘tests, The trim. limita, with a 1/3—1noh
vent extending over the beam of thae model, are shown in filg—
ure l4. Ventilation has small effect on the lower limits
the upper limits are not -only raised to higher trims dut
also 40 not appear until highor speeds are reached,

This investigation was extonded by a Berles of simulated
take—offs and landings, These te¢sts show that the sudden in—
croase in trim of the original modsl at take—off and the sub-

sequont skipplng on landing are ollminated by proper vonti-—
lation, )

Yontlilation by moane of an alr duct in the form of a
1/4—inch clot botwoon the forobody and tho aftcrbody roduced
tho instabllity on landing bdut did not .climinato it., With
a 1/2-inch slot, the model took off with no increase in trim
ond lancded with neither porpoising nor skipping., This im—
provement indicates that the 1/4—inch slot did not provide
sufficient ventilatlon completely to eliminate instabllity.
Slots 1/2 inch wide and extending 1/4 beam in from each chine
woere lneffective, but similar ventilation over the center
portion of the beam was almost as effective in the elimina—
tion of the instability in lending as ventlilation over the
entire beaa of the model,

The effect of ventilation on the trim limits of mnother
model is shown in filgure 15, Xor this model the upper limit,
incrensing triw, appeared at:'as higher speed with ventilation,
but othorwise the llamit was not appreciably changed. The
. lower branch of the upper limit (decreasing trim) was slightly
ralsed. The ohlef sffect noted wvas a definite decrease in

the violence of the porpoising., The tendency of the model

to lnorease trim on take—off and to porpoiso or skip on land—-
ing 2t high trims was reduced by ventllation. .

Yentilation of the step of two other models that had
dofinite instabllity characteristics on landing was un—
auccessful, Ventilatlon for the first of these models
was supplied through eight 1/2—1noh—diamater holes loocated
on tho vertical surface of the step, These holes openod

_-__
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into a manifold that, in turn, was open to the air at the
side of the modal Jjust forward of the step. In these tests
the ventilation was incomplete, inasmuch aa the ducts:

were not close to the keel and tho entrance duct was
comparatively small,

The second model showed a definite instability at high
speeds and high trims, In this case, ten 3/16—-inch-diameter
tubes were installed in the model. The lower ends of thess
tubes were located Just aft of the step and were spaced at
1/2-inch to li-inch intervals along the beam of the model.
These tubes were attached to a 6/16-inch manifold, Again
the ventilation was very incomplete,

The necessity for ventilation is apparently due to the
development of negative pressures caused by a mechanical
entrainment of the air, OComplete ventilatlon 1s provided
only by means of large ducts located near the keel. A
volumoe of air much greater than has been thought necossary
~must be supplied at thc conter portion of the step.

f of le h of tord o— The effect of length of
afterbody on the trim limite of stability l1le shown in filgures
16 and 17, Within the accuracy of the tests, the lower limit
of stability 1s not changed by changing the length of the
gftervody, although some differences may be present at low
speeds where the limit first apnears. The limit first appears
as the afterbody comes tvlear of the water and the exact deter—
mination of the limit 1is difficult. Tests of models of fly—
ing boats and tests of planing surfaces (reference 2) both
indicate that lower—limit porpoising is a forebody phenomenon
and modifications of the afterbody length would therefore
heve only a very secondary effect on the position of the limit,
After porpoisling 1s established, however, the damplng forces
of the afterbody probably alter the charactoer of the motion,

The upper limits of stability, inoreasing trim and de-
croasing trim, are raleod as the aftorbody length is roeduced,
This regult indicates that an incroase in afterbody clearance
tonds to incrcase tho rangoe of stable trime, Tho violonce
of tho porpoising 1s not approciably changod as the aftorbody
longth is docroased,

Effect of anglo of aftorbody kool.— Tho offoct of
variation in the anglo of aftorbody kXoc) on tho trim limita
of stability is shown in figures 18 and 19, Onrly tho lower
linit was dotcrmined for tho tests siown in figuro 19. As



http://www.abbottaerospace.com/technical-library

11

would be ;iﬁecie&;'ihe effect of a change in the angle

.of afterbody keel on the lower limlt of stabllity 1s

negligible, Increasing the angle of afterbody kesl 4dn-
creases the afterbody clearance and raises the upper

limits of stabllity. The vliolence of the porpolsing 1is

not apprecladbly changed with the greater angles of after-
body keel. With the highest angle of afterbody keel (fig.
19), the motion is almost entirely vertical with negligidle
change in pitch,

Effoct of tngle of dead rige.- A theoretical and
exparimental determination of the effect of the angle of
dead rise of a planing surface on tho lower limit of sta—-
bility hes been made. The computed and the axperimental
valuos for the lowar 1limlt are both decreased with a de-
crease in the angle of dead rise. (Seoe referonce 3J.)

Further rosearch 1s necessary in order to determine
tho effect of this varlable on the upper trim limits,

Bffect of polnted step.- Lower-limlt porpolsing is
attributed to the cheracter of the flow over the forebody
or slngle planing surface, TUpper—~limlt porpoising 1s at-
tributed to tie character of the flow over the forebody
and afterbody end 1s present only when two or more planing
surfaces are used,

In an effort to eliminate the upper trim limite of
stability or to reduce the possibilities of having high-
angle porpolsling occur, tests were made of & model with a
polnted forebody similar to that used in the NACA model
35 series (reference 4).

The first tests were made with tandem planing sur-
faces simulating the planing bottom for a flying boat.
These tests were dlscortinued becaunse the porpoieing
motion was so violent that this particular model was con=-
sldered 1mpracticable.

Further tests were made by use of a model of a conven-

tional airplane with a transverse step end of the same

model with a pointod step. The curves showing the trim
limits of 8 tabllity of both models are shown in figure 20,
At constant spoeds the model with the pointed step is,

in general, more unstable than the model with the trans-
verse step. The soparation betweon tho upper and lower
limits is roduced,  The tendoncy to skip on landing was
eliminated, however, by the use of the pointed step.
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iscellaneous modifications.~- In addltion to the
changes previously mentlioned, a number of other modificae-
tions have been tried, such as brealker steps, falrlage
behind the main step, and spray strips. The improvements,
if any, have been negligible and generally the tests have
been discontinued without obtalning complete data.

LIMITS FOR TRAVEL OF THR CENTER OF GRAVITY

The positions of the center of gravity at which -the
model 1s stable during acceleration are determined by the
method of accelerated runs. This method was descridbed
briaefly in roference 1, but the detalls of the method and
-the use of tho data wore omitted., (See also reference 5.)

Acceloratcd runs are made, with various settings of
the elevators, and the trims and.ths amplitudes of porpolsg=
ing are noted. Thls procedure is repeated for successive
forward and after posltions of the center of gravity until
the.positions at..vhich porpoising occurs are determined.
Typlcal test results are presented 1in figures 21 and 32,
Trim is plotted azainst speed for several loads at posltions
of the center of grevity ranging from forward positions at
-which porpolsing took place to after posltions at which
porpoising occurred. n

The porpolsing observed during these accelerated runs
1s associated with the trim limits obtalned at constant
speed., As the center of gravity 1s moved forward, the
free~-to~trim attitudes are decreased because of the more
negative hydrodynamic trimming moments, A forward posi-
tion of the center of gravity is finally obtained that
causes the trim (with neutral elevators) to pass below
the lower trim limit of stadlility, and porpolsing occurs.,
This result 1ls shown in figure 33, where the data obtained
at several positions of ths center of gravity are super-
imposed on the curves showlng the trim limits of stability,
With the center of gravity at 28 percent mean aerodynamiec
chord, the free~to-trim curve with nesutral clevators falls
betweon the upper and lower trim limits of stadility. With
the center of gravity at 34 percant mean asrodynamic chord,
howover, the free—-to-trim curve with slovators noutral
crossos the lower trim limit of stabllity. Porpoising at
forward positlions of the centor of gravity 1s therofore
associated with lower-limit porpoising., The motion is
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mainly an _oscillation in plitch and generally reaches a
meximum and thon docroases with further incresase in
speod. The violence of porpoising increases slowly.with
further forward movement of the center of gravity,

As the center of gravity is moved aft, the free~to-
trim attlitudes are increansed because of the more positive
hydrodynamic trimmling moments. An after llimiting position
of the ceater of gravity 1e finally obtalned that causes
the trim (with up elevators) to cross the upper trim limit
of stabllity, and por,.oleing ocecurs. This effect is shown
in figure 23 with the center of gravity at 32 percent mean
asrodynamic chord and full-up elevators. Porpolslng at
after poslitions of the ceonter of gravity, therefore, 1s
assoclated with. upper-limit porpolsing. A small change
in the after positlon of the center of gravity may produce
violent porpolsing., -The motlon 1s principally in rise and
the ampllitude genereaelly Iilncreases with increase in speed,
This motion 1s called.divergent porpoising, as opposed to
the convergent porpolsing encountered at forward positions
of the center of gravity.

The maximum amplitude of porpoising, one of the prin-,
clpal measurss of violence,-1s determlined from plots similar
to thotse shown 1n filgures 22 and 23 and 1g plotted against
position of the center of gravity es shown in ' figures 24(a),
24(v), 25(a), end 26(a). ¥From theee curvas the range of
posltlions of tho center of gravity that arc stable may be
determined.

¥hen the range of stable positions for the center of
gravity is determinsd, the-following assunptions are made:

1, The makXimum permissible amplitude of porpoising
1s no greater than 2°., (See refereancs 5.) .This amount
of porpoising would not be considered dangeroua from con-
siderations of either control of the airplana or forcas
on the structure of the hull.

2. The range :is determinad from a condition of neu=
tral elevators at forwerd positions of the center of grav-
1ty..to full-up slevators. at after positions, -.This pro-
codure presupposes a recovery from'a porpoising condition
by increasing the elevator defleoctlon at forward positions
and decreasing the elevator deflection &t after positions,
On the basis of these assumptions the range of travel of
the-conter of gravity 1is plotted agalnst load in figures
24(c), 25(b), and 36(Db). .
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Before these data are discussed in detall, a few of
the limitations that are present in thie method of test-
ing will be coneslidered. The aerodynamic forces, 1liff
and control moment, of the full-slze alrplane must be
gimulated for the model if the data are to be applled to
the full-slze alrplans.

The rates of acceleration must be reproduced as
nearly as poesible if the results are to be consistent.
Buns made at dlfferent rates of acceleration have dlf-
ferent amplitudes of porpoising and, in general, the
higher the rate of acceleration, the smaller the amplil~
tude. With the pressent speed control of the towlng
carrlage, 1t is difficult to reproduce accurately the
rate of acceleration. This fact may account for a few
of the lnconsistencles appearing durlng this type of
test, The data obtained are, however, adequate for
locating the rangs of stable positions for the center of
gravity of the model and, apparently, for determining the
best forewand-aft locatlon of the step on the alrplans.
If additional refinsments are necessary, elther the tech-
nique of making the run or the method of controlling the
speed of the carriage must be modified.

The balancing of the model is important, ilnasmuch
as only a smnll depoarture in trim near the limlit of sta-
bility may produce elther complete stability or violent
porpoising. This fact 1s particularly true at trims
naar the upper limit of stabdllity, which are obtalned at
after positions of the center of gravity.

With up elevator the acceleratlion should be continued
until the model takes off, or with neutral elevator the
model should be accelerated to a point well beyond get-away
speed., If this acceleration ls not continused, porpolsing
tendencies near get-away, especlally at after positlions of
the center of gravity, will not be detected; the model will
appear to ba stable, although porpolsing or skipplng near
got—-awar actually may be present.

Bffect of change in groes welght.- Data obtalned for
several conditions of loading are shown in figures 21 and
22. The ampllitude of porpoleing at any glven horizontal
position of the center of gravity generally increases with
increase 1in gross welght, which indicates that the range -. .
of stable posgltions of the center of gravltiy decreases with
increase in gross welght. Summary plots of stable positlons
for the center of gravity against gross weight (figs. 24(c),
25(b), and 26(b)) show this effect more clearly.
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Bffect of depth of atep.~ The results of tosts in
which % tho dopth of step was varied, the same position of
the stop being maintained, arse plotted in figurcee 2b6. and
27, An increase 'in depth of step from 3.6-percent beam to
6.8-porsont beam (£1g. 25) prqduced & maximum shift of less
than 3 percent mean acrodynamic chord in the forward 1imit
of tho conter of gravity. The limit for the dsepest step
lios botwoon thaot for the intermedliate and shallow step,
Figure 37 shows no appreciable change in this limit., . The
fact that no approciable or canslstont variation with depth
of step was nbteined indicates that, within the dacouracy of
those tests, tho forwvard limit for stnble positiona of the
dantor of gravity was unchanged, .

The after lLimiting position of the center of grnvity
(fig. 25) was coneistently moved forward with increase in
depth of step, The maximunm change was, however, less than
2 percent mean aerodynamic chord., TFilgure 27 indicates no
definite movement of the limit within the accuracy of the
tests, The effect of varlation in depth of step on the
after limlting position of the center of gravity may there=-
fore be consldered as small,

The fact that porpoising at high trim is more easily
controlled with the deepor steps does not appear 1lan the
data but represents the reastions of the operator control-
ling the modsl,

Effect of change in positlon of stepe.~ The effect of
moving the step is shown in flgures 24(c) and 26. Moving
the position of a 30° Vee step (fig, 34(c)) aft by 0.75
inch (3.1 percent M.A.C,) moved both the forward and after
limits for travel of the center of gravity aft by approxi-
mately 3 percent mean aerodynamic chord, Moving the 30°
Vee step (fig. 26{(Db)) aft by 1.33 inch (6.4 percent M.A.0.)
moved the forward limit approximately 7 percent mean asro=
dynamic chord in the same direotion, The after limit was -
not obtalned for this model, inasmuch.-as it appeared to be
beyond the range for practical operation,’

When conventlonal modifications of the step are used
with conventlonal depths of step, the following concluslons
may be drawn. Ohanging the position of the step changes
the forward and after limiting positions for the centoer of
gravity by an approximately equal amount in the same direction.
By this method of toesting, a position of the step may be
dotermined that will make tho hydrodynamic requirements for
the position of the center of gravity coincident with the
aorodynamnle requiroementas,
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‘Bffect of’ change in plan. ;orm of etep.- Phe plan
forn of the step  has been altered for several models,
When the plan form of the step 1s changed, both the bffec-
tive depth and the effeative position of the step are
varieds  .It 14 therefore desirabld to establiech some
-ériterion for locating .the 'poeition of the etep when ‘the
-plan form 1s. ohanged.

. The forward and after limiting positions of the cven-
ter of gravity of &. -model with =a transverse step, a 20°
Vee step, and a4 30° Vée step ere shown in figures 26(e)
and 26(b). Tho transvorse step 1s locatod at tho midpoint
of the altitude of tho triangle'fornod by the 30° Ves step.
The 20° and. 30° Vee steps:colncide at -the chine. If it
ia assumed that thée 2300 Vee stsp is the baaic step, the
following.téble_may ‘he oompiled:'

Movoment of hovommnt”of Korémeont - Hovomont
. moan, aft céntroid, aft {of forward | of aftor, |

Modol A ‘1imit limit Tostod

{in.) (percont (in.) (porccnt (porcont .| (porednt |- 1912

© | HaAlCl) | K40 ) | H.ALCY) Xa)) |
3.0 |. 0 o -1"o [ o~ . ad July
D-2 | 2.16] 10 1.871 9 g .. |- % | Juno
D-% | .81l . k. 55| 2% 1% " ~mm— |- Fob.
p | .| 4 . '_1.28 6 ok e Fob.

Tha agreement between the movement o0f elther the
oentroid of the step or the mean position of the &tep and
the change in position of tho limits for stable positions
of the center of. grryity 4s not entirely satisfactory.
Prodictions made on the basle of the- position of the cen-
troid of t-he step, howavor, givo moro nearly the correct
position for tho limits than predictions mads on the basis
‘of the position »f .the step ~t tho chine, the intersocction
. of the eton and thu kool, or -the moan position of the stop.
Rosults of tosts 7f & model with a 30° Vee step and with a
traasvorse stdp: locatod at thd controld of the B0° Voo step
aro ‘shown ‘in- figuré. 27. Thoe movoement of the limits for
travel of the stablo positions’ of the center of gravity was
found to be:small vhen the step was ohanged from a 30° vVee
step to-a transverse stop,


http://www.abbottaerospace.com/technical-library

17?

Changing the plan form of the step has a negliglble
effect on the range of stable positions for the center of
gravlty within the scope of the modificatlions testeds; There
ig a possibility that a pointed step similar to that tested
in the NAOA model 35 series (refereonce 4) may move the aftor
limit aft without ponalizing the forward limit, -

Bffect_of length of afterbody.~ The effect of length
of afterbody on the limits for setable positions of the cen~-
ter of gravity has not been completely investigated. The
length of the afterbody was increased durling the tests of
two different models. - The range of stable positions for
the center of gravity was not determined for the firset
model. It was noted, however, that ‘stability at the de-
glgn poeslition of the center of gravity was 1mproved by
increesing the longth of the afterbody from 15l-percont
beam to 22l-percent baam,

The second modol had an incipiont porpoising motion
of small amplitude, which was present at all pesitions of
the center of gravity whon a short afterbody with chine
flare was used, Thls porpolsing is not conslestent with
the bdohavior thnt has boen noted durilng the tests of other
modole at elther acceolorated or constant epecd. Tho vio=-
lence of this motilon increased with movoment of the centor
of gravlty elther forward or aft of the design positions.
Tho length of the aftorbody was increased from 1l5l-percont
boam to 195-porcent beam end the chine flare was romoved
from the afterbody. The resulting form had no tendency
to porpolsgse at the doslign positions of the conter of grave
lty, end tho range of stable positions for the center of
gr.vity was definitely increased. Plots of ampllitude of
porpolsing agealnst position of thoe conter of gravity for
this model =are shown in flgure 38,

No definite conclusion ae to the sffect of increasing
the length of the afterbody can be drawn from these data.
The results from the test of one model were incomplete.

"The behavior of the second model was lnconsistenat with
that observed for other models; the improvement noted may
have been due to the removal of the chine flare from the
afterbody as well as to the increase in the length of the
afterbody. )

-

LANDING TESTS

The investigatlon of the longitudinal=-stabllity
characteristices of the model s not complete without a

_
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serles of landinge simulating as nearly as possidble full-
size maneuvers. Tho behavior during landing may de guite
difforent from the bohavior during take-off. This bohavior
is analogoues to the two.upper trim limits of stabllity at
constant speod. 4 model that 1s. stable during take~off
may porpoiso violently on landing at high trim, The motion
is similar to high-angle porpolaing obeserved at econstant
speed, This behavior_ has been noted on fullwsize flying
. boats, and the .instability has bYeen approximately repro-
duced with dynamic models. ¥or this reason, a series of
landings at vearlous trims is desirabdle.

The procedure generally followed for these tests con-
sists of: (1) accelerating the modsl to a speed beyond
got-avay; (2) trimming the model in the alr by means of
the elevators to the attlitude at which the landing is to
be made; and (3) decelerating the carriage, allowing the
model to land as flyling speed 1ls decreamased. This procdedure
is repeated at trims including both stalling attitndes and
low trims, which ropresent landings at high speeds. The
behavior 1s noted by the observer who 1s actually con-
trolling the model. iz impreasslons as to the handling_
characterlistics necesgsarily form an important part of the
data, Motlon pilotures and records of trim and rise permit
& detailled study of the motion.

Landings at after positions of the center of gravity
are. llkely to be more unstable than those at forward po~
sltions. If the model 18 unstable in landings at the usual
flylng positions of- the center of gravity, 1t 1s likely to
be unstable in lznding at all practical positions of the
center of gravity. .

If the model is unstable in landing, a maximum trim’
can generally be established beyond which skipping occurs.
This trim epparently 1s tbe same regardless of the position
of the centor of gravityr, indicating that the hydrodynamic
forcos are the predominant forces contributing to the in-~
atability. '

. One model, having a 30° Vee step vith a depth of step
of B6.5=percent beam at the keel and 3.2~psrcent beam at the
econtroid, hed poor lending characteristics. This instabil-
ity wes prretically eliminatod by incressing the depth of
step to 7.2~percent beam at the keel nnd 4,9-percent dboan
at tho centroid. Onoc othor model with a 300 Vee step con-
tinued to have a slight landing instabllity with a depth
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of atep of 10,5~percont beam at the keel and 8.0-percent
beam at the controid. .. The .landing spoeda. -of this modol
woroe vary high. Two other models with transverese stops
were found to.bo highly unstadble 1n landing at high trims,
Theso models were improved dy lncrensing the depth of step
from 5,0-percent benm to 8.2-percont bocam and from 6,5~
percont bsam to 8.2-percent beam.

Although 1t 1s imypossible to establish definltely the
depth of step necéssary $o lnsure stabllity in landlng, 1t
is evident that greater depths than have been generally
used on conventional airplanes will be necessary.

The effects of ventlilation have already been consid-
ered under the results of constant-speed tests: Ventilation
definlitely has improved the landing characteristics of two
models tested in the NACA tank., The amount of wventilation
required is greater than has been generally conslidered
necessary for reducing resistance at low speeds. Ventlla-
tions should be applled over the center section of the
bottom of the model Just abaft the step and the ducts
should be as close to the keel as posslble.

Landing instabillty of a model having a depth of
step of 5.5~pesrcent beam and an angls of afterbody.keel
of 5.5° was not eliminated by decreasing the length of
the afterbody from 3ll-~percent beam to l6l-percent beam.
With a depth of step of 5.b5~parcent bcam and a length of
afterbody of 261l-percent beam, the landing lnstabllity
was not oliminated by incroasing the angle of afterbody
keol from 4,0° to 8,5°,

The landing charecterlistics of one model were im-
proved by tho use of a pointad step, but the range of
stable trims while the modol was on the water was groatly
reduced, '

CONCLUDING REMARKS

In order to obtain complete informatlon as to the
longltudinal—-stabillity characteristics of a dynamic model.
of a flylng boat a8 a basis for considering the advantages
of modifications, tests should be made (1) at constant
speeds, to determine the trim limits of stability; (2) at
accelerated speeds, to locate the position of the step and
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observe take-off characteristice: and (3) at decelerated
speeds, to simulate landings and observe skipping character-
1Stichn B

Until more data are avallable and further refinements
are made in the methods of obtaining this data, the follow~-
ing conclusions &re offered as a gulde for future tests
and deslgns.

1, Increasing the gross welght ralses all the trim
limits of stability and narrows the range of stable posi-
tions of. the center of gravity. The forward limit for
travel of the center of gravity is moved aft and the after
limit is moved forward, .

2, OChanging the fore—-and-aft posltion of the center
of gravity does not appreclably changs the trim limits of
stability, - The hydrodynamic trimming moments become more
negative as the cantaor of gravity moves forward, increas-
ing the possibility of encountering lowor-limit porpols-~
ing during tako-off, Tho hydrodynamic trimming momonts
bocomc more positivo as tho center of gravity 1ls moved
aft, cnd usnper-limit porpoleing is moro likely to oceour,
Landings are more likely to bo unstabdle with tho centor
of gravity in tho after positions than in the forward
posltions, )

3, Incrocsing tho dopth of stop has ~ nogligidble
offoct on the lower trim limit of stablility bdut the upper
trim limlts of estability arec ralsed., Chrngos in tho deopth
of stop havo en indofinlte effect on the forwerd 1limit for
stablo posltions of the centor of grnvity; an increano
causos the aftor limit to be moved forward by a negligible
amount, . The instadbilitieos appenring in landing are reducod
or oliminatod br iancruased depth of stop. In models depths
of step of the order 'of 8 percent of the beam are .necessary
to eliminate skipping tendencles present in landings at
high trims,

4., Changing the poeltion of the step has no effect
on the lower limit of stabdllity., The upper limits appear
to be ralsed slightly as the step 1ls moved aft. The change
in the hydrodynamic trimming moment, and therefore the
" range of avallable trims, 1s more importent than the change
in ‘trim limits of stability. Changing the position of the
step shifts the range of stable positions of the center of
gravity approximatoly the same distance and in the same
dirsction that tho stoep 1s shifted,
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bs Alteoring the plan form of tho step has a negliglble
effoct on. the lover 1limit of atabllity,. The upper limits
aro probadbly changed as the effoctive depth of stop 18
increasod or decreased. The range of stable positions of
the center of gravity 1s shifted a distance approximately
squal to the change in the position of the centrold of the
step.

6. Ventllatlion of a shallow step does not change the
lower trim limit of stability but ralsee the upper trim
limits, Ventilatlion reduces the tendency to increase trim
on take-~off and reduces lending instabllity. Ventilation
1s more effective when applied near the koel than at the
chinas. Larger ventilation ducts are required than have
been consldered nocossary for reducing the resistence at
low spoeds.

7. Varying the length of the afterbody has a negll-
gible effect on the lower irdim limit of etabdbllity, The
upper limits are ralsed as the afterbody length i1s de~
creasads The avallahle informatlion indicates that sta-
bllity during take—-off 1ls increased by lengthening the
afterbody. The range of stable positions for the center
of grcvity of one model was increased when the length
of afterbody was incroased from l5l-percent to 195~
percent boam. In these tests not only was the ‘length of
aftorbody ilncresased'but the chlne flare on the afterbody
was rcmovod, With a depth of step of 5.5~-percent beam
and an angle of afterbody kool of 5. 5° instadbility in
landing wne presont for lengths of afterbody from 161 to
311l porcent of the behkm.

8. Changing the angle of afterbody keel has no
definlte effect on the lower trim limit of stabllity.
The upper trim limits '‘are raised as the angle of after-
body keel 1ls lncreased, With a depth of step of 5,5~
percent beam and an afterbody length of 261l-percent beam,
instability in landing was present for angles of after-
body keel from 4,0° to 8.5°,

9. Decreasing the angle of dead rise of a planing
surface decreases the lower trim limit of stability.

10, The additlon of a pointed step decreases the
range of stable trims between the upper and lower trim
limits of stadbllity. The lower trim limit, at inter-
mediate planing speeds, 1s raised when the transverse
step 1s replaced by a polinted step. No instability was
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present during landings at high trime, but the possidil-
ity of porpolsing during the decelsration while the model
is on tho water 1s great.

Langley Momorial Asronautical Laboratory,
Notlonal Advisory Committee for Acronautics,
Langley ¥ield, Va,
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Figure 1.- Effect of gross weight on trim limits of stability.
Model 1, 1/12 full-size.
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Figure 5.- Effect of position of the center of gravity on the trim
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NACA Figs. 6,13
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Model 2, 1/8 full-size.
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Figure 11.- Effect of plan form of step on trim limits of stability.
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Position of c.q., percernt M.A.C.

(a) On amplitude of porpoising. Model 13. Scale, 1/8 full-size.
% Assuming 3° as the limiting amplitude of porpoising.
Figure 24.- Effect of gross weight.
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WACA Fig. 36b
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