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THD LONGITUDINAL SPABILITY 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 inventigations 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 stability; from tests at accelerated speeds,
establishing the limits for stable positions of the center
of gravityi and from tests at decelerated speeds, establish—
ing the landing charagteristics, The conclusions drawn are
not necesgsarily filnal dBut the available information indicafes
certain trends that arse offered as a guide to future tests
and designe '

~ The lower trim limit of gtablility is not appreciably
affected by changes in positiorn of center of gravity, posi-—
tion of stop, 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 stabilidty are not appreciably
affected by a change in position of center c¢f gravity, Mov—
ing the step aft appears to raise the limits slightly. These
limits are raised to higher trims by an increase in gross

-weight, an increase in depth of step, an increase in angle

of afterbody keel, a decrease in length of afterbody, and

by ventilation of a shallow step. These limits are changed

by a variation in the plan form of the step in proportion to
the changes in the offective deopth of step and the effective
position of the step.



The 1limits for stable positions of the center of
gravity are shifted by a distance approximately egual to
the distance the centroid of the step is movedJ 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 Dy increasing the depth of step or by
ventilating the steps A depth of step of the order of 8
percent of the beam has Dbeen found necessary. Large venti-
Iation 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 o '

INTRODUCTION

Several models of flying boats have been investigated

at the NACA tank in an effort to determine their longitudinal—

stability characteristics., Part I (referocnce 1) of this re—
port describoes the methods that have becn uscd at the tank.
The models usually represented specific designs ; generally
either the full-eize airplane had been built or the construc—
tion was at an advanced stage before tests of the model were
reguested, The possible modifications were, therecfore,
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 anumber of unrelatod tests, cach of which was made for
the gspecific purpose of improving the stability of a partic—
ular design. The investigations have Deen restricted to the
essontials because of the limited time that could be allotted
to any siagle test, 4 complete study of the effects of all
the modifications was therefore impossible, and in many in—
stances the data 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,
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A study of theése tests 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 charactoris tics of the comploto model, In
some instances the data aro meager and tho conclusions arc
not nocossarily final. All theso toste havo boon mado with—
out poworod propollers, ) ' :

DATA

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

The stability characterigtics of th: different models
are not compared becanse thoy generally represent entirely
different designs end the aerodynemic characteristics of
most of tho models were not determined, derodynnmic tests
also sho7 n large scale effect as evidenced by decrensed
nngle of stall, Since the nerodyn~mic 1ift cannot be pre—
dicted with any dcgree of accuracy, tho lo2d on the water
at any particular speed cannot be determinod with sufficlent
Preclsion to justify conclusions as to tho relative meritas
of the several models, 4derodyn'mic iata are nov being deter—
nined for each model as a routine portion of the test program,

TREIH LIMITS OF STABILITY

The trim limite of stabllity are defined as the trims
that separate the stable range of trimse 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 descrided in detail in
reference 1, : : )

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



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

post emergeas from the water. Tho spood at which instability
eppears therefore ocorresponds very nearly with the hump
speed, at which maximum resistance is obtained, The motion
is principally an oscilliation in pitoh, and the vioclence in-—
creases wlth further departure in trim below the limit, A%
intermediate planing speeds when the trim is near the lower
linit, the load on the water ls carried by the forebody alone
and the etern post and the afterbody are entiroly clear of
the water, At high apeeds the change 1ln the lower limit with
spoocd 1s small. The forobody carries practically tho eantiro
load on tho wator and oanly spray strikes the aftorbdody,

The upper limi%, increaeing trim, renresents the limit
to which the trim m=y be incrsased before porpolsing is en—
countered, Indication of the presence of high—angle porpois—
ing or the existence of an upper trim 1limit of stabllity has
been found in tests of all dynamic models of flying boats
towed 1n the NACA tank, 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 smell departure in trim abovo the limit ocauses
viclont porpolesing. A further increagaee in trim does not
greatly affect the violence of the motlon,

After porpolsing at high trims 1s established, the trim
must be decreased below the upper limit, increasing ftrim,
before stabillity 1s recovered, The trims orf recovery define
the upper limit, decreasing-trim, The separation between
the two uppor limite iz at first small but increases rapldly
with speod. When the porpolsing motion ceasos, the trim
generally decroeases suddenly, which indicatos that an oxcoas
of negative pitching momont was roquircd in ordor %o rocovor
8tabilitye. This limit cannot bo determined near got—away
speed, bocause the model takes off when the trim increases
and the porpolsing becomes erratic.

The following trends in the effecte of changes in the
several ltems are noted from a study of the resulte of the
teste of a numher of models:

Effegt of change in pross welght.~ An increase in gross
welght generally ralses gll the trim limits of stabllisty

" toward higher trims, Typical results, representing data
obtalned for three dlfferent models, are shown in figures
l, 2, and 3, In wull the figures of this roport, the gross
" load coefficient Op, = A,/wb®
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where

1 mae =

4o initial load ax water, gross load, pounds
b  meximum beam of model, feet
w spocific weight of water, pounda per cuble foot

At high speads %he lower l1imits tend to convorge and
tho change in limit with load is loss-marked. Tho curvos
of figure 1, which show the lower limits for sevoral valuos
of the gross welght, aotually cross and a discontinuity or
sudden decrease in trim oeccurs. The afterbody interference.
apparently hae some influence on the lowver limit at these
epeeda, : - )

The upper limi%, increasing trim, is raised as the . -~ -
gross welght 1s incressed and the speed at which it ie first
obtained 1s also inoroassed, The upper limit could be obtained
at lower speeds by arplying external momsnts or by changing
the position of the ccnter of gravity., This information would
be more acadomnic than practical, The pltching moments used
for those tcats include the maximum that can be obtalned from
the tall group ot »nositions of the center of gravity used 1in
flight.

It has beon obsorvod that the upper limit is railsod as
tho load 18 1ncroeasod., If afteoerbody clearance is a factor
upon vhlch tho ~osition of tho uppor limilt doponds, thon
thias limilt would protablv bo raised becausc tho dopth of the
wako 1s groator at tho hoavior loads. Highor trims aro thoro—
fore necessary to wztabllish a flow over the afterbody compa=
rable wilth that at light loads. The problem of afterbody
clearance wlll be further comnsicered in connectlion with the
effects of depth of utep, ventilaetlon, length of afterbody,
and angle of afterbody keel, The avallable data appear to
indicate that tlhe upper limit, decreasing trim, is ralsed
a8 the load is increased, Many inconsistencies are found
that are mainly due to the difficulty in obtalning this
limit. (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 values and details
of behavilor were different from those obtalned in the HACA

Eang Hhen a 1/10~size model of the same flying boat was
ested,



Effect of change 1n position of center of gravity.-—
Data relative to thne effect of Lorlmontal movement OF tho
centor of gravity on the trim limlts of stabllity are con—
tradictory. The available data that are considered as most
accurate are proasented in figures 4, 5, and 6, (Similar
data havo boon obtained from toests of othor modols, bdbut in
thoso casos deformations of the modol during thc tosts havo
boon g0 groat as to mako tho data of dubious wvaluo for uso
in drawing gonmoral conclusions,) The accoptable data indi-
cato that tho lowor limit ie not appreciebly changod by
changing the position of the center of gravity. The effect
on the upper limits is not entirely conclusive, An examina—
tion of the data 1ndlcates that the upper limits may be
congidered, within the accuracy of thelr determination, as
unchanged by movement of the center of gravity. ©Since the
flow over the aerodynamic and hydrodynamic surfacos 1s theo
samo at any glvon trim, rogardless of the position of the
centoer of gravity, tho 1liult at which parpoising starts
should be independent of the position of the center of grav—
itye OSome differences might be expected in the upper limit,
decreasing trim, i1nasmuch as this limit represents the trim
at which the model recovers from a porpoieing condition, 4
change in the position of the center of gravity would be
expected to change the effectiveness of the danping forecos
of the serodynamlc surfaces,

The principal effoct of a change in the position of
the contor of gravity 1s tho change in control moment, In
figure 4 the uppor iimits, iancroasing trim, could not bde
roackod at forwvard nositions of tao contor of gravity and
tho lowor limlt was inconmnloto at tho aftormost position of
tho center of gravity. Trims with rull-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, Ia
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 offect of varying the
depth of step vas dlecussed in referoncs 1., Additional
date obtalnod from tests 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 affoetod
by chanzo irn dopth of stop and tho uppor limitse aro raisod
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" with inoroasc in' depth of &top., In figuro -8 -tho uppor limit,

increasing trim, at a load of .OAO = 0,97 and with the doon
step could not be obtained with the available ocontrol moment.

The afterbody clesrance appears to be the 1mportant
feature of the planing bottom that affects the upper limit,
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.

Effect of change in position of step.~ Trim limits of
8tability obtained for different posnltions of the main stoep
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} whorcas that shown in figuro 10 produced an
inercaso in depth of step of 3.3—porcent bean.

Changing the porsitlon of the step caused only small and
lnconsiestert changes in the lower limit at int ermediate nlan—
ing speeds, Greater differencee, without definite order,
were found at high speeds, but these differences may be gen—
erally attributed to changes in smoothness of the forebody
pPlaning surfaces, No anvreciable differonce in the lower
limit at intermediato speeods is to be expected, inasmuch as
the modol 1is planing on the Torebody and any change in the
position of the step 18 simllar in effect to an opposite
change in the position of ths center of gravity. Change
in tho aftorbody intorferonco with chango in the position of
tho stop may have a small effoct on the lowor limit at high
sepoods,

Tho rosults shown in figuro 9 indicato thet tho uppor
limits aro raisod as tho step is movod aft, This indicatlon
is not conclusivo, inasmuch as somo discropancios appear for
tho loads shown in tho figuro and for othor loaés that woro
iavestigatod dut not includod in this roport.

Ohangos in tho position of tho stop chango tho hydro-—
dynamlc momonts, whiech, in turn, change tho rango of trims
that can bo obtainod with the avellablo aorodynamic control
momonte Tho chango in hydrodynamic momont is moro important
than eay small difforoncos in trim limits, This offoct will
bo considorod furthor in connootion with tho dctormination of




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 1lncluded in figures 9 to 13, These modifications of the
plan form include transvoerse, Vee, notched, swallow-tall,
curved, and breaker pgteps.

Within the limits of accuracy of these tests, the lower
limit of stability is unchanged by a change in the plan form
of the steps 6Small difforences oceur near hump speeds when
the afterbody comes clear and again at Ligh spoeds where the

spray striking the uafteroody is changed by the modified steps.

Data regardin;; the upper limits are lncouplete., In
figure 9, the upper limite obtained with the curved steps are
higher than those obtained with the transverse steps. The
fact that the curved step 1s also effectively farther aft
than are the transverse steps may partly explaln the increase
in the trim limit. The data relative to the upper limits,

snovn In flgures 10 and 11 for notched and swallow—tall steps,

aro incompletej.but the ~eneral conclusion is that the in—
provomont noted in the bohavior during talko—off and landing
may be attridbuted to the incroase in the dopth of step rather
than to a change in tho plan form,

The data for the upper limlt, 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—1imit) por—
polsing indlcate that during a part of the cycle 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 the reduction in violence of uppor—
limnit porpoising with increase in dopth of ston indicate
that a vontllation of the stop would bo bonoficiaml. Moasuro—
monts of tho prossuroc bohind the stop during upper—limit
porpoislng show that a doflinito nogatlvo prossuro is do—
volopod.

L
3



:

In order to improve tho-8tability at high -trims-and -
high speods, ventilation of the main step has been investi—
gated, The forebody and afterbody of a model having parti-
cularly bad landing:characteristiocs were separated 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 parts of the Hlot were sealed at the afterbody

bottowm durihg the tests, The trim. limits, with a 1/2-inch
vent extending over the beam of the model, are shown in fig—
ure l4. Ventilation has small effect on the lower limlts
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 tests show that the sudden in—
croase in trim of the orliginal modsl at take—off and the sub-

sequont skipplng on landlng are oliminated by proper vontl—
lation, )

Yontlilation by imocans of an alr duct in the form of a
1/4—inch clot betwoon the forobody and tho aftcrbody roducod
tho instabllity on landing but did not .climinato it., With
a 1/2-inch slot, the model took off with no increase in trim
ond lanéded with nelther porpoising nor skipping. This im—
provement indicates that the 1/4—inch slot did not provide
sufficient ventilatlion completely to eliminate instability.
Slots 1/2 inch wide and extending 1/4 beam in from each chine
were lneffective, but similar ventilation over the center
portion of the beam was almost as effective in the elimina—
tion of the instability in landing as ventilation over the
entire beama of the model,

The effect of ventilation on the trim limlits of another
model is shown in figure 15. Xor this model the upper limit,
incrensing trlw, appeared at-a higher speed with ventilation,
but othorwise the limit was not apprecliably changed. The
. lower branch of the upper limit (decreasing trim) was slightly
ralsed. The ochlef effect noted wvas a definite decrease in

the violence of the porpoising. The tendency of the model

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

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

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

were not close to the kesl 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/l8—-inch-diameter
tubes were ingtalled in the model. The lower ends of thess
tubes were located Just aft of the step and were spaced at
1/2-inch ‘to 1d-inch intervals along the beam of the medel.
These tubes were attached to a 6/l6-inch manifold, Again
the ventilatlion was very incomplete,

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

Prfeot of lenghh of aftorbody.— The effect of length of
afterbody on the trim limits of stadbility le shown in figures
16 and 17, VWithin the accuracy of the testa, the lower limit
of atability 18 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 cvlear of the water and the exact deter—
mination of the limit is difficult. Tests of models of fly—
ing boats and tests of planing surfaces (reference 2) both
indicate that lower—limilt porpoieing 1s a forebody phenomenon
and modifications of the afterbody length would therefore
heve only a very secondary effect on the position of the limit,
After porpoising 1s established, however, the damplng forces
of the afterbody probadbly alter the charactor of the motion.

The upper limits of stadllity, ilnoreasing trim and de—
croasing trim, are ralsod as the aftorbody length is roduced,
This rogult 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 docroasod,

Effect of anglo of aftorbody koeol.—~ Tho offoct of
variation in the anglo of aftorbody kocl on tho trim limita
of stabllity is shown in figures 18 and 19, Only tho lower
linit was dotcrminod for tho tests shown in figuro 19. As
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would be ;iﬁecie&;'ihe effect of a change in the angle

.of afterbody keel on the lower 1limilt of stability lis

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

limits of stablliity. The violence of the porpolsing 1s

not appreclably changed with the greater anglea of after-
body keel. ¥With the highest angle of afterdody keel (fig.
19), the motion is almost entirely vertical with negligidle
change in plteh,

Effoct of engle of dead rige.- A theoretical and
exparimental determination of the effect of the angle of
dead rise of a planing surface on tho lowor limit of sta-
bility hes been made. The computed and thoe axperimental
valuos for the lowsr llmit are both decreased with a de-
crease in the angle of dead rise. (See referonce 3.)

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

Bffect of pointed step.- Lower-limit porpolsing is
attributed to the character of the flow over the forebody
or slngle planing surface, Upper~limlt porpolsing 1ls at-
tributed to tie character of the flow over the forebody
and afterbody and 1s present only when two or more planing
surfaces are used,

In an effort to eliminate tha uppsr trim limits of
stability or to reduce the possibilities of having high-
angle porpoising occur, tests wére made of a 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 sure
faces simulating the planing bottom for a flylng boat.
These tests were dlscorntlnued becanse the porpoiaeing
motion was so vliolent that this particular model was con=-
sldered 1mpracticabdle,

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

tional alrplane with a transverse step end of the same

model with a pointod step. The curves showing the trim
limits of 8 tablllity 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 mentioned, a number of other modifica-
tions have been tried, such as breaker steps, falrlage
behind the main step, end spray strips., The improvements,
if any, have been negligidble and generally the tests have
been discontinued without obtalning complete data.

LIMITS FOR TRAVEL OF THE 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 descrided
briefly in roference 1, dut the details of the meothod and
‘the use of tho data were omitted., (See also reference 5.)

Acceloratcd runs are made, with various settings of
the elevators, and the trimsg and.ths amplitudes of porpolsg=
ing are noted. Thls procedure 1s repeated for successive
forward and after posltlons of the center of gravity until
the.positions at..wvhich porpolsing occurs are determined,
Typlcal test results are presented in flgures 21 and 22,
Trim is plotted azalnst speed for several loads at jpoeitions
of the center of grevity ranglng from forward positions at
-which porpoleing took place to after posltions at which
porpoising occurred. n

The porpolsing observed during these accelerated runs
1s assoclated with the trim limlts obtalned at constant
speed, As the center of gravity 1s moved forward, the
free~-to~trim attitudes are decreased beceuse of the more
negative hydrodynamic trimmlng moments, A forward posi-
tion of the center of gravity ig finally obtained that
causes the trim (with neutral elevators) to pass below
the lower trim limilt of stadility, and porpolsing occurs.
This result 1ls shown 1in figure 23, where the data obtained
at several pogitlons of the center of gravity are super-
imposed on the curves showlng the trim limits of stabllity.
Wilth the center of gravity at 28 percent mean aerodynamic
chord, the free-~to-trim curve with neutral elevators fallg
betweon the upper and lower trim limits of stabllity. With
the center of gravlity at 34 percaont mean asrodynamic chord,
howover, the free~to-trim curve with elovators noutral
crossos the lower trim limit of steabllity., Porpolsing at
forward positions of the contor of gravity 1ls therefore
associated with leower—-limit . porpoising. The motion 1s
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mainly an _oscillation in pltch and generally reaohes a
meximum and than docrosasss with further lncrease in
speod., The violence of porpolising increases slowly.with
further forward movement of the center of gravity,

As the center of gravity 1s moved aft, the free~to-
trim attitudes are incrensed because of the more positive
hydrodynamic trimming moments. An after limliting position
of the ceater of gravity 1e finally obtalned that causes
the trim (with up elevators) to crose the upper trim limit
of stabdllity, and por..olslng occurs., This effect is ahown
in figure 33 with the center of gravity at 32 percsant mean
asrodynamic chord and full-up elevators. Porpolsing at
after posltions of the center of gravity, therefore, 1s
associated with. uppar-1limilt porpolsing. A small change
in the after positlion of the center of gravity may produce
violent porpolsing., -The motion is prineipally 1n rise and
the auplitude generally ilncreases with lncrease in speed,
This motlon 1s called.divergent porpoising, as opposed to
the convergent porpolsing encountered at forward poslitions
of the center of gravity.

The maximum amplitude of porpolsing, one of the prin-,
clpal measurss of violence, -is determined from plots similar
to those ehown 1in flgures 22 and 23 and 1s plotted against
position of tkhe center of gravity es shown in'figures 24(a),
24(v), 25(a), end 26(a). Trom theee curvaes the range of
posltlions of tho center of gravity that aro stable may be
determined.

¥hen the range of stable positions for the center of
gravity is determined, the-following asaunptions are made?

1, The maximum permissible amplitude of porpoising
18 no greater than 2°, (See reference 5.) .This amount
of porpoising would not be consldered dangeroue from con-
siderationa of either ocontrol of the airplane or forcas
on the structure of the hull. .

2. The range :is determined from a condition of neu~
tral elevators at forward positione of the center of grav-
1ty..to full-up slevators. at after positions, - -.This pro-
codure presupposes a recovery from'a porpolsing condition
by increasing the elevator deflectlon 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 is plotted agalnst load in figures
24(e), 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 considered. The aerodynamlic forces, 1lift
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 alrplane.

The rates of acceleration must be reproduced as
nearly as possible if the results are to be consistent.
Buns meade at different rates of acceleration have dif-
ferent amplitudes of porpoising and, in general, the
higher the rate of accelerasilon, the smaller the ampli~
tude. With the present speed control of the towlng
carrlage, 1t is difflcult to reproduce accurately the
rate of acceleratlion. Thie fact may account for a few
of the inconasistencles appearing during this typs 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 alirplans.
If additional refinements are necessary, slther the tech-
nique of making the run or the method of controlling the
speed of the carriange must be modifiled,

The balancing of the model 1s important, inasmuch
as only a smnll departure 1n trim near the limit of sta-
bility may produce elther complete stability or vlolent
porpoising. This fact 1s particularly true at trims
naear the upper limit of stabllity, which are obtalned at
after positions of the center of gravity.

With up elevator the acceleratlon should bde continued
untill the model takes off, or with neutral elevator the
model should be accelerated to a point well beyond get-=away
speed., If thls acceleration 1ls not continusd, porpolsing
tendencies near get-away, sspeclally at after positions of
the center of gravity, will not be detected; the model will
appear to bes stable, although porpolsing or skipplng near
got-awar actually may be present,

Bffect of change in groes welght.- Data obtalned for
several condltions of loading are shown in figures 21 and
22. The amplitude of porpolsing at any given horizontal
position of the center of gravity generally increases with
increase 1n grose weight, which lndicates that the range -
of stable positions of the center of gravlty decreases with
increase in gross welght. Summery plots of stable positloas
for the center of gravity against gross weight (figs. 24(c),
25(v), and 26(b)) show this effect more clearly.
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Bffect of depth of step.~ The results of tosts in
which % tho dopth of step was varled, the same position of
the stop being meintained, are plotted in figuree 2b6. and
27, An increcase 'in depth of sten 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 coenter of gravlity. The limit for the dsepest step
lios botwoon that for the intermediate and shallow step,
Figure 37 shows no appreciable change in this limit., . The
fact that no approciable or cansistont variation with depth
of step was nbteined indicates that, within the dcocuracy of
those tests, tho forward limit for stnble positiona of the
dantor of gravity was unchanged, .

The after limiting position of the center of grnvity
(fig. 25) was condistently moved forward with increase in
depth of step, The maximum change was, however, less than
2 percent mean aerodynamic chord. Tilgure 27 lndicates no
definite movement of the 1limit within the accuracy of the
tests, The effect of varliation 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 ecasily
controlled with the deepor steps does not appear 1ln the
data but represents the reastlions of the operator control-
ling the modsel,

Effeoct of change 1in position of stepe-~ The effect of
moving the step 18 shown in filgures 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{b)) aft by 1.33 inch (6.4 percent M.A.0.)
moved the forward limit approximately 7 percent mean aero=
dynamic chord in the same direction, 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 conclusions
may be drawn. Ohanging the position of the step changes
the forward and after limiting poslitions for the center of
gravity by an approximately equal amount in the same direction.
By this method of testing, a position of the step may bde
dotermined that will make tho hydrodynamic requirements for
the position of the center of gravity coincident with the
aorodynanle requiroments,
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‘Bffect of’ change in plan. ;orm of step.- Phe plan
forn of the step has been altered for several models,
When the plan form of the step is changed, both the bffec-
tive depth and the effective position of the step are
varieds  .It 14 therefore desirabld to establiech some
-ériterion for locating .the 'poaition of the step when ‘the
-plan form 1s. ohanged.

. The forward and after limiting positions of the ven-
ter of gravity of o. -model with =a transverse step, a 20°
Voo step, and a4 30° Vée& step are shown in figures 26(e)
and 26(b). Tho transvorse step 1s locatod at the midpoint
of the altitude of tho triangle formod: by the 30° Vee step.
The 20° and. 30° Vee eteps:colncide at -the chine. If 1t
ia assumed that thée 200 Vee stap 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

-+ | HaAWCL) | K40 ) | H.ALCY) Xa)) |
»~3}0 |. o 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 stop or the mean position of the &tep and
the change in position of the limits for stable positions
of the center of. grryity 4s not entirely satisfactory.
Prodictions made on the basls of the- position of the cen-
trold of t-he step, howevor, givo more nearly the correct
position for the limits than predictlions mads on the basis
‘of the position »f .the step ~t tho chine, the intersocction
. of the stoo and thu kool, or-the moan position of the stop.
Rosults of tosts -f & model with a 30° Vese step and with a
traasvorse stdop: Locatod at thi controld of the 300 Voo step
aro ‘shown ‘in-figuré. 27. Thoe movement o0f the limits for
travel of the stablo posltions of the center of gravity was
found to be:small vhen the step was ohanged from a 30° vVee
step to-a transverse stop,
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Changing the plan form of the step has a negliglible
effect on the range of stable positions for the center of
gravlty within the scope of the modifications testeds - There
ig a possibility that a pointed step simlilar to that tested
in the NAOA model 35 seriles (reference 4) may move the aftor
limit aft wlthout ponalizing the forward limit, -

Bffect_of length of afterbody.~ The effect of length
of afterbody on the limits for stable positions of the cen-
ter of gravity has not been completely investigated. The
length of the afterbody was increased during the tests of
two different models. - The range of stable positions for
the center of gravity was not determined for the first
model. It was noted, however, that ‘stabillty at the de-
glgn position of the center of gravity was 1improved by
increesing the length of the afterbody from 151l-percont
beam to 221l-percent baanm,

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 1s not conslstent with
the bohavior thnt has boen notoed during the tests of other
modole at elther accoloreated or constant spoecd. Tho vio-
lence of this motion increased with movoment of the centor
of gravlty elther forward or aft of the design positions,
Tho length of the ~ftorbody was increased from 1lb65l-percont
boam to 195-porcsnt beam rnd the chine flare was romoved
from the afterbody. Tho resgulting form had no tendency
to porpolse at the daslgn positions of the coenter of grave
ity, end tho range of stable positions for the center of
gravity was definitely increased. Plots of amplitude of
porpolsing agalnst position of tho conter of gravity for
this modol are shown in flgure 38,

¥o definite conclusion ae to the effect 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 lnconsisteat 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
characteristics of the model 4s not complete without a

_
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serlecs of landings simulating as nearly as possidle full-
size maneuvers. Tho behavior during landing may be guite
difforent from the bohavior during take~off. This bohavior
is analogous to the two.upper trim limits of stability at
constant speod. 4 model that is. stablo during take-off
may porpoiso violeantly on landing at high trim, The motion
is similar to high~angle porpolaing observed at constant
speed, Thls behavior has been noted on fullewsize flying
. boats, and the .instability has been approximately repro-
duced with dynanic models. JYor this reason, a series of
landings at various trims 1s desirabdle.

The procedure generally followed for these tests con-
sists of: (1) accelerating the model to a speed beyond
got-avay; (2) trimming the model in the alr by means of
the elevators to the attitude at which the landing 1s to
be made; and (3) decolerating the carriage, allowing the
model to land as flying spoed 1ls decreamased. This procéedure
is repeated at trims including both stalling attitndes and
low trime, which ropresent landings at high speeds. The
behavior 1ls noted by the observer who is actually con-
trolling the model., ls impresslons as to the handling_
characteristics necessarily form an important part of the
data, Motlon pictures and records of trim and rise permit
& detalled 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 1s unstable in landings at the usual
flylng positions of- the center of gravity, it 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 is tbe same regardlesa of the posltion
of the centor of gravity, indicating that the hydrodynamic
forcos are’ the predominant forces contributing to the in-~
etability. ' .

. One model, having & 30° Vee step with a depth of step
of B.5=percent beam at the ksel and 3I.2~psrcent beam at the
eontroid, hed poor lending characteristics. This instadil-
ity wes prrnctically eliminatod by incressing the depth of
step to 7.,2~percent beam at the keosel nnd 4,9-percent boan
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 astep of 10,5~percont benm at the keel and 8.0-percent
beam at the controid. .. The .landing spoeds -of this modol
woro vary high., Two other models wlith transverese stops
were found to.bo highly unstable 1n landing at high trims,
Theso modols were improved dPy lncrensing the depth of step
from 5,0-percent beam to 8.2~percont bcam and from 6,5~
percont baam to 8.,2-percent beam.

Although 1t 1s impossible to establish definitely the
depth of step necéassary $o insure etability in landing, 1t
is evident that greater depths than have been generally
used on conventional airplanes will be necessary.

The effects o0f ventllation have already been consld~
ered under the results of constant-speed tests: Ventilation
definitely has improved the landlng characteristics of two
models tested In the NACA tank., The amount of ventllation
required is greater than has been generally considered
necessary for reducing resistance at low speeds., TVentlla~
tions should be appllied over the center sectlon of the
bottom of the model Just abaft the step and the ducts
should bs as close to the keel as posslble.

Lending instabillty of a model having a depth of
step of S5.5~percent 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 l1l6l-percent beam,
With a depth of step of 5.5~percent bcam and a length of
afterbody of 26l-percent beam, the landing instabllilty
was not oliminatcd by incroasing the angle of afterbody
keol from 4.0° to 8.5°%,

The landlng characteristics 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 information as to the
longitudinal—-etablllity characterigtics of a dynamic model.
of a flylang boat as a basls for considering the advantages
of modifications, tests should be made (1) at constant
speeds, to determine the trim limits of stabllity; (2) at
accelerated speeds, to locate the posltion of the step and
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observe take-off characteristice; and (3) at decelesrated
speeds, to simulate landings and observe skipping character-
1Stichn B

Until more data are avallable and further refinements
are made in the methods of obtalning 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 appreciably change the trim limits of
stability, - The hydrodynamic trimming moments become more
negative as the cantar of gravity moves forward, increas-
ing the posslibility of encountoring lowor-limit porpols~
ing during tako-off, Tho hydrodynamic trimming momonts
bocomc more poslitivo as tho center of gravity ls moved
aft, cnd unper-limit porpolsing is moro likely to ocour,
Landings are more likely to bo unstable with tho centor
of gravity in tho aftor posltions than ian the forward
posltions, )

: 3, Incrocsing tho dopth of stop has o nogligidlo
offoect on the lowor trim limit of stabllity dbut the upper
trim limlts of stabllity aro railsed. Chrngos 1n tho depth
of stop havo en indofinito effect on the forwerd 1limit for
stablo posltions of the centor of granvity; an increase
causos the aftor limit to be mrved forward by a negligibdle
amount, . The instabilitios appenring in laonding are reducod
or oliminatod br incruasoed 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 position of the step has no effect
on the lower limit of stabllity. The upper limits appear
to be ralsed sllghtly as the step 1s moved aft. The change
in the hydrodynamic trimming moment, and therefore the
" range of avallabls trims, 18 more importent than the change
in ‘trim limits of stability. Changing the position of the
step shifts the range of stable posiiions of the center of
gravity approximatoly the same distance and in the same
direction that tho step 1s shifted,
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bs Altering the plan form of tho stop has a negligible
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 ls shifted a distancs approxlimately
squal to the change in the position of the centrolid of the
step.

6. Ventllatlon of a ehallow step does not change the
lower trim limilt of stability but ralses the upper trim
limits, Ventilatlion reduces the tendency to increase trim
on take-~off and reduces lending lnstadllity. Ventilation
i1s more effective when applied near the keel than at the
chinas. Larger ventilation ducts are required than have
been conslidered nocossary for reducing the resistence at
low spoeds.

7. Varylng the length of the afterbody has a negll-
gible effect on the lower itrim limit of stabllity, The
upper limits are ralsed as the afterbody length is de-~
creasads The avallabls information indicates that sta—
billity during take—-off 1s lncremased 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 incresased ' but the chline flare on the afterbody
was rcmovod, With a dcpth of step of 5.5~-percent beam
and an angle of afterbody kool of 5. 5° instability in
landing wnae presont for lengths of afterbody from 161 to
311l porcont of the bobm.

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

9. Decreasing the engle of dsad 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 stability. The lower trim limit, at inter-
mediate planing speeds, 1s raised when the transverse
step 1s replaced by a pointed step. No instability was
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present during landings at high trime, but the poassidbil-
ity of porpolsing during the decelaration while the model
is on tho water 1a great.

Langloy Momorial Asronasutical Laboratory,
Netlonal Advisory Committee for Aoronautics,
Langley ¥Yielad, Va,
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NACA Figs. 1,3

Figure 1l.- Effect of gross weight on trim limits of stability.

Model 1, 1/12 full-size.
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Figure 3.- Effect of gross weight on trim limits of stability.

Model 3, 1/12 full-size.
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Figure 2.- Effect of gross weight on trim limits of stability.
Model 2, 1/8 full-size.
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Figure 5.- Effect of position of the center of gravity on the trim
limits of stability. Model 5, 1/10 full-size. Ay, 61.5
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Figure 7.- Effect of depth of step on trim limits of stability.

Model 6, 1/56 full-size. A,, 63.4 1b; Cags 1.01.
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Position of c.g., percernt MA.C.

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

i
DM £, /eviforsl rieutral
- Elevators full up -
.............. Porpoisiny divergertt, estimated
z —
Ag =89.2 /b CAO = (17 62
| :
[ S—— | T [ r * ’
«——— Rarnge of #rove/ of c.g. 3/
@ \\\‘ ‘\‘ e
O L -ry —t e L
&
K0
-‘g £g=98.9/b Cag = .69 Do=137.7/b Cap = .96
N 1 - | /
A N N g & 4
"S 0 = '\ Jr Z ", 2z
('} /0 T 3
g N Ao=/05.6/b CAQ - -76 AO =/47.4/b CAO = /‘03
RS — ] |
E. % \H\L f ! ! ) N | | Ny
Q9 0 \\\ \ l // I,
g T
R0 i .
X Do=118.316 Cag= .82 Bo=I57.11b Cag= .09
3 . | | | | ~ |
L \T'il | l 3 | ¥
AN N itia ’
0 > — ‘[ 1’ \,
/0 i
& Po=/28.0lb Cay=.89 Np=166.8lb Cag= /./6
] e
i< >/ \r\ —K | @) |
0 N S B -
20 24 28 3z 36 20 24 28 32 36

YOovK

o2 "31d

Iy
e



T T

o0— F/evotors reutrof

YovK

o— Elevortors full up
............. Porpoising divergert, estimoted

S

Q

Q

POrporsig, deg
.

~
QQ

i

Moximum omplritude aof

~
Q

1
AD = /08.6/b C’AO = 0. 76
"’\\ | | ;
| Rarnge of /
&_, fravel ofi c. gi“j/
I .
x\ Og =//8.3 /b Cag = - &2 \\Ao=‘/47-4/b C’Ao =/.03
\ e - / \1 e ‘ul
I V4 <7
~b.. L i K X A
+_ 8o=/28.06 Cag= .89 \Ao=/57-//b Cag= .09
N ke /’ L .t
~ 7
i L p // | \ J // h
8o=/37.7/6b Cap= .96 080=/66.8lb Ca, = 116
\ i V)
4 /
\ >, k >,'|/ (v)
\ 4 P Z
20 o4 28 32 36 20 24 28 32 36

Position of c.q., percenf MA.C.

(b) On amplitude of porpoising. Model 14. Scale, 1/8 full-size.

% assuming 2° as the limiting amplitude of porpoising.
Figure 24.- Effect of gross weight.

ayz ‘314



NACA | | | [ | ] ] | Fig. 34c
—_— e~ Fforward limif of frave/of c.g.
After limit of travel/ of c.g. —

(Assuming a maximum allow-
| able amplitude of 2°)
. f } -+ o
Modelr | |, 8-1 £
Depth of step of mean,/n. 053 0.62
percent beam 3.40 4.90
Depth of step of keel, in. .8/ .9/
| percent bearm S.10 5.80
2.275 {
- 75 r— Ch/ine
| ]»2.27-— ]
~ t——:—Mean .
- P | —
\\\
' N
L | N
L2.27:\
i [N
Kee; Lz.zv—'al ks
176 |
- Fordord.- Aftel (¢c) On limits for stable
*Y i )4 1IN positions of the
] center of gravity.
| Models 13 and 14,
160 l 1/8 full-size.
I " ‘ Length of M.A.C.
\\ / \ 24.3 in.
20 ' / [ Figure 234c.- Effect of
¥ v . \ groes weight. (Con-
7 \ \ cluded. )
Q 140{— ,’ \ \
ﬁ + r + \o
§ | \
n
.y \
o
é)/.?o ,7 . L
/
s20H]
f\ © +

¥
T~
AT

\
/ \
00 ;

[0

(c)

24 28 32 36 40
Posifion of c.g.,percent M.A.C.




|
Limif for tnavel df c-g.
0 = \\« u_. _Q
I
[ I m _ "\ - | ~N | -— L, ,
3 N \\\ ON !
a, 0 zwy - / ~ / \
2
,p t
13 5
V]
E
J _
£ |
X
O IF '
M h 7 b
TIIM:, y \\ @
Q /" r. \\
/30 Forword lim#t Affer limiit
L h b r_q Mode/ bmb*\... of step
| I (percent beom) MSL
] T A fpe—— 3.6 .56
_4 8 o--===-- 8.6 .87

_ _,r ¢ o— — 6.8 /.08

1 1
wr\md 1 T . " "
N *4
S - 1 .
= 1 /_
] | \
S /10 ! | L
0 :
Q v +>_ /.1 v/

$)) '
100 24 28 32 36 24 28 32 36

Position of c.g.,percent M. A.C.

(a) On maximum smplitude of perpoising. (b) On limits for travel of the center of gravity.

Elevators neutral at forward posi- Forward limit of travel of c. g.
tions of c¢. g. After limit of travel of c¢. g. (maximum per-
Elevators full up at after positions missable amplitude, 3°). Length of M. A. C.,
of c. g. 84,3 in.

Figure 35.- Lffect of .depth of step. Model 15. 44,128 Hv..ov..o.mo.

~

YoV

sg ‘3w



PR R

N

~
Q

l

-

Q

—_ A

g, g

3

Q

S

4

Maximum omplitude OF pOroorst

A

Q

@

Positiorn of c.g., percer MA.C.

(a) On maximum amplitude of porpoising.
Elevators neutral at forw
Elevators up at after positions of c.g.

Figure 36.- Effect of position of step
full sige. For sketch

40

Fig. d36a

ard positions of c.g.

and gross weight. Model 11, 1/8
see figure 26b.



WACA Fig. 36b

l ] I H T I T
DD-3 Dp-1 D2 Kee/

B I 3o

20° ! | [
E/' j//(,l/"' ' )
i
/ /! | Model D D-1 D-2 D-3
h /! = Mol Location from transverse step,in.
// A D Chine for’d O 2.209 0.875 3.209
o 5= Keel aft 0 2.209 3.541 .575

Depth of step

At chine,in. .51 .75 .93 «75
At keel, in. .51 .79 .97 .59
At mean, in. .51 ,51 .68 .41

Depth of gtep, percent beam
At chine 3.33 4.90 6.08 4.90
At keel 3.33 5.16 6.34 3.86
At mean 3.33 3.33 4.44 2.88
Tested. 1941 Feb. Feb. June July

(Assuming a maximum allowable
amplitude of 29.)

; " 8cale, 1/8 full size.

80

T
N P x ' \ (b) On limite for stable positions
70 ; 1 \ of the center of gravity.
a

Figure 36. (Concluded).

Gross load, Ib
~
/
—/

50 7 . 7 k

[ [ Forward limit for c. q.
,.l {e/evafgr reutral)
qop— ———— After imit for ¢ .
3 (elevator full up) °l
11 | L1 ®
>4 40

28 32 36
Position of c. q., percent of M.A.C.



————0 Neutral elevotor
20 ~-—--0 Up elevator
Qp = 582 b
Afterbody A Cﬁ - aa bg
10 2 ;
— f Step
| e
: oA, 30°7l{:ef R
| Depth a
8, 010"": keel 6.4% 0
| Depfh at L (o) .
- | cermtrord ] :
: 40% beom v Aftebbody A Ap = 77.5 /b
$ erbody = :
L | X B,| Tronsverse g 10 ca, s
| gep /ofccn‘ed “g 3
i certtroid D »
B ! of A. Depth, N N e
6.5% beam 3 Y Paas L
w“ t---
A G| Transverse o
step focoted 0
at cerrtrord g
of A. Depth, £
8.2% beam 3 8o =582 Ib
o f,| Some as ¢ ° Afrerbody, B Cap= 44
with hook E/0
removed g
from kee/ $
of tarl o 3
extensior 2
\‘L
o .
Ao = 77.5 IO
Afterbody 8 | o s
o N Ao * :
L5 \ [ 10 -
- [ /
3
2 ’\\\ / T
~ S~
%0 ! 8 Y ‘L\\“.\ <
< 24 28 32 36 40
20 24 28 32 36 40 +4 Position of c. q., percent M. A.C.

Figure 37.- Effect of plan form and depth of step on the
maximum amplitude of porpoising. Model 16.

Position of c.g., percertt MA.C.

.
v

I16° 1
weeq jueoxed ‘ysBus Lpoqrea)v

(ex®13 sujuo jnousIM) Ge°1
(oxeTy ouTUo WITA)

Figure 238.- Effeot of length of afterbody

on the maxinum amplitude of
porpoising. Model 17, 1/8 full-sisze,

oy

gz’Le ‘¥



1

» 54 3245 |

iy

I

=m

D — T
Wil

I/

i

===~

——
e T

i

—

l



