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THE PORPOISIEG CHARACTERISTICS OF A PﬂlNIIG'SUﬁIAOI
BIPRESENTING THRE FOREBODY OF A PLYING-BOA® HULL

By James M. Banson
BUHHARI

A V-bottom planing surface representing the forebody
of a flying-boat hull was used in an investigation of the
low—-angle type of porpoising. Controllable tail surfaces
vere fitted on an outrigger that supported them in a
position roughly the same a8 they would have bdeen on a
complete model. The planing surface was conslidered as
though it were part of a complete dynamic model and. for
each test it was balanced to bring the center of gravity
of the assembly to the desired position, and the pivot
abvout which it was free to turn was located there. The
model was towed in the same manner as a complete dynanmic
model.

Tho porpolsing characteristics of the planing surface
were observed for different combinations of load, speed,
moment of inertia, locatlon of pivot, elevator setting,
and tail area. The model was found always to be stabdle
above and unstable below a rather well-defined eritical
triz and showed no tendency to porpoise in the high-angle
condition that 1is commonly observed with flying boats.

The critical trim was found to de determined mainly by the
speed and ‘load and, to a smaller extent, by the location

of the pivot and iho radius of gyration, Moving the pivot
either forward or down or increasing the radius of gyration
lowered the critical trim. Vlen porpoising did occur it

was observed that a decresase in the radius of gyration caused
the amplitudes of the oscilllations in trim to increase marke
edly. An increase in the mass and moment of inertia without
changing the radius of gyration or other variables resulted
in an increased amplitude of the oscillations. Increasing
the tall area to about twice normal size did not appear to
arfect the critical trim.

By a comparison of the data from these tests, in which
the effect of a wing wus completely absent, with data from
a complete model and from theoretigal computations, it wvas



concluded that the effect of the 'wing of a complete model
upon the lower 1limit of stability at the lower planing speeds

wvas relatively small. :
.INTRODUCTION

A theoretical ‘approach to the Eroblemn of porpolsing
has been made by Perring and Glauert (reference 1), who

modified the conventional analysis of aerodynamic stabllity
and applied 1t to the study of the stadbility on the water
of the 1deallzed case of a single flat plate and also to
the case of two flat plates in tandem, .They treated the
two cases without aerodynamic surfaces and with vinf and
tall plane. They demonstrated by ce¢oémparlson of thelr
theoretical values with data from ohe full-scale test that
the conventlonal stability analysis could be applied to the
study of porpoising, provided that experimental data wers
avalladle for evaluating the stability derivatives for the
hull forms actually used.

Considerable experimental work has been done in towing
basins with dynamic models of seaplanes to determine thelr
stabllity characteristics. Most of the experimental work
on porpoising has been concerned with specific designs and,
ln many cases, attention has been given principaplly to the
high-angle type of porpolising. A probable reason for doing
the larger part of the experimental work on the one type of
porpoising has been the fact that slighkt alterations in
design, such as changes in the depth and the form of the
step, frequently have been effective in markedly changing
the porpolsing characteristics at the higher angles but. have
had little if any effect upon the trim at which low-~angle
porpolsing occurs. Anvther probable reason for giving more
attention in experimental work to high~angle instability
is that it hae usually proved to be the more violeat and
dangerous of the two types. 1Inasmuch ap ]low-angle porpois-
ing may in 1tself become unsafe during a take-off or may
lead to violent inetadbllity at higher angles, 1t.appears
that insufficient attention has been given to the basic
problem of the stability of a simple planing surface. The
present Investigation was therefore planned to study ex-
perimentally the stability characteristics of a V-bottom
Planing surface representing the forebody of. a seaplane.

A planing surface fitted with a controllable elevator
and having an angle uf dead rise of 22%4° was toved 1n. the
NACA tank-at constant speeds from a towing gear that per-
mitted the model to trim and rise freely. The range of



trim that would cause porpoising was observed for various
combinations of -speed, load, moment of inertia, location of
pivot, and mass. In additlion to the experimental idvesti-
gation, the effect of a wing and of increased tail area
upon low~angle porpoising at a speed above the hump

was. analytically. computed by the method of reference 1l.

PLANIEG MODEL

A sketch of the model and the arrangement for testing
is shown in figure 1l., The model has a V-pottom planing
surface with an angle of dead rige of 228° and a beam of
16 inches. The keel is straight for a distance of 36 inches
forward of the stern and 1s falired into a dluff bow having
a developable bottom. The model was fitted with a P"normal®
tall plane of NACA 0015 airfoil section of rectangular plan
form and with a span of 41 inches. The chord of the stabi-
Lizer was 6% 4inches. and that of the elevator was 5% inches
The moment arm of the tall pilane varied with the location of
the plvot, averaging about 4 feet. TFor tests with increased
tall area, a second tall plane having about 1; times the
area of the normal tail plane was attached to the model and
was located about one chord length above it so as to form
& biplane tail having 2% times the normal area.

The moment of inertia, the load on the water, and the
mass moving vertically could be independently adjusted.

TEST PROCEDURE

The model was towed at the low water level in the
NACA tank using a procedure similar to that followed in
references 2 and 3 for the towing of dynamic models to
determine trim limits., Runs were made at constant speed
and with fixed loads on the water while the trim of the
model wvas adjusted by means of the elevater to obtain the
eritical trim.

Critical Trim

Tor the purpose of this report decritical trim" nay
be defined as the trim separating the stable range from
the unstable range. At trims above the eritical value
the planing surface ran stabdly and, if it was momentarily
disturded, the resulting oscillations decayed to sero after



a few cycles. At trims below the critical value por-
poleing began spontaneously and continued indefinitely at
a fairly constant amplitude of the oscillation in trim,
This concept of a definite critical trim may not be
strictly true. Instead, a narrow range of trim wherein
the model is neutrally stadble may separate the stable from
the unstable range. Coombes (reference 3) has described

a range of neutral stabllity for a dynamic model of a
twin-float seaplane.

In the détermination of the critical value of the
planing surface, the trim of the model was gradually
lowered from a stadble attitude until oscillatlions began
spontaneously and continued regularly through an amplitude
of about 2°., The trim was then increased while the
accompanying decrease 1ln amplitude was noted. At the
Point where the oscillation seemed to disappear, the trim
vas noted and compared with the corresponding attitude
at which the model began to porpoise during the decrease
of trim. 1In general, the two readings did not differ by
more than about #°, The average of the two readings
thus obtained was recorded as the critical trim.

During a constant-speed run of the carrlage, the
critical trim was obtained for several comdbinations of
load and mass moving vertically. 1In this manner the
variations of critical trim with load, sepeed, and mass were
determined. Changes in moment of inertia and location of
pivot were made and the tests repeated. For certain loca-
tlons of the pivot the aerodynamic control was inadequate
to balance the hydrodynamic moment at the c¢ritical trim and
a gravity moment was used to obtain the desired trim. This
use of a gravity moment caused the model to pivot adbout a
point different from the center of mass of the rotating
syetem. No allowance wvas made for the variation 1in loading
introduced by the aerodynamic forces on the tail.surfaces.

Porpoising Osclllations

Yor a limited number of tests, observations were made
of the amplitude of the oscilllations in trim that followed
after the model was trimmed below the critical value. Tests
were made at constant load, speed, mass, and moment of
inertia; and the amplitudes ware obtained for various
elevator settings. TYor a particular elevator setting the
model was restrained in pitch by pulling lightly on lines
attached to the bow and the stern. This damping in piteh
was barely sufflicient ‘to prevent porpoising but atill per-
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mi{ted. the model-to assume the attitude requlred for
equilibrium of the hydrodynemic and aerodynamic forces.
The trim at equilidrium .was observed and the model was

then released to permit porpoising. After a few oycles
the osclillations would reach a maximum in amplitude and.

would usually continue indefinitely between the -two limit~
ing values of trim. The upper and lower limits of osecil-
lation were recorded. .

.In,the tests to .determine theq effact of .radius of
gyration on amplitude. 6f porpoising the c¥ltical trim was
determined for a Particular coanfiguration of the model, and
the elevator was lowered enough to cause the model to trim
at adbout i° below that value. The pitching oscillations
were prevented by damping as previously‘-descrided.’ The
model was then released and the amplitude of oscillation
observed. The radius of gyration was changed during the
Tun by varying the mass moving vertically without making
any change in moment of inertia, 2o0ad, speed, or elevator
setting.' The amplitude of osclllation was agaln noted
after the change in mass. Thie method 4i1d not completely
isolate the effect of the radius of gyration upon the
amplitude because the changes in the r&dius of gyration
were, in general, accompanied by a small change in the
criticel trim. ' ' '

TEST RESULTS

Porpolsing Characteristics of a Single Planing .Surface

.The combination of planing surface with tall plane.
exhibited the presence of one critical trim value and
had no tendency to porpoise at higher trims. The por-
poising that occcurred when the trim was less than the
critical value closely resembled the motions in the
vorpolsing of a complete dynamic model when planing on
the forebody alone. Vhen the trim of the model was in~
creased from the unstable to the stable range, the critical
trim was found 40 be practically the same as the value de-
termined by lowering the trim from the stable to the un-
stable range. Recovery fram porpoising always followed
the application of sufficlent poeitive moment to irim the
model above the eritical value. The absence. of the. high-
angle condition of instability with the single planing
surfacesls in agreement with the gommonly agcepted concept
that the high-ungld'type of porpolsing of a flying boat is
a phenomenon that always involves the afterbody.



¥hen porpoising of the planing surface did occur, the
motion was usually constant in amplitude but, in some cases,
it would wax and vane in a manner similar to that resulting
from the addition ef tvo simple -harmonic motiois of slightly

different periods.
Ccritical Trim

The variation of the oritical trim with speed of the
planing surface is plotted in figure 2, where all variables
are expressed as follows:

Load coefficient, C, = A/wD®
6roes load coefficlent, Cp = Ag/wpd
Speed coefficient, Cy = V//gb

where
A load on water, pounds

Lo initial load on water, gross load, pounds

b maximum beam, feet

v specific welght of water, pounds per cublc foot

£ acceleration of gravity, feet per second per second
and

k radius of gyration, fraction of beanm

1y location of pivot forward of tralling edge (T.E.),
fraction of beam

15 location of pivot above keel, fractlon of bean.

The load on the water was selected as the parameter
and each plot refrenents a particular combination of location
of pivot and radius of gyration, The mass moving vertlically
is given in the same nondimensional units as the load
coefficlent. The moment of inertia is not listed 1in each

case but mai be obtained from the values given fof the maas
and the radius of gyration.

Effect of tall area.—~ The variations in critical trim
with speed for the model having the normal tail and for the



model having'the tail area increased 125 percent .are plotted
in figure 3. Incrsasing the tall area to more than twice
normal size appeared in the present tests to change the
critical..trim very .little. A more preeise exploration of
the region of neutral stability might reveal a definite
effect but it does not appear that any practicable increase
in the tall area ¢f a flying bhoat beyond the area that would
be required for suitadle aerodynamic characteristics would
have any marked effect upon the lower limit.

Effect of radiue of gyretlon,- The variation of crit-
ical trim 1s plotted as a function of the radiuns of gyration
in figure 4, which shows the results of tests at two dif-
ferent loads at a speed coefficient of 6.0 with the pivot
located 0.38 beam forward of the trailing esdge and 1.26
beams above the keel. The radius of gyration as here used

1s ./I/M, in which the mass M includes the model, counter-
welghte, and fittinga. (Sse fig. 1l,) The curves show that
increases ln the radius of gyration lower the critical trim
but that the effect is small when compared with the effect
of apeed and load.

of plvot.-— Figure 5 shows the
variation of critical trim caused by changes in the location
of the pivot for two combinations of load and radius of
gyration. There i a definite tendency for the critical
trim to be lowered when the pivot 18 moved either forward
or down. This effect 1s also small when compared with
the effect of load and speed.

Amnplitude of Porpolsing Oscillations

Iffect of elevator gettipng.—~ Figure 6 shows how the
amplitude of the porpolsing is affected by the eslevator
setting. The axis of ordinates represents the trim assumed
by the model for a particular elevator setting when por-
polising was restrained by the application of external damp-
ing. The amplitude of the oscillation that followed the
removal of the dampling is represented by a horizontal line
between the values of the upper and the lower limits of the
trim occurring in the oscillation.

Effect of tall ayea.—- The variation of amplitude with
radius of gyration for the model having a bdiplane taill with
125 percent 1increased area 1s shown in figure 7(c). A
comparison of this plot with figure 7(d) shows that the
larger tal]l area resulted 1in somewvhat greater amplitudes
of oscillation. '



Effect of radius of gyration.- The variation in
amplitude with changes in the radius of gyration k, when
the elevator setting was constant, is shown in figure 7.

The marked increase in amplitude with a decrease -in radius
of gyration may be due ia part to the fact that the decrease
in k causes an increase in the critical trim.  An inter-
pretation of this -figure should include the effect of ele-
vator setting upon dritical trim.

The difference in handling characteristics caused dy
the changes in the radius of gyration was more marked than
might appear from the plots, During the tests at constant
speed, the elevator was set to trim the modal at about %°
below the critical trim. The amplitude of the resulting
oscillation was observed and the mass moving vertically was
changed without changing the speed, the load, or the elevator
setting. Throughout the tests 1t was noted that, with either
an increase in mass or a decrease in moment -of inertia, the
porpoising motions of the model when trimmed below the crit-
ical values were definitely more violent and more likely to
lead to dangerous amplitudes.

In figures 7(bd) and T(c) are shown the results of two
tests to determine if, for a particular value of the
radius of gyration, the amplitude would be affected dy
the moment of inertia and the mass. In figure 7(Db) at
k= 1.09b, a 50-percent increase in the moment of inertia
is showvn to have caused a small increase in the amplitude
of the motion. In figure 7(c) at k = 0.76b, a 100-per-
cent increase in the moment of inertia 1s shown to have
caused a large increase in the amplitude.

Comparison of Results with Data for Complete

Modele Having Afterbody and Wing

Experimental.~ In figure 8 is plotted & curve showing
the l1ower IImit of stability_ for a particular flying boat,
which has a dead rise of 228° measured af the keel. The
curve 1s taken from data obtained at the NACA tank during
tests of a Z-scale model dynamically similar to the full-
gize craft, which has a gross load coefficlient of 0.82 and
a get-away speed coefficient of 7.0. The model was towed
at constant speeds and the trim limits were determined in
the same way as the critical trims were determined for the
planing surface. The load carried by the model was com-
puted for different speeds by deducting the asrodynamic
lift from the gross weight. The aerodynamic 11ift wvas



-

AL RN

computed from data obtainsd by towing the complete model

a short distance above the water in the tank., The crit-
ical trim of the planing surface at speeds and loads
corresponding to the values for the dynamic- model is shown
for comparison. Ths aritical trim of the planing surface
agrees well ‘'with the lower '1imit of stadbility at the lower
speeds. .

v~ The data given in reference 4 were used
for ‘computing the effeot of a wing, the area of the tail,
and the moment 0f: inertia upon the gritical trim for a
limited numbér 0f connditions comparadle with some of the
conditions included in the tests of -the plaring surface.
Reference 4 desOribes the methods used in deriving the -data
and in computing the values of the stability derivatives
and the values 0f the terms in the diescriminant equation.
The data from reference 4 and the computed results are
given in tadle I,

The notation given in table I 1s the same as is cus-
tomarily used in porpolaing analysis, in which axes are
assumed to be fixed relative to the undisturbed water
surface with Z positive downward, X ©positive forward,
and M positive when tending to ralse the bow. The force
Z 1is then defined as a force along the 0Z axis and 2
is written for 32/d%., The other derivatives are simiIarly
defined. A, B, 0y D, and B are the. coefficients of the
stability equation,

AN  + BA® 4 CA2 + DA+ E = O

where A 1s used for the differential operator, gfat.
R 1is BRouth's discriminant and 1s defined by

R = BCD - AD® - B2p

The criterion for stability 1ie that A, B, C, D, E, and R
shall all be positive. These terms have been calculated
for 2 speed coefflcoient of 5.65 and a load coefficient of
0.61 on the water. (See tadble I.)

At & trim of 5° the airplane 1s unstable and an
increase of 300 percent in the moment of inertia has not
resulted in stability, although the change in the value
of R 1indicates that the margin of instadility may have
been reduced. At a trim of 7° the normal condition 1is
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stable but a decrease of 50 percent in the moment of
inertia results in 1lnstability, as shown by the negative
valve of R. '

The .trend shown by these oalculations 1s in agree-—
ment with the ' experimental result obtained with the planing
surface: that an increase in the radius of gyration causes
a definite but relatively small decrease 1in the critical

trim,

The validity of the stabllity tests on a planing
surface with taill plane but without wing hags been examined
by calculating the derivatives and the terms of the dis-
criminant equation, assuming that the aerodynamic effect
of the wing 1s confined to 2Zy &and 2Zg. Making the
asrodynamic values of all the 2Z derivatives equal to
goro and keeping the M derivatives unchanged caused no
change in sign of any of the terms at either ©6° or 7°.

A change in the value of R, however, 1lndicates that the
wing may have a slight stabiliszing effect. These results
are -in agreement wlth the comparison made in figure 8 and
with the results reported in reference 2. At higher speeds
the aerodynamic terms would be larger and more important in
comparison with the hydrodynamic and the effect of the wing
might become more pronounced.

The effect of a 100~percent increase in tail area has
been calculated for the airplane with wing by doubling the
asrodynamic values of MN;, Ny, and Nf. The increase
in the value of R indicates that the larger tall area
has resulted in stability at 5° and an increased margin
of stabllity at 7°.

DISCUSSION
Comparison with reference l.- From the tests reported

in reference 1, Perring and Glauert reached the following
conclusions regarding the porpoising characteristice of a
seaplane with only the forebody in contact with the water
(single-step case):

A seaplane, traveling on one etep, tends to
porpoise as the speed over the water is increased
and this 1Is generally due to the angle of incidence
decreasing as the speed increases. The following
factors may lead to instadbility:-
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(a) Centei of gravity too far in front of
. the main step.’ . '
"(b) Center of grawvity too high..
(o) lxcollivo aorodynanic weathercook .

.. stablligy. - .
(@) Moment of inertia too small,
f (o) Aercdynamic moment forcing the

nose down.

In order to compare the results of the present tests
of a planing surface with the conclusions reached in refer~
ence 1 from tests of a seaplans, a differentiation must
be made between the effects that the variables have upon
the critical trim and the effects that they 'have upon the
trim assumed by the seaplane at a particular speed.

The asrodyaamic wéathercock etability referred to in
the foregoing and hereinafter is the weathercock stabdility
in piteh.

The moment of inertlia and the amount of weathercock
stability do not affect the trim that the seaplane will
assume, but variations in these quantities may cause
porpolsing dy lowering the critical trim, The results of
the present tests of a planing surface with a tail plane
indicate that a decrease in moment of inertia for a par-~
ticular value of the mass tends to decrease the critical
trim and thereby may lead to instabdbility. The results of
the tests also indicate the effect of excessive weather-~
cock stability as can be seen from a comparison of figures
7(b) and 7(c). With the normal tail the porpoising motions
were- not 8o violent as when the tall area was increased 125
percent. The tests showed that the critical trim was not
measurably affected 1n the one particular case in which the
tall area was increased although the analysis of reference
1l indicated that, in general, an increase in tail afes should
increase the critical trim., The results of computing the
effect of tail area as recorded in tadble I do not agree with
the conclusion of reference 1l regarding the effect of weather-
cock stability.

The resulte of the tests are in agreement with the
conclusions that instability might be-caused 1f the center
of gravity were too far 1n front of the main step or if
the nose were forced down by an aerodynamic moment because
either condition would tend to cause the seaplane to trim
below the critical wvalue.

Ylgure 6 shows that the critical trim is increasesd
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by ralsing the center of gravity and this result 4s 1in
agreement with the conclusion of reference 1.

Dynamic Models Having Excess Mass and Moment of Inertia

The tests of the planing surface indicated that an
increase in both mass and moment of inertia, without any
change in the radius of gyration, tends to increase the
applitude of the pitching oscillations during porpolising.
This effect 1s of particular interest because tests of
dynamic models are occasionally made with the model having
excess welght and moment of inertia. ¥From the analysis
of porpolsing in reference l, the authors concluded that
a test of that type, in which the ratio of mass to moment
of inertia was correct, would accurately reproduce the
porpoising characterietics of the full-size craft except
that the frequency of oscillation would be reduced dy the
excess mases and moment of inertia. The lowered frequency
may account for the increased amplitudes observed in the
present tests. In a porpolsing oscillation of a given
amplitude the amount of energy dissipated by the damping
forces decreases repidly with decrease in freguency. With
an excess in mass and moment of inertia of a dynamic model,
it 18 to be expected that the damping would be less effec~
tive and therefore the amplitudes of the fully developed
oscillations would be larger than 1if the fréquencies were
correctly reproduced.

BEffect of Radius of Gyration

The resulte of the tests indicate that variationas
in the radius of gyration have a twofold effect upon the

.porpoising characteristics of a flylng boat, Large

increases in the radius of gyration reduce the critical
trir and also reduce the -amplitude of porpoising ‘that
occurs when the flying boat 1s trimmed below the critical
value. The plots of amplitude in figure 7 show a definite
tendency to converge as the radius of gyration i1s increased.
Whether the convergence would continue to zero at some
value beyond the “renge of the present tests 1s not known.

A comparison of the radius of gyratlion and the beam
loading for several flylng boats and float seaplanes of
recent design has been tabulated as follows;



aa™ T

13

Radius of

: " Gross load
Lrafs gyration, k coefficiont, 0
{fraction bean) Y]

Flying bdoats: )

B (fig. 9) 0.86 0.44

C- (fig. 9) l.14 . «67

E (rtg. 9) 1.23 1.01

F (fig. 9) 1,31 1,00

e 1.36 1,13

H 1.56 1.20
Float seaplanes:

1 1.68 1.57

J 1.66 1,64

K 2.00 1,57

L 2.01 1,66

M 2.04 1,69

The plot in figure 10 of the foregoing values suggests

‘that there may be a relationship between radius of gyration

and load coefficlient which would be useful in predicting
porpoising characteristics. The dashed line in figure 10
wvas drawn through arbitrarily selected points corresponding
to radll of gyratlon somewhat above the average of the
values 1n the plot., Two of the points that 1lie below

the dashed line are values for flying boats which have
shown unusually severe ingtabllity on the water. The equa-
tion for the straight line 18

k = 0.9 er + 005

where k is the radius of gyration, fraction of bdean.
The fact that the float seaplanes have larger values of
the radlus of gyration and larger beam loadings than the
flying boats 1s of particular interést. In recent years
the porpolsing of flylng boats has been much more: of a
problem than the porpoising of float séaplanes. In view
of this fact -the results of the present tests indicate a
very significant effect, which may have been given in-~
sufficlent attention heretofore. PFor some of the heavily
loaded flying boats that have exhibited severe porpoising

it would afpear well worth while to carry out a full-scale
investigation of the effect of increasing the radius of

gyration by as much as 50 percent.
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Effect of Location of fivot

. The- results indicate that, in some cases, a defiaite
but relatively small decrease of the lower limit ‘of stability
of a seaplane may be obtained by moving the center of gravity
either forvard or downward or by increasing the radius of
gyration.

Trend toward Increased Beam Loadings

The continued trend toward increased beam loadings
of flying boats 1s 1lluetrated dy figure 9, which 1s a
plot of the loading curves for several notable designs
that have appeared during the past 10 years. Design A
appeared about 1932, designs X and P appeared in 1939,
and the others appeared during the interval between 1932
and 1939. The values showing load on the water as a
function of speed were computed in each case by assuming
for all speeds a 1i1ft coefficient equal to that af the
stalling speed. The speeds of maximum trim (approximately
the hump speed) as determined in tank tests of dynamic
modelse 1s indicated by an arrow on each curve except for
design A for which data were not avallable. It 18 note-
worthy that the hump speed does not vary greatly with
load over the wide range of loadlings. In 1932 a gross
load coefficient of 0.45 was considered sufficlent bdut
by 1939 a load coefficient of 1.0 was being used. The
increase in beam loading 1s even more striking at higher
speeds. For example, at Cy = 4.0 the increase is from
about 0.2 to 0.75, or nearly fourfold. An increase in
the hazards resulting from porpoising has accompanied the
large increase in loading at the planing speeds.

With the conventional form of forebody having a
22§° V-bottom and transverse step 1t appears that, in order
to avoid low-angle porpoising as the gross load is 1ncreased,
the speed at which the seaplane gets on the step must be
increased. 1In general, this change would increase the time
required for the take-off and would probably present addi-
tional difficulties in the control of spray.

Recent designs of flying boate have approached rather
closely the limit of beam loading that is permissibdle with
a conventional form of hull, Further increases in beam
loading appear to require & form of hull that will consider-
ably reduce the probability of the low-angle  porpoising
inhereént in the form of forebody represented. by the planing
surface used in these tests. Some. improvement in the form
of the hull may be obtalned by an investigation of the
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effect -of dead rise and the effect of the plan:form of the
step. 4 Dbetter solution may be found in some arrangement
desligned to plane efficlently on two steps at speeds
considerably dbeyond the hump or 4in some arrangement- of
hydrofoils that reduces the load carried by the planing
bottom. '

‘CQNCLUSIONS

The conclusions listed below apply over the range of
variables included in the tests of a V-bottom planing sur-
face having a 228#° .engle of dead rise and fitted with tail
surfaces to provide aerodynamie Hanping. The conclusions
are also believed to apply to the case of a seaplane
having a forebody of the form represented by the planing
surface. The condltions of particular interest and
application are those arising.when the seaplane gets on
the step during take—~off or planes on the forebody during
a landing.

l. PFor a glven set of varlables that include speed,
load, moment of inertia, and position of center of gravity,
there 18 a rather sharply defined critical trim below which
the system is unstable and above which it 1s gtable.

2. The critical trim 1s determined mainly dy the
speed and the load on the water.

3. Increasing the radius of gyration decreases the
critical trinm.

4. Moving the center of gravity either forward or
dowvn decreases the critical trim.

5. Increasing the amount of aerodynamic damping to
about twice the amount normally occurring on flying boats
does not appreciadly alter the critical trim.

6. Decreasing the radius of gyration may have two

effects, It may increase the critical trim and it may
also cause a marked increase in the amplitude of por-

polising that follows when the system 1s. trimmed below
-the critical value.

7. 4An increase in the mass and moment of inertla,
without any change in the radius of gyration, tends to
increase the amplitude of porpoising oscillations.

Langley Memorial Aeronautical Ladboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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TABLE I.- VALUES OF THE STABILITY DERIVATIVES AND THE TERMS IN THE DISCRIMINANT EQUATION, Cv=5.65; CA=O.Glf

Wing Tail M t of 2 A Z 2, | M M M )4 Al B c D R
argg a:ea 22:?t1: z ¢ v a z 8 v q
Trim, 5°
Normal| Normal Normal |Hydrodynamic®{-100|-221[-3.2 |5.3|4.95]~3.35[-0.058] 0.263
~~d0==]| ~au@o-c= [==ee- dow~-~|Aerodynamic® o ~4o| -6 |0 |O ~1.92| ~.028| -.76L .
~edpme|=medome = [eceea do=mme Totald [«100|=261|-3.8 | 5.3 4.95]=5.27| -.086] -.521|1]4.52[107.5 | 23.5 1817 ~23,600
erdom=| w=edo==- - 3ggcreased TotalP [-100]-261|-3.8 |5.3| 1.2,]|-1.32] -.022] -.130|1(3.93}102 5.8 | Ls56| <L,734
ercent ;
Zero |==edo=-- Ngrmaf Totall [-100]-221(-3.2 |5.3| 4.95|-5.27| -.086 -.521| 1{3.72|107.39| 23.75| 1622|-13,4L)
Trim, 7°
Normal{ Normal Normal |Hydrodynamic®| -11l}-194(-3.0%|3.2| 3.92|-1.40]-0.02 | 0.121
wed0-e]weedoenm [maan= do===--| Aerodynamic® ol -4o| -.6 |0 |O -1.92| -.02§ -.784 W
c=dome| emedomma |em—e- domm=n Total® f-11l[-234]-3.63] 3.2 3.92|-3.32| -.05| -.66 |1|4.29]119.9 | 63.7 ;296 4,600
~edoee| esedoe-w gecreased Totalb | ~11l|-234|-3.63] 3.2 7.84|-6.6L| -.10 [-1.32 | 1|L.95|125.70| 127.L é592 =550
O percent
Zero | ~e-do==w Normsal Totald [ -11k|-19L|-3.0 |3.2]3.92(-3.32] -.05| -.66 | 1|3.66[119.5 | 63.0 | 1139| 8,307
Normal Igggeased cmecadgescs Totalb | -11l|-224}-3.63)3.2 3.92[-5.2 | -.08 [-1.4l {1[5.07}2124.7 |151.8 -1510 34,099
per-
Zero { cent |weecedoees= Total® [ -114[-194]-3.0 [3.2]3.92[-5.2 | ~.08 |-1.44 | 1{k.bh|223.8 [150.7 | 1353] 33,681

8Computed in reference li.

bComputed from data 1n reference L.
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