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NATIONAL ADVISORY COMMITTEE FOR AZRONAUTICS.
TECHNICAL MEMORANDUM NO. 486.

TANK TESTS OF TWIN SEAPLANE FLOATS.*

By H. Herrmann, G, Kempf, and H. Kloess.

The following report contains the most essential data for
the hydrodynamic portion of the twin-float problem. 8ince no
German data at all were available on this subject, we first in-
vestigated the means of adapting model-test results to full-
sized floats. Agcordingly, the following points were success-
ively investigated: X y

1. Difference between stationary and nonstationary flow,

8. Effect of the shape of the step,

3. Effect of distance between the floats,

4, -‘Effect of nose-heavy and tail-heavy moments,

ffect of the shape of the floats,

6. Maneuverability.

In order to keep in close connection with conditions in

practice, the form of the Udet low-wing monoplane "U 10 a" was

*Schleppversuche an Zweischwimmerpaaren," from Luftfahrtfor-
schung, January 3

of the Hamburgische Schiffbau-Versuchsanstalt, Hamburg 33 (46th
report). This work, which reached the editor in December, 19236,
is closely connected with the lecture on "Floats apd Bulle,®
delivered by H. Herrmann (No. 14, of Zeitschrift fur Flugtechnik
und Motorluftschiffahrt, p. 126) and containing a systematic re-
view of foreignm publications with a partial use of the prelimi-
nary tests conducted at Hamburg (For translation, see N.A.C.A.
Technical llemorandumsNos. 426 and 437.)

1938, pp. 18-30.- Joint report of the Deutsche
Versuchsanstalt fur Luftfahrt, Berlin-Adlershof (8lst report) and
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adopted for the flat-bottomed float. This float has a length of
only 3.9 m (13.7 ft.) and consequently, the full-sized float can
be towed in the water tank after being tested on the seaplane.
The same lines were subsequently adopted for 7.2 m (33.6 ft.)
floats. Owing to the fact that this seaplane was often flown

by Herrmann, a close connection with conditions in practice has
been maintained. We beg to express our thanks to the Udet Flug-
zeugbau (Udet Airplane Construction Company) which has supplied
all the requisite models free.

The tests were carried out at the Hamburgische Schiffbau-
Versuchsanstalt G.m.b.H. (Hamburg Shipbuilding Laboratory) where
very high speeds can be reached owing to the great length of
the water tank.

The Hamburg Shipbuilding Laboratory (H.S.V.A.)

and the Installations for Making Float Tests

The H.S.V.A., built in 1913-15, was the result of the ex-
perience gained in Germany and abroad in the testing of ship
models and exceeded in size all water tanks built up to that
time. The length available for the tests extends over two tanks,
respectively 8 m (26.25 ft,), and 16 m (52.5 ft.) wide, which
merge into each other and have a total length of 350 m (1148 ft.).
There are two electric carriages, of which the larger has a track
gauge of 16.6 m (54.4 ft.), and can run the whole length of

350 m. It can reach a speed of 10 m/s (32 ft./sec.). However,
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the speed in regular service should not exceed 8.5 m (27.8 ft.)
per second, to avoid damaging the installation;

Among the devices installed on each carriage, those will
gnly be considered which are used for resistance, immersion, znd
emersion meosurements of ship or float models towed with corre-
sponding speed. There are two methods of measuring the resist-
ance in airplane-float tests. These methods are determined by
the degree of accuracy of the measurements with float models on

different scales.

le The so-called resistance dynamometer, built for the
usual ship-model tests, can measure resistances from 50 g to
12 kg (0.11-26.5 1b.). Owing to the fact that this testing in-
stallation is subject to a constant absolute error, the accuracy
of the measurement is most satisfactory for large forces (8 to
12 kg), since the relative error then falls to 8%. With decreas-
ing forces the relative error increases. The possibility of us-
ing the resistance dynamometer is strictly limited when floats
of different size are tested. It was found that only resistances
8 10t modele of 1 to 1.5 m (3.2 to 4.8 ft.) in length could
e measured with the above-mentioned satisfactory accuracy.

Thé test arrangement for the case considered is shown in
Figure 1. The resistance dynamometer consists essentially of a

lever oscillating freely on two knife-edges and having the shape

of a balance beam W. On deflecting this beam, the force is tak-
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en up by a tension spring or by the weight K. For accurate
measurcments the lever is inserted between two electric contacts

e, which, as soon as they are alternately closed by the oscil-

‘lating motion of the lever during the motion of the carriage,

start a small electric motor which, according to its direction
of rotation, tightens or loosens a spring especially designed
for accurate measurement. This spring F carries a pen which
plots its motions on a rotating drum covered with paper. In ad-

J.

dition to this graphic representation: of the resistance curve

k during the motion of the floats, the time =z and the path

w are also electrically plotted on this drum. The time is meas-

ured by a stop watch and the distance by contacts distributed
over the whole length of the tank at 2.5 m (8.2 ft.) intervals.

Two frames L are attached to the carriage and each frame
can oscillate on two knife-edges. They are guided by two mova-
ble vertical rods S. The lower end of the measuring lever is
connected to the model by a traction rod Z. It is attached to
the front frame at the point where, in actual flight, the pro-
peller thrust would take effect.

The twin floats and their supporting framework are attached
at their front and rear ends to the two rods § and are thus
free to immerge and emerge during the run. The degree of immer-
sion and emersion is indicated by two pointers M, moving over
a scale 8k secured to the carriage. The two rods are attached

to two wires, each running over a pulley and supporting a weight
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pan at its end. The twin floats are balanced by placing weights
E on these pans sufficient to offset the 1ift of the wings,
which increases as the square of the speed. The weight of the
twin floats together with the supporting structure was counter-
balanced by a weight G placed on a rod which passed through
the center of gravity, so that, in spite of all the motions of
the model during the run, the position of the center of gravity

of the system was maintained.

2. It was found necessary to carry out tank tests with
float models of different sizes and even with the full-sized
float. As stated above, the resistance dynamometer has a limited
capacity. Another method was developed for these tests, which
likewise enabled the resistance to be directly weighed.(Fig. 2).

The twin floats are supported by two wires D running over
two pulleys and placed at an arbitrary distance from each other.
The other ends of these wires carry two weight pans on which the
counterweights E are placed. In order to prevent lateral
shifting, the floats are guided vertically by two rods 8, the
ends of which consist of two steel tubes R which are inserted
into two sharp-edged slots N of the float support. The trac-
tion wire Z Truns over two pulleys to a weight pan and is de-
signed to offset the resistance. Moreover, a weak calibrated
spring F is used for measuring smaller forces. The weight of

the measuring pan is offset by a weight attached to the end of a
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stretcher wire §Sp running backward over two pulleys. The im-
mersion and emersion is measured by the motion, over a fixed
scale B8k, of pointers M attached to the stretcher wires.

Owing to the horizontal traction of the two wires, the
traction wire Z on the one hand, and the stretcher wire on the
other, the trimming of the model produces a nose-heavy moment.
This moment naturally decreases with increasing distance between
the model and the front and rear pulleys. In any case this mo-
ment can be compensated by a counter-moment as soon as the de-
grees of immersion and emersion are known.

This simple arrangement enables, according to its size, the
megsurement of forces from 0.01 to 300 kg (0.023-441 1b,). It
is not subject to a constant absolute error, and the measurement,
for four different sizes, is of an accuracy of 1 to 3%. The in-
stallation has given satisfactory results for floats 3.9 m (13.7
IR Y. 1496 n (664 £1:), and 0.4875 w (1.59 f£5.) longs

The measurement during the test takes place in practically
"the sane way with both arrangements. After completion of the
model and the marking of the water line on the float, the model
ig weighed in the air. In order to reach the requisite displace-
ment the model must be immersed to the water line by adding
weights.

The test can be conducted in two different ways, either as
an accelerated run with increasing speed, or at constant speed,

which is surer for the taking of readings and for the evaluation
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gl the Iegulis. - Both methodes are déscrived in the follewing
paragraphs.
Scale Tests and Conversion from the

Model to the Full-Sized Float

According to the actual propeller thrust developed during
the take-off of a full-sized seaplane, the resistance of the
fleats is far from reaching the value which seems to result from
medel tests. This fact céused the large floats to be tested in
the tank.

The value obtained by converting the resistance obtained in
the first case with a 1/4-scale float model to the full-sized
float was found to be actually 15% too high. (It is claimed
abroad that 30 to 235% of the measured resistance is subtracted
for the conversion of the model float tests to the full-sigzed
float.) The experience gained from the model tests might have
led to similar conclusions, since the values were converted to
the full-sized float without subtracting the usual "Froude fric-
tion loss." But even in the case of the conversion with the
subtraction of the friction, the figures could not be made to
agree, since, according to Froude, this was only 50% of the meas-
ured resistaonce difference between the model and the actual float.
This result led to the testing of different-scale models 5f the
same float and the comparison of the results with the full-sized

float and with one another. The logical result, according to
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which the smallest float has the greatest resistance, is shown
in Figuzre 3.

All four floats have lengthened steps, as shown in Figure
4. Besides, a progressive shifting of the resistance maxima
is found to take place, so that the maximum value of the smallest
model corresponds to the relatively highest Froude number. How-
ever, such a shifting of the critical Froude number can also be
achieved by exerting a nose-heavy moment, as will be shown fur-
ther on. Consequently, the model will be subjected during the
fun to a nose-heavy moment which must be a function of the re-
gistance difference, i.e., of the relatively greater skin fric-
tion. Von Helmkold, in the discussion of the writer's lecture
delivered at the meeting of the W.G.L. in Dusseldorf in the sum-
mer of 1926, explained that this nose-~heavy trim moment is due
to "the increasé in the model skin friction and to the increase
.in the thrust component acting high above the float and required
to maintain the forces in equilibrium." The shifting of the crit-
ical Froude number causes a decrease in the angle of attack of
»the model and hence a difference in the relative flow, which
disturbs the geometric and consequently also the dynamie gimi—
larity. Thus, although the reason for thé resistance difference
ig to be attributed to the increased skin friction, it does not
fully account for it and, as stated above, the usual friction
corrections applied in model test practice are not sufficient to

convert model test results to those for full-siged floats. 1In
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addition to viscosity, capillary effects should also be token
into consideration.

The flow forces are influenced by gravity and viscosity
and, according. to the laws of the mechanics of similarity, it is
quite impossible to obtain mechanical similarity of the model.
When the Froude numbers agree, the Reynolds Numbers do not, and
vice versa. Besides, it would be difficult to attain the speeds
required by the Reynolds model law. It appears from the curves
obtained by plotting the resistance coefficients against the
Froude numbers, that the effect of gravity is preponderant be-
fore the float rises on the step, while the effect of viscosity
preponderates afterwards during the planing period.

As a logical conclusion of the above explanation of the
formation of the nose-heavy mcment, which causes a shifting of
the critical Froude numbers, one is led to attempt the estima-
tion of the magnitude of the forces indicated above and of the
possible capillary effects, by compensating the nose-heavy mo-
ment and, taking advantage of the resulting geometrical similar-
ity of the model to the full-sized float, by suppressing the
trimming effect of skin friction in the case of equal Froude

numbers. Such tests are being carried out at the H.S.V.A. and

reports on this subject will be published shortly.
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Stationary and Nonstationary State

The following method had been planned originally at
Herrmann' s suggestion., The model was to be towed with increas-
ing speed, as is actually done for full-sized seaplanes. The
wing 1ift was to be replaced by the 1ift of small airfoils in
the water. In order to avoid errors due to inertia, the center
nf gravity had to be raised by adding weights, as is actually
done with models. However, even without counterweights, a
wooden model is so heavy that it has to be balanced. The whole
mass and the part deducted for acceleration forces acting along
the traction rod on the level of the propeller thrust were too
larges The water resistanoce, instead of being derived directly,
appeared as the difference of two rather large numbers. Diffi-
culties were also encountered in plotting the tractive force,
the weloclity and the time curvess The driving gear of the car-
riage was designed for constant speed and not for uniform accel-
eration. Therefore, this idea had to be ebandoned.

Its advantages are obvious. One single test run, carried
out according to this method, would afford the same results as
8 to 80 tests by the usual method. Besides, a scale pan might
be installed at the point of the model tail planes, and a chain,
running over a recording wheel, might be dropped on it or remcved
its weight producing elevator deflections corresponding to the

angle of attack of the floats. Finally, the dynamic process was
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measured instead of a stationary one. As a matter of fact, sta-
tionary flow is of no interest in aircraft construction, but
only a flow with steadily increasing velocity.

It was at least investigated as tc how great the difference
of the resistance was beth with and without acceleration. The
value lay at the 1limit of the measuring speed., This point can
be actually disregarded in calculating the take—off time, which
ig the principal objéct of the tank test.

The flow lines in the water change but gradually with in-
creasing speed., In the case of inherent acceleration, the floats
always run with the flow lines of small?r speed. In case an un-
usually high acceleration should be produced by very strong en-
gines, the water-resistance curve would be slightly shifted to-
ward the left, i.e. the same resistances to small velocities.

Of course this lagging behind can never lead to a practically

manifegt reduction of the take-off time.
Effect of the Shape of the Step

Experienced boat designers and other experts have often
called our attention to the effect of the shape of the step.
Figure 4 shows both the tested steps and the results obtained.
As a matter of fact, the slight lengthening of the step toward
the rear greatly affects the water resistance. It can be ex-

plained only by the better separation of the water at the step.
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Representation of Resistances

Owing to the peculiarity of Froudel!s law of similarity, it
is very difficult to work cut a general application of the re-
sult. All the measurements are converted to a'displacement of
1000 kg (2204 1b.) at rest. Thus the resistance of different
models can be easily compared. One should, however, always
consider how heavily a float is loaded in proportion to its size.

The angle of attack is always measured between the water line

and the top of the float.
Bffect of Various Ploat Digtances

In practice, the distance between the floats depends on the
span, the height of the center of gravity and the distance of
the lower wing above the water. Tests have been made in ondes
to determine whether the water resistance is affected by a vari-
ation in the latter distance. A distance of 1.8 m (5.9 ft.)
for floats of 1 metric ton capacity each, corresponds to a wing
span of approximately 9 m (29.5 ft.). In practice a correspond-
ing, fully loaded seaplane usually has a span of from 10 to 11 W
(32.8 to 36.0 ft.). With increasing size of the seaplane, the
span and the distance between the floats increase as the square
o0t of, the weight when the wing loading remains unchanged,
while the longitudinal dimensions of the float increase as the

cube root, provided the load remains constant. Thus the dis-
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tance between the floats increases as the square root, and their
dimensions as the cube rcot of the total weight. This means
that the floats, 1like the model, are separated further with in-
creasing size.

According to Figures 5 and 6, a substantial effect can be
traced on smell models only. The result obtained with the 0.5 m
P68 ft.) model shows that no tests should be made with such
small models. The distance between floats does not affect the
practical calculation of the take-off time, since the difference

for the twin-float model was negligible.
Effect of Various Mcments

The effect of various moments on the angle of attack and
ol the resistance is illustrated by Figure 7., It ie seen that
any displacement cf the center of gravity, which may be consid-
ered as an interpretaticn of the moment, increases the resist-
ance. Owing to the large nose-heavy moment, the float will be
down by the head before reaching the critical speed. The measure-
ments also afford a means for estimating the possitle changes of
trim produced by deflecting the elevator.

This circumstance likewise explains the difference between
the result of the tank test and that of a full-sized float,
since, owing to the high point of.application of the thrust, the
greater frictiom of the model can be considered as a nose-heavy

moment. It changes the angle of attack and the resistance. As
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soon as more data are available on this subject, we shall be
able to decide on a change in the test arrangement, with a view
to shifting the point of application of the thrust from the
point where it acte on the model to the bottom of the float, the
bLoerdue of the'high—lying thrust being thereby replaced by a
weight moment. No additional.moment is then likely to arise and

the conversion will be more accurate.
Effect of Various Float Shapes

Th@ properties of various float shapes are illustrated by
Figure 8. The lines of the three models are shown in Figures
9-11. A1l the measurements are given for a capacity of 1000
dliters (1 m® or 35.3 ocu.ft.), regardless of the float type.
This simnlifies the oaloulafions in designing. The sharp V-
bottom float has been developed from/ggginary V-bottomed float
by lengthening the bow to avoid the formation of spray. It 1s
seen in Figure 19 that the water rises so high in front that it
overlaps the propeller disk to a considerable extent. Figure 21
shows that this defect is eliminated by lengthening the bow.
Besides, by causing strong impacts on rough water, the short V-
bottom float is liable to compare unfavorably with the clean-
cutting, sharp-nosed float. Therefore, the use of these lines
is not recommended.

The flat-bottomed fleoat is best suited for wood construction

and the V-bottom keel types for metal construction. The bend in

B . B ORI PP
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the deck runs through to the last frame at the stern. 1In deter-
mining the weight, it should be taken into consideration that the
V-bottom float may be less strongly built, since, on alighting,
20 18 subjected %o feebler impoots. For egual strength the
welght of "the float may be considered proportional to its sur-
face arec. In this respect the float with the smallest water

and air resistance is the most unfavorable, since it has the
largest area. The advantage resulting from a reduced area of

ite frames, due to greater slenderness, is of little consequence.

TABLE I.
Compaxrative Figures for the Three Tested Models

A1l flgures refer to a capacity of 1000 liters (35.3 cu.fts).

V-bottom
et Flat o rdinary|Pointed
Length m | 4.38 Bel0b 5.46
Pigtance of the c.g. above deck m |1.38 1.36 1.33
i " 2 " forward of step m |0.63 0.66 0.64
Elevation of thrust above step I | 1e¥0 1.84 1.84
Cross section of master frame me | 0.348 0.283 02365
Area of bottom from bow to step me 11,79 2.05 BuB7
f # W L step to stern w2 10w81 1.24 % i
. " deck and sides me | 4.66 Ball 5.80
Total area m2|7.36 8440 84523
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Madelung'!s Representation

It is rather difficult to plet the characteristics of a pair
of floats on a single diagram. According to Madelung, the result
must be achieved by plotting the sguare of the speed. During
the take-off, the weight of the floats is gradually assumed by
the wings in proportion to fhe square of the speed. At the take-
off speed the floats receive no support from the water. A
straight line plotted in this diagram (Figs. 12-14) indicates
for each speed, the weight supported by the water. Figures 12
to 14 are obtained by marking the points of equal resistance on a
sufficient number of such lines and connecting them by curves.

In order to facilitate comparison, the flcat resistance 1s ex-
pressed in fractions of the float capacity which is given a
value of 1 metric ton for easier caloulation of resistance and
weight.

The diagram shcws that, for én equal percental loading of
the float, a definite resistance and angle of attack correspond .
to each load supported by the water at each speed. The water
resistance is not affected by the manner in which this load 1is
produced in each case by the difference between the displacement
at rest and the wing 1ift. The value of the difference is deter-
mined in each case by the line.

A further step is taken in Figure 14 by plotting the angle:

oFf attacks.
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Experimental Determination of Madelung's Diagram

The conditions chiefly considered of displacement at rest
and take-off speed cre tested first, The float is then balanced
by weights according to. the square of the velocity. If the re-
sult satisfies the requirements, the_resistanoe and angle of
attack ore measured in terms of the speed for four constant
loads. Thue four horizontal lineés and one oblique line ore de-
termined in Madelung's diagrom. These lines carry the points
of equal resistance, which are then connected. At the same time
the obligue line is a good check, since it cuts the horizontal
lines. The resistance and the angle of attack must equal at
the points of intersection, since the weight supported by the

water end the speed are there edqual.
Differences of the Three Models

For various reasons the ratio of cepacity to weight dif-
fered in zll the tests. Consequently, additional diagrams must
be plotted over Madelung's diagram (Flz. '8)¢ 'This fizgure showe
the considerable difference between flat and V-bottom floats.

A slizht suction effect is produced by the long gliding surface
f the sharp-bottomed floats during the short periocd of constant
speed required for the measurement, so that the usually sharp

bend in the resistance curve is flattened out, In practice

this defect is negligible, since, owing to the unstable flow
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during the emersion, slight longitudinal vibrations are alWays
produced, which let the water flow off smoothly. Herrmann, pi-
loting a twin-flcat seaplane, has repeatedly maintained a con-
stant critical speed ty threttling the engine after emersion,
but he was unable to avoid rather strong longitudinal vibrations
by pulling snd pushing the controls. The N.A.C.A. tests with a
N-9 H seaplane were accompanied by similar phenomena.* A good
pilot can always be expected to keep the water-resistance curve
below that of an ordinary V-bottomed float.

It must also te particularly emphasized that both the V-

bottom floats were tested with the unfavorable step without the

extended edge. This edge introduces a further imgprovement,
which it is difficult to estimate until more accurate data are
available.

Numerical Example of the Method of Calculating the

Resistance and the Angle of Attack

Total weight of the seaplane G = 1700 kg
Take—off speed v = 25 m/s

Three float sizes are considered:

I. Capacity of each float J = 1000 kg
1I. Capacity of each float g = O3V 00 ke
E g RS -Capaoity of each float g = 1800 8e

Adopted form: float with sharp keel.

*Orowley and Ronan, "Characteristics of a Single-Float Seaplane
during Take-Off." X.A.C.A. Technical Repert No. 209. (19235)
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The take-off speeds are first calculated acnording to the
sixth root of the ratie of the float capacities. We are actually
dealing with the aapaoities and not with the weights, since the
capacity is the basis of the resistance in Madelung's diagram.

These conditions are imperative on account of the Froude law.

0 =

(5]
Tloat I vl = BE s 35,8 /s

8 ;
L)
5 = 32.9 m/s

BllGas - vl =g

=} ok
LB :
T55 = 83.45 m/s

Hillees T4 T Wil s = 2s

We then determine the loading of the corresponding standard

float of 1000 kg capacity

Float I % 1000 = 1130
Float II % 1000 = 1000
Float III % 1000 = B85

We can now draw the three lines in Figure 14, frem which
the angle of attack and the resistance can be derived. The re-
sistance is calculated by multiplying in each case the flcat
capaclty by the fracticns given in the diagram., A reduction of
15% can be made cwing to the fact that the model adopted has a

seggth of 1.1 m.  The result is shown fp Figure 15.  The differ-
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ences are very small. The largest float has the smallest resist-
ance. The take-off times can be calculated after determining

the thrust available for acceleration,
Flight Tests

Twin floats of a capacity of 2900 kg each were tested by
Herrmann on the 8tarnberg lake, A metal propeller, producing a
thrust of only 630 kg on the bench, was tested firstyi For an
average loading, raising the total weight of the seaplane to
approximately 2600 kg, the water resistance was about equnl To
the thrust. A% first the seaplane was absolutely unable to tcke
off without a strong head wind. The two floats were connected
by two round tubes of 80 mm (3.15 in.) diameter. After carefully
streamlining these tubes, the seaplane *could take off without
head wind in about 30 seconds with a full load onZGOO kg Alten
mounting a wooden propeller of 920 kg thrust, the take-off time,
for the same load and a take-off speed of 80 km/h (50 mi./hr.),
was reduced to 8410 seconds. The take-off time for a total
weight of 3000 kg was 32 seconds. The téke~off time could be
further reduced by substituting another propeller with greater
thrust.

The seaplane had slotted wings and could take off and alight
at two speeds. It could take off at 80 and 110, and alight at
70 and 100 km/h. With open slot and a low take-off speed the

gseaplane could take off with hardly any deflection of the ele-
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vator, simply by adjusting the stabilizer correctly before start-
ing and running the engine with wide-open throttle. The seaplane
then began to climb smoothly. Unfortunately the result was quite
different at 110 km/h. Little difference was noticed until the
floats began to emerge, but the trouble began as soon as they
@ode on the gteps. At 90 km/h the seaplane was so down by the
head that the equilibrium could be maintained only by rapidly
turning down the stabilizer. On pulling the control at 110 km/h
the rear tip immerged, exerted a ncse-heavy moment and caused

the seaplane to tilt forward, calling for renewed pulling with
gsubsequent immersion, tilting, etc., until a speed of 140 km/h
was rcached. When the seaplane was finally in the air, it shot
up like a tail-heavy arrow, The take-off was usually completed
at 180 lm/h.

The pitohing moment for the adopted position of the c.g.,
stagger, and decalage was extremely small. In order to achieve
gtiatic stability, only very small horizontal tall planes were
required. After completion, the c.g. was found to be 4-5 cm toco

far back. Consequently, there was static stability only when
the propeller slip stream exerted a strong effect. Conditio@s
were improved by considerably increasing the size of the eleva-
tor. The seaplane became statically stable under all conditions
of flight. With closed slot the seaplane could now easily take

off at 100 km/h. The acceleration after the toke-off was also

less pronounced. The change did not affect the take-off condi-
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tions at low speed with open slot, since they had previcusly been
quite satisfactory.

The changes, in compariscn to the lines tested at the Ham-
burg tank were immaterial. The flcat designed for a caopacity of
3300 kg was widened by cutting off a porticn parallel to the deck.
The resistance calculation had therefore to be based upon a capac-
ity of 6400 kg for the two floats. This artifice was admissible,
since the submerged part of the fleat remained unchanged. Further-
more, viewed from the side, the rear bottom was easily raised,
so that a larger angle for pulling the control was avallable dur-
ing the teke-off than would haye been the case if the lines had
been striectly observed. In this connection the result was of
all the more interest. For a take-off speed of 80 km/h, the
angle of attack had to be from 18 to 20 degrees, and for 110
km/h, from 12 to 14 degrees only. It was easy to attain the
larger angle at low speed, but difficult to attain the smaller
angle at high speed. The seaplane was designed to take off at
80 km/h, while the speed of 110 km/h was to be developed only
in cage of emergency.

The high torque of the engine developing 630 HP. at 1500
R.P.i., depressed the left float and lightened the cther, there-
by considerably increasing the resistance of the left float.
During the take—cff withcut head wind, the seaplaﬁe tended to
buen btoward the left, For a 3000 kg loading of the 2300 kg

floats, the seaplane could be taken off only with an initial
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right-hand torque which, with a fully deflected rudder, gradual-
$¢ ohanged to the opposite direction. It was by increasing the
size of the rudder. The torque was harmless Wwhen, the sceaplane
being flown empty, the float was not loaded above half its ca-
pacity.

Maneuverakility Tests

The maneuverability of the seaplane on the water proved to
e ¥ery poor. It wag Blow toe respond te the rudder. At the
suggestion of the H.,S.V.A., this property was tested on a model
1 m long. The test was tased on the fcllcwing consideration:

The turning capacity of the flcats can be determined by
exerting a constant moment and measuring the resulting deflec-

fion of the floats at various speeds. The arrangement cf the

&

o
6]
¢V}

-

test is shown in Figure 16.

The twin floats were suspended in the usual way on twc wires
carrying at their ends the scale pans with the corresponding
counterweights E. The fulcrum point D was lccated in the im-
mediate vicinity of the front point of suspensicn, while a scale
G was installed at the rsar point of suspension, where the de-

a4

flection could be measured by means of a pointer 2 seoufed to
the carriage. A disk with a radius r was fastened to the front
point of suspension., It was connected by two wires with two
gcale pang W located cn the right and left sides of the twin

Bdoasoy " The flpal could be kept on the right course during the
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run by compensating the drag. Lateral deflection was preduced
by placing a weight on one of the two scale pans. The tests
were carried out twice at constant epeeds until the beginning
of the planing pericd, with a constant weight in each case.

As soon as the fionats got off their course, the engendered
moment ol the value of the weight multiplied by the radius r of
the disk was ccunterbalanced by a mcment acting in the cpposite
direction gnd determined by the digtance of the rear suspension
wire from the fulcrum point D and by the ccunterweight. For
the estimation of the test results this moment had to be deduced
from the first moment. The moments, wWhich were no longer con-
gtant on account of the different speeds, Wwere plotted fer each
speed against the corresponding angle of defleotien. Curves
plotted in terms of the speed, transversely to this diagram,
give a good idea of the maneuverability o>f the two models sub-
jected to the comparative test (Fig. 17).

Everything is immediately explained by the result. Some
pilots, when turning on the water, raced their engines, with the
result that the increased speed prevented the cempletion of the
turn. Other pilots turned with throttled engine at low speed.
But even then the performances were nct quite satisfactory and
finally led to the Hamberg test. Figure 17 shows that, for a
certain speed, which in practice is about the maximum admissible
maneuvering speed, the turning capacity is considerably reduced,

whereas the seaplane turns easier at low epeeds A very strong
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side wind requires a wide-open throttle in order to produce a
sufficient moment of the vertical empennage, the speed con the
water being thereby likewise increased. Then, of course, diffi-
culties arise.. The sharp, V-bottomed float, tested for ccmpari-
son, presents no such unusual features These data afford means
for calculating the turning capacity for side winds of different

strength, when the requisite aerodynamical data are available.
Fcrmation of Spray

The sprey produced by a flcat inoreases with its resistance.
In general, a float with low resistance produces little spray.
The formation nf'spray decrecases with decreasing load. The for-
mation of spray is particularly characteristic of a float cr hull
with too short a bcw. Conditions are impreved by lengthening
the bow. Figures 18-231 give & good idea of these cenditions.
The photographs were taken in such a manner that all three‘plates
were exposed to the same flash of magnesium light., In the four
exposures the three cameras occupied the same pcsition. White
painting of the floats is best suited for photographs., The moment
when the photcgraphs were taken is indicated in each of the three
Madelung diagrams by a small circle.

Due to the propeller glip stream, the formaticn of spray of
a full~sized geaplane differs from that of the medel during the
take-off. The spray is projected by the slip stream against the

float struts and is again deflected by them, - Moreover, the for-
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mation of eddies and vortices contributes to atomize the rising
water ond to render its structure unrecognizable. [

A good agreement with the model is often observed during [
alighting, although even then disturbances are frequently produced |
by the positive or negative thrust. Photographs like those of |
the model cannot be taken, since, in the water tank, the camera
moves with the model, which enables a longer exposure., An ex- |
posure of 1/200 second produces quite a2 different picture from a J
time exposure or actual observation. It shows separate jets of
water, as thick as a thumb, rising fountain-like, vertically in
the air. The separate pictures of a motion-picture film which,
in normal projection, produces the impression of a formation of

spray similar to that of the model, likewise show the verticod

projection of separate independent jets of water. As soon os
these are mingled by the propeller slip stream, the similerity
with the tank conditions is greatly reduced. However, the chief
constructional data, such as the volume and height of the spray,
can always be detcrmined from the photogrephs, since the propeller
glip stream and the float struts do not raise water from the sea

but simply mix it up.




N.A.C.A., Technical Hemorandum No. 486 37
TABLE II
Eftect of Different Distonces betWeen Flot-Bottomed Floats
Length of model 0.5 m (1.64 ft.
Displacement at rest 1000 kg
Totel capacity of both floats v R
Capaclity: weight el 2
Angle at rest 3 degrecs
Lightening corresponding to a ’
toake—off speed of 87.8 km/h
Distance = 1.97 m | Distance = 2.58 u Distence = 3.16 m
v e o R W \ i
n/s . kg m/s > kg 4 R i Kz |
4,55 4.1 166 4o 43 4.2 1686 dodD 1308 198
5380 4.5 1223 } 5.10 4.3 180 Sl 4.3 1823
Gabd | 4.7 517 B, 38 4,5 310 BalS 4.3 213
B9 50 4.2 236 6,38 4,7 331 S i 4.7 239
6.70 4.2 254 Bs71 4.7 355 6.70 Bae 2363
1,08 4.5 283 7.03 4.8 3823 . 6496 Bud 232
T DB Bui 300 723 G5 oLl Twas Bad 306
7.64 Bal) 334 l el 6.0 237 7.60 el 353
7«88 Bwd ob0 L L B0 Tt 385 7488 Bet 393
9.04 Teo 330 8.33 740 348 8.23 TuD 361
9.47 Tt 305 8.61 Vel 348 8457 840 357
10.03 Ts& 285 b a8 763 giv “DuD 840 337
20086 5 278 10.06 7e3 293 10415 3.0 306
10sbd | B.3 269 104,456 0 875 10.45 (") 396
11.46 6+ 8 351 114318 6.3 357 11.0%7 By 0 262
18,35 5.8 233 Sl s 89 6.3 350 11.62 6.0 360
1.9 Bad 220 12454 | Bs2 | 287 13.20 5 351
13.45 4.8 18 12,98 G5 350 i P06 4,8 24
14.75 4ed 206 18585 5s8 248 14.90 4.8 307
1556 3.8 iR 14.71 4.8 | 218 L 4.3 219 ;
16.30 s 179 15,45 4.3 206 17468 3.3 351
18.40 3.2 179 1Ts8L 4.3 170 18.59 L) 206
3.48 5:0 353 19488 4.3 134 4.08 Tad ey
by 3.8 il 1310 Gye | a5y 18.6 Swl 333
19.4 - 183 18,9 v 303
71296 7.2 359 30.7 gvo | Lew
18.4 4.0 a1
j
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TABLE III.

Lightening corresponding to a

Effect of Different Distances between Flat-Bottomed Floats
Length of model 2.0 m (6.568 ft.)

Displacement at rest 1000 kg
Total capacity of both floats 18900 *
Capacity: weight v

take-off speed of 87.8 km/n
Distance = 1.97 m Distance = 2.56 m
v W f & W |
m/s 5 kg n/s " kg |
DD D O 574 B k) S0 189
5.62 345 194 Y as) 3.7 210
ST s S 205 6.3 De ¥ 237
6.28 Sl 219 6.60 4,0 265
6.44 4.0 238 6.+90 4.2 266
7.46 4,3 B35 T w5 4,3 294
et | 4.8 | 24 o g
7.66 4.3 s0a 810 4,3 284
8.28 4.5 280 8.41 4ae8 2723
BeDY 4.3 269 9.30 4.2 238
Pald 4.2 238 9 e8l 4.2 219
| 10,34 | 2,2 | 210 L e i
| 11405 2.8 | 183
et 4,3 301
Pelr | 4B | 301
5.86 4,0 253
65.64 4,0 253
Tk | an | B0
0486 | 4.3 | 397
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Technical Memorendum No.

486

TABLE IV.

29

Displacement at rest 1000 kg
Capacity of both floats L@@ “sl
Capacity: weight 2.8 - 0utls
Distance L8
Lightening Lightening Lightening Lightening
= 0 kg = 334" kg = 448 kg = 673 kg
v W v W v w v W
m/s kg m/s kg n/s kg m/s kg
4.81 186 4.75 138 4,85 e 4,58 98.5
6.34 | 2354 8«20 | 189 6.33 167 Bl 131.5
w16 420 787 52 7.83 236 7«66 | 168
, B.74 | 357 J.62 &0 9.74 | 306 S48 | 150
$iell 290 11.06 220 11.22 205 L1400 158
12,35 =68 L3 533 12.49 213 12.33 18k
s 105 | 273 LheT8 | 236 13,79 204 13.39 139
17.14 259 15.48 233 47,00 1V 18% 15,40 149
6.66 | 268 B.G7 | 227 14.41 | 187 17.07 | 143
(o2l | 25 Vo7 | 279 13.89 | 187 12,00 1 194
8u16 411 8419 335 10«28 i 1748 PeT2 1 161
8.93 $95 9:01 1 @38 B.ad | 1% 7.30 | 164
‘ 6,87 | 194 8edo , | 187
T«o0. | 819 9.09 178
B8.80 1 250
9.00 | 228
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TABLE V.
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Effect of Longitudinal Moments on the Resistance and
Angle of Attack of a Flat-Bottomed Float.
Length of model 0.5 m (1.64 ft.)

Displacement at rest

Total capacity of both floats

Capacity:

weight

1000 kg

1800 - "

g% Osdo

Lightening corresponding to a
take-off speed of

Distance between floats

87.

1.

5 km/h

97 m

Tail-heavy mo-
ment of 334 mkg
Angle at rest

Nose-heavy mo-
ment of 334 mkg
Angle at rest

Tail-heavy mo—
ment of 166 mkg
Angle at rest

Nose-heavy mo-—
ment of 166 mkg
Angle at rest

O4»10 degs QO degs 4,75 deg. 1,886 deg.

v W v W v | W v i
m/s 2 kg| m/s g kg| m/s b kg| m/s e kg
e sl Qe | 888] 6,55 1.5 878 BJBL| 7.6 |284| 5.81 | 3.7 | 23
7.26(18.7 | 362(10.10| 2.5 | 367| 6.92| 8.75|280| 6.93 | 2.0 278
Lol Ll | 96T 110,071 845 33L] TB0| 9., 78888) 7.8Y | 3.7 | 388
T8 103 | 367 111.53| 1.8 318 8.37(10.25/385| 8.46 | 4.7 | 431
CsBaldas | 881 118.,30 | 1,0 898| .15110.25|342| 9.1561 4.7 | B899
9.44|12.7 | 303 9.80|10.235|313| 9.80 | 4.7 | 376

10.10|12.4 | 288 10407 Q70 2811 10,67 1 €47 | 449
10,97 |13.0 | 268 11+40| 8585258511440 | 4.0 315
d1.90|1e.0 | 241 1813 9,75 885118.18 | 4401 8YY
12,30!10.8 | 324 8.14| 7.85|367| 7.84| 1.5| 340
6.55|10.2 | 287 7.88| 5.75|408
7.07[10.2 | 313
1
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TABLE VI.
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Flat-Bottomed Float Resistance with Constant Lightening

Displacement at rest 1000 kg
Capacity of both floats 1200 %
Capacity: weight 2 ¥ 0498
Distance 1.97 m
Lightening Lightening Lightening
0 kg = 234 kg = 448 kg
v W v W v W
n/s kg m/s kg m/s kg
8,65 | 207 5.86| 174 Byo0 | 128
B6.39 | 248 Be DY 176 B+17 | 145
7.40 | 336 6.41| 301 Y081 171
: Be.25 | 339 7.24| 344 Y«290 | 150
9+18'F 894 8.04| 347 8.75| 144
SaoB | 66 B.38] ald xdD | 154
P.08| 1298 10.17 1 126
10.60| 189 10.95 | 133
1101 119
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TABLE VII.
/
Flat-Bottomed Flcat Resistance with Variable
and Constant Lightening
Length of model 1.0 m (3.238 ft.)

33

Displacement at rest 1000 kg
Capacity of both floats 1900 %
Capacity: weight 2 X 0.58
Distance 1.97 m
Lightening cor- Lightening Lightening Lightening
responding to a constant constant constant
take-off speed = 0 kg = 3224 kg = 448 kg
of 87.8 km/h
v & W v W v W v W
m/s kg m/s kg m/s kg m/s kg
6.01| 4.0 | 134 4.37| 185 4,58 | 151 4,08 90
6.45| 4.2 | 376 5.006 | 219 5.40 | 180 5.64| 123
7.41 | 5.5 | 329 B.09 | V5 Beo¥ | 819 BT 188
GeUD | Bual 310 T.79 4 341 7.50 | 347 Y.66] 147
B854 | 5.7 | 296 9.49 | 341 8.82 | 229 8.97| 134
fe86 ] 5.3 | 853 9.40| 291 S48 | 196 10.07| 124
duBl 1°9.0.| 245 10.43 | 357 1060 178 11.24| 1233
10.84 | 4.8 | 217 11,80} 155 12.24| 118
1lsed 1 &6 210 14.35| 163 1855894 118
4,11 | 4.0 | 1623 15881 106
B89 | S| 173
Sa40 | 37 | 189
BalB | 4,0 | 888
H.65 | 4.5 | 258
Tang | 5.3 | 808
7,76 | 4.5 | 303
6.67 | 3.5 | 380
7«52 317
8,75 273
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TABLE VIII.

Length of model 1 m

Resistances of the Obtuse or Ordinary V-Bottom Float
with Variable and Constant Lightening

Displacement at rest 1000 kg
Capacity of both floats 1680 *
Capacity: weight 2 X 0,84
Angle at rest S degrees
Distance between floats 1+9% ‘m
Lightening cor- Lightening Lightening Lightening
responding to a constant constant constant
take-off speed = 0 kg = 234 kg = 448 kg
of 87.8 kin/h
R v & W v W v W v w
m/s kg m/w kg m/s g m/s kg
.09 | 4.8 112 4.541 189 S 26 79 3496 56
4,53 | 4.1 124 5.04| 146 5.04 | 137 Bs091 W8
S«081 3,81 140 6.31| 186 6.35| 146 Bend| B0
DaTH | 8.8 152 7.45! 236 7.45| 174 Tsda | 107
Pual | 3481 180 8.45: 314 Bada | 158 8.45| 101
B8+901 4.3 | 203 B.75| 146 Sa701 | Hb
TehB | 4.5 191 ilnde | 105 L0884 . 80
Fe08 |- beb [ 180
BeB9 | B8 | 162
Puol | B 4 163
BeBY | 7se | 157
11408 | 7.5 | 146 g
Iesle| 75| 134 ‘
Beid] 5.8] 163
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TABLE IX.

Resistances of the Sharp-Bottomed Float for
Variable and Constant Lightenin
Length of model Jul 1 (3.6 fh.

i

Displacement at rest 1000 kg
Total capacity of both flcats L8BE
o
Capacity: weight g X 0,818
Angle at rest ¢ Geg.
Distance between floats Ls9% m
Lightening : )
correspond- Lightening Lightening Lightening
ing #o a constant constant constant
take-off = 0 kg = 234 kg = 448 kg
gpeed of
87.8 km/h
v W v w v w v w
a a a
m/s kg m/s kg n/s kg m/s kg
4.30(4.1|107 4.,27] Bx0}110 4,30 | 3.2 92 4,19|4.3| 61
4.75/4.5|118 5.38| 4.8]142 5.40 | 4.1]112 6.45/4.,0] S6
5.38|4.2|129 Bx09| H.2|178 6«50 4.0(135 8+80| 7+3]118
5.93|4.0|146 T«60| 771214 768 | 8:.8|152 11.35{7.3(1234
B«52|3.9]169 8ol 1001817 9.00 | 8.4|169 13,88 Y5130
7.09|4.23|186 9.,97110.5|214 10:00 | 95168 16.10|4.5]|107
Y581 8ed] 101 18x12:10.,0| 807 11.28 |10,0}155
Bs28| 645|197 19:90] B9.8{191
890} 721191
9.45| 7.8(191
10.10]7.71180
11,18 7.5(163
12,37|6.8|146
15.56|6.211356
7.69|5.5|208
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TABLE X.

Maneuverability Tests

3b

Float bottom Flat Sharp, V-bottom
Displacement at rest 1000 kg 1000 kg
Total capacity of both floats 1800 kg 1830 kg
Capacity, weight 8 X 0:95 2 X 0s91b
Lightening corresponding tc a

take-off speed 87.8 km/h 7.8 km/h
Distance between floats 1.97 m 197 W
Length of model sy el

Flat-Bottemed Float

Sharp, V-Bottcmed Float

Velocity Terque Arigle Velocity Torque Angle
m/s n/kg deg. m/s m/kg deg.
4,35 7.4 250 4,35 23.8 4.0
Seal 305 1+5 D bex 28.8 2.8
SH1610] 568 B 0 15 Biweb 34.9 Lt
7.74 2e.4 ls VD g ailsts 3645 1.9
B 90 2bH.8 20, 8,86 3746 1.0
4,41 595 540 4,38 54.0 810
Bls a0 68.35 830 5.46 66.7 S4B
a1 L 7848 1.0 6.63 74.0 Do
7.74 56.3 3.5 7.65 76.90 148
8.94 52.6 £E 8.86 776l s

{

Teanslation by W. Ly Koporinde, Paris Office,

National Advisory Committee for Aeronautics.
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O Difference = 12% +

A,Load-reduction constant
B,Load-reduction constant = 334 kg Difference = 233% +

32% +

C,Load-reduction constant = 448 kg bifference
D,Variable load reduction corrssponding to take-off

speed 87.8 km/h, Difference = 11% +
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. Exp. 1479 No moment

+ Exp. 1493 Nose-heavy mom.

Figs.7 & 8
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Fig.7 Effect of the longitudinal moment on the resistance
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Fig.12 Madelung's resistance diagram of a flat-bottomed float,measured on a model
1.0 m long. The two circles correspond to the moment when Figs.1l9 and 31
were photographed. Flat-bottomed float,2000 liters cpacity of pair of floats.
(2000 liters = 2 m° = 70.63 cu.ft.)
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Fig.1d Madelung's representation of the resistance of an ordinary V-bottomed float,
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measured on a model 1,0 m longe. The circle corresponds to the time of Fig.l8.
Ordinary V-bottomed float,3000 liters capacity of pair of floats.(2000 liters

70,63 cu.ft.)
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Fig.14 Madelung's resistance and angle of attack diagrams for the sharp V-bottomed
float. Measured on a 1.1 m model. The two circles correspond to the time
of Figs.20 and 23. Sharp V-bottomed float. 3Q00 liters capacity of pair of floats.
(2000 liteérs = 2 m° = 70.63 cu.ft.)
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Fig.15 Resistance of the sharp V-bottomed float,for 3

float gizeg and the same weight of the secaplane.
15% can be deducted from the resistance for conversion
from the model to the full-sized float.
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Fig.1l6 Installation for maneuverability
tests.




Flat-bottomed float model. Length =1 m
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Sharp V-bottomed float model
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Fig.17 Maneuverability test result referred to a displacement

of 1000 kg.
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Fig.1l8 Formation of waves about flat float at low spee
Length of model 1 m, velocity 2.44 m/s




Fig.20 Formation of waves about flat float on the step. Fig.21 Formation of waves about pointed V-t )
Length of model 1 m, speed 6.09 m/s step. Length of model 1.1 m, speed 6.08




