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In this report the results are given of tests on three models of
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stability with disturbance and stability in waves. No correlation was
observed, but the results are analysed and compared with previous vork,
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1. INTRODUCTION

In carrying out routine assessments of the longitudinal stability
characteristics of the various models in the present research programme
(References 1-20) tests were made both with and without disturbance to give
a complete representation of calm water stability characteristics. As it
was known that the application of disturbance impaired model stability in
calm water and that full scale seaplane stability generally was adversely
affected by rough seas or swells, it was thought that it might be possible
to use the disturbed limits obtained in the calm water tests to assess full
scale rough water characteristics, In this connection consideration has
been given to the significance of the disturbed limits and a number of
experiments have been made to observe model behaviour in waves. Details of
these tests are given and discussed in connection with available information
on disturbed limits.

The subject of wave-disturbance correlation was briefly considered
in Reference 1, but most of the information given there is repeated below
and discussed in conjunction with the results of further tests.

2, STABILITY WITH DISTURBANCE

2.1. Test technique

2.1.1. General

Disturbance techniques for stability testing have been used in the
Re A.E. Seaplane Tank for some time. In Reference 21 (1935) it was suggested
that, as calm water conditions would seldom be realised full scale, some
disturbance of the water during a model test was desirable. This was
achieved by doing each test run while the water surface was still disturbed
from the previous run. If instaebility did not develop, however, the model
was "disturbed fairly violently" (by hand) and the subsequent motion was
observed. It was noted that sometimes the large disturbance caused instability
where the smaller one (that due to the disturbed water surface) did not;
on such occasions the interpretation of the results was to some extent a
matter of judgment and it was found that a slightly pessimistic prediction
of the full scale behaviour was often made.

A more detailed technique was necessitated by the fact that in
1938 two seaplanes, the Lerwick and the Saunders-Roe R2/33, stable model
scale with the techniques then used, became unstable full scale, the latter
crashing as a result of this instability. The revision of technique is
reported by Gott22 who states that "a serious difficulty appears when it is
necessary to decide what is a suitable disturbance to give the model" and
that "it has always been generally agreed that the model disturbance should
be correctly scaled down from the maximum disturbance the full scale flying
boat can receive in service., Unfortunately, individual Jjudgment as to what
this means in practice shows enormous variations and disturbances given to
models have varied from a gentle touch with one finger to- a push which
changed the attitude of the model by perhaps 5 degrees". The apparent
discrepancy between model and full scale behaviour of the Lerwick was
explained when the method of applying disturbance, as well as the amount
given, was found to be of fundamental importance. It was noted that a nose
down disturbance was more effective in producing instability than a tail
down disturbance of equal magnitude and that a train of about six waves
could causc the onset of instability, quite as well as a manual disturbance,
even though they were waves of small height, as long as the wave length
was of the right order to produce a resonance effect *. It was

/concluded

# So-called; it is not suggested by the author of the present report that
true resonance occurs, but the term being commonly used in this context
it will be retained.
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concluded, however, that the wave technique is too time-consuming and that
a sultable manual disturbance must be given to the model: +this disturbance
must not be too small in case an unstable region is missed, it must not be
too large, so that the aircraft under consideration is not unduly penalised,
i.e. so that the aircraft under consideration is not made to appear worse
than it is under normal operating conditions, and it must be of the right
kind. 7Vhat the right disturbance is must be determined by trial.

The disturbance in general use in 19#+23 is quoted by Smith and
White in a review of porpoising phenomena, as being a severe nose down
angular disturbance of the order of 10° amplitude though, in the mare
recent tests on the Saunders-Roe E@ﬂ#+2h', the applied disturbances were
of the general order of 6°-8° nose down, except at fine angles of trim,
when the keel attitude was lowered to 0°, i.e. the disturbance was less
than 6°. The latter is substantially the same as the method described in
the most recent review of tank testing technique (Reference 25) where it
is stated that "if no oscillation develops, the rear cord (model guide
string) is jerked to give the model an impulsive nose down disturbance of
about 6°, or sufficient to reduce the keel attitude to zero, whichever is
the smaller".

It can be seen that the above techniques are not well defined and
leave a great deal to the judgment of the operator, quite apart from the
difficulty of applying a given degree of disturbance, While they may be
satisfactory for tests on individual specific aircraft they are not suitable
for tests on a research series of models; furthermore, the significance
of applying a given degree of disturbance is not fully understood. The
revised techniques described below were therefore used in the present
investigation.

2.1.2. Present investigation

In order to obtain limits which were both reproducible and com-
parable from model to modely; two sets of limits were obtained for each
model at each weight, one being for the undisturbed case and the other for
the case with maximum disturbance as defined belows. The undisturbed limits
indicate what can be expected full scale in very calm water without disturb-
ance and are precise, and the test conditions are those on which the
theorctical treatment is based. The disturbed limits are similarly precisec
and reproducible when obtained by the method used, which was

(i) to give a nose down impulsive disturbance to the model by
Jerking on the rear guidc string, and

(ii) +to give the maximum disturbance possible, so that instability
was induced at all speeds and attitudes at which it was feasible
to do so,

and were obtained for usc in conjunction with the undisturbed limits to give
a complcte picture of the calm water stability characteristics.

That both sets of limits are necessary for a complete representation
of calm water stability characteristics is illustrated by the comparison of
limits in Figure 1 for two of the models, C and N, which were used in this
programme (References 5 and 18). In the undisturbed case C appears to be the
better model, but only Jjust, whereas N is much superior under disturbed
conditions. For good all-round stability N is unquestionably the better hull
form, but no such clecar cut decision could have been formed from a comparison
of the undisturbed limits only. Alternatively, consideration of the disturbed
limits only would indicate that C is far worse than N for normal operating
conditions, which, of course, it is not.

/It
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It was hoped that in addition to helping towards a complete
understanding of calm water stebility characteristics the disturbed limits
- could be used as an indication of rough water behaviour. Details of experi-
ments conducted to determine whether this was in fact possible are given
later in the report; the remainder of this section is concerned with dis-
turbance limits only.

2,2, The effect of disturbance on stability limits

The effect of disturbance in the region unstable without disturb-
ance is to produce a discontinuous increase in the amplitude of steady
porpoising3, 75 11 (it follows that there must be a critical disturbance in
this region, such that if it is exceeded, the model will oscillate at the
higher amplitudc). Further, as the degree of disturbance is increased, so

| is the magnitude of the unstable region until a limit is reached when no

| further instebility can be induced regardless of the disturbance; this is

| referred to as the limit with maximum disturbance. Partial limits for various
| degrees of disturbance for Models A and D! are shown in Figure 2 and illus-
| trate this point; a complete set of graded limits could have been obtained,
’ but this was considered unnecessary. It can be seen that the limit with

| maximun disturbance is, by its nature, a completely reproducible limit,

| since to render a configuration unstable it is only necessary to exceed the
critical disturbance®, not reproduce it. Furthermore, it appears that a
slight misjudgment of what constitutes the maximum disturbance is unlikely
to be significant, as evidenced by Figure 2, wherc an almost correct final
1imit is obtained with 6° of disturbance, so that the error in a limit
obtained with greater amounts of disturbance should be very small.

The limits in Figure 2 are based on observations taken during normal
stebility tests and the marked similarity of the two diagrams may be noted.
- (Model D differs from Model A only with respect to afterbody length; that

of Model D is one beam less than that of Model A). The number O indicates
the limit obtained vith zero disturbance and at which the amplitude of por-
poising is 29; each of the other numbers indicates the limits defining
wnsteble regions which were obtained with that number of degrees of dis-
turbance, but the smplitude of porpoising at the limit is not necessarily

i 20, in fact it is generally greater. This is shovn in Figure 5 of Reference 1,
where the unstable regions have been divided into zones of equal steady
oscillations, or in Figure 14 of Reference 3 and Figure 15 of Reference 7,
where porpoising amplitudes at specific points are marked. This feature is
worth noting; in the undisturbed case there is a natural gradation of ampli-
tudes from steble to unstable regions and to talk of a 20 limit infers that
everywhere along the limit porpoising amplitudes of 2° will be found (Figure 13,
Reference 12 for instance)e In the disturbed case to speak of a 20 limit

implies only that porpoising outside the limit is of greater amplitude than

20; amplitudes of porpoising on the limit might be of any higher wvalue.

Tt would be better to talk of a limit obtained with x° of disturbance, or an

x0 disturbance limit.

Examination of Figure 2 also shows that with disturbance the mid-

planing region becones unstable first, reaching a maximum width with about
50 of disturbance; further increases in the degree of applied disturbance
only raise the high speed lower 1limit. In the vicinity of the latter it has
been noted that the greater the disturbance necessary to produce instability,
the more violent is the resulting porpoising; in particular, following a
disturbance at high speeds and low attitudes, the porpoising of every model
of this series has been violent with the model leaping well clear of the

. water during each cycle. Again, when a hull modification is introduced
which increases resistance to disturbance, this is characterised by the
reduction or disappeerance of disturbed instability in the mid-planing

. region; +the high speed low attitude unstable region may be modified to
some extent, but instability here appears always to be attainable if suffi-
cient disturbance is given (References 17 and 18).

/An

# i.c. the minimum disturbance necessary at any particular speed and
attitude to induce instability.

T Y, T R I SRT R s R R YT



-7

An investigation by Locke and Hugli?! into disturbance effects
substantiates the existence of different limits for different degrees of
disturbance and of a final limit which further increases in magnitude of
disturbance do not alter. This work is interesting because it was res-
tricted to the upper limit region, wherec the present data are rather sparse,
yet led to the same conclusions.

2+ 3¢ Mechanism of disturbed instability

So far, no mathematical theory has been advanced for the case of
stability with disturbance and the phenomenon is not well understood.
Gott has offered an explanation of th% unstable motion following a disturb-
ance, in terms of afterbody suctions?S, His account is clear and, as it
is generally supported by recent experience, it is repeated below.

"Consider a model oscillating with a small amplitude, so
that the motion is damped, and then let the amplitude be
increased until it includes an attitude at which suction
effects occur., If the suction effect is sufficiently
localised it will act like an impulse applied at a parti-
cular phase in the oscillation and it is not difficult to
show, from the usual expressions for a damped harmonic
oscillation, that if the phase of the impulse is suitable
the model will then execute a continuous undamped
oscillation. --o-no;o-oovo

"According to this theory the essential feature is not the
disturbance required to start porpoising considered as a
force or a moment, but the amplitude of oscillation
required to reach an attitude at which suction effects
occur. An indication of the correctness of this view was
obtained on an unsteble model which was made to oscillate
at small steady amplitudes by running through a long and
very shallow wave, ‘henever the double amplitude reached
about 5°, porpoising of much larger amplitude commenced.
The critical condition need only be reached once and
could be reached full scale due to any number of chance
circumstances which do not exist at all under the con-
trolled conditions of tank testing, "

As has been seen, the existence of the aritical condition referred
to by Gott is confirmed by the present investigation, in which it has been
referred to as the critical disturbance.

3. WAVE TESTS

% le Test technique

3 lele General

Like disturbance tests, wave tests have been made in the R. A, E.
Seaplane Tank for some time and the tank apparatus seems to have undergone
little, if any, modification in that time. The wavemaker is of the oscillat-
ing flap type and reproduces a deep sea wave or long swell; the waveform
is approximately sinusoidal but deteriorates (i) for wave length/height
ratios of about 20:1 and below, when the waves fail to reach the far end
of the tank without change of form and (ii) when the wavemaker is operating
under heavy loads, which give rise to illformed double-crested waves 29.
The model can only be run head on into the wavetrain, and the runs may be
made with acceleration or deceleration, or at steady speeds?S,

/The
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The general outlook with respect to tests in waves is interesting.
In 1935 it was the practice to make brief tests in waves of two lengths, the
shorter being about equal to the length of the hull, and the longer three
times this length; the chief object of these tests was to obtain an assess-
ment of the general seaworthiness of the hull?l, It was considered that
tests in waves merely accentuated any porpoising tendency and were not
necessary (from the stability point of view) if the normal routine tests
had been made. These views seem to have been generally held, where tests on
specific aircraft are concerned, up to the present day. Some thorough sca-
worthiness tests on the Saunders-Roe E6/4) were reported in 1946, Refer-
ence 2, and in the most recent review of tank testing techniqueé most of
the emphasis is on seaworthiness when waves are considered. A method is
described, however, for recording the motion in pitch and heave of a model
during a run through waves and reference is made to a series of tests on
models of the Princess and Shetland’O in which this method was used.
These tests were very limited in scope, due probably to the time-taking
nature of wave tests in general, and, apart from the present programme,
they appear to be the only tests done in the Re A E. tank with the sole
object of examining aircraft stability in waves.

3¢ le 2 Present investigation

Apart from the generation of Waves29, and their effects, the
general procedure for each of the present series of test runs was identical
to that used in the corresponding celm water case without disturbance. All
wave tests were made with zero flap, no slipstream, one C.G. position and
at one beam loading,_CaO = 2.75; +the model was towed from the wing tips
on the lateral axis through the C.G. with the model frec in pitch and heave,
and runs were made with selected clevator settings and at constant speeds,
all of which were in the planing speed range., On no occasion was the model
given any menual disturbance.

Attempts were made to read the trim, as well as any change in
trim, but these were not entirely successful. Sometimes the trim indicator
(pointer) was steady and at other times it had a constant amplitude, high
frequency vibration superimposed on the obviously steady trim indication
from the model; on these occasions the motion was classed as stable. hen
the model oscillated in pitch a stcady oscillation of grcater than 20 ampli-
tude was called unstsble, but on a great number of runs the amplitude of the
motion veried over the run. When this happened a certain amount of discretion
was used; if, for instance, the maximum amplitude was sustained for say only
two or three cycles and only this maximum value was greater than 20, then the
run was classed as stable; if it was sustaincd for about five or six cycles
the run was termed unstebles On some runs the pitching oscillations were
violent and the motion was obviously unsteble. At no time, when deciding
whether a motion should be called stablc or unstable, was any allowance
made for the motion in heave, which was occasionally very pronounced, as
the main reason for doing the tests was to provide a comparison with the
calm water test results, when only the motion in pitch was considercd.

Having selected a speed and eclevator setting the procedure
adopted was to choose a wave length/height ratio and, starting with waves
of small height, effectively increase the height while kecping the ratio
constant until instebility set in. It was found that by recpeating this
for several wave length/height ratios curves of definite form could be
obtained (Figure 10) separating regions of stable and unstable motion;
similar curves were obtained for each speed - elevator combination tested.

Critical disturbances were determined by carrying out test runs
in calm water and applying disturbances, the magnitudes of which were
progressively increased until instability set in.

During most of the tests only visual observations were taken because
of the time otherwise involved in analysis, but rccordings of a small group
of runs were made, by the methods of Reference 1, for comparison with the

results of Reference 30. 4 /3.2. Scope



3.2, Scope of tests

Wave tests were made on Models A, B and L of the series, aerodynamic
and hydrodynamic data for which are given in Tables I and II respectively.
As the initial aim was to determine the extent of any wave-disturbance
correlation the points in the (7, V) plane examined at first were in the
region between the undisturbed and disturbed stability limits; later, in
the case of Model L only, the tests were ecxtended to include points in that
part of the stable region which was unaffected by disturbance. All of the
points considered are numberecd and listed in Table III; for convenience
they will be referred to henceforth by the number and letter given in this
table, €.g. 4B will indicate that Model B is being considered at a speed of
%2 feet per second with elevators sct at -4 degrees. The rclationships bet-
ween these points and the corresponding scts of stability limits are shown
for each model in Figures 3 and 4, which have keel attitudes and e¢levator
angles respectively as ordinates.

The tests on Model A were of two kinds and all were made at
point 1A in the mid-plening region. In the first case a series of runs,
made through waves of fixed height but of differing length/height ratios,
were recorded for comparison with similar results for the Princess and
Shetland. In the second case, a curve of limiting wave heights for stability
was obtained on a wave length/height ratio base., In determining the points
for this curve no recordings were made, the runs being classed as stable,
borderline or unstable in the manner indicated in the previous paragraph.
The nature of thesc tests was mainly exploratory and fuller tcsts werc for
convenience made on Model B.

The tests on Model B consisted of obtaining curves of limiting
wave heights for stability at five points, 1B to 5B, and of determining the
critical disturbance at each point. Thesc results made it fairly clear that
no detailed wave disturbance correlation would be forthcoming, though some
useful general results were obtained with respect to the behaviour of the
model in different wave systems. Further tests were made on Model L, but
for this reason no critical disturbances were determined.

The tests on lModel L were madc to check the general results of
Model B on a model having vastly different disturbed limits, and, in addition,
wave tests were made at points in regions of the stability diagram which
were completely unaffected by disturbance. Greater coverage of the (m, V)
planc was made in an effort to obtain a better understanding of stability
in waves and one curve, that for point 6L, was cxtended as far as possible
within the limitations of the wavemaking system.

3.3. Discussion of results

3,3 1. Comparison of Model A with Princess snd Shetland

These tests were made for comparison with similar tests on the
Princess and Shetland30, and test conditions had to be chosen accordingly.
The design loading for Model A was taken as 150,000 1b., the load coefficient
as 2,75 and the point selected for test, 1A, was in the mid-planing region.
Test runs were made in waves 2.35 ft.* high and, in thc comparison of rcsults
with the Princess, linear dimensions for Model A and the Shetland were scaled
up in the ratios 2.35:3 and 2.25:3 respectively.

Six recordings were made, onc for each of the wave length/height
ratios 00:1 to 130:1 and they are showvm in Figures 5, 6 and 7. Maximum
and mean pitching and heaving amplitudes and their ratios are given in
Table IV, togethcr with corresponding results for the Princess and Shetland,
which were taken from Reference 30; the amplitudes are plotted in Figure 8
and their ratios in Figure 9. /Thc

# This figure was arrived at by scaling down the Princess wave height of
3 ft, by the cube root of thc ratio of the aircraft weights, viz:-

ont = 3 (150,000y 1/3
Wave heig 3 (310,000)
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The most obvious feature of the Model A records generally is the
apparent difference between the motions. This is probably due to the motion
in each case being compounded of several basic clements the magnitude and
frequency of each being proportional to different physical characteristics
of the motion. In only onc, that for a wave length/height ratio of 110:1,
is there a regular constant amplitude motion. The 80:1 recording resembles
a beat between two frequencies, the 90:1 is irregular, the 100:1 has an
envelope of square waveform, while in the 120:1 and 130:1 recordings a
certain tendency to regularity can be observed. It is clear that any
detailed analysis of such results en masse would have to be statistical
and meny more recordings would be necessary, so only a rough picture can
be obtained from the present set of curves.

The results are compared with thosc for the Princess and Shetland
in Table IV where the steady speeds are speeds for the hull form concerned
scaled up to the design loading and the tabulated figures are for runs
through the waves of the heights indicated. ‘hen the Shetland wave height
is scaled up to Princess size, so is the speed, but when liodel A wave height
is increased to Princess size the speed becomes 84 knots approximately, much
higher than that for the Princess. To obtain the same scaled speed for liodel A
as for the Princess would have meant running Modecl A at Cy = 5 9, which is
in the undisturbed unstable region (Figure 3). The corrcspondence chosen,
vizs that each of the three points is representative of the mid-planing
region, is considered reasonable, but the much higher specd of Model A should
be borne in mind.

The mean pitching and heaving amplitudes of Figure 8 are of about
the same order, as far as one can generalise, for the three hull forms, but
the maximum values for Model A are greater than thosec for the Princess and
the Shetland, particularly in the case of heave. In Figure 9 the ratios
maximum amplitude:imean amplitude in both pitch and heave are seen to be
greater for Model A than for the other two hulls. It should be noted that
these ratios, amongst other things, constitutc a measure of the irregularity
of the motion, and that one large oscillation could greatly increase these
values; the plots in Reference 30 were faired by hand, there being no
effective damping in the recording system, and it is possible that occasional
high peaks were unwittingly smoothed out. Some interesting points do arise,
however, from this limited data. Resonance occurs for Model 4 at a wave
length of 330 feet, it occurs for the Princess at 300 feet, although the
curves for pitch and heave are out of phase, and it occurs for the Shetland
at 270 feet (Figure 9); in each casc one complete oscillation of the model
corresponds to its passage through two wave crests. The greatest amplitudes
of oscillation in general occur at o wave length of 330 feet for lodel A,
at 270 feet for the Shetland and at 270 feet for the Princess (Figure 8);
the values at 300 feet for the Princess are, however, only slightly smaller
than those at 270 feete It may be said therefore that maximum amplitudes
and resonance are found at the same wave lengthse

Consider now the length (from forwerd perpendicular to aft step)
and maximum beam of each of these hulls scaled to 310,000 1b. :

Hull Form Beame b | Length. L L/b Ca, bL
f't. 't sqe £'t.
Model A 12.05 152 % 11.0 2 75 1,600
Princess 16. 66 121.0 e 3 1.08 2,010
Shetland 16. 66 1131 6o € 108 1,885

/If
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If now the ratios of the resonant wave lengths to the respective
hull lengths be determined, they are found to be almost equal, viz:

230

Model A 132, ¢

2.5

, 300 U
Princess g o 5

. - 270 4
Shetland  Jizm = 2k

It would appear from this that the resonant wave length is a
simple multiple of the hull length and that it is independent of hull shape
or length/beam ratio.

34 3.2, The wave diagram

Before considering the remaining tests, a detailed examination of
the extended wave diagram which was mentioned in Section 3.2 will make it
easier to follow the subsequent discussion. The curve was obtained for
point 6L (Table III) and it is given as originally plotted on a wave length/
height ratio base in Figure 10, In this form it has a shape characteristic
of this type of diagram but the plot on a wave length base in Figure 1l is
easier to appreciate, though curves plotted in this manner have rather more
varied shapes. Both figures are non-dimensional and normal stability diagram
notation has been used for the stable, borderline and unstable points res-
pectively. = Maximum amplitudes of oscillation are indicated by the figures
near the relevant points; if the observed motion was regular this is
indicated by the underlining of the figure, otherwise the motion was irregular.

It can be seen from Figure 11 that there is a minimum wave height
of 0.05 beam below which there is no instability. It may also be seen from
Figure 10 that there is an upper limiting wave length/height ratio for
instability; in this case the motion is stable above a ratio of about 850.
Therc may also be a lower limiting velue, but this is not indicated by the
diagram. Returning to Figure 11, the motion near and below the limit at
the higher wave lengths is mainly oscillatory, regular and of small ampli-
tude, while that found at the lower wave lengths is as often irregular as
regular, and the transition from steady to oscillatory motion is rather
sharp. It may be noted that at these wave lengths (below 25 beams) had the
1limit been drawn with respect to regular motions only it would have been
less severe. In general, with ingress into the unstable region, porpoising
amplitudes seem to increase at first and then reach a maximum value of the
order of 8 degrees; one point (h = 0.351 beam, L = 35.10 beams) is un-
marked on Figure 11, but it lies well into this region and still has a
maximunm amplitude of only 8 degrees.

The existence of limiting values of wave length, height and
length/height ratio for stability could have becn expected. With regard
to wave height, a wave of infinitesimal height could have no effect on
the motion; it would have to reach finite size before a 2° amplitude
oscillation could be induced. In the case of wave length, as this is
increased at constant height the water surface approaches a plane, for
practical purposes, and the motion becomes as for calm waters Vhen the
wave length is decreased, it reaches a minimum value for a given wave.
height, below which a stable waveform cannot exist??. There is thus a
limiting wave length/height ratio (7) for the existence of stable waves
and neither of the curves in Figure 10 or Figure 11 would thercfore touch
the y-axis.

The remaining results are presented in the form of Figure 1l.
Only the curve or limit is dravm in each casc, but the points defining
this curve are given in the relevant tables ILines of constant wave length/
wave height ratio are shown in each figure to aid discussion and it may be
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noted that the maximum wave lengths and heights in which the general tests
were made were 35 beams and O.5 beam respectively. This gives a smaller
coverage of the wave length range than in the case discussed above.

3¢ 3. 3. Model A results

The curve of limiting wave height for stability at different wave
lengths is given for point 1A (see Table IIT and Figures 3 and 4) in Figure 12
and the points defining the curve are given in Table V. It is of similar
form to that of Figure 1l when account is taken of the different vertical
scales and as wave length is increased there is a progressive decrease in
the wave height at which instability is met, The rate of decrease is reduced
as wave length increases, until a minimum wave height for instability of the
order of 0,06 beam is indicated. '

The six points marked at a wave height of 0.25 beam and length/
height ratios of 80 to 130 respectively are the points at which the recordings
showm in Figures 5, 6 and 7 were made. Each of these recordings illustrates
the type of motion which occurs at one point in the kind of diagram now
being considered. It is interesting to see that the six points all lie well
within the unstable region and that if there is a tendency here to a limiting
porpoising amplitude as mentioned in the previous section, it was probably
rcached by each of the threc models, Model A, Princess and Shctland, during
the tests considered in Section 3. 3. l.

30 30 l4e  Model B results

The curves of limiting wave height for stability at different wave
lengths are given for points 1B to 5B (see Table III and Figures 3 and 4) in
Figures 12 and 13 and the points defining the curves are given in Tables VI
to X; the relevant critical disturbances arc also given in thesec tables.
The gencral tendency in all of these diagrams is the same as in that for
Model A; as wave length is increcased therc is a progressive dccrease in
the wave height nccessary to produce instability and, although the curves
end rather abruptly, there is in three of the cascs a definitec tendency
towards a minimum wave height for instability, the value of which differs
from case to case. Too much attention should not be paid to the irregular
shape of the curves for points 2B and 3B; the nature of the motions in-
volved and their representation by steble or unstable points should be
remembered (Section 3.1.2).

An examination of the five curves shows that in a given wave
system the most stable configuration, or part of the stability diagram,
is that represented by point 5B and the least stable by point 3B. If the
five curves are put in order of quality with the poorest first we get 3B
2B, 1B, 4B and 5B, 2B and 1B are at the same clevator setting (Figure 43
and indicate an improvement in stability, i.e. an increase in the wave
height necessary to induce instability, with increase in speed, whilec 3B
and 1B are at virtually the same speed and show an improvement with increase
in elevator setting., Points 1B, 4B and 5B are for both progressively higher
speeds and elevator settings and should, if the changes already noted are
progressive and additive, show a much greater degree of improvement than
the individual changes; this is in fact the case.

It may thus be tentatively concluded that stebility characteristics
in waves will be improved by an increase in speed or an increase in eleva-
tor sctting.

% 3¢ 5e Model L results

The curves of limiting wave height for stability at different
wave lengths are given for points 1L to 14L (see Table IIT and Figures 3
and L) in Figures 13 to 16 and the points defining the curves are given
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in Tables XI to XXIV. The general tendency for the wave height necessary
for instability to be reduced as wave length is increased can still be seen
in these figures, but the greater coverage of the stability diagram by the
test points has resulted in a diversity of curve forms,

It is convenient to consider the curves in the following groups:

(i) 6L, 3L and 7L where 71 = =12°,
(ii) 2L, 1L and 8L where @ = = 8&°,
(iii) 10L and 4L where M = - 4° and

(iv) 12L and 13L where 1n1 =  0°;

this allows the effect of increasing speed to be assessed at different

elevator settings; a regrouping

(v) 6L, 1L, 10L and 4L where Cy = 6.9,
(vi) 8L, 4L and 12L where Cy = 8.2 and
(vii) 7L, 9L, 5L and 11L where Cy = 9.2,

allows the effeét-of increasing elevator setting or angle to be determined
at different speeds.

The curves of the first group show, with the exception of that
for 2L, that with increasing speed the wave height necessary to induce
instability is increased and that the elevator setting has little bearing
on this change. (It should be remembered that these remarks apply to any
given wave system within the range tested and they are therefore general).
The exception to this rule, point 2L, shows that much higher waves can be
encountered without instability resulting than is the case at the next
higher speed, point 1L. Point 2L represents the lowest speed tested,
however, and is just past the hump, while the remaining points are at or
above low planing speeds. The conclusion that increase in specd increases
the wave height necessary for instability applies therefore only at low
planing speeds and above; not at hump speeds.

The second group shows that at all speeds, as elevator angle is
increased so is the wave height necessary to induce instability and, as
speed is increased, so is the rate of this change.

The best configuration when planing in waves thercfore is one
where both speed and elevator angle are high.

3¢3. 6. General

From the foregoing results three general conclusions can be drawn.
They apply over the range of wave systems covered in the main tests, that
is in waves having wave length/height ratios of up to 200:1 or in waves of
lengths which are less than that at which the minimum wave height for
instability is found. The conclusions are that

(i) at any point in the planing speed range the wave height
necessary to induce instability decreases with increase
of wave length (probably until the resonant wave length
is reached, after which it increases),

(1i) at any point in the planing speed range and at any wave
length the wave height necessary to induce instability
increases with increasc of elevator angle, and
(iii) at any point in the range from low planing speeds upwards
and at any wave length the wave height necessary to induce
instability increascs with increase of specd.
/Minor
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Minor exceptions to these conclusions can be found, but they are
not felt to be significant.

It may be noticed that here and elscwhere in the discussion points
have been defined in terms of M and V not og and V, i.e. elevator angle has
been used in preference to keel attitude. The reason is that while both are
usually known accurately in calm water tests, this is not generally so in

waves. ‘hen the model oscillates in pitch during wave tests it is difficult

to obtain an attitude reading and when K the model is reasonably steady the
attitude is usually different to that obtained in calm water for the same
speed and elevator setting. Observers were left with the impression that
attitudes were increased by waves from their calm water values and, to check
this, readings were taken at seven points, 4L, 5L, 7L, 8L, 9L, 10L and 14L
(Tebles XIV, XV, XVII, XVIII, XIX, XX and XXIV). lWhen the motion was
oscillatory and of smell amplitude the mid-point between maximum and minimum
readings (see Figure 5 for instance) was teken as the attitude for this
purpose if it was not possible to obtain a steady reading before any instability
built up. The mean of the readings obtained in different wave systems for
each point was then plotted against the corresponding calm water attitude
and the resulting curve, which is of definite form, is given in Figure 17.

It can be seen that for this particular model, L, calm water atti-
tudes of less than 8° are increased by waves, while those greater than 8°
are decreased. Maximum and minimum values of attitude apparently exist for
planing in waves and in this case are 8.0° and 6. 8° respectively; the mean
working attitude range has thus been reduced to 14° for this model. The
speeds and elevator settings at which each set of wave tests were made are
indicated; speed alone does not appear to be significant, while elevator
angle decreases more or less progressively with increase in attitude at each
speed. The long afterbody of lodel L (7 beams) has undoubtedly played a
large part in fixing the changes quantitatively (the reduction of the atti-
tude range for instance, would probably not be so great with a shorter after-
body), but it is considered that in general the calm water attitudes of all
the models of this series will be similarly modified by waves.

It is interesting to examine the test results for liodel L in the
light of the resonant wave length found at 2% times the hull length with
three other modelss Since the hull length of Model L is 13 beams one would
expect a resonant wave length of 32 beams if this ratio is to be maintained.
As can be seen from Figure 11 this is consistent with the test results if a
little latitude is allowed in the drawing of the wave curve. Considering
the diversity of shapes represented by the four hulls concerned the agreecment
between the ratios resonant wave length/hull length is remarkably good and
suggests that in fact there may be a general relationship involving this
factor. ‘ :

In Figure 17 a comparison is made of the wave stability charac-
teristics of Models A, B and L. In the first diagram curves for the three
models are compared at a mid-planing speed and medium elevator sctting.

The basic model (A) is the poorest, a large improvement results from fore-
body warp (B) and a further but lesser improvement is obtained with forebody
warp and a long afterbody (L). This does not of course mean that for any
given model an increase in af'terbody length will be more cffective than
application of forebody warp in improving behaviour in waves, since it may
well be thet, in the instance quoted, most of the possible improvement was
cffected by the addition of forebody warp, leaving little scope for any
further improvement by an increase in afterbody length or any other means.
The improvements occur at wave lengths which are roughly equal to hull
length, but near resonant wave length there is apparently little differecnce
between the three hull forms.

The remaining diagrams show the effect of increasing afterbody
length, at several speeds and elevator settings (see Table III). The first
diagram of this group is for a low planing specd and shows that here the
long afterbody (L) effects an enormous improvement; the rcmainder arc for
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progressively higher speeds and indicate that while the long afterbody is
slightly better in short waves it shows a progressive deterioration rela-
tive to Model B with speed at the higher wave lengths, i.e. the charac-
teristics of the short afterbody model improve at a greater rate with
increase of speed than those of the long afterbody model.

4. AVE-DISTURBANCE CORRELATIOI

An attempt to correlate the effects of waves and disturbances on
undisturbed calm water stability characteristics may be made in several
ways and the correlation may be detailed or generals In the detailed type
of correlation the critical disturbances and wave diagrams at corresponding
speeds and elevator settings are compared in an attempt to obtain a point
to point correspondence over the whole (1, V) plane; this can obviously
be applied only to Model B results in the present case. In the general
type of correlation an attempt is made to draw conclusions concerning whole
areas of the (7, V) plane; HModel L results are most suitable for this type
of treatment by virtue of the fairly good coverage of the (m, V) plane with
test points.

It should be noted that in all of the tests now under considera-
tion the stebility criterion was taken to be an oscillation in piteh of E¥
amplitude and, because of the wave effect on attitude, results are expressed
in terms of elevator angle, not keel attitude.

For correlation the critical disturbance, i.e. the smallest dis-
turbance which would induce instability at any speed and clevator setting,
is assumed to be equivalent to any wave system which would similarly Jjust
induce instability.

A detailed correlation may be made in the following manner.
Let an xO disturbance limit be chosen (see Section 2.2); the points at
which the critical disturbances are greater than x° will be steble and
those at which the critical disturbances are less than x> will be unstable.
If o wave system (defined by wave height h and wave length L) can be found
which, by virtue of the rélevant curves of critical wave heights (e. g
Figures 12 and 13), renders the points stable and unstable in exactly the
same way as does the x° disturbance limit and if the procedurc cean be
repeated with disturbance limits of various values, from one which excludes
to one which includes all the points, then a detailed correlation may be
said to have been established. In such a correclation the converse necd
not necessarily be truec. The aim is to interpret disturbance limits in
terms of stebility in waves, not vice versa, and in the event of a detailed
corrclation there may remain wave systems which have no corresponding dis-
turbance limit.

Applying this technique to llodel B and choosing initially a 3. 5°
disturbance 1limit, and bearing in mind the magnitude of the critical dis-
turbances, points 2B and 3B will be stable, points 1B and 4B will be unstable
and point 5B will be borderline, i.e. the representative point will be on
or near the stability limit. Turning to Figure 13 it can be seen that
borderline stability will be obtained at point 5B in several wave systems
having wave heights of the order of Q.2 beams. Selecting a wave system of
wave height 0.2 beams and wavc length 20 beams it cwn be seen that points
1B to 4B arce rcndercd wistable thereby and this occurs with any system
lying on the 5B curve. In this case therefore detailed correlation cannot
be establisheds The same is true of any limit obtained with disturbances
in the range 3.0 to 4. 5° for Model B.

In attempting to make. a general correlation no particular method
was used; instead the wave curves and the calm water stability limits
obtained with maximum disturbance for Model L were compared and any rcle-
vant facts were considered.
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X The region of instability obtained with disturbance is much
smaller for Model L than for Model B and, because of this, wave tests were
made at points 2L, 4L, 5L and 7L to 10L, which are in the stable region
which is unaffected by disturbance, in addition to points outside this
region. Even at these points wave systems were encountered which could
induce instability and it is clear, therefore, that at these points there
can be no wave-disturbance correlation. In the previous discussion on
Model B results, limits obtained with given degrees of disturbance were
considered in conjunction with critical disturbances; in the case of
Model L no critical disturbances were determined and the disturbed limit
(Figure 4) is that for maximum disturbance. This, as can be seen from
Figure 2, is probably a compound limit involving various degrees of dis-
turbance. In a wave system which is the equivalent of this disturbed
limit the previously mentioned points must be stable, points 1L, 6L, 11L,
12L and 13L must be unstable and 3L and 14L must be borderline, i.e. the
representative points must lie on or near the limits. Considering the
curves for points 3L and 4L in Figures 14 and 16 it can be seen that no
wave system which is common to the two curves can be found. There is thus
no correlation between stability characteristics in waves and the stability
limit obtained with maximum disturbance.

This lack of correlation in the case of Model L is implicit in
the conclusion (ii) of Section 3. 3. 6, which states in effect that as
elevator angle is increased stability characteristics in waves are
improved. As some of the high elevator angle points (11L, 12L, 13L) lie
within the disturbed unstable region (Figure 4, Model L) where for any
sort of correspondence a deterioration would be expected, there can be no
wave-disturbance correlation.

It would appear from fundamental considerations that if any
correlation were obtained, it would be purely fortuitous. From the dis-
cussion on disturbance limits (Section 2.2) it follows that there is a
physical discontinuity at the limit; in going from stable to unstable
regions a sudden change from.steady motion to porpoising of large ampli-
tude is obtained, whereas with the wave curves, there is a progressive
increase in the amplitudes of porpoising with ingress into the unstable
region and, by definition (Section 3,1.2), porpoising on the curve is of
20 amplitude.

‘It is clear from the foregoing that disturbance limits cannot
be interpreted in terms of stability in waves.

5. DISCUSSION

It has been concluded that there is no significant relationship
between stability with disturbance and stability in waves, so that informa-
tion on the latter with respect to a given hull form must be obtained by
carrying out tests in waves. In future tests on a dynamic model therefore,
for a complete assessment of longitudinal stability characteristics, three
types of stability must be investigated, viz: undisturbed and disturbed
stability and stability in. waves. For a satisfactory interpretation of
test results the meaning of each of these types of stability should be
understood and to this end a summary of the important points relating to
stability with disturbance and stability in waves is given below.

When disturbance is applied the stablc region obtained without
disturbance is reduced and this reduction continues as the degree of dis-
turbance is increased until a minimum region, which is unaffected by
further increases in the applied disturbance, is obtained. The limit
defining this region, which is knowm as the limit with maximum disturbance,
is reproducible and is obtained by giving to the model the maximum nose-
down impulsive disturbance compatible with safety. Like limits obtained
with any other degree of disturbance, it marks a discontinuity in the type
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of motion encountered; there is a sudden change from the steady planing

of the stable region to large amplitude porpoising when the limit is crossed.
In general, the increase in the unstsble region obtained with disturbance
commences in the mid-planing region following the application of the smaller
disturbances, though instability here may be prevented by a suitable hull
modification, e.g. a long afterbody, and the final stages of the increase
occur in the high speed, low attitude region following the application of
the larger disturbances; instability can always be found in this region

if large enough disturbances arc applied. The violence of the porpoising
following a disturbance is increased where larger disturbances are necessary
to induce instability.

As disturbed limits cemmot be interpreted in terms of stability
in waves, but clearly represent stability characteristics with disturbance,
the question of what constitutes a full scale disturbance deserves closer
examination. The wash of a boat, such as that which caused the crash of
the Saunders-Roe R2/33 <4, or a sudden yaw, such as that which caused por-
poising and finally damage to the Solent N.J.20123 are acceptable examples,
but a type of disturbance which occurs regularly full scale is that encoun-
tered during landing. The suggestion that every landing constitutes a
disturbance was consicered in essence by Gottl and upheld in the light of
his experience, and it was made (quite independently) in Reference 10 and
supported by American evidence. It is consicered therefore that limits with
meximum disturbance indicate either stability characteristics in take-off
or planing when a severe disturbance is encountered, or the worst stability
characteristics in landing.

In waves, there is a minimum wave height and a maximum wave length/
height ratio below and above which respectively no instability is obtained.
The minimum wave height appears to occur at a wave length of 2% times the
hull length; this factor of 21 has earlier been found to be significant
with three other hull forms, thc resonant wave length in each case being
2% times the hull length, and this may well be a universal figures In
general, it appears that at a constant planing speed and elevator setting
the wave height necessary to induce instability decreases monotonically
with increase of wave length until the resonant wave length is reached, and
then increases. Again, the wave height necessary to induce instability at
a given wave length is increased by increase of speed or elevator angle or
both.

These results may be used to formulate a technique for future
stability tests in waves, which can be made very brief. The worst and best
wave stability characteristics will be obtained at low planing speeds with
low elevator angles and at high planing spceds with high elevator angles
respectively, while between these extremes there is a more or less steady
change. Diagrams for these points will therefore give all the information
necessary on the wave stability characteristics of a given hull in the
planing speed rangee.

Tt is felt that in future tests account should be taken of motion
in heave as well as that in pitch, which was the only motion of direct
intercst in the present investigation. During the present tests it was
observed that the heaving motion occurred occasionally in the complete
absence of any pitching motion, so that for ary absolute assessmont of the
motion in waves of a given hull form the simple 2° pitch criterion is
clearly inadequate; it is necessary to take account of several factors.
These will include the amplitude, frequency and degree of regularity of
the motion, both in pitch and heave. A suitable form of presentation for
such comprehensive tests would probably be a carpet graph of amplitudes
of oscillation in pitch and heave related to wave length and wave height
for each elevator speed combination, with some allowance being made for
the frequency of oscillation.
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Some mention should be made of the lack of longitudinal freedom
in the stability test rig used in the tests of the present report. This
lack of longitudinal freedom has been given full theoretical consideration
in the undisturbed calm water casc in Reference 2€, where it was concluded
that variations of longitudinal velocity had only a slight effect on stability,
and these conclusions were given an experimental check (Reference 21) when
it was found that the model behaviour was similar under the two conditions,
with and without longitudinal freedom, and that when porpoising was present
the period and character of the motion taking place was unaffected by the
introduction of the additional degree of freedom.

In the wave tests now under consideration most of the conclusions
are based on curves or limits which were drawn with respect to porpoising
of 2° amplitude. It is felt that while there will undoubtedly be an effect
due to the longitudinal constraint, at these small amplitudes it will pro-
bably be negligible and at higher amplitudes it will be more quantitative
than qualitative; +the general conclusions of the report should in any event
not be affected. The magnitude of the effect should, however, be determined
if possible, together with those of the corresponding effects on the heave
and forward motions, and if any of the effects is large it will obviously
be necessary to arrange for longitudinal freedom in future tests.

It is possible to use the results of the present tests to suggest
a method for making full scale take~offs in waves. It has been shown that
greater wave heights can be encountered under conditions of maximum elevator
and speed without inducing instability than otherwisc, so the best course is
to keep the control column forward and increase speed as quickly as possible.
This implies that the effect of acceleration is (a) not detrimental and
(b) roughly constant over the (7, V) planc. In the present wave tests
instability was damped out while running up to speed and, as in the calm
water case (in which acccleration is beneficial) it has not been considered
worthwhile in the light of experience to check the constancy of the effects
of acceleration on stability over the (m, V) plane, these points can, for
the present, be neglected.

While keeping the stick forward during take-off undue concern
about the nose of the aircraft digging in or being sucked down need not be
felt, The indication of a minimum mean attitude in Section 3. 3. 6 suggests
that in fact the opposite will happen; the pilot will have to hold his
aircraft down and allow it to become airborne when flying specd is rcacheds.

Perhaps the most enlightening conclusion bearing on take-offs in
waves is that the resonant wave length is 21 times the hull length; during °
take-of f waves of this length should be avoided by as much as possible.
Waves of Jjust less than resonant length and above, may be effectively
lengthened by following a take-off path as near parallel to the waves as
possible, when there will be little risk of instability, but application
of this technique in shorter wave lcngths may cause resonance and is there-
fore dangerous; in short waves take-offs should be made hcad on into the
waves. The pilot can decide on which course to follow after making or
obtaining an estimate of the wave length relative to the length of his
aircraf't.

An analogous technique could be devised for landing and would
need only a suitable allowance for deceleration effects.
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LIST OF SYMBOLS

b beam of model
CL, 1ift coefficient = L/ipsv? (L = 1ift, p = air density)
Cv velocity cocfficient = VA @b
Ca load coefficient = A/wb° (A= load on water and
w = weight per unit volumc of water)
Cao load coefficient at V. = 0
Cx longitudinal spray coefficient = x/b
Cy lateral spray coefficient = y/b
Cz vertical spray coefficient = z/b

{ (x, ¥, z) co-ordinates of points on spray envelope

relative to axes through step point }

S gross idng area
v velocity

oK keel attitude

M clevator setting
h v wave height

L wave length

ADVANCE DISTRIBUTION LIST

Chicf Scientist

P.D.S.R. Ag

A.D.S.R. (A
Records)

el
®

A.D. S.R.
P.D.R.D. (4A)

D. M. A. R. D, §R.A.F)

De Mo Ae Re Do (Re N)
R.D. L. 3(S)

heD. /R.D. (Proj. )
A.D. /b R.D. (Res. )

D. Cuhe R s

LD /D kG 1

A.D. /R.D. A C. 2,
R.D. £ Ce 2(c) and (4)
Dc J'hRoD-

A.D. /R. D, iw E.,

D. /Re i Es

CeSe /he & lwE.E,
PP dis 3/ Tu Be

MFRPHEREHRPREHEEEREE

\O
o

¥ .ction copy. /LIST OF REFERENCES




Ref. No.

1

D.
A

P

J.

D.

;4 bl ik adimakiahaian, s i bd il il

90w

LIST OF REFERENCES

Authori s)

M. Ridland
L Friswell

, Go Kurn

K. Friswell
G. Kurn
M. Ridland

M. Ridland

K. Friswell
G. Kurn

M. Ridland
Gs Xurn
K. Friswell

Friswell
Ridland
Kurn

fER

M, Ridland

K. Friswell

M. Ridland

-

Title

Investigation of High Length/Beam Ratio
Seaplane Hulls with High Beam Loadings:
Hydrodynamic Stability Part 1: Techniques

and Presentation of Results of Model Tests.

L /i E.E. Report No. F/Res/232. September 1953.

Investigation of High Length/Beam Ratio
Scaplane Hulls with High Beam Loadings:
Hydrodynamic Stability Part 2: The Effect
of Changes in the Mass, Moment of Inertia
and Radius of Gyration on Longitudinal
Stability Limits.

. Ae E,BE. Report No. F/Res/233. September 1953.
Investigation of High Length/Beam Ratio
Secaplane Hulls with High Beam Loadings:
Hydrodynamic Stability Part 3: The Stability
and Spray Characteristics of Model A

M. A.E,BE. Report No. F/Res/237. February 1954

Investigation of High Length/Beam Ratio
Seaplane Hulls with High Beam Loadings:
Hydrodynamic Stability Part 4: The Stability
and Spray Characteristics of Model B.

M A.E,E, Report No. I/Res/238, March 1954

Investigation of High Length/Beam Ratio
Seaplane Hulls with High Becam Loadings:
Hydrodynamic Stability Part 5¢ The Stability
and Spray Cheracteristics of Ilodel C.

M. A. E.B. Report No. F/Res/239. October 1953.

Investigation of High Length/Beam Ratio
Scaplanc Hulls with High Beam Loadings:
Hydrodynamic Stability Part 6: The Effect
of Forebody Werp on Stebility and Spray
Characteristics.

i A.E.E. Report No. F/Res/24,0. May 1954
Investigation of High Length/Bean Ratio
Seeplane Hulls with High Beam Loadings:
Hydrodynamic Stability Part 7: The Stability
and Spray Characteristics of Model D.

f. As LB, Report No. F/Res/241l. November 1953.

Investigation of High Length/Beam Ratio
Seaplane Hulls with High Beam Loadings:
Hydrodynamic Stability Part 8: The Stability
and Spray Characteristics of MNodel E.

M, A.E.E. Report No. F/Res/242. December 1953.

Investigation of High Length/Beam Ratio

‘Seaplane Hulls with High Beam Loadings:

Hydrodynamic Stability Part 9: The Stability
and Spray Characteristics of Model F.
M, A E.E. Report No. ¥/Res/243. February 1954.

/10.



Ref.

10

i

12

13

15

16

17

No.

-

LIST OF REFERENCES (Contd. )

Author(s)

D. M. Ridland

PO

Je
D,

D.

D.

“p P P

a9

=ps

M.
G.

M.

M,

£

M.

M,

Ridland
Kurn
Friswell

Friswell
Ridland
Kurn

Ridland

Ridland

Priswell
Kurn
Ridland

Ridland
Kurn
Friswell

Friswell
Ridland
Kurn

Title

Investigation of High Length/Beam Ratio
Seaplane Hulls with High Beam Loadings:
Hydrodynamic Stability Part 10: The Effect
of Afterbody Length on Stability and Spray
Characteristics.

M. A E.E. Report No. F/Res/24k4. August 1954.

Investigation of High Length/Beam Ratic
Seaplanc Hulls with High Beam Loadings:
Hydrodynamic Stability Part 11l: The
Stability and Spray Characteristics of
Model G

M. A E.E, Report No. F/Res/2,6. April 1954.
Investigation of High Length/Beam Ratio
Seeplane Hulls with High Beam Loadings:
Hydrodynamic Stebility Part 12: The
Stability and Spray Characteristics of
Model H.

M. A E,BE., Report No. F/Res/247. TFebruary 195
Investigation of High Length/Beam Ratio
Seaplane Hulls with High Beam Loadings:
Hydrodynamic Stability Part 13: The Effect
of Afterbody Angle on Stability and Spray
Characteristics.

M. A.E.E. Report No. F/Res/248. February 1955.
Investigation of High Length/Beam Ratio
Seaplane Hulls with High Beam Loadings:
Hydrodynamic Stability Part 14: The Effect
of a Tailored Afterbody on Stability and
Spray Characteristics, with Test Data on
Model J.

M. A, E. Z. Report No. F/Res/2..9.

(To be issued shortly).

Investigation of High Length/Beam Ratio
Seaplane Hulls with High Beam Loadings:
Hydrodynamic Stability Part 15: The
Stability and Spray Characteristics of
Model K,

M.A.E,E Report No. I/Res/251. April 1954.
Investigation of High Length/Beam Ratio
Seaplane Hulls with High Beam Loadings:
Hydrodynamic Stability Part 16: The
Stability and Spray Characteristics of
Model L.

M. A.E.E, Report No. F/Res/252, April 195k.
Investigation of High Length/Beam Ratio
Seaplane Hulls with High Beam Loadings:
Hydrodynamic Stability Part 17: The
Stability and Spray Characteristics of
Model M. -

M. A.E.E. Report No. F/Res/253. April 1955.

/18,



Ref. No.

18

19

20

21

22

23

25

26

27

28

-00-

LIST OF REFERENCES (Contd. )

Author( s
D. M. Ridland

Je K. Friswell
A, G. Kurn

J. K. Friswell

D. M. Ridland

L. P. Coombs
WeG. A, Perring
L., Johnston

Je P. Gott

A. G Smith

H. G. White

Ges L. Iletcher

T. B. Owen
A, G Kurn
A. G. Smith

We Go A. Perring
He Glauert

F. v{. S. IDCke
W. C. Hugli

J. P. Gott

Title

Investigation of High Length/Beam Ratio
Seaplane Hulls with High Beam Loadings:
Hydrodynamic Stability Part 18: The
Stability and Spray Characteristics of
Model N.

M. A.E.E. Report No. F/Res/25,. April 1955.

Investigation of High Length/Beam Ratio
Seaplane Hulls with High Beam Loadings:
Hydrodynamic Stability Part 19: The
Interaction of the Effects of Forebody
Warp, Afterbody Length and Afterbody Angle
on Longitudinal Stability Characteristics.
M A.E.E. Report No., F/Res/255.

(To be issued shortly).

Investigation of High Length/Beam Ratio
Seaplane Hulls with High Beam Loadings:
Hydrodynamic Stability Part 20: The
Effect of Slipstream on Stability and
Spray Characteristics.

M. A E.E. Report No. F/Res/256.

(To be issued shortly).

The Use of Dynamically Similar Models
for Determining the Porpoising
Characteristics of Seaplanes.

A RC. Reé& M. No, 1718, November 1935.
Note on the Technique of Tank Testing

Dynamic Models of Flying Boats as Affected

by Recent Full Scale Experience.
R. A.E, Report No. B.A. 1572, December 1939.
A Review of the Porpoising Instability

of Seaplanes.

ARC, Re& M. No. 2852, February 194k
Tank Tests on a Jet-Propelled Boat-

Seaplane Fighter (Saunders-Roe E6/4k).

ARC. R.& M. No. 2718, January 1946,

Model Testing Technique Employed in the
R. A, E. Seaplane Tank.
R. AL E. Report No. Aero. 2502, September 1953.
The Stability on the Water of a Seaplane
in the Planing Condition.
A R.Ce Re& Mo No. 1493. September 1932,
A Method for Studying the Longitudinal
Dynamic Stability of Flying-Boat-Hull
Models at High Planing Speeds and during
Landing,
NeA.C.Ae A ReR. No, 4H31 (U.S.A).

April 1945.

Interference between Airflow and Water
Flow in Seaplane Tank Testing.
R.A.E. T.N. No. Aero. 1460. July 1944.

/29.



2B

LIST OF REFERENCES (Contd. )

Ref. No. Author( s Title
29 C. H.E, Warren Calibration of the Wavemaker in the
W. D. Tye R. A,E. Towing Tank,
R A.E. T.N. No. Aero.1764.  March 1946.
30 T. B, Owen Comparative Model Tests of the Princess
D. F. Wright and Shetlend Flying Boats in Waves.

ReALE. T,N, No. Aero.?2166. May 1952,

31 J. P. Gott Further Note on the Tank Testing of
Dynamic Models of Flying Boats with
Special Reference to the ilodel of the
G-class Boat.
R.A.E. T.N. No. Aero.962, June 194.2,

52 Ve Cornish Ocean Waves P, 125,
Cambridge University Press. 1934
33 J. Taylor Note on Damage to Solent N.J.201 during
A, G. Smith Engine Failure in Take-off.
, M A.E.E. Report No. F/Res/230.
January 1953.
/TABLE I



o Pl

TABIE I

MODEL_AERODYNAMIC DATA

Mainplane
Section
Gross area
Span
S. M. C,
Aspect ratio
Dihedral )
g on 30% spar axis
Sweepback
Wing setting (root chord to hull datum)
Tailplane
Section
Gross area
Span
Total elevator area

Tailplane setting (root chord to hull datum)

Section
Gross area
Height
General
# C,G. position
distance forward of step point
distance above step point
% & chord point S.M.C.
distance forward of step point
. distance above step point
# Tail arm 1 (C.G. to hinge axis)

# Height of tailplane root chord L.E. above
hull crown

Gottingen 436 (mod. )

6. 85 sqe Tte

6. 27 ft.

.09 ft.

5. 75

Y. o

Lo o

& 9!

R A.F. 30 (mod. )
1. 33 d £
2,16 ft.

0. 72 sq. fte

2° o*

R ATF, 30
0. 80 sq. fte

L 14 £1.

0. 237 ft.

0. 731 ft.

0. 277 £t
1. 015 ft.
31 £t

0. 72 £t

# These distances are measured either parallel to or normal to the

hull datum.
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TABLE IT

MODEL HYDRODYNAMIC DATA

Unfaired transverse

Model A
Beam at step 0.475"
Length of forebody 6b
Length of afterbody 5b
Forebody warp (per beam) o°
Angle between forebody and afterbody 6°
keels
Forebody deadrise at step 25°
Afterbody deadrise 30°
Step depth 0. 15b
Step form
Pitching moment of inertia (1b. ft.2) " 22,9

0. 475"
6b
5b
1,0
6

25°
30°

0. 15b

-

/TABLE IIT
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TABLE ITI

TEST POINTS FOR WAVE TESTS

Point Model | Speed Cv Elevator Setting
ft./sec. degrees
1 A, B, L x 28 7.2 -8
2 B, L 2 6.1 -8
3 B, L 29 Toly -12
L B, L 32 8 2 -4
5 B, L 36 9 2 -2
6 L 27 6¢ 9 -12
7 L 36 a2 -12
8 L 32 8 2 -8
9 L 36 9 2 -6
10 L 27 6. 9 -4
11 L 36 9% 2 -1
12 L 33 8ol 0
13 L 37 9 5 0 E
Ly l L l 27 6e 9 + 4 |

# This speed should be 27 ft./sec, for Model L.

Note: The point number and model letter are used to identify the test
points, e.g. 3L will indicate Model L at 29 ft./sec. with elevators
set at -12°,

/TABLE IV



-2

TABLE IV

TEST DATA FOR RECORDED STEADY SPEED RUNS

Wave Maximum Mean Maximum Mean Max. Pitch | Max, Heave
Length/Ht. | Pitching | Pitching [Amplitude | Amplitude | Mean Pitch | Mean Heave
Ratio JAm.plitude Amplitude |in Heave in Heave
](degrees) (degrees)i (feet) (feet)
|
MODEL A. Steady speed 74 knots. Wave height 2, 35 f't.
6011 12,0 55 13. 0 5.0 2,18 2, 60
90:1 15.0 9.0 17.0 10.0 1. 66 .70
100:1 .0 8. 0 15.0 8. 5 175 1. 76
110:1 4.0 12.0 155 13,0 .47 1L 20
12031 12,0 8. 5 11,0 7«0 Ll L 5¢
130:1 o5 Le 5 55 3.0 1. 67 L83
PRINCESS. Steady speed 69 knots. Wave height 3.0 ft.
80:1 11,1 8. 3 12, 8 %o 4 1. 3, 1. 36
90:1 12. 6 % 3 16.3 doL i3 155 L 33
100:1 10, 7 8.5 16.1 12. 1 1. 26 .45
o 10.0 T 2 8 i ' 10. 4 1. 39 L. 66
130:1 12.1 8 3 20. 8 12. 8 L.45 1. 63
SHETLAND. Steady speed 59 knots. Wave height 2,25 ft.
80:1 12.5 1L 5 9.7 2.0 1.09 L.08
90:1 .8 13. 6 12,8 11.8 1.09 1..08
100:1 6. 6 L4e O b2 2. 9 1. 64 1. 79
11091 b 5 7 Ga 7 3. 2 1. 34 L.47
12058 79 6e 5 5e & 4ol 122 1,130
130481 10.1 6. 7 R 5 1 L 49 1. 38
\
Assumed design A
loading 2
Model A 150,000 Ib. 2. 75
Princess 310,000 1b. 1..08
Shetland 131,000 1lb. 1. 08
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TABLE V

WAVE TEST DATA FOR MODEL A

=200, 0y 872, n= ~-8°

h L h L L/h ES 3 ':’?Q E g Remark
ft. | £t b b a5 aa3 .3 11 o @l
AREE R
P4 N

0.033 |11.66 {0.070 | 24. 50 | 350 | 1. 53 | US

0.008 | 1..67 |0.019| 3.50 {200 | 0. 56 |S

0.017 | 3.33 |0.035| 7,01 {200 | 0.80 |8

0.025 | 5,00 |0.053 | 10.531200]0.98 S A judder corresponding to impact
on each wave front was noticeable.

0.033 | 6,66 |0.070 | 14,02 | 200 | a4 |S Slight oscillation in height simi-
lar to previous run, but the model
appeared to cut through the waves.

0.042 | 8 34 |0.087|17.58 | 200 | .28 | US Constant amplitude about 9°. Run
not quite long enough to check.

0.033 | 5.00 | 0070} 10.53 {150 | 0s99 |S No change in attitude whatsoever -

; Just rode the waves,

0.042 | 6,25 |0.087 | 13.17 | 150 | 1L.10 |US 3

0.042 | 6,25 0,087 1317|150 1.10 Repeat run. Amplitude built up
slowly at first, then at increas-
ing speed reaching 12° approxi-
mately at the end of the run.

0.033 | 3.33(0.070| 7.01]100] 0.80 |S No change in height or attitude -
cut through the waves.

Oe Q42 | 417 | 0,087 & 78 |100] 0.90 |B Just becoming unstable at end of
run - took a very long time to
build up.

OoOl42 | 4417 10.087| 8 78 100} 0.90 |B Repeat run. Model just became
disturbed at end of run, although
put in early. The motion was some-
what irregular reaching an ampli-
tude of about 3° before carriage
stopped.

0.050 | 5.00 | 0.105| 10.53 | 100| 0.99 | US Still not a quick build-up. An
amplitude of about 10° reached at
the end of the run.

Q042 | 209 | 0.087| 4s39] 50| 0. 62 |8 No sign of change in height or
attitude. Cut through the waves.

0. 050 2, 50 | 0. 105 5e 26 50| 0. 69 | S No height or attitude change.
Boat cutting through waves.

0. 058 2. 92 | 10.. k25 6. 1 50| 0.7 | S No sign of change in attitude or
height.

0.067 | 333|0.,140]| 7.01| 50| 0.80 | S No change in height or attitude.

0,075 | 3.7510.158| 7.89| 50| 0,85 | US Reached an amplitude of 12°-13°,

0.058 | 4.09]10.123| 8 62| 70} 0.89 |B 2 | Damped out in middle of run and
started again,

0.067 | 4oe67 (0. 40| 9.83] 70} 0.95 | US Reaching 10° amplitude at end of
run - still taking whole run to
build up.

0.092 | 2751 0.193] 579{ 301 0.72 | S No change in height or attitude.

0.100 | 3.00} 0.210| 6.31] 30| 0.76 | B 2.5 | Damped out and built up again at
end of run - confused.,

0,108 | 3.25}10.228| 6.8 | 30! 0.78 | US Wave system slightly irregular.
Amplitude about 10° at end of run.

/TABLE VI




WAVE TEST DATA FOR MODEL B

Point 1B. CA, = 2.75, OV = 7.2, n = =8% Critical disturbance = 3. o

8y fa |
h L h L g9~ @
peo | te| b | v |YPISBEEB|, P i
EAB 0 g} g (o]
0. 033 6.67] 0,070 |14 Q| 200 | L1y | S
OeQ42 | 8.34| 0.087|17.54| 200 | 1.28 | US
0042 | 6.25| 0,087|13.15} 150 | 1..10 | B Just under 2° amplitude.
0,050 | 7.50| 0,105|15 80| 125 | .21 | US
0. 062 5,00| 0,132|10.50f 80]1.00 | B Just under 2° amplitude.
0,092 | 4e58| 0.193| 9%65| 50| 0s9% | US
0,083 | 4.17| 0.175| 877 50]0.90 | US
0.075 | 3.75| 0.158| 7.90| 50| 0.85 | B
0.08% | 2.50| 0.175| 5.26] 30|0.68 | B Just under 2° amplitude.
0. 083 2.75| 0.175| 5. 79| 33072 | S
0,092 | 3.00] 0.193| 6,31 3310.75 | 8
0.100 | 3.00]0.211| 6.31] 30 |C.75 | US
TABLE VIT
WAVE TEST DATA FOR MODEL B
Point 2B. Cpg = 275, Oy = 61, M = -89, Critical disturbance = 4. 0°.
¥, |B|g
h L h Ti A o A
£t | £t b | » | ¥ BEO Egggo o
AR KSR
Ay n 1=
0. 033 6. 67| 0.070|1h. Ok| 200 | L1k | S
0. O42 8.3 | 0.087|17. 54| 200 | 1.28 | US
0. 042 6. 25| 0,087}13.15| 150 | .10 | US
0.100 | 3.00| 0.211) 631 30|0.75 | US
0.083 | 2.50| 0.175| 5.26] 30]0.68 | B
0.075 | 2.25| 0.158| 4o 74| 30]0.65 | S
0.062 | 333} 0.132] 701} 53]0.80 |8
0. 067 3.33| 0.140| 701} 50| 0.80 | B Just under 2° amplitude.
0.075 | 3.75| 0.158] 7.90] 50| Q.85 | B
0.058 | 4.08| 0.123| 860] 70|0.89 | S
0.062 | L.67] 0.132] 9.83] 751095 | 8
0.071 | 4.96| o.19f10.43] 70| 0. 98 | US
0.058 | 5.00| 0.123]10.50, 861099 | S
0.058 | 5.8%| 0.12312.27| 100 | 0.99 | US
Oe Ok | 521 0.092{10,96| 119 | L.O1 | B Just under 2° amplitude.
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TABLE VIII

WAVE TEST DATA FOR MODEL B

Point 3Bs CAg = 2,75, Oy = 7uk, 1 = -12°% Critical disturbance = hs 5%
@ @ "
aib oo bom b foa 18 E R BOEE g Ll
peadt £t F b LEG| 85|43 e
) + 0N
Ay n =
0. 025 5. 00 0. 053 |10. 50 200 0. 98 S
0.033 6.67 | 0.C70 | 4. O+ | 200 Lo 2l Us
CoO42 | 8.3 | 0,087 {17.54 | 200 1. 28 Us
0. 050 110,00 | 0,105 {21.05 | 200 L42 Us
0033 { 5.00 | 0.070 110.50 | 150 0. 99 S
0. Ol2 6.25 | 0,087 |13.15 | 150 1. 10 Us
G100 | 3.00 | 0,211 | &31 30 0. 75 Us
0. 083 250 {0AY5 | 526 30 0. 68 B
0.075 | 2.25 | 0,158 | 4o 74 30 0. 65 S
0062 | 3.33 | 0,132 7. O1 53 0. 80 B
0.058 | 2,91 | 0,123 6. 13 50 0. 74 S
0. 058 5. 00 0.123 |10. 50 86 0. 99 B
0.050 { 5.00 | 0.105 {10.50 | 100 : 0. 99 S
TABLE IX
WAVE TEST DATA FOR MODEL B
Point 4B, Cpq = 2,75, Oy = 8,2, N = -4° Critical disturbance = 3.0°.
h L h 1 :E g ] £§£1 £% a
fto| ft.| b SR il 58|28 3\55 Remarks
v A
0.042 | 834 | 0,087 |17.54 | 200 1, 28 S
0. 050 |10. 00 0. 105 | 21. 05 200 L42 S
0.058 |[11.66 | 0,123 | 24455 200 1. 53 Us
0. 058 8. 75 0.123 | 18,42 150 192 B
0. 100 3,00 0. 211 6. 31 30 Oe 75 S
0.108 | 3.25 | 0.228 | 6.8, 30 0. 78 S
0,117 | 3.50 | Cu 246 | 7.36 30 0. 82 S
0. 1.2 3.75 | 0.298 | 7,90 26 0. 85 S
0sd00 | 5 00 | 0:211 11G.50 50 0. 98 S
e 117 5. 83 0. 246 |12, 27 50 1.07 Us
0:100 '] 7. 00! 1104201 | Tpd 45 70 1. Ly Us
0. 092 641 | 0.193 |13. 50 70 Lo i S
0.075 | 7.50 | 0.158 |15.80 | 100 1.21 Us
0.067 | 6.67 | 0.140 |14 Q4 | 100 L 14 S
0. 108 Se bl - | 400228 4 11k 39 50 1. 03 S
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TABLE X

WAVE TEST DATA FOR MODEL B

Point 5B, CAq = 2.75, Cy = %2, M = =29 Critical disturbance = 3, 5°.
q_' h N
5 - b L L/h '§ %”;Sl:ég g g sty
il b b -gggggﬁgg 1o A
o £ 0m
G L
0. 042 8e 34| 0.087 17. 54 | 200 1. 2841 6
0.050 | 10.00} 0.105 21.05 | 200 14208
0.058 | 11. 66| 0.123 24e 55 1 200 s 551 8
0.100 | 17.501 0. 211 36,80 175 1.98 | US
0.108 | 13. 60| 0.228 28. 65| 125 1. 68| US
0.100 | 12. 50| 0. 211 26, 30| 125 1. 60 | US
0,092 | 6.67| 0,193 | LhaOh} 73 | Lo14|S
0. 108 7. 59| 0. 228 16. 00 761 1. 22% B
0.092 ]| 5.00] 0,293 | 10.50] 55 | 1.00} S
0. 100 500} 0,211 10. 50 50 1.00| S
0. 108 5.40| 0, 228 1% 36 50 1. 03¢ S
0. 100 9.00| 0.211 18. 95 90 le34 1S
0. 096 | 14 40| 0. 202 30, 30| 150 1. 74 | US
0.092 | 18. 33| 0.193 38, 60] 200 2,051} US Just over 2° amplitude.
0.083 | 15.00| 0.175 | 31.60| 180 | 1..78] 8
0,092 | 11.45] 0.193 2 10 |- 125 14028 B Just below 2° amplitude.
0. 108 3450 | 0. 228 7s 36 32 0.83] S
0. 125 3.50| 0. 263 7. 36 28 0. 831 8
117 5.83| 0. 246 | 12,27 50 1. Ol &
0. 125 6e 25| 0, 263 1515 i 50 1l.10] S
TABLE XTI
WAVE TEST DATA FOR MODEL L
Point 1Le CAO = 24 75, CV £ 6.9, N = —80.
% 1518
ft. | ft. b b L/ 5 59|45 s g Srmagtn
o L0 | d
[an 0 =
0. 033 5 00} 0. 070 10. 50 150 0.99] S
0. 058 Te 50§ O, 125 15. 80| 129 1.22] US |4e b Not periodic.
0. 050 7. 50| 0.105 15.80] 150 1.22] US | & Irregular,
0. Q4.2 6. 25| 0.087 135.3151: 150 s LOU= 1 € Irregular,
0.071| 5,00{ O.149 1051} 711 0.99] B Neager a periodic oscillation of
lc 5 .
0,112 5. 85| 0.237 12. 30 e 1. 07 AUS i Periodic.
0.079| 585| 0,167 | 12,30 7% | LO7| US |7 Two step porpoising.
0,087 | 4.80| 0.18: | 10.10] 55| 0.97| US |4 Nearly regular,
0. 067 3. 85| 0. 140 8. 10 58 0. 86] S
0. 067 5.00} 0. 140 JOs 5L 5 0. 991 S
0. 050 5 00| 0. 105 10::511 200 0.991 S
0.067} 6.66] 0.140 | 14.00] 100 | L 14| US| 2.5 | Periodic, "jerky" type of motion
0117 L. 65| 0.246 9. 79 4.0 0.95] US| 5 Periodic.
0.092 ]| L4.00} 0.193 Beltll 44 | 0.88] US | &4 Periodic.
0. 083 5. 551 OIS 7.05] 4O | 0.80f US| 2.5 | Periodic.
0. 067 2, 65| 0. 140 5 58] 40| 0,70} S
0.100| 3 00| 0.211 6: 31 30 1 .0.751 U842 Steady, interspersed with 9,
0. 033 6. 65| 0.070 14. 00} 200 L1yl S
0.033f & 35| 0,070 | 17.57f 250 | 1L.28} S Steady except for one swing of
14 5%
0,042 | '8 301 0,087 | 17&71 208 | 1.28}:8 Steady except for occasional
"flicker" of 1°.
0. 046 | 10.00{ 0. 097 21.05| 218 42t US| Lseb
< 0,042 | 10.40| 0,087 | 21.90f 250 : l.45| US Periodic "kicks" of 5°.
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TABLE XII

WAVE TEST DATA FOR MODEL L

Point 2L.

CAO = 20759 CV & 6.1, Nnes= ‘BO.

L/n

Period of
waves.
secs,

Stability

s/us/B

Amp.

degs.

Remarks

0.067
0.108
0.033
00058

0.042
0.092

0.071

0.054

00075

0.075

0.083

0.130
0.240

0.175
0.225

0.208
0. 175
0.240

0.058

13.35
8.00
8.00
8. 35

8.35
8. 35

6. 65

10. 70

12.00

9.00

6.65

7.50
735

9«70
9. 70

8.80
7+ 70
8.70

14,00

0. 140
0.228
0.070
0.123

0.087
0.193

0.149

0.114

0.158

0.158

0.175

0.272
0.509

0. 368
047k

0.439
0. 368
04509

0,123

28,10
16, 83
16.83
17.57

17.57
17.57

14.00

22,50

25426

18.95

14.00

15.80
15.46

20440
20440

18.50
16. 20
18. 30

29.46

200
143

200
91

197

160

120

T"‘“

1,66
1,25
1.25
1.28

1.28
1.28

l.14

drs 47

1.56

1, 3,

1.14

1.22
1'%

1. 39
1.39

1. 3¢
1. 23
1, 32

1.71

nwacac
nnm

Us

Us

US
Us

Us

Us

UsS

o =P e | Max.
(CRE

LS\

L5

2.7

647

<0.4

2.2

5.5

3.5

440

Follows wave frequency.
Divergent - convergent.

Periodic.

Built up erratically to 1.8°
then down to 1.5°,

Erratic motion, amplitude 0.9°.
Steady. Before porpoising

built up, wake cross-sections
Just off step widened and {
narrowed alternately - apparently
at same frequency as waves met
hull, When unstable, afterbody
was wetted for a max. of 1lb and
then completely clear,

Steady except for slight oscilla-
tion, Wake section fluctuation,
almost allowed wake to touch
af'terbody above chine,

Erratic. Wetting of afterbody
from 1.5b to O but rarely com-
pletely clear. |

Fairly steady. Wake nearly
touched afterbody wall, and
afterbody alternately clear

and wetted up to max. 1,5b,

mean 1b,

At start fairly steady, built

up erratically. Afterbody
wetting initially between 1.0
and 0.1b finally between 1,5b
and clear,

Steady afterbody planing area
starting at 1.5b and running

off end - in phase with similar
movement on forebody - obviously
of same period as waves.

Steady. Motion as for previous
run, Heavy vertical oscillation.
Steady in pitch. Large oscilla=
tion in heave.

Large oscillation in heave.
Fairly large oscillation in
heave.,

Originally stable and built up
slowly.

Ragged movement in pitch over 1°.
Fairly large oscillation in heave
Motion in general seems to start
with oscillation in heave while
pitching motion builds up slowly,
starting from zero.
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TABLE XTII

WAVE TEST DATA FOR MODEL L

Point 3L. Cpq = 2,75, Cy = Teky 1 = =12°,
h L 1R A 8y d5 E' :
£, | ft. | b p | W/h [BESEE 156 Rewerks
L R8sl | g
Ry [2K2] =
0.033 5.00 | 0.070| 10.50} 150 | 0.99 |S ,
0.058 7-5 | 06323 15,801 130 | 1.22 {uB 5 Not periodic.
0.050 7.50 | 0.105] 15. 8} 150 | 1.22 {US 3.5 | Irregular.
O.th 60 25 00087 130 15 lw 1.10 | US 5 Irregular.
0.071 | 5.00 | 0,149 10.51f 70 | 0.99 |B 2 | Irregular.
0.113 | 5.8 | 0.237]| 12. 52 | 107 |uUs Appggaching periodic oscillation
of 6%,
0.079 5.85 | 0.167| 12.20| 74 | 1.07 |uUs Approaching periodic motion of
4. 5%,
0.087 4.8 | 0,184 10.101 55 | 0.97 |US 5.5 | Steady. Two step porpoising.
0.067 3.85 | 0.140| 8.10| 57 | 0.86 |US 4.5 | Nearly steady,
0 0058 1{» 10 O. 123 8- 63 70 O 89 Uus 2. 5 Erratic.
0.050 5.00 | 0.105{ 10.51] 100 | 0.99 |B Oek | Slight oscillation.
0.067 6.66 | 0,40 | 14.00| 100 | 1.1 |[US 3«45 | Irregular,
00071 5.75 O. 11‘-9 7' % 53 0085 B 1, 5 Steadyo
0,046 | 2.9 | 0.097] 6.10]. 63 | 0.74 |S
0.042 5.00 | 0,087 10.51] 120 | 0.98 |S
0.058 5,00 | 0.123| 10.51| 86 | 0.98 |US Repeatedly built up to 2.5° then
damped out,
0.05% 3.80 | 0.105| 8,00 76 | 0.85 |S
0058 | 4.45 | 0,123 9.36| 76 | 0.92 |US 2.5 | Periodic.
0.117 4Lo65 | 0,246 9.79] 40 | 0.95 |US 9 Two step porpoising,
0.092 4,00 | 0.193]| 8.41| 43 | 0.88 |US 4 Periodic.
0.083 3.35 | 0,175 7.05| 40 | 0.80 |US 4
0.067 2.65 | 0.140 5.58] 40 | 0.70 |S
0.083 2,50 | 0.175]| 5.26|] 3% | 0.69 |B ¥4 Steady.
0. 100 3.00 | 0.211 6 33| 30 0.75 |US 4 Steady.
0.033 6.65 | 0,070 | 14.00| 200 | 1l.14 |B Small, Periodic inerease to 1.59,
0.033 8¢35 | 0.070 | 17.57| 2%0 1.28 {US 3 Steady.
0.042 8.30 | 04,087 | 17.47] 200 1.28 |US 2.5 | Steady.
0.025 6.25 | 0.053| 13.15| 250 1.10 |S
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TABLE XTIV

WAVE TEST DATA FOR MODEL L

POint MJQ CAO = 2.757 C‘V = 802’ n = ‘ll-ou

h L h L qs";v? ‘E ﬁ @ g a
£t. £t. b » |/ A HEEYEE AN Remarks
MEUR| G PO | KO
& |hol|E |2
0.033 8.00 |0.070 | 16.83| 240 | 1l.25| US Fairly steady with occasion-
al "flicks" » 20,
04167 6.25 |0.351| 13.15| 38| 1.10f US | 7.9 Large heave. Pitching motion
gradually built up to about
69 - divergent,
0.108 6.00 |0.228] 12,62 55| 1.08] S 7.3 108 | Large oscillation in heave,
04046 665 |0,096 | 14.00| 45| 1oyl S 6oy
Q.017 4,00 {0.035 8.41] 240 0.88] S 62
0.0%0 6.25 |10.105{ 13.15] 125 | 1l.10| S Te3
0.067 6,00 {0,140 | 12,61 0 1.08{ B 75 | 0.4 | Steady.
0,058 8.15 {0.123| 17.15| 140 | 1.27] US | 7.0 Oscillation building up.
39 amplitude at end of run.
0.117 6.5 [0.246] 13,68 56| 1.13] US | 7.5 | & Steady.
0.175 5065 {0,368 | 11.90| 32 | 1.05| US | 7.8 | 3.5 | Steady.
0.142 5.65 0'2981 11,90 40 1.,05! 8 5.8 !
TABLE XV
WAVE TEST DATA FOR MODEL L
Point 5[4. CAO o 2.75, Cv =9-2 o N im -20,
YERERE
h L h L Bog AQ|E 4|2 a4
£, | £t pilp ] Egg ég o8 i 8 A
& 1 o R
0.033 8.00 |0.070 | 16.83| 240 .25 S
0.046 6.65 |0.097 | 14.00| 145 | 1.14 S 5¢5
0,050 12,00 }0.105] 25.26] 240 1,56 US 6.5 Steady.
0.067 8¢15 {0.140 | 17.15] 125 | 1.26| S 7.3 ,
0.083 10.40 |0.176( 21,90 125 | 1l.44| B 6,5) 1 Steady.
0.,096 12.5 |0.202| 26.65| 130 | 1.60] US | 8.0 Erratic motion, Divergent
: oscillation with model
leaving water with inoreas—
ing jumps until max, of 5°
oscillation reached, then
damped out. Motion repeated.
0. 100 9.00 |0.211} 18.94 1 3 U8 b Tel Occasional kicks of 4°
amplitude.
0.083 7.50 |10.176] 15.80| 9 | 1.22| S Ted Occasional rapid flick of 20
0,117 6.5 |0.246| 13.68] 56| 1.13 B 6.5| 2 Intermittent, steady. Model
periodically leaving water
and steady at 6,5° whilst in
23,
0.096 6,00 |0.202| 12.61| 62| 1.08 S 6.5
0. 125 7.5 |0.263] 15.80| €0 | 1l.22| US Erratic oscillation. Model
leaving water occasionally.
0.175 5.65 |0.368| 11.90| 32| 1..05 S 6.5
Qe142 5. 65 | 0.,298] 11.90 40 10518 6.9
0.158 6.35 | 0.333| 13.36] 40| 1.12 6.9
1 0.167 7.00 | 0.351] 4. 721 42| 1.17| US Model thrown well clear of
water
0.208 6e25 | Os 13.1 1.10{ US | 6. Oso:l.llation possibly buildi
# MDY oy L sy up. 69 amplltude li end ofng
L run.
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TABLE XVI

WAVE TEST DATA FOR MODEL L

Point 6L. CAO = 2,75 Cy = 6.9, N = =129,

. (@GR
oaloeld d
h L h L | /o |B20Ha™ & Remarid
5. ‘et b b FREICESEE.
(o) + 0N
[s 9] n =
0.033} 5.00| 0,070} 10.50 | 150 | 0.99| S
0.058 7.501 0« 123} 15.80 1%0 1.22] US| & Not periodic.
0.0%0 7501 0:105] 15,80 150 1,22| B 2 Irregular.
0.042| 6.25| 0,087 13.15 | 150 | 1.10| US| 5 Irregular.
0.071| 5.00| 0.149} 10.51 70 | 0.99| US Nearer a periodic oscillation of 3°
0,058 | 4.10| 0.123| 8.63 70 0.89| 8
0.113 | 5.85] 0.237| 12.3%0 52 | 1.07| US Approaching periodic oscillation
d of 69,
0,087 4.80| 0.184| 10,10 55 | 0.97| US Nearly steady oscillation of 5.
0.067 | 3.85| 0.140| 8.10 57 | 0.86] B Nearly steady oscillation of 1.5°.
0.050 5 00| 0.,105) 10.51°| 100 | 0.99| B Small irregular oscillations of
' about 0.8°,
0,067 | 6.66] 04140 14.00 | 100 | 1.14| US| 6.5 | Two step porpoising.
0,117 | 4.65]| 0.246| 9.79 4 | 0.95| US| 5 |Periodic.
0,092 | 4,00| 0,193 8. 41 43 | 0.88] US| .5 | Periodic.
0.083 1 3.35| 0.175]| 7.05 40 |1 0,801 US| 3 Occasional kicks of 6°.
0,067 | 2.65| 0.140| 5.58 4 | 0.70] S
0.085 20% 00175 5.26 X) O 69 B 005 Steadyo
0.100 | 3.00| 0.211{ 6.31 3 | 0.75| US Steady, diverging to 3° amplitude
at end of run.
0.033 6.65| 0.070 | 14.00 200 1.14] S | 0.2 |Slight oscillation.
0.033 | 8.35| 0,070} 17.57 | 250 | 1l.28| US Periodic diverging oscillation of
4°, Damping out.
0.042 8.30 { 0.087 | 17.47 200 1,28| B 2 Steady.
0.046 | 10.00 | 0,097 | 21.05 | 217 | 1.42]| US Periodic, 6° and 3° alternating.
0.025 6,25 0.053( 13.15 | 250 1.101 S ,
0.025 | 25,00 | 0.053| 52.60 |1000 | 2.58| B | 1.5 | Slow.
0,033 | 33.30 | 0.070| 70.00 |1000 | 3.27| B | 0.7 | Slow.
0.042 | 41.60 | 0.087| 87.50 |1000 | 3.95| S
0.017 | 16.65| 0,035 35,10 {1000 | 1.92| B |1
0.008 | 8435 0,017 | 17.57 |1000 1.28] S
0,025 | 15.00 | 0,053 | 31.60 | 600 | 1.79| B | 1,5 | Periodic.
0.033 | 20,00 | 0,070 | 42.10 | 600 | 2.18| US| 7 Steady.
0.025 | 20,00 { 0,053 | 42.10 | 800 | 2.18| US | 2.75| Steady.
04017 |13.30 | 0.035| 28,00 | 800 | 1.66| B |1 Steady.
OQO% lp0.00 Oe 105 8’4--&) &)O 5-82 B 1 Steady.
00042 330 35 00087 70-30 &O 3027 B 1 Steady.
0.042 | 26,65 | 0.087 56410 6,0 ZailliB 1,5 | Steady.
0.033 |26,65| 0,070 | 56.10 | 80 | 2,71| B |1 Occasional amplitude of 2°. .
0.058 | 35.00 | 0.123| 73.70 | €00 | 3.41|( B |1 Low frequency oscillation.
0,050 {20.00|0.105| 42.10 | 400 | 2.18| US |'8 Two step porpoising.
06121 | 33.35 | 0.254 | 70430 280 227105 1@ Occasional 2,5°,
0,092 |33.35 | 04193 70.30 | 360 | 3.27| B |<2 |Very low frequency. One sudden
kick of 4° - damped out.
06100 |33.35|0,210 | 70.30 | 3%0 | 3.27| US| 2 Occasional kick of 4°.
0,062 | 33,35 |0.132 | 70.30 5%0 52l|B 1
0,071 |37.50 |0.149 | 79.00 | 5%0 | 3.62|B |1
0.058 28.00 00123 59000 l{-& 2083 B 2 Steady.
0.0ﬁ) 214--00 00105 mcw ll-&) 2.% UsS 3 Steady.
00067 32000 O. 11}-0 67. m 4&) 3. 16 B 1 Steady.
0.117 |25.00 {0.246| 52,60 | 210 | 2,58| US |7 |Irregular.
0.167 |16.65 {04351 | 35.10 | 100 | 1..91|US |8 Irregular,
0.025 |10.00 | 0,053 { 21.04 | 400 | 1.42|US |4 Irregular,
0.017 6. 65 | 0,035 | 14,00 400 l.141 S
0,067 |16,65 | 0,140 | 35.00 | 250 ! 1.92|US |6 |Steady.
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TABLE XVII

WAVE TEST DATA FOR MODEL L

Point 7L. Cp_ = 2.75, Oy = 9.2, 0 = -12°,

A = © 8y
ft. | ft. | D b ] Y e e g
- nmw|<s =
0.033 | 8,00 |0.070 | 16.83]| 240 | 1..25| US 4 Irregular,
0.046 | 6.65]0.,096 | 14.00| 145 | 1.4 |B |[7.3 Alternate 1° and 2°.
0.017 | 400 |0.035 8.411 240 | 0.88|B |8.7 | 1.9
0.067 | 8.15 {0.140 | 17.15| 125 | 1.26]US |8.0 | 3 Steady.
0.0%0 | 6.25 (0,105 | 13.15| 125 | 1.10| B |7.8 | 1.5 | Steady.
0.087 | 6.7510.184 | 4o} 77| L.15|1B 8.0 1 Steady.
0.100 | 9400 |0.211 | 18.94| 90 | 1l.34| US 6.5| very erratioc, with model
leaving water occasionally.
0.083 | 7.50 |0.176 | 15.80] % | L.22|{B |8.0 | 1 Steady.
0.117 | 6.50 |0.246 | 13.68] 56 | 1.13|B 8.0 | 1 Steady.
0.142 | 8.00 |0,298 | 16.82| 56 | 1.26|US |7.5 Model thrown nose up clear
of water.
0.125 | 7.50 |0.263 | 15.&0| €0 | 1.22] US Erratic. Model leaving water
occasionally.
0.175 | 5.65 10.368 | 11.90] 32 | 1.05|US {8.0 | 5 Irregular,
0.142 | 5.65 {0.298 | 11.90| 40 | 1.05|S }8.2
TABLE XVIII
WAVE TEST DATA FOR MODEL L
Point 8L. Cye = 2,75y Cy = 8.2, M = -8°,
qa U!‘ ) gm % . g‘ 3
h © A =~ nl|ldn
O + ]
&%) n < =
0.033 | 8,00 | 0.070 | 16.83| 240 | 1.25| US Fairly steady with amplitude
building up.
0,046 | 6,650,096 | 14,00 45| lel4|US |80 | 1 Occasional kicks down to 5.5°.
0.017 | 4.00 | 0,035 8.41] 240 | 0.88| S | 8.1
0,050 | 6.25]0,105 | 13.15| 125 | 1.10| US | 7.4 | 2.2| Steady.
0.033 4415 | 0,070 8.741 125 | 0.89] S 8.0
00087 6.75 00184- 14-20 77 1015 B 705 2 Steady.
0.067 | 6,00{0.140 | 12.62] 90 | 1.08| B | 7.9 | 1.8| Steady.
0.100 | 9.00{0.211 | 18.94] 90| 1.34|US|9.0 | 7 Steady.
0.029 | 5.35|0.061 | 11.26| 183 | 1..02| S (8.1
0.117 | 6.50|0.246 | 13.68| 56| 1.13{US |8.0 | 3 Steady.
0.096 6,00 | 0.202 12,61 62 1.08}.8 7.6
0.175 | 5.65|0.368 | 11.90| 32| 1.05| S | 8.0
0.142 | 5.65|0.298 | 11.90| 40 | 1.05|{B | %5 1 2geady. Occasional "kick" of
0.158 | 6.35|0.333 | 13.36] 40 | 1.12| US|8.0 | 9 Steady.
0.208 | 6.25{ 0,439 | 13.15| 30 | 1..10]|S | 8.2
0.225 | 6,75 0.474 | 14.20] 30 | 1l.15} US Very erratic motion.
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TABLE XIX

WAVE TEST DATA FOR MODEL L

Point 9L. CA, = 2.75, Oy = 9.2, n = -6°.

% 1Balt . |B
h L 3 L 11m 'g§g); jgglg:) 8 Remarks
P, | ft.| b b EEg|eSlEe |de u
(oW w0 <3 =
0.046 | 6.65|0.097 [14.00 | W5 | 1.14| S | 7.0
0.033 | 8.00 | 0.070 |16.82 | 240 | 1.25 T3 Bouncing at constant atti-
S tude on every third or
.| fourth wave crest.

0.05 |12.00 | 0.105 25.26 | 2,0 | 1.56{us|{7.0|3 | Steady.

0,067 | 841504140 |17.15 | 125 | 1.26| S | 7.4 :

0,083 | 10.40 | 0.176 (21.90 | 125 | 1.44| US| 7.5] 7 Erratic. Nose of model
thrown up by waves causing
model to leave water

; ; frequently.

0. 100 9.00 | 0.211 |18.9.4 %0 e 34508 F ta0Hf 3 Steady.

0.083 | 7.50]0.176 |15.8 | 1.22| US| 8.8]| 4.5 | Steady.

,0.096 | 6,00 | 0.202 |12.61 62| 1.08! B | 7.5]1 Steady.

0.117 | 6.5 | 0.246 |13.68 56| 1.13{ B | 7.3| 1.5 | Steady.

0.067 | 6.00]0.140 |12.61 0 1.08| B | 8.1| 1.2 | Steady.

0.125 | 7.50]0.263 |15.80 0] L22]118 Erratic. Wodel leaving
water occasionally.

0.175 | 5.65]0.368 |11.90 32! 105103 § 7D 5 Steady.

0.142 | 5,650,298 {11.90 4O | 1.05(S | 7.7

TABLE XX
WAVE TEST DATA FOR MODEL L
Point 10L. Cpg = 2.75, Oy = 6.9, M = ~4°.
E 0 Em -g | g'
h % h L o O Bl al <=0
e | s » | b | VR BEHEGGH 3 as
v | Lol §;
A n | =
0.033 | 8,00 | 0.070 |16.83 | 20| 1l.25| B Fairly steady. Occasional
, "Plick" of 2°,

0.046 | 6.65| 0,096 |14.00 | 145]| 1.14| B | 8.0} 1

0.046 | 6,65 0,096 |14.00 | 45| 1.14| B | 7.5| 1 Steady.

0.033 | 8,00 0.070 |16.83 | 2450 | 1.25| s | 8.0

0,05 | 12,00 { 0.105 |25.26 | 240 1.56] US| 6.0 & Spasmodic.

0.067 8:15] 0. 140 | 17.15 125 1.26| US| 7.6| 2.7 | Erratic.

0.050 ] 6+25]|0.105 |13,15|.125| 1.10| S | 8.2

00087 6075 Qe 184 114-0% 77 1-15 Us 7.8 l{»as Steady.

0.067 | 6.00| 0.140 |12,62 0| 1.08{ s | 8.3

0.117 | 6.50| 0.246 |13.68 56| 1.13| US| 8.3] 6.5 | Steady.

0.096 | 6,00 0.202 {12.61 62| 1.08{ Us| 8.0] 7 Steady.

00083 5:& 00176 104 52 60 0099 B 7-0 1.5 Steadyo

0.175| 5.65] 0,368 |11.90 32| 1l.05| US| 8.0} 7 Steady.

0.142 | 5,65| 0,298 | 11,90 40 1,051 US| 9.01|10 Steady.

0.125 | 5,00 | 0.263 |10.52 40| 0.99] US| 7.8] 5.5 | Steady.,

0.108 | 4.35]|0.228 | 9.16 40| 0.92| US| 8.5 8 Steady.

0.092 | 3.65| 0.193 | 7.69 4O | 0.84| US| 7.5] & Steady.

0.079 | 3.35} 0.167 | 7.05 42| 0.8} s | 8.0

0.083 | 2,50} 0.176 | 5.26 30| 0.68/ B | 8.0 1 Steady,

0.100 3,00 | 0.210 6.31 30 0.75] 8 8.3

0.117 | 3.50 ) 0.246 | 7.36 30| 0.82] US| 7.5 Oscillation building up; 6°

| at end of run.
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TABLE XXI

WAVE TEST DATA FOR MODEL L

Point 11L. CAO = 2750y = 9.2, n = -1°

h L h L 1/nh |g23 "ig 3 &0 Remarks
= £5. ft. b b AT O [R5 0
HEAO g\ | KT
R CRIE

0.033 | 5.00 [0.070 10.50| 150 | 0.99 |S

0.058 | 7.50 [0.123 15,80 | 129 1 1.22]8

0.071 |11.25 [0.149 | 23.70| 159 1. 5188

0.096 113,00 |0.202 | 27.40| 125 1, 64 Small erratic oscillations with
occasional skips of 6°.

0.108 | 10.00 |0.228 | 21.05| 92 | 1l.42 |US Occasional skips of 9° amplitude.

0.087 | 9.20 |0.184 | 19.37] 105 | 1.35 |S

0.15%0 | 9.95 [0.316 | 209 | 66 | 1.41 [US Thrown well clear of water.

0.142 | 9.35 0,298 | 19.70| 66 | 1.37 |US An occasional nose up "flick"
of 40,

0.129 | 7.5 |0.272 15.80 8 | 1.22 13

0.192 | 6.65 |0.403 | 14.00f 35 | 1L.14 |B 1.5| Steady.

0.28 | 7.30 |0.439 | 15.37| 35 | 1.20 |US Bouncing clear of water.

04092 |16.50 {0.193 | 34.70| 18 | 1.90 |US 5 Bouncing from wave crest to wave
crest with erratic pitching
movement.

0.063 {13.50 |0.132 | 28.40 | 216 | 1.68 |B 2 Bouncing from wave crest to wave
crest.

0,075 | 13.50 |0-158 28.40 | 180 1.68 |8

0.067 {16.5 [0,140 | 34.70| 248 | 1.90 |US Steady. Bouncing from wave
crest to wave crest.

0,071 | 16.50 {0,149 | 34.70| 233 | 1.90 |US 4 | Bouncing, Irregular oscillatio

0.050 |11.00 {0.105 | 23.18]| 220 | 1.49 |B 0.8]| Very low frequency oscillations.

0.0% |12.5 |0.105 | 26,30 | 25 | 1.60 |S
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TABLE XXII

WAVE TEST DATA FOR MODEL L

Point 12L. CAO = 2,75y Oy |= 8.4y 1 = 0°,

o = &
(]
h L h L |1/m |38 § d :rj*g *3
£, | £t | b b Fegles 4 e Ty
¥ n =

04033 | 5,00 [0.,070 | 10.50} 15 | 0.99} S

0.058 | 7.5 [0.123{15.8 | 129 | 1.22| B s HE Irregular.

0,071 | 11.25 |0e149 | 23.70 | 159 | 1.51| US |8 Irregular., Tendency to leave
water,

0,067 | 1000 |04140 | 21.02 | 150 1.5218

0,108 | 10,00 0,228 | 21.05| 92 | 1l.42] US Small skips of 4° interspersed
with skips of 8°,

0.087 9.20 |04184 | 19.37| 105 | 1.35| S

0,150 | 9.95 |0.316 ]| 20.90| 66 | 1.41| US Occasional bounces clear of waters.

0el42 | 9435 |0.298 | 19.70| 66 | 1.37|US |6 Erratic.

0,129 | 7.50 |0.272 | 15.80| 58 | 1.22]| US Model bouncing well clear of
water.,

0,117 | 7.00 |0.246 | 4.72| 60 | 1l.17}| US Divergent, 5° at end of rum.

04104 | 6,00 |0.219 | 12,63 58 | 1.07]8S :

0.133 | 6.00 |0.281|12.63| 45 | 1.07|8S

0.150 | 6400 |0.316 | 12.63| 40 | 1.07|B 2 Periodic,

0,192 | 6.65 |0s,403 | 14.00] 35 | 1.14| US Erratic motion. Model leaving
water,

0.175 6.15 |0.368 | 12.95 35 1,091 B 1.5 Oscillating.

0.242 | 6425 |0.509 | 13.15| 26 | 1.10 | US Erratic bouncing. Wave system
poor.

0,062 | 13,50 |0.132 | 28.40| 216 | 1.68 ) US Erratic pitching movement.

0.05 | 11.00 {0,105 | 23.18| 220 1.491 S

0.050 | 12.50 |0.105 | 26.30| 250 | 1.60}US | 6.5 | Irregular.

0.042 | 10.40 0,087 | 21.90 | 250 ll | S

TABLE XXIII

WAVE TEST DATA FOR MODEL L

Point 13L. Cp, = 2.755 Cy = 9.5, n = 0%

G Py g
y ¥ § e g
h L h L b i1oEREB | . ¢ Remarks
ft. | ft. b b £28 a5 |5
(aM1 n =

0.033 5,00 | 0.070 | 10.50| 150 0.991 S
0.058 | 7.5 |0.123| 15.80 | 129 122 1'a
0.071111.25|0.149 | 23.70| 159 LS I
0,087 | 11.65 [ 0.184 | 24.55]| 133 | 1.5 | US | 2-3 Qccasional bounces, One of 7°

leaving water.
0.108 | 10.00 | 0.228 | 21.05| 92 | 1.42 | US Model bouncing well clear of

water.
0.087 9,20 { 0.184 | 19.37| 105 La35 LIS
0.15% | 9.95(0.316| 20.90| 66 | L.41}US Bouncing well clear of water,
0,142 | 9.35]0.298 | 19.70, 66 | 1.37| US Steady except for ome "hop" of

+ 79 amplitude.
0.129 | 7.50 | 0.272 | 15.80| 58 | 1l.22] S
0,192 6.65 | 0403 | 14.00 35 11418
0.208 | 7.30 |0.439]15.37| 35 | .2 |US Steady except for one skip of

' 60 amplitude.
0.062 | 13,50 { 0.132 | 28.40 216 1,681 8
0,075 | 13.50 | 0.158 | 28.40 180 1.68| B i Stead.y.
0.092 | 16,50 | 0,193 | 34.70| 180 | 1,90 | US 6 Erratic. Bouncing from wave
! crest to wave crest.
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TABLE XXTV

VAVE TEST DATA FOR MODEL L

Point ll}.L. CAO = 2.75» CV & 6.99 = +b.o-
G > .
- 0 .t R IR SHE .
h L h L |ym|BE8|RE(E0|%8
ft. | ft.] b b CER|l SRS | Ko Remarks
[0} +2 42 «
N n |4 |=
0.033 | 8.00| 0.070 | 16.82 | 240 | 1.25| B 6.5] 1,
0.05% |12.00| 0.105 | 25.26 | 240 | 1.56] USs |7.5| 7.5 | Alternating.
0.067 | 8.15| 0.140 | 17.15| 125 | 1.26] B 7.0 | 1.4
0.083 | 10.40] 0.176 ] 21,90 | 125 | 1l.44| US |%.0| 8 Steady.
0.100 | 9.00| 0.211 | 18,94 | 90 | L.34| US | 7.0} 9 Steady.
0.083| 7.50| 0.176 }15.80 | 90 | 1.22] US | 7.0] 3.5 Steady.
0.096 | 6.,00| 0.2 |12.61]| 62 | 1.08] US |7.5]| 8 Steady.
0.067 | 6,00} 0.140 {12,61| 9 | 1..08| B 6.8 | 1.4 | Steady.
0.083 | 5.00] 0,176 | 10.52 | 60 { 0.99| B 7.1} 0.5 Steady.
0.175 | 5.65| 0.368 | 11,90 | 32 | 1.05| US |7.5|8 Steady.
0.142 | 5.65| 0.298 |11.90| 40 | 1..05| US |7.5{8 Steady.
0.125 | 5.00| 0.263 | 10.52| 40 | 0.99| US |8.5 Divergent. Reached 6°
amplitude at end of run.
0.108 | 4.35]| 0.228 | 9.16| 40 | 0.92| US | 7.5 Oscillating, possibly
building up to 4° ampli-
tude at end of run.
0,092 | 3.65| 0.193 | 7.69| 40 | 0«84] S 6.8
0,100 | 3.00] 0,210 | 6.31| 30 | 0.75| S 7.3
0.083 | 2.50| 0.176 | 5.26| 3% | 0.68| S 6.3
0.117 | 3.50| Oe246| 7.36| 30 | 0.82] & 6.8
0.133 | 400 0.281}| 8.41| 30 | 0.88| US | 7.0 Oscillation building up.
5° amplitude at end of run.
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Record Summary: DSIR 23/23746
Title: High length/beam ratio seaplace hulls: pt 21 (MAEE/F/RES/257)
Availability Open Document, Open Description, Normai Closure before FOI Act: 30 years
Former reference (Department) ARC 17909
Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.

The document has been released under the 30 year rule.

(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.



