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WATER PRESSURE DISTRIBUTION ON A FLYING BOAT HULL

By F. L. THOMPSON

SUMMARY

The investigation reported herein was conducted by the
National Advisory Committee for Aeronautics af the
request of the Bureaw of Aeronautics, Navy Department.
This s the third in a series of investigations of the water
pressures on seaplane floats and hulls, and completes the
present program. It consisted of determining the water
pressures and accelerations on a Curtiss H-16 flying
boat during landing and taxying maneuvers in smooth
and rough water.

The results show that the greatest water pressures occur
near the keel at the main step, where the maximum pres-
sure is approzimately 15 pounds per square inch. From
this point maximum pressures decrease in magnitude
toward the bow and chine. Pressures of approximately

" 11 pounds per square inch were experienced at the keel

slightly forward of the middle of the forebody when taking
off in rough water. The area of the forebody subjected
to considerable pressure is roughly a triangle having its
base at the step and its apex on the keel at the load water
line forward. On the bottom between steps, a maximum
pressure of 8 pounds per square inch is nearly uniform.
A vertical acceleration of 4.7 is the greatest value encoun-
tered in landings, and is considerably greater than any
other value recorded. It was found that 3g is approxi-
mately the maximum to be expected in take-offs in rough
water, and that this value was exceeded during only a few
landings. A longitudinal acceleration of 0.99 was once
attained in a landing in rough water and 0.7g is not
unusual for take-offs in rough water. The maximum
lateral acceleration attained in cross-wind landings is
approximately 0.5g. The results show that the landing
loads were usually borne by an area near the main step,
and that rough water may cause large loads to be applied
near the middle of the forebody.

INTRODUCTION

When considering the water reaction on a seaplane
float, the designer should know the magnitude of the
total water force, the manner in which the water load is
distributed, and the magnitude of the maximum local
pressures on all parts of the float bottom. The latter

item may be a separate consideration because high
local pressures are not necessarily associated with large
total loads. For this reason data on the distribution of
maximum pressures should be correlated with total
loads if possible. This has been kept in mind during a
series of water-pressure distribution investigations
requested by the Bureau of Aeronautics, Navy Depart-
ment, and conducted by the Langley Memorial
Aeronautical Laboratory, at Langley Field, Va.

The investigation reported herein was conducted on a
boat type seaplane. It is the third in the series of
investigations and completes the present program.
The two previous investigations were conducted on a
single-float and a twin-float seaplane, respectively, and
have been previously reported. (References 1 and 2.)

An H-16 flying boat was used for these tests.
Water pressures at 15 stations in the hull bottom were
measured simultaneously during numerous taxying and
landing maneuvers on smooth and rough water.
Accelerations along the three reference axes of the
seaplane were also measured. Measurements of the
longitudinal angle of the hull, the air speed and the
average wind velocity during tests were made for the
purpose of describing and classifying maneuvers.

The measured pressures and accelerations are tabu-
lated in this report. The distribution of maximum
pressures is shown by tables and curves, and the rela-
tion between local pressures and total water reactions
is explained from a study of the records obtained.
The results are compared with those obtained in
previous investigations. From a correlation of pres-
sure and acceleration records, approximate load distri-
butions for two critical conditions are derived.

APPARATUS AND METHOD

Apparatus.—The H-16 flying boat (fig. 1) is a
twin-engined biplane weighing about 10,500 pounds
fully loaded. During the tests it was loaded to ap-
proximately 10,000 pounds and was found to land
normally at a speed of about 50 m. p. h. The lines
of the hull are shown in Figure 2. It is constructed
of wood. The side sponsons, or fins, as they are called,
extend the bottom lines considerably beyond the true
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chines. For convenience, however, the fin edges are |

called chines in this report. It may be observed that
the keel line is a continuous curve, and that the steps
are formed by additional surfaces built on the main
bottom. The lines are such that the planing surface
has a considerable positive angle of inclination to the
horizontal when the hull is level. The angle of inci-
dence of the wings also is positive, the angle being 4°
for both wings.

through resistances in parallel to a recording unit on a

multiple recorder. The recording unit is a solenoid

which deflects a light beam by steps when action of the
pistons varies the current. A record of the motion
of the light beam in each of the several units attached
to the multiple recorder is made on a rotating pho-
tographic film. Fifteen of these water-pressure units
were installed in the left side of the hull bottom.
(Fig. 3.)

FIGURE 1.—The H-16 flying boat

The research equipment consisted of the following:

1. Water-pressure apparatus.

2. Three single-component recording accelerom-
eters.

3. A four-element plunger-type accelerometer.

4. Two recording manometers.

5. A swiveling Pitot-static air-speed head.

6. A float angle observer.

7. A motor-type electric timer.

1. The water-pressure apparatus is fully described
in reference 1. Water pressures exceeded or not ex-

2. The N. A. C. A. single-component recording
accelerometer is described in reference 3. The com-
ponents of acceleration along the X, Y, and Z axes of
the seaplane were measured with three of these

" instruments rigidly mounted on main structural

members inside the hull. The instruments used to
record vertical and longitudinal accelerations were
located about 1 foot below the C. G. The one used to
record lateral accelerations was mounted about 3 feet
to the rear of the other two, and was used during
comparatively few runs.
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FIGURE 2.—Hull lines of the H-16

ceeded within a limited range are indicated by a num-
ber of water-pressure units installed in the float
bottom. Pneumatic pressure, which can be readily
varied, is applied to the inner ends of four pistons in
each unit. The inner ends of these pistons have equal
areas, and the external ends, which are subjected to
water pressure, have unequal areas. Consequently,
each piston responds to a different water pressure at a
given pneumatic pressure, and by changing this pres-
sure the recording range can be varied as desired.
The movement of each piston closes an electrical cir-
cuit, and the four pistons in each unit are connected

3. The 4-element plunger-type accelerometer is de-
scribed in reference 2. It is similar in principle to the

Step Main.step  ~Heel
50 /4o o ©4 ©7 00
3 o6 09
o8

Left chine-~

FIGURE 3.—One-half of the bottom plan of the H-16 hull showing locations of
pressure stations

Zahm type of instrument, in that it makes use of
plungers acting against coiled springs, which allow the
plungers to move when certain accelerations are
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exceeded. Four such plungers, adjusted to respond
to accelerations ranging from 1.59 to 6.9, were
contained in one unit. These plungers were electri-
cally connected in the same manner as the pistons of a
water-pressure unit, and when in use, the instrument
was connected to the water-pressure recorder in place
of one of the water-pressure units. Accelerations of
the hull bottom in two regions of high pressure were
measured at different times during the tests. The
accelerometer was first mounted about 4 feet forward
of the main step, and was later moved to a position

as described above. The fourth element was used to
record air speed.

5. A swiveling Pitot-static air-speed head was
mounted on an outboard wing strut for the measure-
ment of air speed. It was connected to the recording
element mentioned above.

6. The float-angle observer is a small motor-driven
motion-picture camera used to photograph the shore
or horizon line parallel to the path of the seaplane.
The angle of the longitudinal axis of the hull with
respect to the horizontal was recorded by this means.

FIGURE 4.—Accelerometers mounted for the recording of vertical and longitudinal accelerations

near the middle of the forebody. It was not placed
closer to the main step because of the double bottom
in that region. The records obtained with this instru-
ment were used primarily to indicate the acceleration
which should be used in the computation of a correc-
tion to the recorded maximum pressures for the
effect of acceleration of the pressure units.

4. The N. A. C. A. recording manometer is described
in reference 4 as the recording element of the N. A. C.
A. recording air-speed meter. Two 2-pressure cell
instruments of this type were used. Three of the 4
recording elements thus provided were used to measure
pneumatic pressures applied to water-pressure units

7. An N. A. C. A. motor-type electric timer, similar
to the chronometric timer described in reference 5,
was used to synchronize all the above-mentioned
records at 1-second intervals.

Parts of the instrument installation are shown in
Figures 4 and 5. Figure 4 shows the accelerometers
used for recordinz vertical and longitudinal accelera-
tions. Figure 5 is a view of the observer’s compart-
ment, showing control switches, the hand pump, sight
gages and recording instruments of the pneumatic
system, and the electric timer. At the rear of this
compartment, a dark room was constructed for the
purpose of changing photographic film records in
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flight. This made it possible to make a large number
of runs during one flight.

Method.—With the instruments described above,
continuous synchronized records of the water pres-
sures, accelerations, air speed, and float angle were
obtained. The duration of the records was usually

Records were taken while taxying at various speeds,
while getting off and during numerous landings. A
large part of the test work was carried out in rough
water. Runs were made in sharp-crested waves up
to 3 feet high accompanied by wind or by wind and
tide. In the latter case, the water was usually choppy.

FI1GURE 5.—Instruments and controls in the observer’s compartment

about six or eight seconds for all except the water-
pressure record. This record included only a part of
the above period, usually about two or three seconds.
In addition to the above records, the average wind
velocity during tests was measured with an anemom-
eter from a boat standing by near the seaplane. Read-
ings were taken over periods of two to five minute
intervals during the flights.

Several landings and take-offs also were made in swells
varying in height from 1 to 5 feet.

An attempt to take off perpendicular to swells
3 to 5 feet high in a negligible wind failed. At a speed
of 35 m. p. h., the boat was pitched several feet into
the air and fell off slightly on one wing. Take-offs
were then made parallel with the swells without dif-
ficulty. No serious trouble was experienced in mak-
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ing landings perpendicular to these waves. A sharp
lateral blow on the stern of the hull was felt in one
such landing, and later a large hole appeared in the
bottom of a wing tip float after a particularly rough
landing.

Several take-offs and landings were made in sharp-
crested waves about 3 feet high without difficulty or
damage to the seaplane. The hull was subjected to
an extremely severe pounding by these waves, how-
ever, particularly during the take-off runs. The
crew of the seaplane was probably more impressed by
the severity of these impacts than those encountered
during any other conditions.

The only parts of the seaplane damaged during the
flights were the two wing tip floats. One of these was
damaged during a landing in rough water as men-
tioned above. The other was completely demolished
in a cross-wind landing. In this landing, theleeward
float suffered the damage and the wing tip submerged,
causing the seaplane to execute a ‘“‘ground loop”
about the submerged tip. This happened in a 10
m. p. h. wind and waves from 15 to 20 inches high.
It is worthy of note that the seaplane took off and
landed in smooth water without difficulty.

PRECISION

The maximum water pressures as given in the sum-
marized data and pressure distribution curves are con-
sidered, as in reference 2, to be accurate within + 10
per cent.

The accuracy of the air-speed recorder is believed to
be within +2 per cent. There is, however, a possi-
bility that the recorded speed may be consistently
low due to disturbed flow in the vicinity of the Pitot-
static head. This error probably varies from a
negligible amount at low angles of attack to less than 8
per cent at high angles of attack. The air speeds
given in this report, therefore, may be from 6 to 10 per
cent low.

The average wind velocity as measured with an
anemometer at intervals during flights may be con-
siderably different than the velocity at a given instant,
because of unsteadiness of the wind. The error caused
by such variations is considered to be within +3
m. prb.

The recorded values of longitudinal float angles are
considered to be accurate within =+ }°.

The accuracy of the recording accelerometers was
affected by structural vibrations. The instruments
were lightly damped to allow them to record acceler-
ations of short period with the result that they re-
sponded to high-frequency vibrations of the structure.
The amplitude of these vibrations increased with
engine speed, although the period remained at about
one-fortieth second. It was necessary, therefore, to
read the mean values indicated by the record lines, and
to disregard peak accelerations with a period as short

as that corresponding to structural vibrations. Sharp
vertical and longitudinal accelerations were most
affected because their periods were sometimes only
slightly longer than the period of the structure. Lat-
eral accelerations lasted longer. The accuracy of the
recorded accelerations is considered to be within
+0.3g for the vertical, +0.2g for the longitudinal,
and +0.1g for the Jateral component.

The limits given by the float-bottom accelerometer
are believed to be very accurate except for the 3.2¢
limit, which is possibly in error by + 0.2¢ due to friction
of the plunger.

RESULTS

Pressures.—The water-pressure data recorded dur-
ing each run are given in Table I. Maximum accelera-
tions recorded simultaneously with water pressures
are also given in this table. The maneuver executed
in each run is described as to air speed, longitudinal
angle of the seaplane, average wind velocity, and con-
dition of the water’s surface.

True maximum pressures at each station are given
in Tables II (@) and IT (b). These tables give the five
highest pressures at each station for landings and for
taxying maneuvers. These values are corrected mean
pressures taken from the highest limits given in Table
I. The correction is one-fourth pound per square
mch, which is added to the recorded limits to counter-
act the effect of acceleration of the water-pressure units
on the recorded pressures. This correction corre-
sponds to an acceleration of 4g (reference 1), which the
float-bottom accelerometer shows is a fair maximum
value. The true pressure is considered to be the mean
of the corrected limits unless there is no value given
for an upper limit of pressure not exceeded. In the
latter case, the true pressure is considered to be greater
than the corrected limit of pressure exceeded by one-
half pound per square inch. This assumed value is
based on a consideration of the small number of times
these highest pressures were exceeded, the pressures
actually established at other stations and the extremely
short duration of the highest pressures.

The maximum pressure at each station for each
condition as given in Tables II (a) and II (b) is used
in plotting the two sets of curves of Figures 6 and 7.
In these figures, estimated pressures are given for a
few stations at which maximum pressures were not
definitely established because they were always less
than the minimum pressures, which the units at these
stations were set to record. Thus, the pressure at
stations 5, 9, and 10 of Figure 6, and station 5 of Figure
7, is estimated at 3 pounds per square inch, and is
considered to be negligible at stations 8 and 15in both
cases and at stations 12 and 14 in Figure 7. These
values are based on a consideration of pressure limits
not exceeded at these stations and pressures established
at surrounding stations.
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The curves of Figure 6 show the distribution of
maximum pressures for landings and those in Figure
7 for taxying maneuvers. In Figure 8, the two con-
ditions are combined to show the distribution of maxi-
mum pressures for all conditions. Figure 6 shows
that the principal landing shocks, with pressures rang-
ing from 11 to 15 pounds per square inch, are borne
on an area that includes stations 1, 2, 3, and 4; and
that somewhat smaller pressures may be experienced
at stations 6 and 7 in the middle of the forebody,
and at stations 11, 12, and 13 abaft the main step.
It is shown in Table I, however, that pressures at
stations 6 and 7 of the magnitude shown in Figure 6
are unusual in landings. Figure 7 shows that large
pressures may occur quite generally in take-offs over
the forebody from the main step forward to about
two-thirds the distance to the bow. It should be
noted, however, that high pressures forward only
oceur close to the keel and not at the chine. In
general, as Table I shows, pressures of approximately
10 pounds per square inch are very likely to occur
near the keel as far forward as stations 6 and 7 during
take-offs. A summation of all the data shows that
the portion of the forebody subject to considerable
pressure is roughly triangular in shape. The base of
this triangle is the main step, and the apex is at the
keel forward near station 10, which is close to the
load water line. From the step at the keel, pressures
decrease in magnitude toward the bow, and from the
keel they decrease toward the chine. Maximum pres-
sures of about 8 pounds per square inch are distrib-
uted uniformly over the area between the main and
second steps.

The pressure distribution curves show the magni-
tude of the maximum local pressure likely to be expe-
rienced on any part of the hull bottom. They do
not indicate, however, the manner in which pressure
is distributed at any given instant, or a specific
relation between local pressures and total water
reactions. These two questions can be answered in a
general way by a further analysis of the pressure
records with respect to the time at which high pres-
sures occur at the various stations during a maneuver
and by studying the relation between acceleration
and pressure records. It can be seen at once, how-

ever, that the total water reaction is likely to be |

borne on a small part of the total bottom area when
local pressures are of the magnitude found in this
investigation. For instance, a pressure of 10 pounds
per square inch acting on an area of 20 square feet
would exert a total water reaction equal to nearly
three times the weight of the seaplane; and 20 square
feet is approximately 15 per cent of the projected
area of the hull bottom between the main step and
the forward load water line.

An illustration of the rapidity and magnitude of
pressure variations is given in Figures 9 and 10. Figure
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9 is a reproduction of pressure and vertical accelera-
tion records obtained in an exceptionally hard, but
otherwise normal landing made with the pressure units
set to record fairly high pressures. Figure 10 is a
reproduction of similar records obtained in a landing
made with the pressure units adjusted to record small
pressures. The acceleration records are continuous,
but the water pressure records, due to the system of
recording, only show the magnitude of certain pressures
exceeded or not exceeded. The pressure record for
each station is a horizontal line, which is displaced up
or down by steps when the water pressure varies through
the recording range of the instrument at this station.
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FIGURE 9.—Water pressure and vertical acceleration records in landing run 53
(pressures of 6 to 8 1b./sq. in. were not exceeded at other stations)

Wherever the water pressure exceeds the maximum

recordable with the particular instrument adjustment

used, the fact is indicated by discontinuing the record
line for the time interval during which this pressure is
exceeded. Figure 9 shows that pressures in excess of
6 to 8 pounds per square inch were concentrated near
stations 2, 3, and 4 at the instant of maximum
vertical acceleration. Figure 10 shows that even such
small pressures as 2 pounds per square inch were also
confined to practically the same region at the instant
of maximum vertical acceleration. These are typical
conditions, and illustrate the fact that a major portion

- of the total water reaction in landing can be considered

as concentrated on a small part of the hull bottom.

" The fact that high pressure, as in Figure 9; exists
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simultaneously at stations 2 and 4 indicates a lag
in the transverse distribution of pressure due to the
dead rise of the V-bottom. In connection with these
figures, it is also of interest to note the circumstances
attending the principal landing shocks. In Figure 9,
the acceleration record shows that the first was also

the principal shock in landing. This landing was made |

from a steady glide without the usual leveling off
immediately before making contact with the water.

The acceleration record of Figure 10, however, shows |
. approximately one-tenth second. The stations show-
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: po 43 b[5G in.- -~y
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FIGURE 10.—Water pressure and vertical acceleration records obtained in landing
run 90 (pressures of 2 to 3 1b./sq. in. were not exceeded at other stations)

a few slight shocks followed by a period during which
the acceleration was appreciably less than 1g and end-
ing with a considerable shock. The seaplane in this
landing touched lightly, bounced off, settled again dur-
ing the period of reduced acceleration and finally
landed again with a shock as indicated by the final
peak acceleration.

In the above discussion of Figures 9 and 10, it has
been brought to attention that small as well as very
high pressures are likely to exist on only a small part
of the hull bottom at any given instant, particularly

at the instant of maximum vertical shock. A study
of all the records obtained during the tests shows that

- this is more or less true in every case. Pressures of

about 3 pounds per square inch were found to be
exceeded for periods longer than one-half second only
at station 1. At stations 3, 4, 7, 12, and 13 pressures
of this magnitude were constantly exceeded for periods
ranging from one-fourth to one-half second at least
once during the tests. At stations 2, 6, and 11 the
longest duration for pressures of this magnitude was

ing these small pressures to be exceeded simultaneously
are grouped as follows: (a)1,3, 11,12, and 13; (b) 1,
2,3, and 4; (¢) 6 and 7. This shows that alarge part
of the entire water reaction can be regarded as acting
on a comparatively small part of the total bottom
area. It seems likely, however, that high pressures
acting at stations 6 and 7 are accompanied by some
small pressures on the area between these stations
and the main step. KEven a pressure of 1 or 2 pounds
per square inch on this large area would exert a force
which could not be neglected when considering total
loads.

The time relation between water pressures and
vertical accelerations indicates the pressure distribu-
tion which gives the greatest water reactions. As
previously mentioned in connection with Figure 9,
the maximum vertical acceleration (4.7¢), in the
landing to which that figure applies, occurred when
the water pressure was high in the vicinity of stations
2, 3, and 4. This is typical of landings, but during
take-offs in rough water the greatest vertical shocks
may coincide with high pressures as far forward as
stations 6 and 7. A specific case is run 68 in which
the vertical acceleration was 3.0g. It is evident,
therefore, that large total loads may result from high
local pressures near the step, as in landing, or from
high pressures near the middle of the forebody, as
they sometimes occur during take-offs. The data are
not sufficient to show the actual load distributions for
these two conditions. These can be approximated,
however, as shown later in the discussion of total loads.

Accelerations.—The accelerations which were re-
corded simultaneously with water pressures are given
in Table I, and some additional values in Table III.
The greatest values recorded are 4.7g vertical, 0.9¢
longitudinal, and 0.6¢g lateral. This maximum ver-
tical acceleration was recorded in a hard landing which
resulted from descending at a steady glide without the
usual leveling off immediately before landing. The
oreatest longitudinal accelerations usually occurred
when planing in rough water, but the maximum given
above occurred during a landing in largeswells. Lateral
accelerations were perceptible in cross-wind landings
and sometimes during maneuvers in large swells. The
maximum value as given above, however, was due to
rotation about a submerged wing tip following the
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failure of a wing-tip float in a cross-wind landing. The
greatest lateral acceleration due to shock was approxi-
mately 0.5g. A comparison of vertical accelerations
of the C. @. and the hull bottom shows that in the hull
bottom the vertical acceleration is probably less than
2¢ greater than at the C. G.

A peculiarity of longitudinal accelerations is their
reversalin direction. This action was most pronounced
when planing in rough water with power full on. A
peak deceleration indicating retarded motion was
usually quickly followed by a peak acceleration of
equal or slightly greater magnitude. This is probably
due to the influence of two factors. The H-16 flying
boat is a flexible structure in which nearly 50 per cent
of the total weight lies outside of the hull. When the
hull is suddenly retarded by a wave, the external
structure strains forward and energy is thus stored in

it. This energy is released quickly when the wave is,

passed, with the result that there is again a rapid
relative motion between the hull and external struc-
ture. Since the weight of the hull is but little more
than one-half the total weight of the seaplane, it ap-
pears reasonable to expect it would be accelerated
forward an appreciable amount. In addition, the
propeller thrust probably assists the forward accelera-
tion materially because the water resistance of the
hull momentarily drops to a small value at the instant
the hull separates from the wave.

The first lateral shocks in cross-wind landings
occurred in the expected direction, that is, they indi-
cated that drift was retarded. It usually happened,
however, that shocks occurred in the opposite direction
before the seaplane came to rest. The seaplane ap-
peared to skid around until it headed into the wind,
due partially to the natural tendency to do so and
partially to the pilot’s use of the rudder. Experience
showed that the danger of submerging a wing tip was
considerably lessened by heading the seaplane into the
wind before it settled into the water.

The records show that large, although not neces-
sarily the maximum, longitudinal and vertical shocks
occurred simultaneously. The vertical shocks ac-
companying the lateral shocks in cross-wind landings
were usually small. In fact, the cross-wind landings
were among the smoothest landings made. This
probably was due to the pilot’s caution in making
these landings, and to the fact that waves were not
met head-on. Although the lateral and vertical

shocks in cross-wind landings were small, the likelihood |
of submerging a wing tip float made such landings |
' this load distribution (fig. 11), the vertical components

risky.

Total loads.—The acceleration and pressure records
indicate that the critical loads imposed on the seaplane
were: (1) Vertical loads applied nearly under the
C. @. in landings; (2) vertical loads applied near the
middle of the forebody, due to the influence of waves in
take-offs; (3) longitudinal loads in take-offs or land-

ings in rough water; (4) lateral loads due to cross-
wind landings.

The load distributions corresponding to the two ver-
tical reactions mentioned above can be approximated
by correlating the pressure and acceleration data. It
is assumed that the total water reaction is equal to the
weight of the seaplane multiplied by the vertical accel-
eration of the C. @., and that this reaction is distributed
as indicated by the water pressure data. This
assumed magnitude of the total reaction may be in
error due to two causes. Part of the water reaction is
absorbed in the flexible structure, and the actual total
reaction, therefore, is greater than that indicated by
the acceleration. On the other hand, there may be a
considerable portion of the weight of the seaplane
borne by the wings, in which case the actual water
reaction is less than the assumed. However, the
wing-borne load will be something less than the weight
of the seaplane, and the force absorbed in the structure
is probably in the same order of magnitude. Since
these two factors tend to nullify each other, the as-
sumed total water reaction is considered to be reason-
ably accurate.

The distribution of the vertical load for the landing
condition (fig. 11) is based on the maximum vertical
acceleration of 4.7¢g, and a concentration of high pres-
sure on an area in the region of stations 2, 3, and 4.
This conforms to the conditions shown in Figure 9.
The magnitude of the pressure on this area is assumed
to be the maximum pressure for this part of the hull
bottom as given by the curves of Figure 8. A pressure
of 4 pounds per square inch is assumed for the area
between the high pressure region and the main step.
This is indicated as a fair value by a study of the pres-
sure likely to be sustained at station 1 under these
conditions. The area of high pressure is considered to
be a strip equally spaced on either side of a straight
line joining stations 2 and 4. This line is inclined to
the keel at an angle of approximately 30° and the pres-
sure along it, as given in Figure 8, is about 11.5
pounds per square inch. The width of the strip and
the dimensions of the area between it and the step are
found by equating the load on the vertical projections
of these areas to 4.7 W where W, the weight of the
seaplane, is 10,000 pounds. The calculated width of
the high pressure strip is 17 inches, its projected area
on both sides of the hull is 22 square feet and the total
load borne by its is 3.6 W. The remaining load of
1.1 W is due to the pressure of 4 pounds per square
inch on an area of 20 square feet. In the diagram of

of normal pressures are shown.

The distribution of the vertical load for the rough
water planing condition is shown in Figure 12. This
distribution corresponds to a vertical acceleration of
3.0g and high pressure at stations 6 and 7. It was
derived by a procedure similar to that used for the
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landing conditions. Since pressures were simultaneous
at stations 6 and 7, the inclination of the high-pressure
strip to the keel is determined by these two stations.
This angle is again approximately 30°. The pressure
is not uniform along the strip in this case, however.
The maximum pressure curves of Figure 8 show that
it varies along the 30° line from approximately 12.5
pounds per square inch at the keel to about 5 pounds. |

made that a uniform pressure of 1.5 pounds per square
inch acts on this large area. The dimensions of the
high and low pressure areas are then found as in the
previous case. The computed width of the high-
pressure strip is 7.5 inches and its total projected area
on both sides of the hull is 12 square feet. The load,
due to the average pressure of 8.75 pounds per square
inch on this area, is 1.5 W. The area subiect to

w3
Pressure scale,
16./5q.in.

Q

pressure of 1.5 pounds per square inch is 70
square feet and the corresponding load is
1.5 W.

Comparison with previous results.—A com-
parison of the results of this investigation with
those obtained in the two former investigations
(references 1 and 2) shows that the distribu-
tion of maximum pressures on the forebody is
similar on the H-16 and UO-1 seaplanes. The
magnitude of the maximum pressure, however,
is approximately twice as great on the H-16
as on the UO-1 and is 50 per cent greater
than the maximum pressure on the TS-1. The
distribution on the TS-1 is different than on
either of the others, in that it lacks an appre-
ciable transverse variation in pressure and shows
very high pressures near the bow. The uni-
form distribution of pressures on the area

Total load=47,000 1bs. (4.7 times weight of seaplane)

FIGURE 11.—Approximate distribution of the maximum vertical water reaction in landing. bctween t'he steps Of the H"] 6 1s d]ﬁ‘e’rent than

that on the afterbody of either of the float-

~
IS

o 3
Pressure scale,
16./sq.in

s}

type seaplanes, as they both showed increasing
pressure toward the stern. In a previous inves-
tigation of water pressures on an H-16 hull
(reference 6), pressures were found on the
middle and forward parts of the forebody that
compare well with the results given here. At
the step, however, the pressures found were in-
significant compared with those given here,
which appears to be due to the lack of a com-
plete investigation of the pressures in landings.

The large difference in maximum pressures
on the A-16, TS-1, and UO-1 seaplanes may
be due to one or several causes. The inclina-
tion of the keel line of the forebody (fig. 2)
indicates the likelihood of high localized pres-
sures near the keel at the main step as that
is the lowest part of the bottom. The load
per beam length might be considered an in-
dication of the intensity of water pressure.

FIGURE 12.—Approximate distribution of a vertical load caused by impact with a waveina  The beam loads in thousands of pounds per

take-off. Total load=30,000 Ibs. (3.0 times weight of seaplane)

per square inch at the chine. As the variation is
assumed to be uniform, the average pressure is 8.75
pounds per square inch. Although pressures as small
as 3 pounds per square inch were never found to be
exceeded at any station simultaneously with high
pressure at stations 6 and 7, it appears likely that there
is some small pressure acting on the bottom between
these stations and the main step. The assumption is

foot of beam are 0.83 for the UO-1, 0.49 for
the TS-1, and 1.00 for the H-16. It is evident
that this basis of comparison is not valid unless
the twin-float TS-1 is disregarded. Probably the
most important reason for greatly different pres-
sures on the different floats is that indicated by a
recent analysis of the problem of maximum water
pressures on seaplane floats when landing (refer-
ence 7). This analysis shows that the maximum
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water pressure, when landing, is a function of the

[

V angle and the square of the vertical component

of velocity. The V angle at the step of the H-16

is slightly greater than that of the UO-1 and about 5° |

greater than that of the TS-1. Therefore, this factor
alone does not account for the difference in maximum
pressures. It appears likely, however, that the rate
of vertical descent of the H-16 is comparatively high
since it has an immense number of external wires
and struts, which probably offer enough resistance
to make the ratio of lift to drag comparatively low.

When the magnitude of the maximum water pressure
' not frequently exceeded in landings.

is considered to vary directly as the square of the
vertical velocity, it can be appreciated that a rea-
sonable difference in the vertical speeds of two sea-
planes will account for a large difference in maximum
pressures.

The difference in the distribution of pressures on
the afterbodies is due to the difference in the point
of first contact with the water in landings. Both
float-type seaplanes occasionally landed in such a
manner that the stern hit the water first, whereas the
main step was the first point of contact on the H-16
bottom. The presence or lack of an appreciable
transverse variation in pressure appears to be de-
pendent on the beam of the float. The most pro-
nounced transverse variation is on the H-16 hull
with a maximum beam of 10 feet; it is present on the
UO-1 float with a beam of 40 inches; and is not
appreciable on the TS-1 float with a beam of 26
inches. The high pressure near the bow of the
TS-1 was due to a high rate of rotation resulting
from high pressure on the stern in landing. The
development of a retarding force in the form of a peak
pressure so far forward, however, would seem to be
due largely to the float shape. It is evident that this
rotation will not develop when the seaplane lands
with the first water contact near the C. G. as the

H-16 does.
CONCLUSIONS

The results of this investigation lead to the following
conclusions regarding the water pressures, accelera-
tions, and total water loads experienced by the H-16
flying boat:

1. The greatest pressures occur in landings, and
may be as great as 15 pounds per square inch near
the keel at the main step.

2. Pressures as great as 11 pounds per square inch
may occur at the keel slightly forward of the middle
of the forebody during take-offs in rough water.

3. The area of the forebody subject to considerable
pressure is roughly a triangle with its base at the step
and its apex on the keel at the load water line forward.
The maximum pressures on this triangle decrease in
magnitude toward the bow and chines.

4. A pressure of 8 pounds per square inch may be
experienced on nearly any part of the hull bottom
between steps during landings.

5. A vertical acceleration of 4.7g, which was once
attained in a hard landing, is exceptional for either
landings or take-offs. An acceleration of 3¢ is approxi-
mately the maximum for rough water take-offs and is

6. Although a maximum longitudinal acceleration
of 0.9g was recorded in a landing in rough water, the
greatest longitudinal accelerations usually occur dur-
ing take-offs in rough water and in this condition 0.7¢g
is frequently attained but not exceeded.

7. The maximum lateral acceleration likely to be
attained in cross-wind landings is approximately 0.5¢,
but the possibility of submerging a wing tip makes
such landings dangerous.

8. The largest total loads usually occur during land-
ings and are borne principally by an area close to the

main step.
9. Waves may cause large total loads to be applied
near the middle of the forebody during take-offs.

LANGLEY MEMORIAL AERONAUTICAL LLABORATORY,
NATIONAL ADVIsORY COMMITTEE FOR AERONAUTICS,
LancLeEy Fienp, VaA., December 4, 1929.
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TABLE I

WATER PRESSURE DISTRIBUTION ON THE H-16 SEAPLANE HULL

Maximum accelerations during pressure
runs in terms of g

Longi-
Run : . Air tudinal
No. Maneuver Condition of water speed in hull X
m. p. h. angle in Center of gravity Hull bottom
.| degrees
Ver- | Longitu-
tgsl | “dinal - |- Teteesiv) 3 j|Sib
26 4-9 1.2} —
g 1.2

15 to 20 inch waves, choppy

15 to 20 inch waves, choppy.-.
3 to 5 foot swells

Minus accelerations indicate accelerating focers acting forward or to the left,
a="Pressure or acceleration exceeded.

15 to 24 inch waves, choppy with swells_
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TABLE I—Continued
WATER PRESSURE DISTRIBUTION ON THE H-16 SEAPLANE HULL—Continued

Recorded water pressures in pounds per square inch
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WATER PRESSURE DISTRIBUTION ON THE H-16 SEAPLANE HULL—Continued

Maximum accelerations during pressure
runs in terms of ¢
Aver- Approx-| Longi-
Run o ‘ A iy | imate | tudinal
No. Maneuver Condition of water speed in elogiE water | hull

m. p. h.[V® fa ¥|speed inlangle in Center of gravity Hull bottom

m. p. h./2 P- h.| degrees

o o \
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Minus accelerations indicate accelerating forces acting forward or to the left.
a=Pressure or acceleration exceeded.
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WATER PRESSURE DISTRIBUTION ON THE H-16 SEAPLANE HULL—Continued
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TABLE II
SUMMARY OF HIGHEST PRESSURES
(a) Five Hicaest PRESSURES IN LANDINGS
Pressure stations
1 2 3 4 ‘ 5 8 7 8 9 10 1 12 13 14 ! 15
Run| p |Run| p |Run p Run‘ P !Run p |Runl p Run| p Run“ p |Run| p Run‘ p |Run ; Runl p Run p Run‘; P “Ruul P
No. No. No. No. | No. No. No. No. ‘ No. No. | No. No. No. No. | No. ‘
3 M i Jede \ |

86 | 14.5 | 53 |11.3 | 53| 1L9 86‘ 65| 9.4 ‘
902|143 65| 9.1 | 8 |11.3| 53 69 | 2.7 ‘
8413.4| 90| 4.7( 60| 1L1( 75 | 90 | 2.4
75|13.1| 69| 46| 92|1L0| 71 62| 1.6
88| 12.8| 45| 4.1 | 61 |1L0| 67 ' e

(b) Five H
50 | 11.3 | 46| 4.5| 85[10.9( 85 64 9.7
85 | 10.2 3.4| 42| 88| 44 37|9.5
30| 9.8 72 | 7542 74| 9.2
68| 8.2 | 66| 7.3 | 64 85 9.0
66 | 7.9 46| 6.0| 72 72 | 8.9

P=Mean pressure corrected for acceleration in lb. per sq. in. Correction is -4 Ib. per sq. in.
to record were not exceeded.

TABLE III

(See text.) Blank spaces indicate that pressures which units were set

MAXIMUM ACCELERATIONS NOT SIMULTANEOUS WITH WATER PRESSURE RECORDS

Run

No. Maneuver

Condition of water surface

i e S
Widive: Acceleration at the C. G. in terms of g

locity in
m. p. h.

i
Vertical Longitudinal’ Lateral

1210 15 InCh WaVeS. .cfaiccacnccacanansass

3 to 5 foot swells

2 to 3 foot waves, choppy.

12-inch waves. -

96 | Landing cross wind (wind on right)_..| 12 to 15 inch waves

99 | Landing cross wind (wind on left) ..

15 to 20 inch waves, choppy

Langing cross wind (wind on right) ..

(e R

5
106 | Landing cross wind (wind on left)

11to 17

Minus accelerations indicate accelerating

forces acting forward or to the left.
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Positive directions of axes and angles (forces and moments) are shown by arrows

Axis Moment about axis Angle Velocities
Force
({)aral!e)l Linear
2 : By’ |2 8X1s Designa- | Sym- Positive Designa- | Sym- | (compo-
Designation bol | &Y mbol tion bol direction tion bol |nent along Angular
axis)
Longitudinal ___| X X rolling______ L ——— 7 | Toll______ P % »
Lateral. 2 Llug ¥ ) pitehing____| M Z—— X | pitch__.__ (] ¥ q
Normal e 3 Z Z yawing-____ N X——>Y |yaw_____ v w r

Absolute coeflicients of moment

L
OLSQTS

D, Diameter.

0}1!

Pe, Effective pitch.
gy Mean geometric pitch.
s, Standard pitch.

Py, Zero thrust.
Pa,  ZLero torque.
p/D, Pitch ratio.
V’, Inflow veloc

ity.

Lol
- qcS

V,, Slip stream velocity.

1 mi./hr.=0.44704 m/s
1 m/s=2.23693 mi./hr.

N
ON: q‘TS‘

Angle of set of control surface (relative to neu-
tral position), 8. (Indicate surface by proper
subseript.)

4. PROPELLER SYMBOLS

T Bhrist!
Q, Torque.
P, Power.
(If “coefficients’” are introduced all
units used must be consistent.)
n, Efficiency =717 V/P.
n, Revolutions per sec., r. p. s.
N, Revolutions per minute, r. p. m.

®, Effective helix angle=tan™ 2—V>
TN

5. NUMERICAL RELATIONS

1 hp="76.04 kg/m/s=>550 lb./ft./sec.
1 kg/m/s=0.01315 hp

1 1b.=0.4535924277 kg

1 kg =2.2046224 1Ib.

1 mi.=1609.35 m = 5280 ft
1 m=3.2808333 {t.






