
NATIONAL ADVISORY COMMI1'TEE 
FOR AERONAUTICS 

REPORT No. 346 

WATER PRESSURE DISTRIBUTION ON A 

FLYING BOAT HULL 

By F. L. THOMPSON 

~or sale by the Superintendent of Documents, W Bshington, D. C. - - - - - - - - Price 10 cent. 



AERONAUTICAL SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Lcogth ____ _ 
Time ______ _ 
Force _____ _ 

Symbol 

l 
t 
F 

Metric 

Unit 

meter ___________________ _ 
second __________________ _ 
weight of one kilogram ____ _ 

Symbol 

m 
s 
kg 

English 

Unit 

foot (or milc) ________ _ 
second (or hour) ______ _ 
weight of one pound __ _ 

Symbol 

ft. (or mi.) 
sec. (or hr.) 
lb. 

PoweL_____ P kg/m/s ______________ ____ ___________ hor epoweL _________ _ hp 
Speed ________________ {km/hL___________________ k. p. h . mi./hr. _____________ _ 

m/s______________________ m. p. s. ft./sec. _____________ _ 
m. p. h. 
f. p. s. 

2. GENERAL SYMBOLS, ETC. 

W, Weight, = mg 
g, tandard acceleration of gravity=9.80665 

mjs2=32.1740 ft./sec. 2 

m, Mass = W , g 

p, Density (mass per unit volume) . 
Standard density of dry air, 0.12497 (kg-m-4 

S2) at 15° C and 760 mm=0.002378 (lb.­
ft.-4 sec.2). 

Specific weight of "standard" air, 1.2255 
kg/m3 = 0.07651 lb./ft.3 

mP, Moment of inertia (indicate 8.-TIS of the 
radius of gyration, k, by proper sub­
script). 

S, Area. 
Sw, 'Wing area, etc. 
G, Gap. 
b, Span. 
c, Chord length. 
blc, A pect ratio. 
j, Di Lance from C. G. to elevator hinge. 
}J-, Coefficient of viscosity. 

3. AERODYNAMICAL SYMBOLS 

V, True air speed. 

q, Dynamic (or impact) pressure=ip vz 

L , Lift, absoluLe coefficient OL = ::s 
D, Drag, absolute coefficient OD= £ 
0, Cross-wind force, absolute coefficient 

o 
OC=qS 

R, Resultant force. (Note that these coeffi­
cien ts are twice as large as the old co­
efficients L c, Dc.) 

i .. , Angle of setting of wings (relative to thrust 
line). 

i" Angle of stabilizer setting with reference to 
thrust line. 

'Y, Dihedral angle. 
Vl 

p - ,Reynolds Number, where l is a linear 
}J- dimension. 

e. g., for a model airfoil 3 in. chord, 100 
mi./hI'. normal pressure, 0° C : 255,000 
and at 15° C., 230,000; 

or for a model of 10 cm chord 40 mIs, 
corresponding numbers are 299,000 and 
270,000. 

Oop, Center of pressure coefficient (ratio of 
distance of C. P. from leading edge to 
chord length). 

{3, Angle of stabilizer setting with reference 
to lower wing, = (i,-iw)' 

a, Angle of attack. 
Ii, Angle of downwash. 



REPORT No. 346 

WATER PRESSURE DISTRIBUTION ON A 

FLYING BOAT HULL 

By~F. 1. THOMPSON 

Langley Memorial Aeronautical Laboratory 

105 JO:l-3I}----J 1 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

NAVY BUILDING, WASBINGTO ,D. C. 

(An independent Government establishment, created by act of Congress approved Marcb 3, 1915, for the supervision and direction of the 
scientific study of the problems of llight. Its membership was increased to 15 by act approved March 2, 1929 (Public, No. 908, 70th Congress). 
It consists of members who are appointed by the President, all of whom serve as such wiLhout compensation.) 

JOSEPH S. AMES, Ph. D., Chairman. 
President, Johns Hopkins University, Baltimore, Md. 

DAVID W. TAYLOR, D. Eng., Vice Chairman, 
Washington, D. C. 

CHARLES G. ABBOT, Sc. D., 
Secretary, Smithsonian Institut ion, Washington, D. C. 

GEORGE K. BURGESS, Sc. D ., 
Director, Bureau of Standards, Washington, D . C. 

WILLIAM F. DURAND, Ph. D., 
Professor Emeritus of Mechanical E ngineering, Stanford University, California. 

JAMES E. FECHET, Major General, United States Army, 
Chief of Air Corps, War D epartment, Washington, D. C. 

BENJAMIN D . FOULOIS, Brigadier General, Unitcd States Army, 
Chief, Materiel Division, Air Corps, Wright Field, Dayton, Ohio. 

HARHY F . GUGGENHEIM, M. A. , 
President, The Daniel Guggenheim F und for the Promotion of Aeronautics, Inc., New York City . 

WILLIAM P. MACCRACKEN, Jr., Ph. B ., 
Chicago, Ill. 

CHARLES F. MARVIN, M. E., 
Chief, United States Weather Bllreau, Washington, D. C. 

WILLIAM A. MOFFETT, Rear Admiral, United States Navy, 
Chief, Bureau of Aeronautics, avy Department, Washington, D . C. 

S. W. STRATTON, Sc. D., 
President, Massachusetts Institute of Technology, Cambridge, Mass. 

J. H. TOWERS, Commander, United States Navy, 
Assistant Chief, Bureau of Aeronautics, Navy D epartment, Washington, D. C. 

EDWARD P. WARNER, M. S., 
Editor "Aviation," New York City. 

ORVILLE WRIGHT, Sc. D., 
Dayton, Ohio. 

GEORGE W. LEWIS, Director of Aeronautical Research. 
JOHN F. VICTORY, Secretary. 

HENRY J. E. REID, Engineer in Charge, Langley Memorial Aeronautical Laboratory, Langley Field, Va. 
JOHN J. IDE, Technical Assistant in Europe, Paris, France. 

EXECUTIVE COMMITTEE 

JOSEPH S. AMES, Chairman. 
DAVID W. TAYLOR, Vice Chairman. 

CHARLES G. ABBOT. 
GEORGE K. BURGESS. 
JAMES E. FECHET. 
BENJAMIN D. FOULOIS. 
WILT.IAM P. MACCRACKEN, Jr. 
CHARLES F . MARVIN. 

JOHN F . VICTORY, Secretary. 

WILLIAM A. MOFFETT. 
S. W. STRATTON. 
J. H. TOWERS. 
EDWARD P. WARNER. 
ORVILLE WRIGHT. 



REPORT No. 346 

WATER PRESSURE DISTRIBUTION ON A FLYING BOAT HULL 

By F. L . T HOMPSON 

SUMMARY 

The investigation reported herein was conducted by the 
National Advisory Oommittee for Aeronautics at the 
request of the Bureau of Aeronautics, Navy Department . 
This is 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 pTes­
sure is approximately 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 f orebody 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 
preSSUTe of 8 pounds per square inch is nearly unifoTm. 
A vertical acceleration of 4.7g 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 dUTing only afew 
landings. A longitudinal acceleration of O.9g was once 
attained in a landing in rough water and 0.7 g is not 
unusual for take-offs in rough water. The maximum 
lateral acceleration attained in cToss-wind landings is 
approximately O.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 
maA"imum 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, avy 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 seftplane, respectively, and 
ha.ve been previously reported. (R eferences 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. M easurements 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
la.ted 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. 

APP ARATUS 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 line!:! 
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 

3 
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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 wi ng al 0 is po itive, the angle being 40 

for both wings . 

through re istances in parallel to a recording unit on a 
multiple recorder. The recording unit is a solenoid 
which deflect alight beam by teps 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 the e water-pressure unit 
were in talled in the left side of the hull bottom. 
(Fig. 3.) 

FIGURE I.- The ll-16 flying boat 

The rc eal'r,h equipment consi ted of the following: 
1. \Vater-pressure apparatus , 
2. Three single-component recording accelerom-

eters. 
3. A four-element plunger-type accelerometer. 
4. Two recording manometer" . 
5. A s\viveling Pitot-static air-speed head. 
G. A float angle observer. 
7. A motor-type electric timer. 
1. The wa,ter-pressure apparatu is [ully described 

in reference 1. Water pre sures exceeded or not ex .. 

2. The . 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 
member 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 m01.mted about 3 feet 
to the rear of the other two, and wa u ed during 
comparatively few runs. 

FIG URE 2.-llull 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 , i applied to the inner ends of four piston in 
each unit. The inner end of these pistons have equal 
fl,l'eaS, and the external ends, which are subjected to 
water pressure, have unequal areas. Consequently, 
each piston respond to a different water pressure at a 
given pneumatic pres ure, and by changing thi pres-

ure the recording range can be varied as desired. 
The movement of each pi ton clo es 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 

," Keel 

04 07 0 /0 
06 09 

oS 0 8 

Left chine··: 

FIGURE 3.-0ne·balf of the hoLtom plan of the U- 16 bull showing locations or 
pressure stations 

Zahm t.ype 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 phmger , adj u ted to respond 
Lo accelerations ranging from 1.5g to 6.9g, were 
contained jn one ucit. These plunger were electri­
cally connected in the same manner as the pistons of a 
water-pressure ucit, and when in use, the in trument 
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 pre~ ure were 
measured at different time during the tests. The 
accelerometer wa first mounted about 4 feet forward 
of the main step, and was later moved to a position 

a de~cribed above. The fourth element wa used to 
record air speed. 

5. A swiveling Pitot-static ail'- peed head WH S 

mounted on an outboard wing strut for the meaS' lre­
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 u ed to photograph the shore 
or horizon line parallel to the path of the seaplAne. 
The angle of the longitudinal a:-."is of the hull "tith 
respect to the horizontal wa recorded by thi means. 

FIGURE 4.-Accelerometers mounted for the recording of vertical and longitudinal acceleratious 

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

4. The . A. O. A. recording manometer is describ ed 
in reference 4 as the recording element of the . A. C. 
A. recording air-speed meter. Two 2-pressure ceU 
instruments of this t.ype were used. Three of the 4 
recording elements thus provided were used to measure 
pneumatic pressures applied to water-pressure units 

7. An . A. O. A. motor-type electric timer, similar 
to the chronometric timer described in reference 5, 
was used to synchronize all the above-mentioned 
record at 1- econd interval. 

Parts of the instrument installation are shown in 
Figures 4 and 5. Figure 4 hows the accelerometer 
used for recording vertical and longitudinal accelera­
tion. Figure 5 is a view of the observer's compart­
ment, showing control witche, the hand pump, sight 
gage and recording in truments 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 latt.er case, the water was usually choppy . 

FIGURE 5.-Instruments and controls in the observer's compartmen t 

about six or eight seconds for all except tho 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. 0 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 Wil.ter as men­
tioned above. The other was completely demolished 
in a cross-wind landing. In this landing, the leeward 
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 angl,es 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 cau ed 
by such variations is considered to be within ± 3 
m. p. h. 

The recorded values of longitudinal float angles are 
considered to be accurate within ± %0. 

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. Ln.t­
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 ± O.lg for t he lateral component. 

The limits given by t he float-bottom accelerometer 
are believed to be very accurate except for the 3.2g 
limi t, which is possibly in error by ± 0 .2g due to friction 
of the plunger. 

RESULTS 

Pressures,-The water-pressure data recorded dur­
ing each run are given in T able 1. Maximum accelera­
tions recorded simultaneously with water pressures 
are al 0 given in this table. The maneuver executed 
in each run is de cribed 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 (a) and II (b). These tables give the five 
highe t pressures at each station for landings and for 
taxying maneuvers. These values are corrected mean 
pressures taken from the highest limits given in Table 
1. The correction is one-fourth pound per square 
inch, which is added to the recorded li.mjts 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 I), which tho 
float-bottom accelerometer shows is a fair maximum 
value. The true pressure i considered to be the mean 
of the corrected limi ts unless there is no value given 
for an upper limit of pre ure 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 pre sures 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 
condi tion 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 15 in 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 pre ures for landings and those in Figure 
7 for taxying maneuvers. In F igure 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 sta tions 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 
occur close to the keel and not at the chine. In 
general, as Table I shows, pressures of approximately 

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 lOis 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 in trument at this station. 

/· IO.2Ib / sq./n. (IO.2Ib.jsq.in.; 

~ \L-_--->ll II 6.6Ib./sq. ln. 

,;··10.5Ib/sq.in. 

\ 7.8Ib/sq.h 
2~------~L--------------------------~~-

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 oonsiderable .& 

.;:: 

6.8Ib/sq.ln. 
3~----~ L ____________________________ ~~_ 

4 f-------' ~5 Ib./sq. in. 

.. ---8. 7Ib/sq. In. 

7.llb/sq.ln . pressure is roughly triangular in shape. The base of ~ 
this triangle is the main step, and the apex is at the <I) 

keel forward near station 10, which is close to the 
load water line. From the step at the keel, pre sures 
decrease in magnitude toward the bow, and from the 
keel they decrease toward the chine. Maximum pre -
sures of about 8 pounds per square inch are di trib­
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. The e two questions can be answered in a 
general way by a further analysi of the pressure 
records with respect to the time at which high pres­
sures occm at the various stations dming 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 preSSUI"es are of the magnitude found in thi 
inve tigation. For instance, a pres ure of 10 pounds 
per quare 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 yariations is given in Figures 9 and 10. Figure 

105103- 30--2 

7.5Ib./sq.in. II f-------' L-____________________________ --'--'-_ 

~--- 7.S Ib/sq.in. 
6.0 Ib/sq. In. 13 f------' L-____________________________ ~....:....._ 

~ 5 
.0 1;), 

~'o4 
1..<t)3 
-2i~ 
~~2 
g~ 1-->-----
~'O+_-----------------------------------------
CJ 

o 0.5 1.0 I.S 
rime in seconds 

FIGURE 9.- Water pressure and vertical acceleration records in landing run 53 
(pressures or 6 to lb./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 hows that even such 
small pressure as 2 pounds per square inch were also 
confined to practically the arne 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. 

I The fact that high pressure, as in Figure 9, exists 
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simultaneously at tations 2 and 4 indicates a lag 
in the transverse distribution of pressure du e to the 
dead rise of the v-bottom. In connection with the e 
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 al 0 

the principal shock in landing. This landing was made 
from a steady glide without the usual leveling off 
immediately befOTe making contact with the water. 
The acceleration record of Figure 10, however, shows 

_-·5.4 Ib/s'1' in.. S.4 Ib/sq./n. 

"~'u '~'L 
.3.9Ib/s'1. in. " . 

2.8 (b/s'1.in. L 
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.3 
\ 2.8Ib/o5q.in . I L 
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4 
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/I 

.------- .3.8 Ib/sqJn. - _____ .... 

---11'--___ ..... (n 2.5Ib./sq.in. ~'-___ _ 

t '- 3.5 Ib/sq. In. , 
12 

2.016';o5'1./n. 

-: ..3.2 Ib/sq. in.,; 
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13 
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,:' '--.... 2.0 Ib/s'1' in. 

;g~ 
\)0 3 2.5 9 --- ... 

l. '" 2 ~E 
~ l.. I 
\J~ 
\) .t:: 0 
~ -
tj 

0 0.5 1.0 1.5 2.0 2.5 3 .0 
Time in seconds 

F,GURE IO.- Water pressure and vertical acceleration records obtained in landing 
run 00 (pressures of 2 to 3 lb. /sq. in. were not exceeded at other stations) 

a few slight hock followed by a period during which 
the acceleration was appreciably less than l q and end­
ing with a considerable shock. The eaplane in thi 
landing touched lightly, bounced off, settled again dur­
ing the period of reduced acceleration and finally 
landed again with a shock a indicated by the final 
peak acceleration. 

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

at the instant of ma} . .'imum vertical shock. A study 
of all the record obtained during the tests shows that 
this is more or less true in every ca e. Pressures of 
about 3 pounds per quare inch were found to be 
exceeded for periods longer than one-half second only 
at tation 1. At stations 3 , 4 , 7, 12, and 13 pres UTe 
of this magnitude were con tantly exceeded for period 
ranging from one-fourth Lo one-half econd at lea t 
once during the tests. At station 2 , 6, and 11 the 
longe t duration for pre ure of thi magnitude wa 
approximately one-tenth s condo The Lations show­
ing these small pre ure to be exceeded simultaneou ly 
are grouped as follows: (a) 1, 3 ,11,12, and 13 ; (b) 1, 
2, 3, and 4; (c) 6 and 7. This show that a large 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 tations 6 and 7 are accompanied by some 
small pres UTes on the area between these station 
and the main tep. Even a pressure of 1 or 2 pounds 
per square inch on thi large area would exert a force 
which could not be neglected when considering total 
loads. 

The time relation between water pressures and 
vertical a celerations indicates the pre sure distribu­
tion which gives the greatest water reactions. As 
previously mentioned in connection with Figure 9, 
the maximum vertical acceleration (4.7g), in the 
landing to which that figure applies, occurred when 
the water pre ure was high in the vicinity of station 
2, 3, and 4. This i typicfl.l of landings, but during 
take-off in rough water the greate t vertical hocks 
may coincide with high pres ures as far forward a 
tations 6 and 7. A specific ca e is run 58 in which 

the vertical acceleration was 3.0g. It is evident, 
therefore, that large total loads may re ult from high 
local pre ures near the step, a in landing, or from 
high pres ures near the middle of the forebody, a 
they sometimes occur during take-off. The data are 
not sufficient to show the actual load di tributions for 
these two conditions. These can be approximated, 
however, aE hown later in the discu ion of total loads . 

Accelerations.- The accelerations which were r e­
corded simultaneously with water pres ures are give n 
in T able I, and some additional values in T able III. 
The greatest values recorded are 4.7g vertical, 0.9g 
longitudinal, and 0 .5g lateral. This maximum ver­
tical acceleration was recorded in a hard landing which 
resulted from descending at a steady glide withou t the 
usual leveling off immediately before landing. The 
greatest longitudinfl.l acceleration usually occurred 
when planing in rough water, but the maximum given 
above occurred during a landing in large swells. L ateral 
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 fI. submerged wing tip following the 
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failure of a wing-tip float in a eros -wind landing. The 
greatest lateral acceleration due to shock wa approxi­
mately 0.5g. A compari on of vertical accelerations 
of the O. G. and the hull bottom shows that in the hull 
bottom the vertical acceleration is probably less than 
2g greater than at the O. G. 

A peculiarity of longitudinal acceleration is their 
rever alin 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. Till 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 tbe total weight lies outside of the hull. Wben tbe 
hull is suddenly retarded by a wave, the external 
structure strains forward and energy i thus stored in 
it. This energy is released quickly when the wave i 
passed, with tb.e result that there i ftgain a rapid 
relative motion between the hull and external struc­
ture. ince the weight of the bull is but little more 
than one-half tbe total weight of tbe eaplane, it ap­
pears reasonable to expect i t 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 drop 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 shock occurred in the opposite direction 
before the seaplane came to rest. The seaplane ap­
peared to skid around until i t head d into the wind, 
due pa.rtially 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 
con iderably Ie sened by heading the seaplftne into the 
wind before it settled into tbe water. 

Tbe records how that large, although not neces­
sarily the maximum, longitudinal and vertical hocks 
occurred simultaneou ly. Tbe vertical hock ac­
companying the lateral shocks in cross-wind landing 
were u ually small. In fact, the cross-wind landings 
were among the smoothe t lftndings made. This 
probably wa due to the pilot's caution in making 
the e landing, and to the fact tha,t waves were not 
mpL head-on. Although the lateral and vertical 
hocks in cross-wind landings were small, the likelihood 

of submerging a wing tip float made such landings 
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 
O. G. in landings; (2) vertical loads applied neal' 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 a sumed that the total water reaction is equal to the 
weight of the eap]ane multiplied by the vertical accel­
eration of the O. G., 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. P art 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 ) i based on the maximum vertical 
acceleration of 4.7g, 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 pound per square inch is a sumed 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 lilcely to be sustained at station 1 under these 
conditions. The area of high pressme is con idered to 
be a trip 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 approA'imately 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 projection 
of these areas to 4.7 W where W, the weight of the 
seaplane, is 10,000 pounds. The calculated width of 
the high pre ure strip is 17 inches, i ts projected area 
on both side of the hull is 22 quare 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 
this load distribution (fig. 11 ), the vertical components 
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 higb pressure at stations 6 and 7. It wa!:> 
derived by a procedure similar to that used for the 
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landing conditions. Since pressures were simultaneous 
a t stations 6 and 7, the inclinat.ion of the high-pressure 
strip to the keel is determined by these two stations. 
This angle is again approArimately 30°. The pressure 
i not uniform along the strip in this case, however. 
The maximum pressure curves of Figure 8 show tbat 
it varies along the 30° line from approximately 12.5 
pounds per square inC'.h at tbe keel to about 5 pounds. 

(;}JIO 

~9 

made that a uniform pressure of 1.5 pounds per square 
inch act·s on this large aTea. The dimensions of the 
high and low pressure areas are then found as in the 
previous ca e. The computed width of the higb­
pressure strip is 7.5 inche and it total projected area 
on both sides of the hull is 12 square feet. Tb load, 
due to tbe average pressure of 8.75 pounds per square 
inch on tbis area, is 1.5 TV. The area subject to 

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

Comparison with previous results.- A com­
parieon of the re ults of this investigation with 
tbose obtained in the two former investigations 
(references 1 and 2) shows that the distribu­
tion of maximum pressures on the forebody is 
imilar on the H- 16 and UO- 1 seaplanes. The 

magnitude of thc 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·-I. The 
di tribu tion on the TS- I 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. Tbe uni­
form di tribution of pre sures on the area 

FIGURE lJ.-Approximate distribution of the maximum vertical water reaction in landing. between the steps of the H- 16 is different than 
that on the afterbody of either of tbe float­
type seaplanes, as they botb showed increasing 
pressure toward tbe stern. In a previou inves­
tigation of water pressures on an H- 16 hull 
(1' ference 6), pres ures were found on tbe 
middle and forward parts of the forebody that 
compare well with tbe result. given here. At 
the step, however, the pressures found were in­
eignificant compared with those given here, 
which appears to be due to the lack of a com­
plete investigation of the pressures in landings. 

Totalload=47,000 lbs. (4 .7 times weigbt of seaplane) 
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The large difference in maximum pressures 
on the H- 16, TS- l, and UO- l seaplanes may 
be due to one or several causes. The inclina­
bon of the keel line of the forebody (fig. 2) 
indicates the likelihood of high localized pres­
smes near the keel at the main tep as that 
is the lowe t part of the bottom. The load 
per beam length might be con idered an in­
dication of the intensity of water preSSlU'e. 
The beam loads in thousand of pOlmds per FIGURE 12.- Approximate distrihution of a vertical load caused by impact witb a wave in a 

take-ofT. Total load =30,000 Ibs. (3.0 times weight of seaplane) 
foot of beam are O. 3 for the UO-I, 0.49 for 

the TS- 1, and 1.00 for the H- 16. It is evident 
that this basis of compari on is not valid unle s 
the twin-float T - 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 show that the maximum 

per square inch at tb.€' chine. As the variation i 
assumed to he uniform, the average pre sure is 8.75 
pound 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 Elppears likely that there 
is some small pressure acting on the bottom between 
these stations and the main step. The assumption is 

j 
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water pres ure, when landing, is a function of the 
VangIe and the square of the vertical component 
of velocity. The V angIe at the tep of the H- 16 
is lightly greater than that of the UO-l and about 5° 
greater than that of the TS-l. Therefore, thi factor 
alone doe not account for the difference in mal\imum 
pressures. It appears likely, however, that the rate 
of vertical de cent of the H- 16 i comparatively high 
since it has an immense number of external wire 
and struts, which probably offer enough resistl1nce 
to make the ratio of lift to drag comparatively low. 
·When the magni tude of the maximum water pre sur 
icon idered to vary directly a the square of the 
vertical veloci ty, it can be appreciated that a rea­
sonable difference in the vertical peed of two sea­
planes will account for a large difference in maximum 
pressures. 

The diU·erence in Lhe distribution of pressures on 
the afterbodies i due to the difference in the point 
of first contact with the water in landing. Both 
float-type eaplanes occa ionally landed in uch a 
manner that the stern hit the water fu'st, wher a the 
main step wa the first point of contact on the H- 16 
bottom. The presence or lack of an appreciable 
transver e variation in pre sure appear to be de­
pendent on the beam of the float. The most pro­
nounced tran verse variation i on the H- 16 hull 
with a maximum beam of 10 feet; it is pre ent on the 
UO-l float with a beam of 40 inches; and i not 
appreciable on the T 1 float wi th a beam of 26 
inche. The high pres ure near the bow of the 
TS- l 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 cern to be 
due largely to the float shape. It i evident that thi 
rotation will not develop when the eaplane land 
with the first water contact near the O. G. a the 
II- 16 doe. 

CONCLUSIONS 

The re ults of thi inve tigation lead to the following 
conclusions regarding the water pressure, accelera­
tion , and total water loads experienced by the H- 16 
flying boat: 

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

2. Pressures a great as 11 pound per quare 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 fOl'ebody subject to con iderable 
pres ure is roughly a triangle with its base at the step 
and its apex on the keel at the load water line forward. 
The maximum pressure on this triangle decrease in 
magnitude toward the bow and chines. 

4. A pres ure of pounds per square inch may be 
experienced on nearly any part of the hull bottom 
between steps during landing. 

5. A vertical acceleration of 4.7g, which was once 
attained in a hard landing, i xceptional for either 
landings or take-ofl's. An acceleration of 3g is appro xi­
rna tely the maximum for rough water take-offs and is 
not frequently exceeded in landings. 

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

7. The maximu m lateral acceleration likely to be 
attained in cross-wind landing is approximately O.5g, 
bu t the po ibility of submerging a wing tip makes 
such landings dangerous. 

. The largest total loads u ually occur during land­
ings and are borne principally by an area clo e to the 
main step . 

9. Wave may call e large to tal loads to be applied 
neal' the middle of the forebody during take-off . 

LA! GLEY MEMORIAL AERO AUTICAL LABORATORY, 

ATIONAL ADVI ORY COMMITTEE FOR AERONAUTIC, 

LANGLEY FIELD, VA., December 4, 1929. 
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TABLE I 

WATER PRESSURE DISTRIBUTION ON THE H-16 SEAPLA E HULL 

Maximum accelerat ions during pressure 
runs in terms of 0 

Run 
No. Maneuver 

A ver· Approx. Longi. 
Air aile ima te tudinal 

speed in WID? water hull 1------------.-----1 Condition of water 
m. p . h. velf~lty speed in angle in Center of gravity 

m . p. h. ro. p . h . degrees 1 __ -. ____ .-____ 1' __ ,.--__ 1 
Hull bottom 

Ver· Longitu· 
tical dinal Latera l a b 

--1-----------1-------------1--------------1----1-----__ 

~~ . ~I~.d~~~~ .. ~~~~~:::~~:::~~~~~~:~~~~:~::: .~ .~~J~~.~~ .S.\~~~I: .. ~~~:::~~~:~~:~~~~~::~:::~:~: ~ ~ ~~ tio l: ~ -~: l :::.::::::::~ :::::: ::~::: 
14 ..... do ........ ..................... .. .. 15 to 24 inch waves, choppy with swells..... 27-29 15 12-14 ... . .... ...... -. 2 ....... . .......••....... 
15 ..... do ... . .................................. do....................................... 25 15 10 ........ . . .... 0 .................. "'_" 
16 ..... do................................ . .... do....................................... 25 15 10 ........ ...... -.2 ..... . ................. . 
17 ..... do . . .................. ....... . ..... . ... do.. . ...... . ..... . ..... . .............. .. 25 15 10........ . . .... -.2 ...... _ . .......... . . .. .. 
18 ..... do................................ . .... do....................................... 25 15 10 ........ ...... - . 2 ...... _ . . . ........ """ 
32 PlaDing (normal) .... .................. 2 to 3 (oot waves, choppy... ................. 43 12 31 5-7 1. 6 -.4 .... ................... . 
33 ..... do ...................................... do....................................... 41 12 29 3-6 1. 0 -.2 .•...•. . ................ 
34 . . . . . do . ... .................................. do....... ...... .. ........................ ........ 12 ........ 4-11 2.8 + 0. 5, - .7 ....................... . 
35 ..... do .. •• .. . . ... . ....... ... . . ........ . . ... do. . ... ... .............. .... .... .. .... .. 35·37 12 23-25 2-6 1.6 +.1, -.5 .................. " "" 
36 do do J2 .... .. 2-5 1. 2 - .4 ......... . .......... .. . . 
44 ::: : :do:::~:::: ::::::::::~:::~:::::::::: 'ii:(oot s\~;eil s:::::~~~:::~::::::~~::: ::~::::~:: "'33'27=33'97' .............. ~ '. '.'.'.:.'.'.:. t~ .... :::: ... ~~~~.-... 4 ....... :::: ........................ ........ . 46 ... . . do.... .................. ... ....... . .... do ...................................... . 
55 .•.. . do................................. 15 to 20 inch waves.......................... 29 10 19 5-7 1. 2 0 ....................... . 
56 . . ... do. . .............................. . .... do....................................... . . ...... JO ........ 3-4 1. 2 0 .. .. ........ ..•..... .. .. 
64 ... . . do. ................................ 2 to 3 (oot waves, choppy with swells........ 3HO 15 21-25. . ...... ...... +. 7, -. 7 ... . ........ 1. 5 3.2 
73 .... . do ...................................... do... .. .................................. 29-32 15 15........ 1. 5 +. 1, -.5 ....... .... . 1. t 3. ~ 
74 . . ... do................................ . .... do.................. ... .................. 29-32 15 14-li .... .... 2.5 +.6, - . 7 ...... .... .. 3.2 4. , 
76 ..... do................... .............. 12-inch swells... ............................ 40 10 30 ... ... .. 1. 2 +.1 ...... . ...............•. 
80 ••..• do................................ 15 to 20 inch waves, choppy ................. ........ 13........ ........ 1. 5 + . 1 .................. "" .. 
83 ____ . do ... _ ...... _ ............... ........... do ....... _ .. _ ........ __ .................. 29 13 16 . ... .... 1. 5 .. ,., ... _. __ ....... _ ..... _ .... """ 
5 ____ . do. ____ . _____ .. ___ ................ 3 to 5 (oot swells............................. 35-29 0 35-29 0-19 ...... +. 7, -.6 + 0. I , -0.4 1. 5 3.2 

9r ~:: : :~~::::::::: ~ ~: ~:: ~ ~~ ~~ ~:::::::::::: :::: :~~~~::::::~:::::::::: ~~~: :::: ~~: ~:::::::: 35-~~ 
22 Planing (bow low) _ .......... . ...... . . 12 to 18 inch chop with noticea ble swells .. .. _ 44 

o 37 __ .... _. 1. 2 0 ........ __ ........ """ 
o a5-~! _"_"'_ 1. 4 +. 1 ._ •••• _. __ •. "'_" •• •.• . 

II 33 1- 2 l . 4 + . 2, -.4 . ••. •...••. _ ._ ._ •. """ 

23 __ . . _do ..... .•...... _. __ ._ .. .... _ ...• ____ .. do .. . . _ ............. _ .... .. . ___ .. . ..... ____ 39 
24 _ . . .. do_ ••. _. _ .......... . . .. __ ., __ ._._ .. . ___ .do ........ .. _ .. _ ........ __ .... . . ___ .. _... 45 

ii :::JL:::::::::::::::::::::::::::::: : ~~:i~C::~:~~~::::: :::::::::::::::::::::::::: ~~~ 
40 ..... do._ ........... ........••.. .• _ •. ... ... . . do ....... ____ ..... ____ ...... _ ........... _ 44 
57 ... _.do. _ . . _ ... _._ ........ ___ ......•... _ 15 to 20 inch waves._ .... ___ .... _. __ ......... 37-39 
58 ..... do ......... . . . .....• _._ ................. do . .. . __ . _ .. . . ... ....... . _._ ..... __ . ___ .. 35 
81 ..... do ... .. ......•.... _ ••.• ........ _ ... 15 to 20 inch waves, choppy ... __ ............ 47-45 
9 Getaway ............... ___ .. _ .. _ ..... 15 to 24 inch waves, choppy with swells ... _.. 44-47 

lO . .... do ................... ____ .... ...... ... .. d o ..•. _. ___ ........ ___ ..... ___ ........ _._ 51 
I I .. _ .. do. __ ._ .. __ . ____ ........... ______ .. __ .. . do __ ....... __ . __ .....•.. _ .... _._......... 50-54 
12 ___ ._do __ . .. _. ______ ._ ........ ___ .• ___ ... _ ... d o __ . . . ..... ____ ...... ___ .... _._._....... 51-53 
13 ____ .do .... _ .. _ ••••.. _ ............ __ ._ .. __ .. . do ... ....... ___ .. __ .. __ ... ____ ._......... 61 
19 ... __ do . ___ ................... ___ . __ ._ ....... do_ ........•........ __ ...... __ ......•... _ 49-52 
30 . .... do . . . .... ___ ... ____ ................ 2 to 3 (oot waves, chopp y .. _ ...... __ ._....... 47-49 
37 ..... do_. __ .... . .............. __ ._ . . .. ...... . do ... _____ ......... _ .......••..... _. ____ . _., .•... 

11 28 0-7 1. 2 +. 2, -.3 _._. __ ...... """ .. __ . 
11 34 0-5 1. 3 + .4 .. _._ •. .. _ .. __ _ . __ ... . •. 
11 29-31 1-5 1. 3 +.3 .......... __ .... .. _ .. __ . 
12 23-28 2-3 1.1 +' 1, -.2 ..... __ ........ ___ .. __ . . 
12 25 0-6 1. 2 + . 3, -.4. ._ .... ... _ .. _ . ... '_" .. 
12 32 0-3 +. 2, - .3 .......... __ . ... •. "_'" 
10 27-29 0-3 1. 5 +. 3 ...... .... _ .. . .... _ .... . 
10 25 0-7 1. 5 0 .. ... . .... ____ .... __ .. _. 
13 34-32 ... . __ _ . 1. 5 .. __ ........... __ • __ ....... _ ....... . 
15 29-32 .... _... 1.1 -.3 ......... _ .. _, . . _. """ 
15 36........ 1. 3 _._. ____ . . .... __ . _____ .... ___ ...... . 

H ~tU :::::::: :::::: t:~: =: i :::::::::::: :::::: :::::: 
15 34-39._ ...... .•.. _. +. 4, -.5 .. . _ .. _._., ... ___ .. _ ... . 
12 35-37 4-6 I. 7 - .3 _ ...•.... _ ............ _. 
12 ........ 0-10 2. 1 +. 5, -. 7 .... _ ..... __ ...... """ 

~ :::JL:::::::::::::::::::::::::::::: ·;5~~!~~~;~~;;~s;~::::::::::::::::::~.:.:::::: "'~fr4S~ ::~::: i~ :::3~~:3:; r.o-T :::i:~ +. 3, =: ~ :::::::::::: :::::: :::::: 
54 ~ +. 1 .....•............ """ 
66 ..... do ...........................•.... . 2 to 3 (oot waves, choppy with swells........ 4 15 33........ 3.3 +. 2, -. 5 ............ """ """ 
68 .... . do ..........•••......................... do....................................... 39-45 15 24-30 ........ 3.0 +. 7, -. 7 ............ 4.5 6.9 
70 ..... do ............................... . ...... do........ ............................... . . ..•... 15........ ........ 1. 8 0 "'_"""" """ """ 
72 . . ... do ......................•.......... ..... do....................................... 42-45 15 27-30 ..... .. . 2.6 + . 2, -.9.. .......... 1. 5 4. 5 

~~ :~JtE:::::::::: ::::: ::::::::::::: m:5 ~i!g~v~J~;:=~c~~~~~)~~::::::::::::::::: ... ~~ :~ ... ~~ ::~~: ~~~ t ~ ::::~:~:~~:: :::::::::::: : ::~~~ :::~~~ 
3 ._ ... do ..... ...... ...... ..................... do ............................ _ ......... _ ....• _.. 17 """'_ 5 2.0 +. 2, _. 2 ._. ___ ........ __ .... __ .. 
4 __ . . _do_ . . ___ ....... . .... __ . __ .. ....... _ . . ... do .. _._ ..... _. __ ...... _ ....... _._ ..... _ ... _...... J7 __ •••• __ 7 1.4 +.1 __ ' __ "' __ " . _ .. ___ _ "" 
5 . •.. _do . . _._ ..... . ..... . ..... _ ...•...... 15 to 24 incb waves, choppy with swells ... __ 5HS 15 41-33 .. __ . . __ 1. 6 +.2 _ ... __ ....... _ .... __ ... . 
6 .•... do . ......... _. ___ •.... .. . ... __ . __ . . .. ___ do ..•... _._. __ ._ . .. __ .. _ .. _._ ... . ... __ .. _ 55-50 15 40-35 .. __ ...... ___ . +.3 _ .. ___ .. _ ... ""_' . .... . 
7 . . _ .. do_. ___ . ___ ..... .... __ .... . ... . .. __ ..... do_ .. __ ....... _ ........ _ ...... _._........ 57-51 15 42-36 . .. ... _ .. . ,.__ +. 3 .. ......•• _ .. _ ... _ , . __ . . 
S .. _ .. do_._ ............. ___ .. .... .... __ ._ ..... do .......... __ .. _ ... _. ___ .. ____ ._ ....... _ .. _. ... 15 .. .. 

26 . .... do ___ ._. __ ....... . ____ ..........•.. 12 to 18 inch waves, cboppy with swells .... _ 55-49 11 "-4j..::3! .. :~~:~: - iii --"'-'-+:4 ----: ... --.- .... -- "-'" 
27 .... . do . . .... • .•. .... ..•.......... ___ ........ do .......... _____ ...... _ .......... . ..... _ 54-51 i1211 ~33'7-4~0~ 9~ 211.: 3'3 +.1, t- .: ~I .:.::::~:.: :::::: .:.~:~:--.. ::~:~::: .:-:: .:. ~::: ••.. :::: 28 _ . . . . do ...... .... ___ . ___ .. ... ...... _ .. .. .. _ .. do._ ..... _____ ...... __ ._ .... ___ ....... _.. 55-45 "":: " ~ 
29 .. . __ do __ . .... . ..... ....... _ ..... .. . .... 2 to 3 foot waves, choppy_ ...... _ ... _ .. _ . . _. 49-44 
31 __ .•. do ....... _ ... __ ....... ... _ ........•.. _ .. do ..•. _ ... __ .... __ ...... __ ._ ..... ___ ..... 49-42 12 37-30 8 I. 7 +.2 ... ... __ . _ . ... . _., . . . .. . 
41 .. . _.do ..........•...•...•....... . _ .. __ . 2 to 3 (Dot swells .. _____ ...... _ ...... ___ ...... 4 -36 ___ ..... _ . . .. _.. 8 .... ___ . __ .. _. ____ "" "" '_" """ ..... . 
43 . . _._do. __ .... ... ......... __ ......... _ . ... _ .. do ..... ___ . ..... __ ....... _ ._ ...... ____ ..... __ . __ .. _____ .. _. _ . __ .. 10 .... _ .. __ """'" ._ ... _ .. __ ......... __ .. . 
45 _ . . .. do ........ _._. __ .. _ .. . ... _._~_ ... .. . _ ... do_ ............•.... __ ._ ...... ___ ....... _ 47-32 ............ _.__ 11 _. ___ ..... _ ......... _ ... .. . _. __ . __ .. _. __ . . 
47 .... _do ....... . . ..... ..... __ .......... _ .. . ... do ... _____ . __ ... _._ .. _ ....•. __ ........ __ . 47-32 ___ . __ .... _. __ .. 8 ____ .. +. 5 _______ ........ _ .. _'_ '" 

~ :::J~~:.::::::::: :::: :: :::: :: :::::::: :: : ~ ~:~~~~-!~~~: ~~~~~:::::::::::::::::::::::::: iE! ······ l~ '--:~~J i "'n _._~~ ~~~~; :::::::::::: "'n "'n 
60 ... _.do .•. .. . .. __ ._ ... . _ ..... ....• __ ....... . do .... __ ..... ___ . __ ....... _ ...... _._ . ... 52- 41 10 42-31 7 2.3 ...... _ ..... _ .. _ .. ______ ...... " _' " 

61 ..... do .•........• _. ___ . ....... __ .. __ . .. . __ .do ___ .... ..... __ .. .. . _._ ....... _ .•. _.... 49-36 

Minus accelerations indicate accelerating focers acting forward or to tbe lert. 
a= Pressure or acceleration exceeded. 

10 39-26 3.4 _. ___ ............. _._ • • _ 3.2 4.5 



WATER PR ESSURE DISTRIBUTION ON A FLYING BOAT HULL 

TABLE I-Continued 

WATER PRESSURE D ISTRIBUTION ON THE H-16 SEAPLANE HULL-Continued 

Recorded water prE\SSures in pounds per square inch 

Pressure stations 

1 ~ 3 i 6 6 7 8 9 10 I 11 12 1 13 H 15 
Remarks 

15 

Run 
No. 

a b a , b a I b 1 a I b -:-:- -:-:--:-:- -:-:- -:-:- -:-:- -:-:- -:-:-' ~ -:-:-~ 
7.5 ____ 7.4 ___ _ i.O ____ 6. 9

1

- --- 7.6 =-= ~ =-= ~ =-= ~ =-= ~ =-= ~'~= 4.0=-= ~'_-= ~I=-= ~ =/'-__ -_-_I-R-u-n-n-iO-g-p-a-ra-]-]e-] W-it-b-s-w-e-B-s.
I
--93 

7.1- ___ 7.6 ____ 7.3 ____ 7.2- ___ 7.9 ____ 3.8 ____ 4.1. ___ 4.2- ___ 3.4 ____ 3.1-___ 4.1- ___ 4.3- ___ 3.1-___ 4.1.-_______ Do. 95 

U ~~~~ -ii~~~ ~6:. ~41 :. ~_~_~_~_ 66r .. 04! :_- :_- :_- :_- U :~~~ il~~~ l L~~ nl ~~~~ H~~~~ Tr~~ il~~~ H~~~~ T(~~ il~~~ H :::~~~~~~~~~~~~~~~~~~~~~~~~~~~ !~ 
6.9 ____ 6. 7____ 6.8 ____ 5. 4 5.7 6.7 ____ 5. 7 ____ 5.5 ____ 5.5 ____ 6.31- --- 6.61- -- - 5.9\ ____ ·6.3 ____ 5.8______ ___________________ _____ 18 

5.2 ________ ,__ __ 3.2 4.0 4.0 ____ ____ 2.8____ 1. 4 ____ 2.0____ 2. I ____ I. 7 ____ L 5 ____ 2.4 ____ 2.9____ 2.2____ 2. L___ 2. I ______________________________ 32 

-5~3 _~~: -2:91-3:4 -4:0 _~~~-4:0_~~~ :::: ~: h~8 ~: h:8 _~~~ :::: u !:::: g: L:: U :::: U :::: UI:::: U:::: g: L:: n :=::::::::::::.~:::::::::::: ::: , ~~ 
_0_-._1_ -4-.-9- _-_--__ - _-_-_-_- _-_-_-_- 45 .. 0

7
'-_-_-_-_ 4

4 
.. 9
7 

_-_--__ - 5.4 5.2 5.9 6.9 ________ 4.4 ____ 4. J ____ 4. 0 ____ 3. 5: ____ 4.2 ____ 3.3 ____ , 3.4 ____ 3.2______________________________ 35 
5.3 ____ 3.5 ____ 3.9 ____ 4.1 ____ 3.8 ____ 3.8 ____ 3.71---- 4.4 ____ 3.51---- 3.6,---- 3. L ___________ ___ _____ ____ ------ ~~ 

i:' T! -m fl :~: t Il~'Iti==-: !t~i1hi ~! =-:: ~ II ::: I! =-:: W=-:iim H-:I H=-:: m::: ;:~ :::::::=-:::::::::::::-~::::: ~ 
~: ~ :::: ~: ~ :::: ~: ~I _~~: u :::: n -~~~ u -:~~ u :::: n :::: n :::: U :::: n :::: UI:::: ~: L:: U :::::::: ~::::::::::::::::::::::::::::: ~~ 

____ 6
2 

.. 8
8 

__ -_-_-_ 7
2 

.. 
8
2,-_-_-_-_ 6

2 
.. 76 __ -_-_-_ 6

2 
.. 7
4 

__ _ --_-_ 7.3. ___ 6.3 ____ 6.9 ____ 6.9 ____ 5.8 ____ 6.5. ___ 5. 9' ____ 5.4 ____ 4.6' ____ 5.0 ---- ---- ______________________________ 80 
2.8 __ __ 1. 5 ____ I. 6 ____ 1. 7____ 1. 2 ____ I. 0 ____ 3.5. __ _ 1 3. 0____ 2.5' ____ 2.8 ---- ---- ____________ -_ ________________ 83 

7.912. ° ____ 7.8 9.811.4 8.3 9.8____ 6. ° 8.3 9.2 6.7 7.3.___ 6.6 ---- 5.6 ---- 6_ 3.___ 7.3.-- -1 7.1 ---- 6.°

1

'- --- 6.7 ____ ____ Attampted take-off perpeu- 8S 

I 
dicular to sweBs. Failed 
due to violent pitching. 

____ 7.9 ____ 7.8 ____ 7. L ___ 7.3. ___ 8.0 ____ 6.4. __ _ 7.1. ___ 7.0 ____ 5.9 ____ 6.7. ___ 7.3. ___ 7. !. __ _ 6.0 ____ 6.1- _______ Running parallel with swells. 87 
____ 6.8 ___ _ 6.7 ____ 6.4 ____ 6.2 ____ 6.9 ____ 5. ~ ___ ~ 6.4 ____ 6.4 ____ 5.3 ____ 6.0 ____ 5.9 ____ 5.5 ___ _ 4.7 ____ 5.2 ---- -- -- Do. 91 
__ __ ____ ____ ____ ____ 6.7 ____ ____ ____ 7.1 ____ 5.9 9.8 ____ ____ 6.1 ____ 5.8____ 6.0____ 6.5____ 6.8____ 0.0

1

' ____ 6.6---- 1 6.0 Porpoising develops in this 22 
maneuver. 

i::: :fII
I
:::: ~l~! ::nl

t

:';' t 1::1: t I {i fill il
t

?! :::: t I [';' -it:::: -fi:::1-ti

l

:::1 [11::;:1-[/ :i~: t I:::!J! :l:l::;:::::::~1::~~::11~~: ~ 
_ _ ______ 6.8 ____________ 7.2. ___ 6.0 ____ 6.3 ____ 6. 3. ___ 6. L ___ 6.2. ___ 7. 2 ___ _ , 7. 3' ____ 6.1-___ 7. L ___ 6.6______________________________ 9 

-2:9 on:::: :::: _~~: t L:: -4:8 :::: U 1: L~~~ U :::: :::: i: L:: ~: L:: ~: ~ :::: -5:2 :::: ~: k::: ;: L:: ~: ~::::, U:::::::::::::::::::::::::::::: i~ 
7.4 ____________ 6.9 ____ 6.9 ____ 7.3 3.8 ____ 4.2 4.9 ____ 4.2. ___ 3.9 ____ 3. 9 ____________ 5.4. __________________ _ ,____ ______________________________ 12 

__ _ __________ 2.5 ____ 2.3 ____ 2.9 ____ 1. 6 3. L _______ 2.2. ___ I. 9 ____ I. 7. ___ 2.6 ____ 3. L ___________ 2.6 ____ , 2. L_____________________________ 13 
5:3 -6:5 :: __ 3.9 3.8 4. L ___________ 4.3 4.7. ___ 5.3 ________ 3. L ___ 3.2. ___ 3. L ___ 3.5. ___ 4.2 ____ 3.3 ____ 3. L ___ 3.3._____ ________________________ 19 
9.010.0 ____________ 6.4 ____ 6.4 ____ 7.1 ____ 5. 5 ____ 5.8 ____ 5.9 ____ 5.8 ____ 5.7 ____ 6. 2 ____ 6. 7, ____ 5.8 ____ 6.2 ____ 5.6______________________________ 30 

---- ---- ---- ---- ---- 6

9

'.5

11

-

7

--, 5- 6.5____ 7.2 8.7. ___ 10.0 ---- ---- 6.3.___ 6.2 ____ 5.7.__ _ 6.2.___ 6.6' ---- 5.7____ 6.1.___ 5.6 Held bow low until a wave 37 
, forred it up and boat 

________________ 7.9 9.1. ___ 7.4 8.2 9.1 7.5 9.3 ____ 6.6 ____ 6.5 ____ 6.4 ____ 6.8' ____ 7.2. ___ 6. 2. ___ 6.7. ___ 6. L __ ~~~~~~_~~_______________ 42 
~~~~ -6:'; :::: n :::: 6. L __ 6.8 ____ 7. L __ 5. '---- 6.0.. __ 6. L __ 6.0 ____ 5.9 ____ 5. L __ 5.8

1

---- ________ 5.2 ____ 4. i Skimmed crest of a swell. 50 

7.2 8: 1 ____ 6.0 6_ 7 U-i:4 U :::: ~: L:: U _:~~ U :::: ~: L:: U :::: U :::: ~: L:: U :::: n :::: ~: g :::: :::: ::::::::::~::::::::::::::::::: g~ 
7.1 8.8____ 7.3____ 6.7.___ 6.7.___ 7.3 7.8 8.4 7.2 9.3.___ 6. L___ 5.7.___ 5.8' ____ 6.8____ 6.2

1

---- 5.4____ 5.8 ---- ---- --____________________________ 68 
4.14.8 ____ 3.1 3. 4 3.71 3.7 4.L ___ 3.0 ____ 2.2 ____ 2.4. ___ 2.L ___ 2.1. ___ 1.9 ____ 3.0 ____ 2.72.12.7. ___ 2.5- _____________________________________ 70 

_7_. __ 1 8
7 

.. 6
4 

__ -_-_-_ 77'.25 _6_ .. _5_

1

8
7
" 00,_7_._5_ 8.8 ____ 7.1 8.3 8.9 7.6 9.7 ____ 6.8 ____ 6.1 ____ 6.1 ____ 5. 2 ____ 4.7 ____ 4.0 ____ 4.4 ____ ____ ______________________________ 72 

6.9 ____ 7.5 ____ 5. 8 6.2 7.0 ____ 6. 2 ____ 5. 2 ____ 5.9 ____ 6.2 ____ 5.8! ____ 5.0 ____ 5.4 __________________________ -------_____ 82 
5.1. _______ 2.7. ___ 2.6 ____ 2.4. ___ 2.9 ____ I. 7. ___ I. 9 ____ 2. L ___ 1. Ii ____ 1. 4 3.4 3.9 ____ 3. L ___ 2.4. ___ 2. 8: ________ , Running parallel withswells. 89 
7.18.4. ___ 5.4 7.0 7.9 5.8 6.9 ____ 5.6 ____ 4.7. ___ 4.9 ____ 4.9 ____ 4.7. ___ 4.8 ____ 5.0 ____ 5.5, ____ 4.7. ___ 5.0 ____ 4.6, ______________________________ 2 
4.5 ____ 3.0 ____ 4.0 ____ 3.5 4.2 ____ 3.0 ____ 2.2 ____ 2.4 ____ 2.6 ____ 2.4 ____ 2.2 ____ 2.0 ____ 2.6 j 1. 9 2.5 ____ 1. 9 ____ 1. 9 _ _____________________________ 3 

~: gg: L:: g ~: ~ ~: h:4 ~: k:: n :::: U :::: ~: 8:::: ~: ~ :::: ~: L:: ~: L:: U' :::: U :::: U :::: U :::: ~: ~ ::::::::::::':::::::::::::::::: ~ 
-~. 7 :::: -::: :::: ~: II-i:O un:::: n ::-- ~: L:: ~: L:: n :::: ~: L:: U :::: U:::: g-~~~ U :::: ~: g :::: i: *1::::::::::::::::::::::::::::::1' ~ 

;~~~ ~~~~ ~~~~ ~~~~ :~:~~~~~ ;~~~ ~~j~~~~ Tr~~ ~: L~~ it~~~ it~~~ ~1~~~ i: h~UJ:~~~ H:~:~ i1~~~ H~~~~I' il~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ 
6.7 _____ _______ 8.810.1 8. 8 9.9 ____ 7.2 ____ 5.6 ____ 5.9 ____ 6.0 ____ 5.9 ____ 5.8 ____ 6.0 6.4 6.8 ____ 5.5 ____ 5.9 ____ 5.4______________________________ 29 

4.0 ________ 2.4. ___ 2. 8 ____ 1.L ___ 2. 0 ____ 2.1. ___ 1.7. ___ I. L ___ 2. 9 ____ 3.6 2.8 3.4. ___ 2.8 ____ 2.6________ ______________________ 31 
"9:3 :::: :::: :::: 7.6 '1 8.8 8.910.0 ____ 7.2 ____ 5.6 ____ 5. 9 ____ 6. 0 ____ 5.9 ____ 5.8 ____ 6.4 6.9' 7.3 5.9 7.4 ____ 6.4 ____ 5.8,______________________________ 41 

T: :::: ~~~~ :::: ~: i -:~~ i: ~ ~~~~ :::: -~~~ :::: :~~~ :~:~ -~~: :::: -~~: :::: -~~~ :::: -~~~ Ii i: ~T~ t i ~: ~ U :::: t !I:::: l ~ ' :::::::::::::::::::::::::::::~ i~ 
____ __ __________ 5.4 6.1 4.9 6. 1, ____ 5.0 ____ 3.5 ____ 3.9 ____ 4. 0 ____ 3.8 ____ 3.7 ____________ . __________________________________________ . ______________ 4~ 

9.3 ________ 7.2 8.8

1

10.1 8.7 9.8 ____ 7.1 ____ 5.7 ____ 6.1 ____ 6.1 ____ 6.2 ____ 5. 9 ____ 7.2 ____ 7.5 ____ 6.2 ____ 6.7 _____________________________________ . 51 
10.2 ____ 10.5 ____ 11.1 ____ 10.5 ________ 7.8 ____ 6.2 ____ 6.5 ____ 6. 6 ____ 6.7 ____ [ 6.3 7.5 S. 71---- 7.0 6.0 7.5 ____ 6.2 ______ __ Very bard. 53 
9.4 ________ 7.310.3 ____ 7. 3 8'l--- 7.2 ____ 5. 9 ____ 6.3 ___ _ 6.4 ____ 6.4 ____ 1 6.1 6.0 6.7 ____ 6. 2. ___ 5. L ___ 5.5.---- ---- B':I'o~c:~:rgP by bow and 60 

10.1 ____ __ __ 7_ 8 9.5/11.9 9.310.4
1
---- 7.7____ 6.2____ 6.6____ 6. 6____ 6.7___ _ 6.4 ____ 7. 2__ __ 7.5 6. 2 7. 7 ____ 6_ 7

1
____ ____ Boat came up by bow and 61 

I bounced clear_ 

b = Pressure or acceleration not exceeded. 



16 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

WATER PRESSURE DISTRIBUTIO ON THE H- 16 SEAPLAI E HULL-Continued 

A ver- Approx- Longi-
Air age imate tudinal 

Maximum accelerations during pressure 
runs in terms of g 

Run 
No. Maneuver Condition oC water speedin wind water bull 1-----------;------1 

m. p. b. Vel!,Clty speed in angle in Center of gravity Hull bottom 
m.~.b.m.p.b. de~e~I--~---~-----I-----1 

Ver- Longitu-
tical dina! Lateral a b 

--1------------1-------------·1----------1·_---1-----1-
63 Landing ______________________________ 2 to 3 Ceet wav~, cboppy witb swells________ 50-38 

g~ :::: :~~::: ::::::::::::::::::::::::::::: :::: :~~::: ::::::: :::::::::::::::: :::: :::::::: ---49.J 69 _____ do _____________________ ________________ do ________________ _____ _________________ : ____ ___ _ 

~1 ':::: :~~::: ::::::::::::::::::::::::::::: -i2~i;,<lc~- s;ells~:::::: : : :::: ::::::: ::::::: :::: ---49=39 77 _____ do _____________________________________ do_ _ _ __________ ___ ____________________ __ 52-41 
7 _____ do_ _ _ _____________________________ 6·incb cbop_ _ _ ______________________________ 53-43 
79 _____ do ___________ ~ ___________________ 15 to 20 inch wav~, choppy_________________ 4 39 
84 _____ do ____________________ ________ ____ 3 to 5 feet swells_____________________________ 4!h39 

6 _____ do _____________________________________ do _____________________________________________ _ 
88 _____ do _____________________________________ do _ _ _ __ _ __ ______ __ _ ___ _ _____ ______ ___ _ __ 49-40 
90 _____ do ___ ________________________ __________ do _ _ _ __ ___ _ ___ __ ___ ___ ___ ____ __ ___ __ __ __ 4&-34 

92 _____ do ___ _______________ ______________ _____ do _ _ _ _ _ __ ____ _ ___ _ __ __ _____ ______ ____ _ __ 4&-40 

~~ _~~~~~~~~~_~~~_~_g~_~i~~_~~_~i~_~~-_~:: _~~_t_~~~~~~~_:~~~:::::::::::::::::::::::::: 1 ~~~ 

Minus accelerations indicate accelerating forc~ acting forward or to the left. 
a=Pressure Or acceleration exceeded. 

04 

05 

15 3&-23 _____ __ _ 3.1 +0.4, -0.5 _______ _____ 1.:' 3.2 

!i ~~~~~~~:~ ~~~~~~~ :::~~i -'-iT~] ~~~~~~~~~~~~ __ on _J~~I 
10 3!)-29 8 2.6 ____________ ____________ 3.2 4.5 
10 42-31 ________ 1. 9 +. 4, -.3 ____________ 1. 5 3.21 
10 43-33 -------- 1. 4 +. 1 ------------ ___ ___ 1 _____ _ 13 3&-26 ________ 2.0 +. 4, -. 2 ____________ 1. 5 3.2

1 01 4!)-39 10 ______ + . 3, - . 3 -0.2 1. 5 3.2 
0____ ____ 10 ___ ___ ___ _____ ____ 0 1. 5 3.2, o 49-40 ~ 2.3 ____________ - . 1 1. 5 3.2 

1~ ~ ~ ___ ;~; :: ::::::~~~ ______ __ ;~; ---;~;,---;J 
10, 50-34 8 2.9 +.2 -.6 1. 5 ~J 

07 010 
06 

0 8 
09 

Leffchine": 



WATER PRESSURE DISTRIBUTION ON A FLYING BOAT HULL 

WATER PRESSURE DISTRIBUTION ON THE H-16 SEAPLANE HULL-Continued 

Recorded water pressures in pounds per square inch 

Pressure stations 

Remarks 

17 

Run 
No. 1 2 3 I 4 8 10 11 12 13 14 15 

a I b a b a b I a b a, b a b a b a b a b a b a b ~ ~ a b a b a b 1 ___________ 1 __ 

10.311.8, ____ 7.7 6.7 8.5 7.9 9.4 - - --I 7. 6 ---- 6.3 ---- 6. 8 ---- 6.9 ----

10.712.2 8.0 9. 7 8. 9 9.8 8.2 9.7 __ 7.9· 8.6 ---- 7.3 9.4 ---- 6.5 ----
10.511. 9. ____ 7.9 9.7 ____ 9.6

1
10.3---=' 7.71---- 5. a ____ 5.4 ---- 5. 5 ----4.7 ____ , 3.8 .--- 3.7' ____ 4.3 ________ 2.9 2.1 2.8 ____ 1.7 ---- 1.6 ----

10.511.9 ____ 7.9 ---- 7.1 9.610. 3 ____ 7.71 ____ 

~:~I:::: 
5.3 - - -- 5. 3 ----12.3 ___ _ ____ 7.5 9.3: ____ 10. a ____ , ____ ; 7.5, ____ 6. a -- -- 6.1 ----

11.112.3 ____ 7.5 9'T- -- 9.110. a ---- 7.5 ____ 6. a ____ 6.5 ---- 6. 5 ----
I!. 112. 3 ____ 7.5, ____ 6.9 ____ , 6.8 ____ 7.5, ____ 5.8 ____ 6.2 -.-- 6.2 - ---
10.310.6 ___ _ 7.0 ____ 6. 5 8.8 9.5. ___ 7.1

1 

___ _ 5.6 ____ 6.0 --- - 6. 1 - ---12.6 ________ 7.3, 9.310.7 9.310. 0 ____ 7.5 ____ 5.9 ___ _ 6. 5 -- -- 6.5 ----13.7 ________ 8. a 10.211.8 10. 9 ________ 8. 2 ___ _ 6.2 ____ 6.8 ---- 6.8 ----
12.013.1 ____ 7. 61 8. 71 9. 5, 8. 2

1

9.1.-- -1 
7.8, ____ 6.2 ____ 6.8 -- -- 6.8 --- -

5.4 ____ 3.9 ---- 4.3 ___ _ 4.4---"1"---' 3. al l. 8 2. 5

1

---- 1.9 ---- 2. J --- -
13.5 _____ ___ 7.8.10. all. 5 8. 5, 10. a ____ I 8. a ____ 

~:t::: 7.2 --- - 7.2 ----9.6 _____ __ 7' l---' 6.6 ____ , 6. 8.---_1 
7. 4. ___ 6.3 - - .- 6.4 -.--

2.7 ____ 2. 7 ---- 3.1

1 

____ 3. L __ 

1 

__ I 
2.11 1.1 1. 6

1

2.9 1.8 - ---

b=Pressure or acceleration not exceeded . 

6.1 ---- 6.2 --- - 6.1 ---- 5.5 4. 8 5.7 ----

n - - -- 6. 01 6. 6 8.2 ---- 5.3 4. 6 5.4 - ---

4'l-- 6.3 ---- 5. 8 ---- 5. a .---
1.3 1. 1 2.2 2. 5 --- - 1.9 1.4 11 8 ----4.7 , ____ 4.7 ____ 6. 2 -.-. 5.7 5. a 5.9 -.--5.0 ____ 5.7 ___ _ 6.1 - --- 5.7 4.9 5.9 ----5. 4 ____ 6.1 ____ 6.2 --- -

5.7 ____ 4.9 ----5. 2. ___ 5.9 ____ 6. a --- - 5.5 ____ 4. 7 ----5. a __ __ 5.7 ___ _ 6.7 ---- 6.2 ____ 5.3 ----5.5. ___ 6.1 ____ 6.5 6. 2 ____ 5. 3 ----5.7 ____ 
6'r--

7.7 7.2 9.3 ____ n ----5.7
1 
____ 6.4 ____ 7.0 ---- 6.7 ____ 

I. 6 ____ I. 5 3. a 3. 8 2.1 3.5 2. 6 3. 2 2.0 

6. a ____ 6.9 ____ 6. 7 ---- 6.4 .--- 5.4 ----6.5. ____ 6.2

1 

6.7 7.7 ---- 6.2 ---- 5. 2 -- - -I. 5 ____ 1. 3 3.2 3.7 4.0 --.- 3.0 3.7 2.5 

I 

(!feel 

04 107 010 
06 09 

05 108 

Leffchine· ... 

5.2 __________ ____ __ ________ ____ ____ ______ , 

r: ~ :::: :::: ~~~~~~~~~~~~~~~~~~~~~~~~:~~J 5.3 ___ _________________________ ____ _____ _ 
5. 3 _______ _ ______________ __ ____________ _ 
5.3 _________ _____ ________ _______ __ ______ _ 
5. 2 ______ __ __ ____ ______________________ _ 
5.9 ______ __ ___________ _________________ _ 
5. 9 ____ ___________ ______________________ _ 
6. 9 ___________________ _ ________________ _ 
6.4 ___________ ___ ______________ ____ . ____ _ 
2.5 _____ ___ Sharp lateral blow on stern 

after pressure run. 6. a ___ _ ____ _ ___________________________ _ 
5. 5 ____________________________ __ _______ _ 
2.7 ___ _ __ __ Demolished left wing tip 

float and" ground looped." 

63 

65 
67 
69 
71 
75 
77 
78 
79 
84 
86 
88 
90 

92 
59 
62 
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TABLE II 

SUMMARY OF HIGHEST PRESSURES 

(a) FIVE HIGHEST PRESSURES IN LANDINGS 

Pressure stations 

_-,-__ --"'--'1--,..---1--,-'-- ---,--.1--...--- --.,.--.1--,..--- __ 9 __ 1 __ 1_0 _I 11 __ 1_2_1 __ 1.,..3 __ 1 __ ..,.1' __ __ 1_5_ 

~~~ I~ ~~~ ~ ~~~ ~~~~I_p _ _ ~_~_. _ P _ _ ~_~_. _P_I_~_~_~ _ P _ _ ~_~_~,_P _ _ ~_~_~ _P_, _~_~_n_p_I_~_~_~ _p __ 
R N_T~'_~ _P _ _ ~_~_~ _P _ _ ~_~_~ _P_ R~~ _p_ 

86 14.5 53 11. 3 53 11. 9 86 11.7 ----- ------ 65 9.4 65 8.6 ----- ----- -- ._- ----- -- - -- ----- 53 8.4 86 8.5 61 7.2 62 2.9 ----- -----
92 14.3 65 9.1 86 11. 3 53 11. 3 ----- ------ 69 2.7 43 8.3 ' , 65 7.7 41 7.4 53 7.0 90 2.5 ----- -----
84 13. 4 90 4.7 60 11.1 75 10.~ 90 2.4 62 3.7 :::::,::::: ==:=f:==(=:I:::::1 59 7.5 29 6.9 41 6.9 ----- ----- ----- -----
75 13.1 69 4.6 92 11. 0 71 10.2 62 1. 6 .••.. 60 6.7 62 4.7 43 6.1 --.-- ----- ----- -----
88 12.8 45 4.1 61 11.0 67 10.2 - -- - - --_ .- ----- ----- 47 3.8 47 4.5 71 5.7 ----- ----- ----- -----

I 1 

(b) FIVE HIGHEST PRESSURES IN TAXYING 

.10 11. 3 46 4.5 
I ~ I 10.9 85 9.3 1····· ...•.. 64 9.7 

85 10.2 34 3.4 8.8 44 9.2 .••.. ' •..... 37 9.5 
30 9.8 72 7.5 42 8.6 74 9.2 

57 11. 6 ••••. ' ..... 24 4.7 16 3.7 89 3:9 ..... ..... 70 2. 7 .. ~C .. + .... 
i~ lU ~~~~~ ! ~~~~~ , ~~~~~ ~~~~~ ~~~~~ ~~~~~ ~~~~~ ~~~~~~~~~l~~~ , ~~~~~ ~~~~~ ~~~~~ ! ~~~~~ ~~~~~ : ~~~~~ ------.---- ----- ------

6ll .2 ----- ------ 66 7.3 64 8.4 ----- ------ 85 9.0 
66 7.9 ----- ------ 46 6.0 72 8.4 ----- ------ 72 8.9 

P=Mean pressure corrected lor acceleration in lb. per sq. in. Correction Is +H lb. per sq. in. (See text.) Blank spaces Indicate that pressures wbich lInits were set 
to record were not exceeded. 

TABLE III 

MAXIMUM ACCELERATIONS NOT SIMULTANEOUS WITH WATER PRESSURE RECORD, 

Run 
No. Maneuver Condition 01 water surface 

3 Landing .....•.•... · . ...........•.•.... 12 to 15 inch waves .••••.•.••••••••.•.......•.......•.•.•••.•.•...... 
94 ..... do ................................. 3 to 5 loot swells ....•.•.•.•.••••............•.......•.•..••.......... 
37 Getaway ............. . ...........•.•.. 2 to 3 loot wa.-es, cboppy ....•.... _ .........•.•••.•.•................ 
34 Norma! planing ...•.•.•..•.•.•.•••••.••.... do ........•.......................•.•.•.••.•..............•.••••• 
35 ..... do .......•...•••.....•......•........... do ..••....•.......•...•.•.••••••.••.....•...........•.••.•••.•... 
36 ..... do ........•.•.•...••••.•.•.............. do ...•....•...............•... _ ••••.•...................••••••... 
24 Planing witb bow low ....•..•.•••..••• 12 to 18 inch chop witb noticeable swells ..........................••• 
25 ..... do ........•.•.••••.•..••...•.•....•..... do •. .•....•.....•.•...•...•••• _ ••.......•.............•• _ •••••.•. 
40 ..... do......... .•.••. •.•.. .•........... 12·incb waves •...........•••.•.•• _ ..•...............•...••.••••••... 
81 ...•• do ...••.......•.•.•..••••...• . ..... 15 to 20 incb waves, cboppy •.•...•.•.••••.••.....•.......•.•.•.•••.• 
96 Landing cross wind (wind on rigbt} ... 12 to 15 incb waves •.....••••.••••••....... .........•....••••••••••.• 
99 Landing cross wind (wind on left} .•••..... do ........•.•.•••.••••.•.•.•.• _ ...............•.•.•••...•........ 

101 Landing croSS wind (wind on rigbt) .• 15-incb waves •.........•.•..••.•• _ .•....................••.••••••••• 
102 ..• _. do ..................•.........•....•...• do ..... ...•...................•.•.•.•••••...................•••.. 
104 . . ... do ...............................•• 12 to 15 incb waves, cboppy ......•.•.•.•.•.•••.....•................ 
105 ..... do ................................•..•.• do ........•..•.•.•............ _ .......•.•.•••.•.................. 
106 Landing cross wind (wind on leCt}._ •• ..... do .••.•.•.•.•.••••..••...•.... _ ...•.......•..•••.•....•.......... 

Minus accelerations indicate accelerating Corces acting Corward or to the leCt. 

Wind ve­
locity in 
m. p.h. 

17 
o 

12 
12 
12 
12 

10 to 12 
10 to 12 

12 
13 

7 
7 

11 to 17 
11 to 17 
11 to 17 
11 to 17 
11 to 17 

Acceleration at tbe C. G. in terms 01 U 

I 
Vertical Longitudinal ' Lateral 

2.4 ••••.•.•••••.•.••••••....... 
2.2 0.9, -0.7 •............. 
2.5 .........• •..............••• 
3.1 .........•........••.•.•.•.• 
2.3 .8, - . 9 .. . ••••••....• 
1. 7 .2, -.5 .............• 

............ -.7 ............. . 
1.4 -.5 ' ...•.•.•...... 
1. 4 •• . ••••••••• _ ••••• • ••• • •..•• 

..... . ...... -.7 ........... .. . 
2.1 .7, -.3 0.1, -0.2 
2.0 .3 -.3,.2 
2.0 .5.2, -.5 
3.5 .3.2, -.4 
2.3 .3 .3, -.3 
1: ~ ••......••.. . . .2, -.2 
2.2 .3 -.4,.1 
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Positive directions of axes and angles (forces and moments) are shown by arrows 

Axis Moment about axis Angle Velocities 

Force 
(parallel Linear 

Sym- to axis) Designa- Sym- Positive Designa- Sym- (compo-Designation bol symbol tion bol direction tion bol nent along Angular 

axis) 

Longitudinal ___ X X rolling ______ L Y---> Z rolL _____ <I> u p 
LateraL _______ Y Y pitching ____ M Z--->X pitch _____ e v q 
NormaL ______ Z Z yawing _____ N X--->Y yaw _____ 'lr w r 

Absolute coefficients of moment Angle of set of control surface (relative to neu­
tral position), o. (Indicate surface by proper 
subscript.) 

Fv, 

L :M 
OL= qbS OM= qcS 

Diameter. 
EiIective pitch. 
Mean geometric pitch . 
Standard pitch. 
Zero thrust. 

Fa, Zero torque. 
p/D, Pitch ratio. 
V', Inflow velocity. 
V., Slip stream velocity. 

4. PROPELLER SYMBOLS 

T, Thru t. 
Q, Torque. 
P, Po\yer. 

(If "coefficients" are introduced all 
units used must be consistent.) 

7} , Efficiency = T V/P . 
n, Revolutions pOI' soc., 1'. p . s. 
N, R evolutions per minute, r. p. m. 

q" EiIective heli'\: angle = tan-1 (2:n) 
5. NUMERICAL RELATIONS 

1 hp = 76.04 kg/m/s = 550 Ib./ft. /sec. 
1 kg/m/s=0.01315 hp 
1 mi./hr. =0.44704 m/s 
1 m/s = 2.23693 mi./hr. 

1 lb. = 0.4535924277 kg 
1 kg=2 .2046224 lb. 
1 mi. = 1609.35 m=5280 ft 
1 m = 3.2808333 ft. 




