
, . 
FILE C PY 

NO 
1c. N 6Z 50328 

NATIONAL ADVISORY COMMITTEE 

FOR AERONAUTICS 

REPORT 1\0:328 

WATER PRESSURE DISTRIBUTION 

ON A TWIN-FLOAT SEAPLA E 

By F. L. THOMP O~ 

For sale by the Superintendent of Documents, ,"Yashington. D. C. - ... - .. .. .. .. ... ... .. .. .. Price 10 cents 

https://ntrs.nasa.gov/search.jsp?R=19930091398 2020-06-17T02:50:22+00:00Z



AERONAUTICAL SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Metric English 

Symbol 

Unit Symbol Unit Symbol 

Length_____ l meteL__________________ _ m foot (or mile) _________ ft. (or mi.) 
Time_______ t second___________________ sec second (or hour) _______ sec. (or hr.) 
Force ______ \ F weight of one kilogram__ __ _ kg weight of one pound lb. 

- -----1 
PoweL ___ __ . P kgjmjsec _________________ _____ ___ __ \ h<?rsepoweL _ __ _ __ _ ___ HP. 

Speed - - - -- - - -- - - -- -- - {~/fe~r_ ~~~ ==== == == = == = === = = == == = == = =1 f~~i~~~'~~== === == === = === rp~~. H . 

2. GENERAL SYMBOLS, ETC. 

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

m/ ec. 2 =32.1740 ft. /sec.3 

1T 
m, Mass,=-

9 
P, Density (mass per unit volume) . 
Standard density of dry air, 0.12497 (kg-m-' 

sec.') at 15° C and 760 mm=0.0023 78. (lb.
ft .- 4 sec.2) . 

Specific weight of "standard IJ air, 1.2255 
kg/m3 = 0.01G5 1 Ib./ft. 3 

mk', Moment of inertia (indicate axis of the 
radius of gyration, k, by proper sub
script) . 

S, .'\..rea. 
Sw, Wing area, etc. 
0, Gap. 
b, Span. 
e, Chord length. 
b/e, Aspect ratio . 
1, Distance from e. g. to elevator hinge. 
ft, Coefficient of viscosity. 

3. AERODYNAMI CAL SYMBOLS 

V, True air speed. 

<.1, Dynamic (or impact) pressure=4 P va 
'" 

L, Lift, absolute coefficient OL= :s 
D, Drug, absolute coefficient OD = ~ 
0, Cross - Wi!ld force, a b sol ute coefficient 

C 
Ce= ~. 

Q.) 
R, Result ant force. (Note that these coeffi

cients are twice as large as the old co
efficients Le, Dc.) 

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

it, Angle of stabilizer setting with reference to 
th rus t, line. 

"I, Dihedral angle. 
n Reynolds Number, where Z is a linear 

P --;; ' dimension. 
e. g. , for a model airfoil 3 in. chord, 100 

mi./hr. normal pressure, 0° C : 255,000 
and at 15° C., 230,000; 

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

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

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

<x, Angle of attack. 
E, Angle of downwash. 
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REPORT No. 328 

WATER PRESSURE DISTRIBUTION ON A TWIN-FLOAT SEAPLANE 

By F. L. THOMPSON 

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 econd of 
a series of im:estigations to determine water pre sure distribution on various types of seaplane floats 
ond hulls, and 11)08 conducted on a t'l.1Jin-jioat seaplane. It consisted of meas1lring water preSI;1(I'e8 
and acce7e1'Gt1011s on (I TS-1 seaplane dvrillg llnmerons landing and ta~iing manenl'er8 al 1'(Iri0I1 
speeds and angles. 

The result. oJ tMs investigation show that water pressures as great as 10 lbs. per 'q . ,ill. 
may occur at the, tel' in various maneuvers and that pressures of approximately the same magnitude 
occur at the stern and near the bow in hard pancake landings with the stern well down. At other 
parts of the .float the pressures are less and are 1lsually zero or slightly nega,tive for some distance abaft 
the step. A maxim1lm negative pressure of 0.B7 lb. peT sq. in. was measuTed immediately abaft 
the step. The maximum positit'e pressures have' a duration of approximately one-twentieth to one
hundredth second at any given location and are distributed over:, a very limited area at any particular 
instant. The greatest accelerations measured normal to the thrust line at the c. g. occurred in pancake 
landings, and a maximum of 4.3 g. was rec01'ded. Approximate load distribution CU1'ves for the 
worst landing conditions are derired from the data obtained to serve as a guide in static tests. 

INTRODUCTION 

There is but little known concerning the magnitude and distribution of water pressmes on 
seaplanes when landing or taxiing on either smooth or rough water. Oonsequently, the size and 
arrangement of structmal members that make up a seaplane float are based on experience with 
previous successful designs rather than on definite information as to the forces to be encountered. 
Floats that are undamaged in operation are sufficiently strong, but knowledge of the actual 
water pressmes encountered is needed before structural weight can be safely reduced to a 
ITllIllID. urn. 

At the request of the Bureau of Aeronautics, Navy Department, a series of investigations 
to determine water pressmes on various types of seaplane floats are being made. The investi
gation reported herein is the second in this series and was conducted on a twin-float seaplane. 
The first investigation was conducted on the UO-l single-float seaplane and has been previously 
reported. The third investigation is to be conducted on a boat-type seaplane. 

A TS-l twin-float seaplane was used, and po itive water pressmes were measured at 15 
stations on the outboard half of one float bottom. Subsequent to the positive pressure measure
ments, negative pre sures were determined at five points abaft the step and one forward. The 
apparatus used for measuring positive pressures was the ame as that used in the previous inves
tigation (reference 1), with some minor changes. Additional instruments were used to record 
accelerations normal to the thrust line at the c. g. of the seaplane and to measure, approximately, 
accelerations of the float bottom. 

The tests included numerous taxiing and landing runs at various speeds and attitudes 
except that negative pressure measurements were confined to take-off runs. Simultaneous 
records of the water pressures at all station , the air speed, float angle, and acceleration were 
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4 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

obtained. The average wind velocity was also determined with an anemometer while testing 
was in progress so that the water speed could be computed. 

This report includes a brief description of the instruments and apparatus used in the test, 
a description of the test procedure, the re ults obtained and conclusions reached. The complete 
data are presented in tables and are summarized by a table and curve showing the distribution 
of maximum pressures over the float bottom. In addition, there are curves showing the manner 
in which water pressures act on the float bottom and approximate load distributions for hard 
pancake landings. 

APPARATUS AND METHOD 
APPARATUS 

These tests were conducted on a TS-1 twin-float seaplane. (Fig. 1.) It is a single-place 
biplane that may be equipped with either floats or wheels. As a eaplane it has aspecified gro . 

FIGURE l. - T S-l seaplane on which the tests were conducted 

weight of 2,123 pounds. The weight of the research equipment used in the tests was such that 
it was necessary to reduce the fuel load one-half to keep the gross weight as specified. It was 
found that the landing speed wa from 60 to 65 M. P. H. for a normal landing. 

The floats are of wooden construction and are shaped as hown in Figure 2. The step is 2 
inche high at the keel; the angle of the after keel is 5Xo; and a line from the bottom of the step 
to the tern makes an angle of 7° with respect to the deck line. The deck line is parallel to the 

&
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FIGURE 2.-TS-l float lines 

thrust axis and wing chords. The angle of V is 17° at the bottom of the step and increases slightly 
toward the bow giving a fairly flat entry. Abaft the step the angle of V is 16° . egative pressures 
were measured on a float of slightly modified shape. The principal differences are in the step 
which is three inches high, and the after keel angle, which is 4°. 

The research equipment included the following instruments and apparatus: 
1. A single-component recording accelerometer. 
2. A float angle observer. 
3. Two recording manometers. 
4. A swiveling Pitot-static air-speed head. 
5. A motor-type electric timer. 
6. A 4-element plunger-type accelerometer. 
7. Water-pressure apparatus, positive and negative. 
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1. A description of the . A. . ingle-component recording accelerometer is given in 
reference 2. Thi instrumen t records optically the deflection of a weighted cantilever spring. 
The component of acceleration normal to the thrust line was measured with this instrument 
during each run of the po itive pre sure tests. 

2. Longitudinal float angles were recorded by photographing the shore line parallel to the 
path of the seaplane with a small , motor-driven motion-picture camera rigidly mounted in the 
fuselage. Five images per second were obtained. 

3. Two recording manometers with two pressure cells each were used . An instrument of 
this sort with one pressure cell i de'cribed in reference 3 as the recording element of an . A. 
C. A . recording air- peed meter. It records optically the deflections of a diaphragm actuated 
by the pressure to be measured. One of the four pre ure cells thus provided wa used to 
record air speed in these tests. The other three were used to record pneumatic pressures used 
with the water pre ure apparatus. 

FIGURE 3.-Plunger-type accelerometer 

4 element Revolving 
accelerometer Mirror {ilm drum A 

lTITl::-:rry 1 -< ~L·~ht 
l' r r r II '9 
89 69 49 29 Switch Solenoid source 

A, Contact 
B, Insulation 

FJGURE 4.-Cross section of one element of accelerometer and diagram 
of recording circuit 

4. The swiveling Pitot-static air- peed head was located on a forward wing strut and was 
connected to tho air- peed recording pre sure cell mentioned above. 

5. Record were synchronized by timing lines at I-second intervals with an . A. C . A. 
motor-type electric timer. An . A. C. . chronometric timer and the method of u ing it are 
described in reference 4. The difference in the e two instruments i only in the means employed 
to obtain periodic electrical contacts. 

G. A plunger-type accelerometer with four elements was used to measure, approximately, 
the acceleration of the float bottom planking. This was primarily for the purpo e of deter
mining the proper correction to apply to recorded water pressures for the effect of acceleration 
of the water-pressure units. A photograph of this instrument is shown in Figure 3_ It is 
similar in principle to the accelerometer designed by Doctor Zahm. (Reference 5.) A cross 
section drawing of one element and a diagram of the recording circuit and mechanism are giyen 
in Figure 4. The four element are similar but respond to different accelerations. The varia
tion in sensitiyity i obtained by varying the plunger weight and spring pressure. The elements 
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were calibrated centrifugally, on a whirling table, and were adjusted to respond to accelera ions 
of 2g, 4g, 6g, and 8g, respectively. The record obtained is a line broken in teps which indicate 
the number of plungers making contact. To insure propel' accuracy in recording hort-period 
accelerations, the contact clearance wa set at 0.003 inch. The in trument was made as small 
and light as practicable and weighed but 0.6 pound when read:v for in tallation. It was mounted 
on the right side of the bottom of the left float about 1,5 inche forward of the tep and in the 
center of an unsupported bottom planking area. 

7. A detailed description of a water-pressure unit and the complete apparatu II ed in 
recording water pres ures is given in reference 1. The water-pressure units operate on a prin
ciple of opposing the force due to water pre sure on one end of a pi ton by a force due to a known 
pneumatic pressure on the other end. ,Yhen the water force exceeds the pneumatic force the 
piston makes an electric contact which is indicated in an optical record by deflection of the 
record line. Four such pistons in each unit re pond to diiIerent water pres ure nnd cau e 
different deflection. The range of pre sures recordable depend on the pneumatic pre sure 
which can be varied as desired. Fifteen of the e pre nre unit were in talled in thc left ide 
and se,en in the right ide of the bottom of the left float, as shown in Figure 5. As the water
pre ure recorder accommodates but 15 pressure units, all those on the left side were fir. t con
nected. The remaining seyen units were to be connected later to determine if an appreciable' 
difference in pres me exi ted between thc two sides of the float bottom. Thi was not done, 
however, since tbe noats wcre in Ycry bad condition at the completion of the te t with the 
first 15 units. 

FIGURE 5.- TS-l float bottom with pressure units installed 

The only e ential difference between the in tallation used in these tc ts and that used 
formerly, as de cribed in reference 1, is in the connection of all pre sure unit recording circuits 
in parallel to a 6-yolt stora~e battery in tead of 11 ing independent circuit with a 1.5-volt dry 
cell for each one. The electrical circuit for each pre sure unit i imilar to that of the plunO'er
Lype accelerometer hown in Figure -:1:. When this accelerometer wa u ed it was connected to 
the water pressure recorder in place of one of the water-pressure units. 

egative water pre sure were recorded with t\\'o 2-pre sure-cell recording manometer 
as described above. They were connected to one-eiO'hth in h diameter orifices in the float 
botLom by metal tubing. Five orifices were located abaft the tep and one immediarely for
ward, all on the same ide of the float bottom. Each manometer accommodated two orifice 
so that only four orifice at a time could be connected. 

The general arrangement of the in trument in tallation i hown in Figures 6, 7, and 
The water-pressure recorder is con piCllOUS in Figure 6. Two storage batteries are carried in 
the forward compartment over the group of recording in trument which are hown more 
clearly in FiO'ure 7. FiO'Ul'e show the pilot's cockpit. The gnll"'e , dinl, and hand pump 
are parts of the apparatus u ed in adjusting the pneumatic pre sure applied to the water
pressure uniL. One switch on the in trument board and one by the throttle control 'were 
operated when making a nm. The latter switch could not be left on more thnn three second, 
which made it neces ary to judge accurately the exact time to operate it when landing. 

With instruments and in tallation as thus de cribed, continuou record, ynchronized at 
I-second intervals, were obtained during each run. The length of the run, when measuring 
positive water pre ure, wa limited to three econds or Ie s by the nature of the recording 
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FIGURE 6.-0eneral view of the instrument installation in the TS-l seaplane 

FIGURE 7.-0roup of recording instruments in the lower part of the 
fuselage 
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arrangement. In the negative pressure tests the length of the record wa not limited to so 
short a period and continuou r cord of complete take-oft' run were obtained. Air speed, 
longitudinal float angle, acceleration, and water pre sures were mea ured simultaneou ly during 
each run, with the exception that during negative pressure tests, acceleration records were not 
obtained. Positive water pressures were measured at all 15 tations imultaneously, and 
negative pressures were recorded at ix orifices in all, with only four connected at anyone time. 

FIOVIlE .-Interior of the cockpit 

METHOD 

The maneuver included taxiing at variou attitude and peed up to get-away, taUed 
landing with power off and power on, fast landing, pancake landing, and porpoising. J ega
tive pre ures were mea ured during take-ofTs with the control back, neutral, and forward, 
respectively. Each negative pre sure run was continuous from opening of the throttle to get
away. The actual get-away when taking off with the control neutral or forward wa accom
plished by pulling the control back. The pancake landing were made by stalling at a very 
high angle several feet above the water. The seaplane howed a pronounced tendency to 
porpoise, particularly when decelerating after landing, and water pressures were therefore 
measured during this maneuver. 

The wind velocity was determined with an anemometer while making te ts 0 that the 
appro)..'imate water speed could be obtained from the air-speed 'ecord. The tests were all 
made in sheltered water where the maximum waves encountered were not more than 15 inches 
high. The pancake and fast landings developed pre sures which damaged the float bottom 
so maneuver in rough water were not attempted. The pancake landings caused high local 
pre ures to occur over nearly the entire length of the float and also large total loads with the 
maximum re ultant force applied well forward of the c. y. This is probably similar to the 
effect of encountering large wave, although the direction or magnitude of the resultant force 
caused by waves might be such a to cau e greater stresses in the structure, particularly if the 
waves were not met head-on. 

Both floats were cracked at the step during the tests. The right one was in poor condition 
at the start and was damaged in a fast landing. The left float cracked in a pancake landing. 
A landing made while making negative pressure trials was unintentionally hard and ruined 
both floats, making it necessary to replace them both for the negative pres ure tests. 
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PRECISIO OF RESULTS 

The accuracy wi th which water pressure are recorded is di cu ed thoroughly in reference 1. 
The two chief Olll'CeS of error, as hown therein, lie in the eO'ect of acceleration on the movable 
pistons of the pres nre units, and in the method of bracketing the true pre ure between limits 
of a pre ure exceeded and one not exceeded. The error caused by acceleration may be corrected 
if the acceleration i known. The errol' due to bracketillO' is dependent on the closeness of the 
pre su re limits which varies foJ' different pres ure units . The true pre lire hould be considered 
a the mean of the lilnits. For a repre~entative ca e, the diiIerence between the mean and the 
limit wa found to be about 9 per ce nt of the mean, but Lhe accuracy of the mean for any par
ticular ca e must be found from the actual limiting pre ures determined. A maximum 
correction for acceleration hould be ba cd on an acceleration of approximately 4 g, a determined 
with an accelerometer in the float bottom. The computed maximum correction to be added 
to the recorded pressure limit is then approximately one-fourth pound per quare inch. 

The maximum pre mes corrected as above are probably correct within Ie s than ± 10 
pel' cent. 

The air-speed mea urement is e timated to be accurate within ± 1 M. P. H. 
The accuracy of the water- peed mea urement depend on the accuracy of the air speed 

and the aCCl1l'acy with which tho avorage wind velocity represents the actual wind velocity 
when a run is made. The accuracy i e timated to be wi thin ± 4 M. P. H . 

The fl oat-angle values are correct within ± }~ o. 
The accuracy of tho negative pre m'o m a m'oment is within ± 2 per cent. 
The accelerations at the c. g. are con id ered to be accurate within ± 0.1 g. 

The acceleration of the float bottom can only be approximated ince i t was determined 
by limitinO' acceleration between value 2 g apar t. The limits themselves have negligible errors 

RESULT S 

POSITIVE PRE SURE 

Th maximum pre urc recordod during ea h run are given in Table I , accompanied by 
a de cription of the maneuver, the airspeed, longitudinalfioat angle, ma. 'imum acceleration, 
condition of the water urface, and the appl'oximat water speed. The location of the pre ure 
tation are hown in a figure accompanying the table. For some station the highe t pressure 

exceeded is not accompanied by an upper limit of pre sure not exceeded. Where both limits 
arc O'iven Lhe tl'Ue maximum pressure i considered to be the mean of the limit plus a correc
tion of one-fourth pound per qllare inch for acceleration of the pre lire unit, a mentioned in 
the discus ion of preci ion. Where nly the lower limi t i given the true maximum is con-
idered to exceed this limi t by tInee-fourth pound per square inch, which include the correc

tion for acceleration and an as umed value of one-half pound per quare inch based on a study 
of the complete data and the limit that were established at other station. The five highest 
true pre lire at each station are given ill Table II with each pressure corrected as above, 
although it is probable that the correction for acceleration i lightly exces ive in some cases, 
which would make the tabulated pre mes a little greater than the actual pres ures experienced 
for such ca e. The maximum pres ure for each station as given by this table was used in 
plottillg the CUITe of Figure 9, which hows the distribu tion of maximum pressures over the 
float bottom. 

The highest pres ure occurred in pancake landing , very fast landings, and in fa t taxiing 
runs. The highest ver tical ao elerations, 4.3 g and 3.8 g, occurred in I ancake landings. Accel
eration in exces of 3 g al 0 occurred in fa t landing, and in one porpoi ing run in 12 to 15 
inch wave. In the latter run the acceleration was 3.4 g; the water pressures, however, were 
not obtained. The woJ' t di tribution of pre ure occurred in the pancake landing. In these 
maneuver the float angle was large and the rate of de cent wa high. The result was high 
pre ure at the stern followed by high pressure at the step and later at the bow. The rea on fOl' 
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this wide distribution of high pressures was the rotation of the eaplane caused by the force 
abaft the c. g. and ub equently retarded by a force forward of the c. g. The shape of the fioat 
and the location of the c. g. were such that the retarding force was developed suddenly by a 
high pressure neal' the bow. During other mflneuvers very high pressures were confined to 
a region extending forward from the step a short distance. The distribu tion of maximum 
pressures given by the curve of Figure 9 therefore closely represents the di tribution in a severe 
pancake landing. 

The maximum pre sures which have been discussed do not occur simultaneously over the 
entire :float bottom, but are confined to a small portion of the hottom at any particular instant, 
and last only one-twentieth to one one-hundredth second. In afewcasesithasbeenpossihleto 
determine accurately the duration and to trace the progre s of pressure in excess of a certain 
value as it travels over the float bottom. The duration and travel of the high pres 'ure can 
then b shown by curves as described below. 

The operation of the first piston of a water-pressure unit indicates that the water preSSUTe 
has exceeded the minimum pressure which the pressure unit will record with the particular 
internal pneumatic pressure used. The elapsed time during which this piston remains against 

o ~oinlts hloAq tee> 
....... - • Points olong chine 

i"-. 
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~ ./ 

'\. .... ;'" 
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II I 'Kee,I-.1 Inc;he~ fr.-om, sf,ep I I I I 
t~OO MO OA Oc OE OF OH OL 
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Ste,J Left chine-Y p 

FIGURE 9.-Distribution of manmum water pressures on the /loat bottom 

its contact represents the duration of the water pressure in excess of that minimum. The 
relative time at which the first piston of each pressure unit operates is determined from the 
water-pressure record. These values are used as ordinates in plotting a curve with di tance 
of the stations from the step as abscissas. Separate curves are drawn for stations along the 
keel and along the chine. To these ordinates increments are added which represent the dura
tion of the pressure in excess of the minimum which each unit will record. Two pairs of curves 
are thus obtained; one represents the travel and duration of pres ure in excess of a certain mini
mum along the keel, and the other does the same for stations along the cbine. The difference 
in time between the start of high pressure at the keel and chine at a given absci sa represents 
the lag in transverse distribution of pressure due to tbe V bottom. 

The procedure, as described above, was followed for two severe pancake landing , runs 55 
and 56. The resulting curves are shown in (A) and (8) of Figures 10 and 11. The lag in 
transverse distribution of pressure is noticeable in these curves. The minimum press UTe re
cordable was approximately 5 to 6 pounds per square inch for all stations during both of these 
runs, and the CUTves therefore represent the travel and duration of preSSUTe exceeding 5 to 6 
pounds per square inch. At some stations this minimum preSSUTe was not exceeded and the 
pressure travel curves, therefore, could not be drawn for the portion of the bottom represented 
by these stations. 

In addition to the high pressure concentrated on a small area at a particular instant, there 
is also a smaller sustained preSSUTe over a large area to consider. The fluctuations in preSSUTe 
in a small fraction of a second are usually much greater than the range of pressures that the 
preSSUTe units will record at one setting of th~ internal pne\l:p:latic pressure. It is therefore 
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necessary to determine the highest pressures for a maneuver in one run with the internal pres
sure seL for a high pressure range, and the low sustained pressures in a rep tition of the maneuver 
wiLh the internal pre sure set for a lower recording range. A study of the records on which 
low pressures arc record ed gives a ba is for an assumption as to the sustained pressure to expect 
over a large area while 11 concentrated high pressure exists at any given location . 

.. 50 :=:=:~~:~~~~:-_-+r_--i:-_-+'-Tr'-~-v-Jr/-a""'),-d-""d lu-r"".~-I-io""ln.---'ol-T--'--r-'---r--' 
pressure exceeding ;--!--t--I---!--I 

.40 1-+--+--11-+--+---11-+--+-5 -6 /b/S9· in. -+-t---t--+ -t--f--+--i 
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~ 1-+-+-1---+-1-+-+-+(8) Alan 9 ch i\.e f-_·lH-:;:.--1f.l:f-:,""~~+:/,"" y,...-t---t-l 
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High pressure areas a t successive mtervals 
I;(eel-" I I ~ 129 ec 1 ·iF8 !j,sec;. ,.33 ,sec;. 1 I 

1~ - 00 MO OA O OEA~ ~~L /, 

Stern ~p NO 0 8 OG ~ - ----- J 
Stepj Left chine....1' Bow 

FrIOurm 1O.-Travt'l of high local pressuro o\-or the !Ioat bottom in pancake hlUding, run 55. 
Wator speed 48 M. P. II., smooth water 

A sustained pressure which continued for at least one-fourth second after the high pressure 
had passed the stations was recorded at stations C, D, and H during pancake landing run 44. 
This landing was similar to the pancake landings, run 55 and 56, for which the pres ure travel 
curves arc given, with the exception that it was made on water with 10 to 12 inch waves and 
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FIGURE H.-Travel ofbigb local pressure over tho !Ioat bottom in pancake land ing, run 56. 
Water speed 47 to 42 :1\1. P. IT., smootb water 

o 

at 10 M. P . H. less water speed. The highest recorded acceleration at the c. g. (4.3 g) was ob
tained in this run and the float bottom was damaged at station B. The sllstained pressure was 
4.3 to 5.7 pounds per square inch at C, in excess of 4 pounds per square inch at D, and 2.8 to 
4.1 pounds per square inch at H. At the same time it was less than 3.1 pounds per square inch 
at A, 4.5 pounds per square inch at B, 4.3 pounds per square inch at E, and 2.5 pounds per square 
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inch at tation F, G, K, and L. During other maneuver laro-e ustained pressure were recorded 
at some other stations. At tation A, .'5.3 pound per quare inch was almost continuously ex
ceeded, ancl aL B 5.4 pounds per quare inch was intermittently exceeded during taxiing run 24. 
During taxiing run 20 a su tailled pressure of 2.4 Lo 3.1 pounds per quarc inch wa recorded 
aL sLation F, and in iaxiino- nm 21 a susinil1ed pressure of 3 to 3.9 pounds per square inch existed 
at E. Station 0, abaft the step, indicated a su tailled pre ure of 2.1 to 3.5 pounds pel' square 
inch during taxiing run 15 while aL P during Lh e aIlle run 2.1 pounds per quare inch was only 
exceeded intermittently. In each of these taxiing l"l11l Lhe location of Lhe susLained pre ure wa 
dependent on the attitude of the flont. The pancake landing is particularly important by rea on 
of the high local pressure which Lrnvels from the stern to the bow and the large total load indi
cated by the acceleration at the c. [J. It appears penni sible to a ume for thi maneuver that a 

II tailled pre ure of 3 pound per sq uare inch e. ·isis over the boLtom from the step forward to 
the po it.ion of the high-pressure area at any instant. From re lilt obtained in the negative pre -
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8l'\'('I'(' p i-Blenkt' landing 

nre tests, discussed lakr, it icon idered that the 
pre ure abaft the step i negligibl when the high 
pr C's nrc j forward. 

Without records wll ich show the exact imulta
nco\! . pressures ove\' the ent ire float bottom it i 
impos, i ble to determine an acLual loael eli tl'ibu tion 
accllrntcl~T. It is possible, however, to arrive at a 
prohahle load eli tl'ibut ion fl'om a study of the high 
10CHl PI'('. :ml'es and the low u tained pressure mea
ul'ed for the ame manellvers but on di[Jerent nm . . 
The Sll. tained pressure likely to prevail in a evere 
pancnke landing have been discussed aboyC'. The 
firea sllhject to high pre ure at a given in tant in a 
pnnenke Innclino- is determined from the PH'S ure
travel curves. 

The intersection of a time ordinate with the 
pressure-travel curves (A) and (B) of Figure 10 and 
11 cletermine four ab ci a which are projected down 
to their respectiYe positions on the line of the keel 
and chine tation. These four points determine two 
sides of the nrea sllbjE'ct to pre sure in excess of 5 to 
G pound. pel' squnre in ch, which is bounded by the 
];:eel and chine on the other two sides. The actual 
magnitud e of the pressure in thi area is determined 
from Lhe prf' ures ginn by the maximum pre ure 

distribuLion cu !'\'e of Figure 9. The areas subject to high pressure, as thll determined, are 
~hOWIl by the , haded areas in Figure. 10 and 11 on one-half the projected Doat area. The 
interval are chosen to how the areas when the high pre sure is undor the c. () ., in the middle of 
the forebody, and near the bow. In the middle of the forehody the high pre ure area is a maxi
mum, althouo-h the pres ure is not. The projected area is used becau e only vertical load are 
con idered. The boundary lines of the area am not perpendicular to the keel becau e of the 
lag in transver e di lribution of pre sure. 

A rectangular repre entation of the load dist ribution at three slI cces ive in tervals dming a 
pancake landing is given in Figure 12. The high pre sure at a given in tant i repre ented by a 
rectangle with a height equal to the pres ure on the area in pound pel' quare inch. The 
width is that of an area equiyalent to the actnal area subject to hio-h pres me a given in Figlll'e 
10 and 11, but with ide perpendicu lar to the keel. It is found by dividing the actual high
pre sure area by the width of one-half the float. The lower u tained pre ure i repre ented 
b.v another rectangle with a height representing a pre ure of 3 pounds per square inch and a. 



WATER PRESSURE DISTRIBUTIO r 0 A TWI -FLOAT SEAPLANE 13 

width extending forward from the step to the high-pressure area. The combined areas of these 
two rectangles multiplied by the width of both floats is the total vertical water load. Thus, 

when 

L=a X 2b X W 
W . 

a = combined area of load r ectangles. 
b = width of one float = 26 inches. 

W= gross weight of seaplane=2,150 pounds. 
L= total vertical water load. 

The actual weight is substituted only in the denominator so that L is given in term.s of W. 
The three load distributions of Figure 12 represent the worst conditions of the two pancake 

landing runs 55 and 56. Case 1 repre ents the distribution with the high-pressure area under 
the c. g. and was taken from run 56. Cases 2 and 3 were taken from run 55 and represent the 
distributions when the high pressure is extended over a maximum area in the forebody and 
when it i near the bow, re pectively. The di tribution forward in thi landing was unusually 
bad. 

The maximum ioial load thus derived is 6. lV, where TIT is the weight of the seaplane. 
The maximum load indicated by the ac eleration mea ured at the c. g. is 4.3 lV. The maximum 
acceleration was not obtained for run 55 and it i po ible that it was slightly greater than the 
4.3 g determined in a imilar landing. It is likely, however, that the chief cau e for the dis
crepancy is inaccuracy in the a sumed load distribution, particularly in the sustained pressure 
extending from the tep to the high-pressure area. A mall difference due to flexibility of the 
tructure is also to be considered, and there is a po ibility that the load is unequally distributed 

between the floats. The time at which the maximum accelerations occurred in the pancake 
landings i in fair agreement with the load di tributions shown, a the maxima occurred when 
the high pressures were well forward. The load distributions ar , therefore, probably represen
tative of actual conditions with the exception that the magnitude of the computed total load is 
possibly somewhat greater than that actually experienced. 

The poin t of application of the re ultant force may be determined from the load distribu
tions given, but the direction of the re ultant is unknown. It does not pass through the c. g. 
when the re ultant is forward a therc is considerable angular acceleration. The magnitude of 
this angular acceleration can not be determined accurately from the float angle records, but the 
record for pancake landing run 44 show that it may be a great a 10 radians per econd per 
second. This shows that the resultant must pa considerably forward of the c. g. 

The load distribution abaft the step can not be determined by the method used for the 
forebody since no continuous pre sure t ravel curve were obtained. However, the accelero
meter at the c. g. recorded 1. g when the hio-h pressure wa abaft the step in pancake landing 
run 56, and at the same time the float bottom accelerometer exceeded 2 g. Stations Q and P 
both recorded very high pres ure in this landing and the resultant load is, therefore, probably 
applied between these two stations or about 4 feet abaft t he step, and is of con ider
able importance. 

NEGATIVE PRESSURES 

imultaneou value of the negative pres ures at in terval during take-off are given in Table 
III with the corre ponding air peed, float angle, and apprm.:imate water peed; and in a figure 
accompanying the table the locations of the pressure orifices are hown. The press ures were 
read at everal interval from continuou records taken from opening of the throttle to get-away. 
The intervals were chosen 0 a to include high pre ure throughout the runs and are timed in 
seconds from the start of the take-off . 

At low speeds negative pre ure were sustained and existed over a small area extending a 
few inche abaft the tep. At high peeds thi area extended back along the keel more than 2 feet, 
but not along the chine, and the pre sure were sharply fluctuating as shown in Figure 13 . At 
intermediate speeds the pressures abaft the step were nearly zero but in orne cases there were 
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small peak pre ures at regular intervals corre ponding to the period of 0 cillation of the sea
pla:::te. The e variation were mo t noticeable at tations I, 3, and 4, at which they occLllTed 
simultaneou ly, but the peak were u ually po itive at tation 3 in tead of negative a at 1 and 4. 
At station 5 the pressure was unu ual in that it howed no sharp fluctuation. Forward of the 
step the pres ure was always positive. 

The large t negative pres ure were recorded at tations 1 and 2 immediately abafL the 
step and occurred with the control neutral at water peeds of from 9 to 15 M. P. H. The highe t 
value obtained wa O. 7 pound pel' square inch, which i of mall tructural importance. At 
high speeds the pre ure fluctua ted rapidly and there is a po ibility that this mi ht cause 
considerable vibration of the bottom kin. 

The negative pressure were influenced by the peed and float angle . One of the force 
determining the float angle i the force on the elevator. It wa found that with the control 
held back the u tained negative pre sure abaft the tep at low speeds wa largely eliminated, 
and that the longitud in al acceleration during take-off wa teady . ,Vith the control neutral 
or forward the negative pres lire a t low speeds wa high ann SlI , ta. in cc\ for It prriod of evernl 
second, dllring which thc flcccicratioll was very sl ight. 
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Dl CU SION OF RESULTS 

It i con idered that the maximum pre sllres obtained were exees ivc for thc T, - 1 noa( . 
since both float were damaged dllJ'ing te t and eventually ruined in a landing apparcntly no 
worse than other 1'01' which record were obtained. The complete failure wa.s probably call ed 
by the repetition of hard landing on floats which had had con iderabl ervice. The final 
failure was in the planking, tringer, and tl'inger bracing a short di tance forward of thc tep. 
Thi indicate a failure due to local pressure which i not nece arily coincident with maximum 
moment or total vertical load. 

Large total load a well as high local pres ures re ult fr m paucake landing wi th larg 
float angle. In a.ddition , the maximum re ultant force i well forward of the c. g. which impo es 
a large moment. The direction of thi re ultan t force wa not d termined becau e no mea -
urement of the longitudinal component of either force or acceleration were made, but the 
exi tenc of con iderable angular acceleration show that it doe not pas through the c. g. 

The maximum pres ure on the T - 1 wa about 10 pound per quare inch and on the 
0 - 1, 6.5 pounds per square inch. High pres ure were experienced near the bow of the T - 1 

and not on the 0 - 1. The higher pre ures on the T - 1 are probably nue to unequal di tribu
tion of the loan between float, the O'eneral1y higher speed, and the smaller angle of V. The 
speed of the T - 1 for omparative maneuver i 5 to 10 1. P. H. high er than for the 0 - 1; 
and the angle of V i 3° Ie at the tep and 10° less at corre ponding po itions near the bow. 
The peak pre sure neal' the bow i probably due to the small angle of V and the gradually rising 
keel line. It is probably influenced also by the location of the c. g., which i 6 inche farther 
forward on the T - 1 than on the 0 - 1 float. 

The negative pre sure are of mall magnitude, and the inve tigation hows that iL j , 

reasonable to neglect pressures abaft the step when considering total loads with a pressure 
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peak forward of the step. The re ult indicate a relation between negative pre ure and float 
resi tance which i po ibly of ufficient importance to warrant a more complete investigation 
of this relation. 

CONCLUSIO S 

The re ult of this inve tigation apply only to the T - 1 seaplane a u ed in these te ts. 
The effect of variations in peed, float hape, and other characteri tic likely to be different in 
other design is probably considerable on both the magnitude and di tribution of pre sures. 

Maximum pre sures a high as 10 pounds per square inch are mo t likely to occur at the 
tep, but under some condition of landinO', pre ure of practically the same magnitude may 

al 0 occur at the tern ann near the bow. -
The only part of the float on which no large pres ure occm's' is a limited area immediately 

abaft the tep in which a maximum negative pre ' nrc of 0. '7 pound ,Per quare inch was 
measured. 

Maximum pressure arc alway co nfined to a mall area at any in< tant and la t approxi
mately one-twentieth to one-hundredth econd at .any given location. 

ustainccl pres Ul'es ILI'C it]ways small compfl red to the mflximllm preSSllrcs itnd arc grcatest 
ncar the stoep. 

The worst di LribuLion of pres Ul'es and the gl'eaLcsiJ acceleraLiom; at Lhe c. y. occlIned ill 
Jhtncake landings and were principally clue t the development of a high pressure near the bow. 

The negative pressures whi h exist abaft the tep appear to be of mall con equence struc
turally, but may be of sufficient intere t in a tudy of float re i tance and trim to warrant a 
more complete inve tigation. 

A vertical component of acceleration of 4.5 g at the c. g. is not likely to be exceeded in a 
safe landing. 

Acceleration of the float bottom i probably 1 to 2 g greater than that at the c. g. ill hard 
1 d· . I an mgs. i 

In future inve tigaLions of this ort the longitudinal omponenL of acccieration at th:e _c. fl· 
should be mea ured. . 
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RULl 
No. Maneuver 

TABLE r. 
WATER·PRESSURE DISTRIBUTION ON TITE TS- I SEAPLANE FLOAT 

[Recorded water pressures in pounds per square inch! 

Pressure stAt ions 
Maximum 

A p. L . accelera· . I proxi· °dngal'• tion in 
AI r mate tu In ter ms of VI 

Condition or water I sjlead water ~~:lt ---;---I;----;----;---:---~---I---,-·-----;-----------;--I 
MPH sjleed in de': ----I ABC D E F G H K L M N 0 P Q 

. . . M.P.H. grees C.g. ~~!t -a- b- -a--b- -a-'-b- j b -a-b- -;:--:- -a- b- -n-b- -a-I-b-I-a-I-b- -a- b- -a- b- -"-I-b- -a- b- -a- b-' 

15 -T-a-'-ii-n-g--ta-i-l -do-w-n.-.·I - s-m-o-o-th-.-.-. . -.-•. -.-.-•. -.' 47-53 34-40 10-9 ~ == 4. 3 ~ ~ =;-; =14. 4... 3. 0 = ~ 2. 0 ~ 1. 9 ~ ~ ~~ ~:I~ ~ ~ ~ 2. 3 ~ 2. 5 ~13. 5 ~~ 2. 3 ~ 2. 7 
18 . . .. . do ........•......... .. do ...•. •.• ••••.• .. . ..... •....... .•.. ... 1. 9 •....• 6. 0 ... 9. 2 •... 6. 6 .....•. 5.4 5.L ....•...... 3. 7 ... 3. 6 ... 3. 6 .•. 3. 4 . .. 5. L ...•.... 5. 6 • .. 5. 6 ... 6. 6 
23 .•.• . da-. ..... . ..•...... . .. do....... ..... . . 45-46 45-46 8 1. 6 ...•.• 8. 7 9. 18. 810.58.2 8.6

1 

... 6. 4 ... 6.2 ... 5.7 ..• 6.3
1 
... 6.1 ... 6. 2 ... 5.8 ... 5.2 ....•..•....... 5. 5 ... 6. 4 

24 ..... do ......•. . . . . . ....... do.......... .... 43-47 43-47 9-8 1. 6 •. .. .. 6. 7 .. . 8. 0

1 

.... 8. 0 . ....• . 4. -; .. . 4. 6 .. . 3.3 ... 3. 5
1 
... 3.4 ... 3. \ .. 3. 2 ••• 3.7 •........... 5.2 •..... 4. 7 

51 ..... do . ...... . ....... Very smooth... .... 32-33 26-27. ...... 1.6 0- 2. .. 7.9 ... 5. 1-•• •• . . 4. 2 8. L .. 7. 0 . .• 6. L .. 6. 51 ... 6. 3 . . • 6.1 .•. 6. L .. 4. L .. ...... 5. 0 ... 4. L .. 5. 6 
19 Taxiing-normal . •.. Smooth .. . ......... .• •. •... .......• 5-2 1. 7 ...•.. 4. 75.45. 7 ....... 5.9 ... 4. 9 ... 4. 713.9 . .• 3.1 ..• 5.8 ... .. . 3.11 . •. 3.1 . .. 5.8 •. . . .. •.. 6. 1 ... 6.1 ..• 7.1 
20 . . .. . do ..... . . . . . . ...... . .. do........ . ..... . • ...... ... . . • .. 4-2 1. 5 ...•. . 2. 8 3. 5,4. 8 5.5 ... 3.93.44.03.03.9

1
3.0, .. '2. 7 3.25.1 ....•. 2.4. •. 2.3 ... 2. 7 ...... . .. 2.5 . .. 2.9 ..• 3.4 

21 ....• do ••............• 8 to 10 inch waves.. 62-64 51-53 7-5 2.6 ...•.. 7. 28.9,8. 8

1

10. 5 ..• 7. 7

1

6.27. 26.27.4

1

5.56.9 ... 6.11.. .6.0 .• . ,5. 9 .• . 5.6 ... 5. 2 .. . 6. 5 •••...... 5. 6 ..• 6. 6 
22 ... . • do ... ....•. ...•. . . . . .. do. ... . . . . . . .. .. 51-55 40-44 3-2 1. 7 ....••..• 4.2 5. 0 5.3 . .. 5.5. .. 4.5 ... 4.33.54.33.84. 24. 96.64.05.13.64.1 ... 3. 6 . .. 4.5. .••.•.. . 3.8 . .. 4.5 
31 ...•. do ...•......•. . .. Smooth , ..•.•. . .•. . 58 47 ....... •.. . •........ 5.6/ .. . :.1 . . . 7. L .. 6. L .. 7. 0 " ' 1, ' ..... 6. 71 ... 7.6 ... 17.2 ... 6. 5 ... 5.7 . ....... ...• . .• 6.0 .•. 6.0 
4ll ..... do .••.....•...... 12to 15lnchwaves. 58-59 41-42 . . .... . 2.4 2-4 ..• 5. 0 .•. 0. 1 .•. 5.5 ... 5.6 .....•... 5.9 .. . 6.15.97.3 ..• 5.6 .•. 6.0 ... 4.6 ... ... ... 5.0 ... 4.8 ... 5.2 
3 Landing, sta ll ed, 10 to 12 inch waves. 65-58 55-48 13- 1 2.2 . ..•.• 7.38.47.9 9.87.510.0 .. . 6.15.96.8 .. . 3.9 . . . 4.24.87.06.0 . .. 6.01 .... . . 4.5 ... 4.7 .....••.. 4.6 ... 5.0 

power 01T. I / I I I 
5 . •.•. do •.•..... ... . . •• Very smooth ....... 65-60 60-55 •...•.. " •. ...... 5. 716.316.8 8.16.8 7.5 ••. 5.95. 76.8 ... 4.7 .. . 5.25.05.85.15.66.9' .....• '5.2 •.. 6.0 •.. 5.6 5. 56.37.2 
6 . .... do ....... .... . ... . .... do............ . . 64-58 59-53 .. ..•.. 2.3 ... ... 4.8 .•. 6.1 .... 5.9 ...• 3.43.74.04. 52.22. 5 1. 8 2. 3 3. 8 .. .... I. 6 .•. 11. 6 ..• 12. 3 '. ' 2. 6 .•• 2 0 ::: 2.32.73.3 

30 ..... do .•.......... •. . Smooth , ........... 53-50 42-39 ....... 2.4, • . . ... 61 •.. 6. 6 7,76.7 .... 7.7 ... 4 5 ...... 4.54.75.316.5 . .• . . . 5.1 .•. 4.7 ... 15.6 ........• 5.7 .•. 5.85.78.3 
43 . . . .. do ..... . ... . . . . .. 10 to 12 Inch waves. 55-49 42-36 16-4 2.8 ...•.. 7.49.29.710.4 7. 2 9.5 ,6.47.07.18.2 ... 6.8 ..• 6.4 ••. 7,7 ... 6.9 .• . 6 2 .........•.•..• 4.8 •.. 5.3 ... ' .. 
47 . . . .. dO ....•. . . . . ••. •.. 12 to 15 inch waves. 5~4 39-27 .... ..• 2. 9

1 

4-64.9

1

6.0'6.0 6.77.1 8.06.67.6 ..•.. . ... 5. 8 . .. 6. or 8 6. 7 ... 5.5 .• . 5.8 .. ' 14.91 .. ' .•.... 5. 3 •.• 5.25. 68.4 

7 Landing, stall ed, Very smooth . ...•. . 60-54 55-49 12-2 2.9 ...... 8.9 .• . 18.4 10.17.9 8.41-·-6. 16.07.1 . . . 4.7 ... 5.215.0 5.8 . .. 5.2 .•. 4'S·· · 15.21 ... 6.0 .•. 5.6 . .. 5.5 ... 6.3 
power on. I .?, 

8 . ..•. do ..........•......... do.............. 56 47 ....... 2.4 ... ... 5.01 •. ' 0.1 6.24.2 4. 93.53.83.44.013.33.8 ... ".6,2.63.5 ... 2. 0 .• . 2. 5 ... 2. 7 ._. 3. 2 ... 2. 6 . .. 2. 9 •.. 3. 3 
IS .•.•. do ....• . . .. .. . ... Smooth . ........... 66-65 53-52 11-3 1.9 ..... . 6.1..'16.2 7.45.7 6.0, .. . 4.34.25'22.S3'42.S3'15.5 ..•... 2' ~ I .• . 2.71_ ··13 01 .•. 3.51 .•• 2.91 ... 3. 11 .•. 3. 6 
17 ...•. do ......... . .........• do.............. ..... ... . ....... 13-2 2. 0

1 

...... 7. 0IS' 4/7.1 8.6 ... 7.5 ... 6 26. 17.3 .•. 5.6 •.. 6.0 .•. 5. 9 ... 6 " .•. 5. 7 . . . 15.2 .. •. ....• 5.3 ... 5.3. .. 6.1 
9 Lancling, fast •... . ..• Very smooth..... .. 78-75 78-75 ...••.• 3.2 ..•.• . 8.4 •.. 8.0 ..•• 7.5 8.0 ... 5.95.76.86.47.0

1 

... 5.66.4 .. 

T 
.. 5.s .•. 4.9-.T·l ... 5.8 ... 5.5 ••• 5.3 .•. 6. 0 

10 , ..... do··········· · · ··112 to 15 Incb waves. 1 711 491 9-212.31".' .'14.21 ... 4.5 .... 4.1 5.23 9 ..• 2.93.62.02.51. 9 ...... 1. 9 .. . 1. 8 •• . 1. SI··· 2.01 .. '12. 31' .. 11. 71 ... 12. 01.' . 12. 4 
1~ ...•. do •................... do .... .......•.. 73-72 51-50 9-3 .......... 5, 76.96.0 725.7 6.95.25.8 ... 5.05.25. 64.45.14.45.34.5 ... 4 2 .....• '4.6 ... 5. 3 ... 4.8 ... 4.7 ... 5.4 
12 ..... d? ....... . . : ..••.... :do··.· ·· ···· · v··· 75-72 73-70 ~-3 3.0 ...... 6. 0

1
6.9

1

7.1
1

8. 5 •.. 7.56.3 7.2 • .. 6.1 ... 5.2 ... 5. 65.56.4 ... 5.2. • . 4,9 ... 15.0 ... 5.6 . •• 5.2 ... 5. 0 . .. 5.8 
44 LandlUg, pancake . .. 10to 1211lch wa es. 50-48 37-35 16-3 4.3 , ..... 5.7 ... 7.1 .... 5. 7 •... 4.2 ... 5.05.4 ... ..• ( 43.04.1 · ·

T
···· -3.0 ···· · l·.··· · ····-2. 32. 73.5 . .... . 

55 •. •. • do ......•........ Very smooth... .... 50-45 47-42 .... .. . . . •• 4-67.99.2 5.7 8.1 ...• •.. 8.2

1

9.77.0 ... 6.3 ... 6.27.96.07.55.86. 6 S. 8 ..••. . 4. 61-·· .•.... 4.9 ... 4.9\8.4, . .• 

56 .•.•. do ...... . ..... ... ..• . . do.... .. ....... . 51 48 ......• 3.S 2-48.9 _ .. 17. 7 ....•...... 7. 9 •.• 6. 7 •. • 6.4...1 ... 6. 4 ... 6.2
1 
... 5.96.37.2. . .10. 0 ..•.. . 5. 9 ... 8.2 .. . 9.7, ... 

41 Porpoising .....•.... Smooth ....•..•.... 44-36 31-23 5-14 2.1 ••.•..... 53 .. . 69 ... 7.0 ... 6.4 ... 7.0 .. . 6.8
1 
... 6.4 . .. 7.7 , .. 6.9 .•. :6.2 .. .1. ........... 5.0 ... 5.6

1 

... 

1 

..• 
42 .. •. . do ....... . ..........• do.............. 39-40

1 

26-27 2-10 2.1 ...... 3.5 ... 15.1 .. _.3.5 .... 2.52.83.1 ... 1. 9 2.12.9 ... 3.5 ... 2.3. .. 2.4 .. • .. .1 .•••. • .• .... 2. 5 ... 2.8 ..... . 
53 ... .. do ........•...... Very smooth ..•.... ... . ....•. '.' ..... ..•.. 2.1 2-4 ... 0.54.6 6.4. .. . ... 3.5:6.85.59.53.86.83.84. 9344.23. 74 33 74.2 .•• 3. 5 .....• .. . 3.6 . .. 3.6 ... 4.1 
54 .•... do ..•..... ... . . . . ..... do ...•.......•...........•............• 1. 6 0-24.75.114.0 ••.. • . •... . 5.2\6.4 3.46.82.24.6

1
2.33.42.33 02 53. 1 •• ·t 2 ... ; •.•....... ", . . ' ........... . 

a=pl'essure exceeded. b= pressure not exceeded. 

Scale in inches Right chine 
~o __ 

Keel 

OK 

OH O L MO lOA OC OE OF 

NO OB 00 OG 

00 

aoJ Step..J Left chine"-:;' 
Location of pressure stations in the '1'S-l Ooat 

Remarks 

Unusua ll y bigb 
float angle. 

Cracked bottom of 
right float at 
step. 

Cracked bottom at 
station B in this 
or a similar land· 
ing following it. 

Landing similar to 
run 44. 

Do. 

,..... 
~ 

~ 
"d 
o 
~ 

~ ,..... 
o 
Z 
~ 
~ 
j 
Ul 
o 
~ 
Cl o 
~ 
~ 
t9 
t,j 
o 
::d 

~ 
::d o 
~ 
§ 
Cl 
Ul 



=--;--- ~ ----- ~ . - ~ 

TABLE II 
SUMMARY OF FIVE HIGHEST PRESSURES AT ALL ST.\TIO~S 

Pressure stations 

A B c D E F G II K 

Run I p I Run I p I Run I p I Run I p I Run I p I Run \ p I Run I p I Run I p I Run I p ~ ~ ~ ~ ~ ~ ~ ~. ~ 

-------------------------------- -- ----

Run 
No. 

L 

p 

:\r N o p Q 

I ,_,_ Run p , _ _ , __ No. .J __ , __ , __ , __ 

Run 
No. 

Run 
No. 

Run 
No. 

Run 
No. p p p p 

7 1 9.7143 1 10. S I 318.9155 1 9.2 1 43 1 7. 9 ~ 56 I i. 2 1
55

1
7
. 31

30 
17 3 1 3 16.8 15519.6 ..... -1-- ••.. 1 ..•... 1 ...... 1 5616.7156 1 9.0 1

56
1

10
.
5 

6 9. 7 18 10. 0 24 8. 8 56 8. 7 55 7. 8 55 7. 1 30 5. 3 9 7. 2 55 6 5 .5 7 7 . _ ••• _ ...... .. •... ....•. 15 2. 9 24 6. 0 55 9.2 
3 9.2 21 9.9 23 8.7 30 8.5 56 7.5 9 7.0 11 5.0 55 7.0 5 5.6 51; 7.0 ... . .... . .. ...•. _ •... _ ...........•... 44 3.4 5 7.2 
9 9.2 23 9.9 43 8.6 47 7.4 21 7.1 21 6. 5 53 4.6 48 6.9 11 5.3 3 6.8 .• ...... .......••• __ ... ............ _. 15 2. 4 30 6.8 
5 8.8 7 9.5 7 84 43 7.0 17 7.0 11 5.7 22 4.3 47 6.5 22 4.8 11 5.0 \ ................................ ..... . . ........... 47 6.7 

~ 
~ 

'"d 

~ 
U1 
U1 

p=mean pressure corrected for acceleration in pounds per square inch. Acceleration correction is +)4 pound per square inch, as explained in lext. Spaces left blank indicate that no pressure waS recorded. ~ 
t?:J 

t:I ..... 
U1 

~ 
b:j 

d 
>-3 
I-< 

o 

o 
Z 

>-

~ 
~ o 
~ 
~ 
>-

~ 
t?:J 

-~ 
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TABLE III 

EGATIVE WATER P RESSURES ON T H E T -1 EAPLANE FLOAT 

R un Time 
Maneuver in sec-o. onds 

- - --
Take'otT, control bRck .. .. .. .. 69 6 

H~ 
10% 
12U 
14j.i\ 

Do ....................... 74 3 
3~~ 
3~~ 
~~ 

13)6 
Do ........ ....... .... .... 75 2j.i\ 

2)6 
2~' 
3 
7~ , 

J~~ 
J2 ~i 

Take·otT, con1rol nClltrol ____ 70 , " " 2~ 
5 

16 
201, 

Do .. ... ____ ..... ---- - 71 ;j~~ 
4~~ 
5~ 

J3 
19j.i\ 

Do . . ....... _____ ___ ..... . 76 3% 
4% 
5% 
6 
6)4 
17~' Do ________ . __ _ .. ____ . ____ 77 2% 
5)4 
5~ 
9)6 
ll~~ 
12)6 
14 
22j.i\ 

Take ofT, control forward .. ___ 72 5 
5% 
7~ 

16)4 
24Y.i 

+=posi tive p rp .. ~~llre. 

Pressure in pounds per square incb. Approx· 
Orifice Nos. Air imate 

speed in water 
M . P.H. speed in 

2 M.P.H. 

---------- -------
0.01 0.02 0. 01 0 36 36 
.11 + . 21 + 42 42 
.28 + .32 + 50 50 
.26 + .39 + 53 53 
.01 . 32 .01 + 55 55 
.13 0.42 + -.---- ------ + 20 6 
.16 . 19 + ------ -.---- + 22 8 
.01 . 06 .OS ---- -- ------ + 23 9 
.31 .14 .03 ---- -- -- ---- + 38 24 
. 34 .34 0 -._ --- ---- -- + 53 3~ .11 .44 + -- . -.- -- ---- + 22 
.23 .25 + 1----- - ------ + 23 9 
+ .06 + --- --- ------ + 23 9 

0 .10 0 ------ -- --- - + 23 9 
· J9 .16 + -- -- -- -- -- -- + 37 23 
. 31 .16 0 _._ -- - -- -.-- + 37 23 
.39 .34 .02 ---- -- ------ + 46 32 
.39 .42 + --- --- .. =t .. + .'H 37 
· a.5 + + 20 9 
· 14 .13 + + 22 11 
. 01 

.
04

1 
. OJ + 22 II 

. 03 .14 :.U 0 .. . --., 53 42 

. 46 + + 55 41 
O. !i7 + + +- 23 12 
.39 0. 28 + + 23 12 
. 05 ------ .04 0.03 + 23 12 

-- ---. ------ ------ .04 0 46 35 
.36 .01 54 43 

7 .70 + ------ ------ + 23 9 
.39 .83 + - -- - - - -- ---- + 27 13 
.26 .24 .16 - - ---- + 27 13 

· !~ . ?~ . 12 I::::: : + 28 14 
.05 .0 .01 ---- -- ----- - + 28 J4 
.19 . 16 .16 - -- -- - -- -- -- + 57 43 
.53 .77 + -- - - -- - - - - - - + 24 10 
.27 .77 + - - - -- - --- --- + 28 14 
.53 .64 + --- - - - --- --- + 29 15 
.27 .32 .16 ---- -- ------ + 30 10 
.23 . 28 .20 ----- . . - -- -- + 30 J6 
.05 .07 . 05 -- -- -- + 30 16 
.03 . 07 .03 ,::=::: + 30 ~~ .37 .32 .01 __ . __ . + 52 
.50 + + + 23 12 
.25 .22 + + 24 13 
.05 . 09

1 

.03 + ------ 25 14 
.05 ~I .05 \ 0 -- - --- 42 31 
.37 .55 + ---- -- 54 43 

Scale in inches (Righf chine 
~o ____ ~--~--,_----7 

Location of negative pressure orifices in the 
TS-l fioat 

o 

Float 
angle in Remarks 
degrees 

---
9 

](Hi 
10-7 
8-5 
7-5 Get·away at 15)6 seconds . 

7 
9 

10 
ID-S 
HHi Oet away at 14 seconds . 

6 
7 
7 
8 

9-7 
9-7 

10-6 
9- 7 Do. 

!i 
Ii 
r; 
3 

7-5 (lei·away a1 24 seconds. 
4 
4 
5 

2-4 
2-4 Oet·away at 23H Seconds. 

3 
5 
5 
5 
6 
3 Oet·away at 22~ seconds. 
4 
3 
3 
4 
4 
5 
6 

3-6 
5 
3 
4 

5-1 
Oet·sway at 26~ seconds. 



I 





Axis 

/ 
I 

I 
I 

". 
". 

.
" .-

z 
t , 

9 
\ , , 

\ 
\ 
\ 
I 
I 
I 

y/··"-------~x 
'l' 

P osit iyc direction" of a:,es a nd angles (forces and m omcnt s) are shoVl'll by arrows 

:.\Iomcnt about ax is Anglc Yclocities 

F orce 
parallel Linear to axi <) 

s"m- I Sym- De,igna- Po~iti\'c Designa- Sym- (compo-DCRignation bol symbol tion 
bol I direction tiOD bol nent along Angular 

I 
LongitudinaL __ X X 

I 
rol:ing ___ __ L 

La1('raL _______ 1" } . pit ch i 11/; ____ M 
NormaL ______ Z " y:lwing _____ N L.. I 

Absolute coefficients of moment 

axis) 

l "------>Z rolL _____ <t> l' P 
Z------> X pitch _____ e v q 
X~l" yaw _____ 'l' w r 

Angle of set of control surface (relati,e to neu

tral position), o. (Indicate surface by proper 
subscript.) 

4. PROPELLER SYMBOLS 

D, Diameter. T, Thru t. 
P., Effective pitch 0, Torque. 
Po, Mean geometric pitch. P, Power. 
Ps, Standard pitch. (If It coefficients" are introduced 
pv, Zero thrus t. units used must be con i tent.) 
pa, Zero torque. 'Y} , Efficiency = T VIP. 
p/D, Pitch ratio. n, Revolutions per sec., r. p . s . 
V' , Inflow velocity. N , lie,olutions per minute., R. P. M. 
VI; Slip stream velocity. 

iP, Effecti,-e helix ano-le = t::m-1 ( ~) 
I:> 27rrn 

5. NUMERICAL RELATIOl'\S 

1 HP = 76.04 kg/m/sec. = 550 lb. /ft./sec. 
1 kg/m/sec. =0.01315 HP. 
1 mi./hr. = 0.44704 m /sec. 
1 m/sec. = 2.23693 mi./hr. 

1 lb. = 0.4535924277 kg. 
1 kg = 2.2046224 lb. 
1 mi. = IG09.35 m = 5280 ft. 
1 m=3.2808333 ft. 

all 




