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SUMMART

An experinental imvestigation has been made into (i) splash-up,
(ii) inpact pressures, and (iii) impact forecs OCCUrring guring controlled
alightingson SOt h water of a representative landplane fusel age of
elliptical cross-section in the Hull Launching Tank.

The width of the actual netted surface of the cylinder wag
found to be v2 tines the width which would be wetted for immersion to the
same draught vithout splash-upe _ Pressure distributions are presented in
the formof data for several landings over 3 ranpe of initial attitudes
and at flight path angles down to 1.5

The aceclerstion results are of limited useful ness due to
imperfections in the apparatus.

Phot ographs are included of the externol spray formation

Results arc not generally applicable to design sases for
ditching untal a rational theory of inpact of fuselage shapes be madc
avaliable.
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1. | NTRGDUCTI ON

The work described in this report iS part of a limted research
progremme jointly undertaken by the RAE end the MAEE., directed
towards a clarification of the hydrodynamc and structural problenms
involved 1n the inprovement of landplane ditching characteristics. A
conprehensi ve programme was given by Smith in 1946 (Reference 1) for
di scussion by the Aeronautical Research Council but only certain aspects
of this were actively pursued and these have now ceased. A broad
survey of present problems of design for good ditching characteristics
and tho limitations of existing data and theory is available
(References 3 and 4). The experinents described in this report have been
made on a quarter-scale representative landplane an the MA E E Controlled
Hul | Launchi ng Tank, to provide information on wator i npact pressures and
accel erations occurring during the initial stages of an alighting on smooth
water.  The tegts were originally planned in 1944 to investigate a gerios
of afterbody forms end wing positrons to establish the optinmum conbination
for good overal |l ditching characteristics, mainly for military aircraft.

At the end of the war, when there wore no |onger any operationa
requirements justifying considerable research effort, the programme was
severely curtailed and only ono formhas heen tested, which IS generally
representative of clean modern high-speed bonbers and civil transport
aircraft.  Parallel tests which have been made by tho RAE on a smller
dynam cally sinilar model in tho freelaunching tank have shown that the
formtested does give good ditching behaviour,

The ultimate object of the research of which this report 1s
part 1s to relate inpact pressures and accelerations tO the initia
alighting conditions and to the geonetrical shape and mass distribution
of the ditching body for design use and also for formulating design
requirementa,

A serious weakness ip the prosent know edge is the [ack of en
established theory of oblique inpact of eylindrical bodies on a free
surface.  Becoause of this the results arc at present somewhat |imted
in application, end honce only nodel results, wnthout intorprotation, are
prosented.

Four series of tests worec made,the scope of which 1s given
in Table | end paragraph 3.4, the tests being made during the periods
Docenbcr 1948, March 1949 and January-February 1950.

2. EXPERI MENTAL AND THECRETI CAL KNOW.EDGE OF I4NDPLANE | MPACTS

In this section a brief review 1s made of current know edge
of the initial inpact of landplanes on the water, conprising previous
msasurements in the Hull Launching Tank and a iittle theoretical work.
A nore extensive review of landplane ditching 1z available in a
nonograph (Reference 4) giving also full scale operational experience,
which is not dealt with hero

'2.1 Experinental Data

. Apart fromsone early frce drop tests on a full scale Hudson
aircraft (Reference 5) which demonstrated the vulnerability of |ocal
portions of tho under-surface to collapse under wator inpact pressure

and some |imted small free nodel tests ona Msquito (Reference 6)
Jwhi ch
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vhich indicated that inpact prossures could be very high, British data

i's confined to the Hull' Launching Tank Tests on York (Refs 7)and Tudor
(Rofe 8) nodelss  These vere made ON 1-rae niodels Oof one-third and one-
quarter scal e respectively and represent as closely as possible the
dynamic conditions of one or two landangs only.  In particular the tosts
were designed to show the difference in the nature of the inpact result-
ing froma high speed, flaps up approach, and a low speed, flaps dowm

approach. Val ues of the pressurcs, their duration and extent over the body
were measured omd, by a sinple theory, the results were applied to ful
scale conditions. The 4o experiments covered broadly the same scope, an

inportant difference being that the York had o flat under-surface and the
Tudor was of circular cross-section.  The approxamate pressure di stribu-
tion showed an expected reduction in both moximun and meen pressure by the
use of a circular section. The geak pressurcs i N hoth vrere hizh and generlly
confaned t0 small arcas, but sufficicnt an the York, .ath flat bottom to
cause cxtensive | ocal sfructursl failure, The Magnitude at a given alsght-
ing specd depended ON attitude and the angle of descent.  The range of
these two | atter magor vari abl es was insufficicntly explored to cnable
quantitative rclations t0 be derived directly fromthe resultse  The
gencral concl usion was that the order o prossures 1ikely t0 b ruached

In ditching was such that in military aircraft the extra woight of local
strengthenaing Of the structurc coul d be tolerated t0 cope with alightings
made UP tO angles of duscent of 5°, but for civil zireraft, where the
weight i ncrease could not be accepted to the same extent, reasonable

di tehings could only be ceted with a very low angle of descent, iece

1= 2%nd in cal mwater (Ref. 3). This conclusion made it inparativc

to explore the lowest range of angles of descent possible, which was not
done in the previous tests. Because of gtructural limitstiong in the

tank apparatus it is difficult to obtain reliable results for angleg of
descent below 24°, and impossible to obtain results at all below 11 e

~_There is also some experimental evidence from one recorded
test ditching of a full scale Liberator (Ref. 9) mede in .mericae

2.2. Theory.

While there is no adequate theory aveilable which deal s with
the inpact of landplanes ON water, it is reasonable to belicve that rhen
such theory does beconme available it will require similar assumptions t0
be made as are made in theories relating to the inpact of seaplane hulls
on water,and al so that the fuselage can be considered as a sinple cylinder

These assunptions are then :-
(i) 4 constant forward velocity during inpact;
(i) NO angular rokation during the inpact;
(i11) Smooth water

(iv)  The aireralt weight | S balanced by air laft, i.e. the
vertical agceleration prior to first inpact is zero;

(v) The body is rigid;

(vi) The pressures are negligible over the after half of
the nomnal netted area

| N performing model tests it 1S necessary then to nake the test conditions
correspond to thosc assuned in the relevant theories and conditions (i) -
(V) above are conformed NMth ag far ag possi ble in +he Hill Launching
Tank testse

/The
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The assunption in (vi) is irmportont as it assunes that the
flow can be represented as breaking avay behind the maximri section
which can then be represented as a step. This sinplified assunption
in fact inplies that no suction forces are present.

Suction forces do, in fact, occur and arise mainly fromthe
water flow round the curved after fuselage and any spray blisters vhich
do not breok away fromthe forrard portion

It is believed that suction forces willlhe nore sensitive to
scale effect than the inpact forces, because cavitation, surface tension
and the condition of the nodel surface nill all affect the nature of the
flows Experinents made at R.A.E. on the planing of |long cylinders
include a useful theoretical discussion of this (Ref. 10)e In terns
of the general ditching problem, a knouledge Of the physical nature of
these suction forces is inportant, as small model tests have shown that
suction forces can play a large part in determining whether a ditching
IS good (Ref. 11) or bad (Ref. 12?.

Inportant as are the inpact forces in the evolution of a
satisfactory theory enbracing nodel and full scale conditions, they are
| ess signifiocant than the pressures, as it is the latter which deterune
the Iikelihood of local structural failure and hence the deterioration
of an otherwlse good ditching perfornmance. I'n the good ditching shape
under investigation the possibiiity of the total impact forces al one
playing a mpjor part in the structural break-up is smalle Unfortunately
the question of the inpact pressures on a typical fuselage is again a
difficult one and there is no theoretical background yet available to
deal nith the problem

Experinmental |y, a serious difficulty is that the finite-sized
diaphragms of the pressure pick-ups do not give a true indication of the
peak pressure but only a mean value integrated over the extent of the
di aphragm Although the diaphragms are fairly small (1" diameter, iece
1/2). fusel age bean) the measured pressures are likely to differ sufficienisly
fromthe theoretical peak pressures to give significant errors in caleu=
lating the effect of the peak pressure wave on g built up fusel age
structure. This "area factor" (Ref. 13) is calculable for the seaplane
wedge case in terns of a theoretical pressure distribution derived from
the associated mass concept, and recent Hull Launching Tank tests h-~ve
confirnmed that this approach is reasonably accurate (Ref. 14). There
i's, unfortunately, no corresponding theory available fromwhich to
calculate the corresponding factor for the landplane case.

3. EXPERIMENTAL TECHENIQUE

3.1 Model and Launchi ng Apparat us

The model shown in Figure 1 is built of wood in three
sections; a short nose, a main central portion of uniferm elliptic
cross-section and an upswept tapering after part of varying elliptical
Ccross-section, Pressure and accel eroneter pick-ups are ghown in
Mpure 1 and dimensions are given in Table IIs« Fagure 2is a photo-
graph of the rmodel nmounted on the carriage launching mechani sm

The nodel is attached to the swinging |inkage of the carriage
by a cross-shaft passing through the eentral portion and built into wing
stubs corresponding to a mid-wing position. The nodel ecan pivot in
pitch about this shaft, freely if desired, but in these tests wath a
| arge danping restraint applied by fraction discs and cabl es. Prior
to dropping, the attitude %pitch) can be adjusted to any one of a range

of six values by a pin and coxcomb attrchments On release, t?%S _
i xi ng



-] -

fixing drops out and the nodel pitches in response to the hydrodynamic
forces and the danping restraint. Yawing and_rolling .re praventol by
t he linkage,- hich pernits frocdom in heaves  The dlegrammatic sketch

of the linkage system Pigurc 3,shows how the nodel is counterbalanced
at water levels This ensures a constant vertical velocity at contact
with the water, thus giving cpproximatcly the equivalent in full scale
of a landing mode at constant angle of descent, with wang lift egual to
t he aarcrast weaght, The wertical wlocity at impact 1S varicd by
rcleasang the linkagoe from different heights and tho horizontal velocity
IS the sum of the earriage speed and a smallcr conponent resulting from
the swingingz motion of the models Horizontal welocity of the carriage
IS dbtained by winding it up o sloping track and relcasing it to roll
frecly under gravity, .4 moximum speed Of about 33f£44/sece can be
obtained 1 N SUCh 'form:ard runs'. "Static drops! are made DY releasing
the swinging System with the carriage at rat.  For further information
on the tank mechanism ~nd Structure puforence should be made to earlier
reports. (Refse 15 16 and 17).

3.2. Instrumentationand Calibration.

3.2.1. Recording ZEoquipmente

El ectroni ¢ rccording equi pment vwag usged Simlar to that
already enployed for model hmil impact tests. (Ref. 14)  The following
wore mounted ON the carrdage t= & lb-chonnel, Model T, Miller oscillo-
graphy, @ 15-chamnel carrier amplificr,Type G 2, with L%s associ at ed power
unit and carricr oscillaotor, Model C\P,15, amdl {heir 12-volt acournlatorse
Brsicnlly samilar ecuipmerg is fully dccoribed DY Bennett, Richards and Voss
(Refal7)e Tho installation i s ghovm 1n Fipure 4 and a typical record in Figebe

3.2.2. Pressure Piclc-ups.

The construction of thesc instruments is shamin Figure 6.
Strain gauges arc used to measure the bendi ng strains I N a duralumin
cantilever couscd DY the movement Of a onc i nch diameter German Silver
diophragm of approximately 0,003" thicknessa

The uncl anped natural frequency of vibration of the diaphragn
and cantilever system was found t0 be approximately 4.00 cepess The
danpi ng cocfficient varied from 0.05 to 0.15 of eritical, being dependent
on the netted area of the diaphragm

The responseof the pick-up to pressure waves of relatively
nigh frequency was Such thail the output was t00 great by 5% for an
i npressed freguency of 100 cepess falling tO an increase Of 2% at 80 cepese
bove 100 cep.se the Overshoot became greater, but the error was partially
conpensated by the reduction of anplifier gain yith increase of frequency
due 10 the attenuation of e | oW pass filter and the £alling response
of the gal vanoneters,

The effects of phase distortion and relative displacenent
along the tine axis of initial peak pressures were neglected. For
examplc, assUN Ng a pressure variation of 100 cepess, the relative
di splacenent in time is 0.2 millisccondse

The pressure pick-ups were calibrated ndividually with an
oil-filled dead-weisht tester before and after each series of tests.
The pressure/deflection curves were fairly linear and the short-term
stability, I . €. doy 10 day, wos goode

3.2.3.  lcceleroncter Pick-ups.

The two accelerometer Pi CK-UPS wore Of Miller (Refel7)
Jwaridble
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variabl e inductance type,range = 12g. The accel erometers were nounted

on a stout clanp fitted {0 tﬁz hul | “cross-shaft and before and after each
test series the acceleroneters were calibrated on a tilting table. Wth
the oil danping adjusted to the optinmumvalue of' O,65critical, the pick-up
gives a linear rcsponse wathin I 5% over the frequency range O-1.00 ¢,p.s,
However, it was not always possible to maintain this desirable dam»ing
characteristic aS miaroscopic 0il leaks in the instrunents led to a gradual

reduction in Jdamping.

3,20 Dreught and Attitude Pick-upg.

The draught and attitude piclk-ups vore a developuent of the
earlier devices wher<by the rotation of the beam or hull was converted to
a smal| linear movement by means of a constant |ift cam (Ref. 16).  This
|'inear novenment wag used to deflect a beryllium copper cantilever, the
bending strains in which were measured by strain gauges, The attitude
trace was calibrated agai nst the hull angl e measured by inelinometer, The
dremcht trace vas calibrated by allowng the nodel to rest on a ranp,
previously calibrated hy an optical method to give true wvertical height
above the water surface.

3.2.5. Horizontal Veclooity.

A measure of the horizontal Aistanee travelled was obtai ned
by eausing a mcro-switch t- be operated once per revolution of a carriage
whecl, the switch being in a galvanometer circuit Qiving a pulse on the
record for each yovolubion, Since these 'costS w.re completed it has been
found that therc is possible wheel Slip after the carriage | eaves the sloping
track. Acoordingly, quoted horizontal velocities may be an error by the
order of ¥ 2.

3.2.6- Tj—zn.}:_l. !'l%'

The M1ller recorder is fitted with a 60 c.p.s. oscrllator
controlled by a tuning Pork. The ampliriecd out put from the oscallator
drives a synchronous notor which turns an occulting disc at 300 r.p.m
The disc has 20 slots, the tenth and twentieth being w der than the
remaindor.  The record i S thus murked +ith trensverse |ines at 1/100 sec.
intervals with heavier lines every 1/10 sec. (Figure 5)  The accuracy of
the tining systemwas estimted to be better then 0,15,

343, Tost Procedurcs

Prior 10 each &. st the anplifier channel s wcre sct to valucs
correspondi ng t 0 the height and attitude settings as found from the
calibrations, while the carriage was on the horizontal track before
being towed up the ranp.  As the carriage experiences anormml acoslera-
tlon of between 29 and 3g when it runs fromthe ranp to t'e level portion
of the track,it was dceided to rely rather on the proves linearity of the
anplifiers than on the absence of zero drift between the time of release
at the top of the ranp and +4he time of inpact.

- The rccorder Was operated by a switch closed by the fall of
the swinging linkage t0 give sufficient rceordang paner for the latter
stage of the drop and the conplete impact (approximately 2-3 seconds).

The calibrations rcferred to scparately in paragraph 3.2 were
mdc before and after each series of tests and wore separatcd an time by
not morec than +wo days.

3.4 Range Of  Investigntion.

The scope of the four scries Of tests which were made IS
/indrcated



indicated in Table I,

Accclerometer records obtained inthe preliminary tusts were
unsatisfactory begeuse 0f severe o0scillations irposed on the nodel by
vibration of tho carriage on its rubber wheclse For the remaindor of
the earlicr tests of 1948-49 prossurcs only worce measured.  Since the
recorder could not accormodate cll the availanle Pick-ups at once, the
pressure distribution wag explored in different nays during the tests
as results became avail able. In the Jat.r tests of Series 3endk
when stecl whecls had been fitted to reduce the unwant ed carriage
vibrations, acceleroneters werc agoin fitted and, although the rocords
require further improvencnt, some anal ysi s hag been possibles Dotails
of the vibrations in the accclerometer rocords are given el sewhere, in
paragraph Le3s

Lhe ANATYSIS.

bele. Draught

The calibrated draught measurenent gives the vcrtical displace-
ment Of the madin pitch axis of the modclywhich is slightly above the
modclts Cs Of Ga when ot zero attitudee The draught quoted in tho
results is tho change of pitch axis height above still water lovel,zero
draught corresponding 10 the initial contact Of the fuselage with the
water surface, |t ghould be noted that this definition of draught is
not identical with the depth of immersion Of the lowest point of the
fusel age,. because the latter ineludes the effict of pitch change during
t he impact, which can be appruciable at the higher attitudes and lowest
specds testode

This definition corresponds very closely to the change of
vertical height of the C of g, and, since angular rotations arc all
smeldl i N forward runs because of the high damping in pitch, this definition
I s thought to be adeguate for the4ype of landings represcenteds A
definition of draught differing fromthat usod fOr scaplanes with steps
i S necessary for the landplenc fuselage, olthough the present one moy not
be the best for theoretical anelysise

Lelele Coloulation Of the Tine of First Igpacte

The point on the fuselage centre line pelding the first
contact W th the gater surface depends on the touchdown attitude ¢
Fromthi s mcasured angle and the fusclago geometry the first cont act
point 1 S caleulated, The tine of water impact on the pick-up diaphragm
next ahead of this point is found fron the record and an allovance made
for the time required for draught t0 incrczse {a“ % ) to the value for
t hi s diaphragm, the nodel felling at a knorm ratc Of descenty 1. €. Vvo‘

Le2s Vel ociti es.

The rel ati onshi p betueen the velocity corponents used i N
the results is illustrated in Pigure 7,  T0 the horizontal corricge
velocity derived fromthe tume interval between vhecl contncts 1S added
the component Of velocity due to the gswing of +the nodel.  The vortwcal
velocity of the pitch axig is derived by diffcrentinting the draught w
time curveand the horizontal conponent of swing from tho verbical
vclocity and the calibrated angle tO the horizontal of the swinging linkse
The velocity conponents quoted refer t0 the modcl's Ca Of G

Ly 34 Acceleratione,

Results have been obitoined {ror. the accelerousters mounued

Jon
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on the pitch axis parallel and normal to the fuselage datum i.e. A
Typical records for a static drop and a forward run are ghown in

Figures 8 and 9¢ The relatively severe oscillation in the record

i nposed by the strustural vibrations of the carriage and nodel ZLinkage
have been analysed into three main conponents, enabling a nore accurats
val ue of the accelerations resulting from the hydrodynamic forces to be
obt ai ned. The smoothed values Only of the accelerations are plotted in
Figure 10.  They arc probably accurate to ¥ 5% at maximm value but
the accel eration build-up |nned|ately after impact IS quite unreliable
because of the very severe structural oscillation which is set up
concurrently.

hohe Equivalent Mass of the Linkage System

Tho normal acceleration gives a neasure of the total water
reaction provided the correct inertia of the swinging systemis lmowns
It is convenient to express the total inertia as an equival ent mass at
the hull, which includes the main swinging beam  the parallel notion
|inkage and the balance weight, and is in fact about seven tines the
fusela?e weight al one. Two estimates have been obtained for the
equi val ent mass, firstly, one calculated fromthe design draw ngs and
assum ng normol specific weights for material asgiven in the speeifi-
cation and, secondly, from an experirent madc On the apparatus itself.
The mean experinental result was found to be 470 Ib. and the cal cul ated
val ue wag 550 Ibs

Lebe  Splash-up.
~ The calowlation of splash-up factors from the pressure
records i S described fully in Appendix I.
5. RESULTS.

5.1. Time Hs tories.

A Summary of essential data is given for all series of tests
in Table [II. This includes initial wveleeity and angles of descent and
attitude and maxi num draught, etc, Sonme typical tinme histories of
velocily, accecleration, drought, attitude and pressures from the fourth
series of teets are in Figures 11 - 21 Figures 22 - 26 give time
histories for tie first series but no dccel erations were nmeasured here,

S5e2s FPressurege

in alternative presentation of the pressure distribution
for mms in Figures 22 = 26 is showm in Figures 224 — 264, ¥ Here
separate Pressure diagrams are drawn Or the profile of the nodel for
dg?inite Instants during the inpact, thereby showing +he relative extent
of nmean and peak pressures, and the rate of travel of the latter
Bacause Of the incrcase of deadrise away {rom the centro line, these
values are very local, as i S showm by the contour plsn of pressures
given in Figures 27 and 28.  This form Of presentation, although
useful, has not beecn used for all results %becaunsc of the limted number
of diaphragms, necessitating hazardous extrapol ati on whi ch does not justify
the €XCeSSIVE labour required to draw them wpe |t has been neccssary to
assume a splash-up factor in dragwing in the odge of the wetted areas and
this IS unlikely to be accurate 1n tho aft portions where the spray sheets
are clinging to the doubly curved sides.  Insccurate as it is, the figure
clearly shows the SMAl| arca of peck pressure and the general order of
pressurcsi N the more i nportant force carrying rogionss

+ /5¢3s  Spreye
See note at end of text.



5.3. Spray Formatichie

The external photographs, Pigures 29 and 30, taken from aheod
and behind during forwerd runs, show the extent to which (i) the spray
from the midsectionstrikes t he undersurface of' the wing root, contri~
buting no doubt to the upward forces, (ii) the displaced watcr Glings
to the curved sides of the ygar section and some of the water fails %o
detach from the undersurface near +he centre |ine.

5.4.  Splash-up
The values . Side splash factors, ¢, are given in Table IV.

Co

6.  GEVERAL REMARKS

The results obtained are presented with no formal discussion
or conclusions ag there is no rclevant theory available sith which to
make CONpari sons.

O the acssumptions roferred to in Section 2.2, numbers (i) tc
(V) are conformed to closely inthy experimental Set-up, but cxamination
of the pressure results prosented showsthat assumption (vi) is not
justifiable as both considerable prosgurcs and suctions occuraft of the
paralicl portion of the fuselages This WII make the development of a
complete theory rather complex, while a theory based on a pure cylinder
would be a consider-ble aivance but coul d only be applicd to a wvery
limited part of tho rosults without empirical corrections.

Note - The pressures in figures 221, 23l 244, 254, 264 ond 31
are plotted in such 8 mamer that the normal to the
centreline at any poOint intersecots the pressure plot at
a distance proportional to the pressurc at that point,
m the acale i ndicated in each diagrori

/List of Synibols
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LET OF S7MBOLS

Fuselane datum angle 0 hordzontel

Dr aught

Time

Lincar velocity

Lincar acccleration

Pusclayne surface ewardinates rcferred to
a datun at the Lottoa end of the eylindrical
contre bodye (See Fisurc 1)e
Bquivalent mass of moving linkope systen
Associated mass factor

Wetted width at any socticn of fusclage

¥idth Of fusclage interscoted by the
undi sturbed vwater surfece

Ingle Of non=verticol swinging |ink
members 10 horizontal

Angle of descent of fuselage on still water
Mexdrmm progsure
Mean pr.ssure

Local deadrise aagle
SUBSCRI PTS

Normal tO fuselage datum

Tangeatial Or parallel t o0 fuselage datum
Horizontel

Vertical

At initial contact Of fuselage with mater surfose

Rofers t0 position of pressure pick-up.

Units
derse
£,
SCCe

t%,/30GCe

£5/50Ce°

Tte

sl ugs

Ttw

1be/5qeina
Ib./SQGiﬂ-
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APPENDTX T

CALCULATION OF SPLAGLH-UP

The following quantities (shown diagrammatically in figure 32)
ar e ncuded t 0 caleulate the Spl ash-up fegtor ¢ :-

co

(1) Zp -~ measurcd perpendicular to the base line,

(12) Xp - measur ed parallel to the base line with
E as origin and positive an a forward direction,

(izi) 1 - base line datum angle 1O horizontel, whach is
known and fixed for each run,

(iv) B = 1mrtinl point Of contoot of hull with
undasturbed woter surface. This 1s calcu~
lated fromthe geometry of the hull and (iai).

(v) © ~ the voluc of Xp for the pick-up an question,
found fromTable I1.

(vi) B9 = d ~ draught, measurcd from point of contact,

The mcthed of obtaining the draught is
described in paragraph 3,2.4 of the report.
(viz) AB and 24 - these arg functions or" {1ii) and t he requisite

values are obtained fromthe graph in Figure 32,

from the drogram an Figure 32 1t coan be seen that:=-

it

Zp

tan 7 {(AB-f-dscc‘c)COt't*EA-Nz

= AB + d scc T wm tan T (EA + N

The fusclage wadth intersceted by the undi st urbed weter surface (Cy) 18
a functaion of Zp cnd 1S obtaaned fromthe groph 1n Figure 32L. The
splesh 1S ealeulated DY considering the instant at which any pick-up as
at the woetted cdge, the wadth (C for the pick-up under consideration
beang found fromTable I1.

/Toble |



T/BLE |
SCOPE_OF Tw3TS

Test Dat e Approxs V; Pressure Pick-up Range of Renge OF .
Series (ft./sec.sl Pcsiticns T Yo Remarks
o fe} Q o}
1 Deo. 1948 3334 ]_’3 G g, 10’ 12 2¢5 m Lel 1.7 - 5.9 4r ubber Trheels,
Static 1, : é ’ Accel erometer  results
drops » 1, 0 11 wnsatisfasctorye
madee
G
2 Mareh 1949 33-35 1, 15, 3, &4, 6, 3,1 | 2.5 ~ 10 :1..8o - 6.10 Rubber wheelse NC accel-
16, 1k, 13, 7 eroneters fitted — Extra
B pressure pick-up 18 fitted.
Spl ash- upinvestigated.
3 Jane. 1950 Static No pick-ups Test xms using two
drops accelarometers only.
onlye Two Steel wheels fitted
to the carriagcs
4 Feb. 1950 2=32 1 15, 3, 4, 6, 9 1 “0s5 = 11° 1,.0 w 1142° Aceelerometersfitted.
& static 16, Ly, 13, 7 Al'l four carriagc whecls
drops. of stocla

arriage specd limited
by braking considerationss
External sproy photographse

[Table 11

-9‘{:-‘



w17 =

TABLE 11
MODEL DATA
Total length 20 f++ 0 i N,
Moximua b oon 2 £te 0 i N,
Length of parallel mid scotion 6 fts 0 inN.
Length Of parallel nose section 4 ft. 0 in.
Elliptical crosg-scotions 3w
e Jor sudeaxis  (vortical) 1 Ft. 3.60 ine
Mnor semi-axis (horizontal) 1 fte 0 in.
Vaight 265 1Ib.
Ce Of G4 position Slightly beneath pitch axis
Scale *

Fauivalent 1l secalce weight, correspond-
ing t0 a1/12 scal e model tested at ReisEe 63,000 b

PR-SSURE Pl CK- UP DATA

Nos X Y Z 8 o,

1 Hul 0 0 0 0

15 3667 0 0 0 0

3 1a833 0 0 0 0

Iy ~ 02333 0 0 0 0

9 - La333 0 Os2l 4] (0]

12 ~ Ba32 0 04822 0 4]

14 1833 0.336 0.08 252 Os672
17 - 0.333 0.336 0,08 25, 0s672
8 - 283353 0a329 015 i 250 03658

04314 0313 250 Ce25

11 - 6114-15 002)-})-]- 0&578 25 0.&_88
18 - 0.267 04709 04385 515" 1.418
16 34667 0.336 0408 25° 04672
6 - 24333 0 0407 0 0 |

/TBLE IIT
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TABLE ITT
SUIALARY OF IVPORTANT ROSULTS ~  AIL TESTS
. Moocimum . dme |Changp
.q %’;' i”.Ho TO TO VVO Dr aught afe | 5ilaxe of Remar ks
£ | (Fta)at time | 0 | aoone| ®
u @3y | bps) | kms) Qe [Fopesd) (ma | (g) | iecs) [Gegs.,
L[32:6 532 | 25] Llf 0.6 |0.22 [0u57 - Tour I ubber
3540 33 5 2.5 2c}+ 105 OQL}}-{- 0055 hand 'JB.I‘I'ia.gG-
33eh4 | 33.7 Le7 2.2i' 1at Os47 | 0.53 - fpecleration
3247 33.0 Le7 5eé3 Zelr Oq?é 0«40 - ~esults
3245 | 32.7 Le7 | 59 3ek4 |0.76 |0.52 &satisfactory.
2| 3246 (332 | 1040 | 5ef | 249 |1403 |0.61 | = | 0accelero-
53¢l 1 33.3 5.1 | 6e7 | 366, |0.80 | Oelh | = ieters fitted.
33.4 | 33.5 5¢3 | 5« 3.2 (0.8 [0.50 | - Spl ash-up
355 | 33.9 S5el | Let | 247 0u75 | 050 | = i nvesti gat ed.
33.5 ] 34.0 1060 | 3¢l | 2.0 |0.85 |0.70 | ~
33.5 | 34.8 5e3 Zef 2.2 0667 0‘53 -
33¢7 | 34.0 5el | 32| 2.0 [0.63 [0.54 | =
3307 51-}-.1 2.7 3.-‘ 2.2 0.2{-9 0;].}.6 -
31{-00 3"—}-03 7.-’.;- 2.& 117 O 6: 0 63 - el
33.2 | 33.2 7.4 2e: 1.3 [0457(0.65 | =
33.5 ] 33.8 2¢7 | 36l | 2.0 [0«58 |0.56 | =
33.9 }lp-O 5el 2.7 1 1.6 0«61 D¢59 -
314"24' 34 8 Sel 1«5 le2 0-5? Gn?j -
3“4—'6 34 0 205 2.-’. 1.11- 0.50 O¢58 ks
534 | 33.6 2.7 Lat | 1.1 |OQa42]0.65 | -
0 0u3 a7 | 0477 [0.46 | - Fertical drop.
0 5.1 3.3 [1.0: [0.56 | - fertical drop.
5 0 2¢7 | 0e57 | Oslidy | 162: | delid, | 0 | Tertical drops,
0 Zed | 0.88 | 0e5L | ta27 | Jek2 0 30 pressure
0 3ol | 0.64 | Oulib | a2h | dek3 0 sick-ups, two
0 243 | Ooktf | 0.43 | wlS | 2l 0 steel wheels
0 1.9 [0.43 |0.46 | 1€ | 3e39 | O *itted t O
- 0 l‘ll" 0. 34 O.5O P B Yt 0 zarriages
- 1.8 le3 | 0.24 [ 0.56 | 1«05 | Jeb3 0.1
- 1.5 22 | 0.38 | 0.53 | reli | Jeld 0.1
- 1. 2 3-0 O.6C O.1|.9 'o2E Je40 0 3
- 1.5 LY 0.69 0014.8 le 25 Jalil 1.2
- 1.5 LeO | 0.79 | 0.46 | 132 | 332 | 1.5
hd 1{..6 14-2 On?é 0053 'lj] 1 29 2'3
- 7ol Lel |0.66 | 0.58 | w31 | )38 | lhel
- Geb 3ol | 0450 [ 0.62 | 225 | )bl 5e2
- 0.1 3.1  0.66 [ 0.62 | &34 | deld 0.1
- Osl he2 | 0e84 [0.45 | w32 | deky | 0
349 | 1.03 | 0.51 | 31 | ek | O yraught suspect
k 0.2 3.8 [0.75 |0.43 | &34 | 38 0 Tertical drops. !
0.2 3,2 | Dab7 |0eh9 | 31| %36 | 0 | Purther drops
0.3 303 | 3.67 |Ouelk5 | #32 | )e36 0 Hth %o from
0.2 Lol | 3.81 |CehB® | «3€ | delid 0 do2” to 1la9
0.1 he5 | 3.8l |0u40 | o4 | 2012 | O 1ad a very high
Oal 209 | 2467 | 0.55 | 225 | 1635 0 shange of 7T,
28.0 | 1840 9.0 | 5¢5 | 2,9 |1.04 [0.54 | «23 | %53 | 0.3 | forward runs.
27.6 | 847 11.0 | 5C | 2.5 | 1lel1 |0.66 00| %6l | 0.9
30.1 | 1.2 2 | 5ef [ 340 | 3.70 | Oelih | W26 | tefi0 | O3
30’5 ll|6 0.3 5&8 3;2 3.65 0-35 026 ..32 1.1&
306 | a.3 4.7 %8 [ 2.6 | 371 |Oul7 | 419 | %28 | O
3047 | Le3 6.7 | 4ol | 2.2 | 2468 |0.53 | 27 | 137 | 0.2
31‘3 '2¢]+ 296 11-53 2014- 3-70 0 45 .23 '015 O 2
21'.}-.? 55a6 0.1 5.& 2'6 5 56 O 58 .26 '-36 0
25 9 Hel l}-m’+ 9-7 !;..6 La03 Oogg 159 ‘.30 O.l]..
25.2 | 649 0sb | 12 |53 |27 |0. 42 | a2l 1.9

/Table IV
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TABRLE IV

RESULTS OF SPLASH UP C..LCUL ATTONS
FORVAHD HUNS

b sty = A ATHEA it S

T Mgy i T LK e S n

. . 8ide - Splash ¢/Cq
© ¢ P Diaphragms | Diaphragms | D oms
Deg. | Deg. X j-&ojgs ot if,.]élg T4, IDls iy 3;?5’[
: 2l
1.10 Lek0
2.60 Le35
2¢40 1440
5.90 1.49
6400 1.39
5.10 | 6.10 1439 1.38 1.1l
5.10 | 3.40 1.22 Lle24 1.45
2465 | 3.68 1.31 1.68 1.73
740 | 2.78 1.68 1.22
Te40 | 2.35 1.73 1.13
267 | 3.40 .25 1.73 le5L
5.10 1 2.70 1.21 1.73 1.68
5410 | 1.93 1.64 1.08
2.50 1 2.35 1.24 1.42 1.05
2.70 1:1.85 1.68 1.22
Mean Value lek2 142 1.39
somplcte Mean 1l
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SIMPLIFIED EQUIVALENT

ROCKING BEAM FULCRUM @ PENDULUM SYSTEM
R
RELEASE  MECHANISM
L] ,f .'
- FR Y ' H
L4 1 [t . L+t 8 :
N 1t
z = ;
” ] "“'-.:"_‘: .
7 ] . ~. !_
e =% |
-
(R
X VERTICAL LINK B = COUNTERBALANCE W T
H == HULL WT
COUNTERBALANCE  WEIGHTS \ FRICTION! DAMPERR CPITCH) L = LINKAGE WT.
I AN
ROCKING BEAM
OCKING R =— RESULTANT OF B,H,&L
L}
RADIUS LINK FULCRUM =, - - -
-\ e
RADIUS LINK, '
s —— -
WATER  SURFACE rt

DIAGRAMMATIC SKETCH OF LINKAGE SYSTEM.
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FIG.

CENTRE LINE OF FUSELAGE
\

R\ Y

N

% PAAA IS I,

.

TRANSVERSE SECTION THROUGH FUSELAGE AND PRESSURE PICK-UP

SLLLATTART R

COVER WASHER

PART LONGITUDINAL SECTION THROUGH FUSELAGE
AND PRESSURE PICK -UP

PRESSURE PICK-UP.



FIG. 7.

CARRIAGE VELOCITY

¥% v

W1r

FORWARD RUN STATIC DROP

MODEL YELOCITY
RELATIVE TO CARRIAGE

o —e——————==—q

VELOCITY DIAGRAMS
"=}

d-0 Ge

WATER
SURFACE

SPLASH-UP AND DRAUGHT

HULL GEOMETRY AND VELOCITY DIAGRAMS.
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NORMAL ACCELERATION (g)
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2 101307
| o J1253
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W/ INITIAL VeRTICAL VELOCITY (FT /sec )
Ay MAXIMUM NORMAL  ACCELERATION (FT /sEC)

N\ L/
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/

N

Of

~

03 04 0S5 06 07 o8
TIME AFTER FIRST |MPACT = SECONDS

TYPICAL SMOOTHED ACCELERATIONS, VERTICAL DROPS.
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ATTITUDE OF HULL

ORAUGHT-FEET

VERTICAL VELOCITY FEET/SECOND

NORMAL ACCELERATION (9)
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FIG. 12A.
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FIG.I13A.

PRESSURE (RS 1.)
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PRESSURE (P.5.1)

FIG.I5A.
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