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iln  experimental investigatin  has been made into (i) splash-up,
(ii) impact presws, d (iii) impac"+ forces occurring during controlld
ali&tings  on smooth mter of a represcnt2tive lwdplmo fuselage of
clliptiml  cross-section in the Hull Launctig Tank.

The width of the actual netted surface of the cylinder was
found to be $2 times the width rihich vould be T!etted  for immersion to the
sane drrau&t vithout splaskup. Pressure distributzcns  are presented in
the form of data for several landingsoover  3 range of initial attitudes
and at flight path angles down to 1.5 .

The acceleration results are of lznitcd usefulness due to
impcrfectxrm  in the apparatus.

Photographs are included of the externd.  spray  formation.

Results arc not general&' applicable to design oases for
ditching untd a rational theory of impact of fkselage  shapes be maiic
avxL-t&lc  .
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1. INTRODUCTION

The work described in this report  is part of a limited research
programmc  Jointly  undertaken by the R.A.E. end the M.A.E.E., directed
towards a clarification of the hydrodynamic and structural problems
involved in the improvement of landplane  ditching charactorastics.  A
comprehensive programme  was given by Smith in 1946 (Reference 1) for
discussion by the Aeronautical Research Council but only certain aspects
of this wers  actively pursued and these have now ceased. A broad
survey of present problems of design for good ditching characteristics ‘
and tho limatations  of existing data and theory is available
(References 3 and  4). The experiments described in this report have been
made on a quarter-scale representative landplane  1~ the M.A.E.E. Controlled
Hull Launching Tank, to provide information on w&or  impact pressures end
accelerations occurring during the initial stages of an alighting on smooth
water. The tests  were originally planned in 1944 to investigate a servos
of afterbody forms end wing positrons to establish the optimum combination
for good overall ditching oharacteristlos, mainly for milltaT aircraft.
At the end of the war, when there wore no longer any operational
requirements justifying considerable research effort, the programme  was
severely curtailed and only ono form has been tested, which is gonerally
representative of clean  modern high-speed bombers and civil transport
aircraft. Parallel tests which have  been made by tho R.A.E. on a smaller
dynamically similar model in tho free launching tank have  shown that the
form tested does give good ditching  bchaviour.

The ultimate obJoct  of the research of which this report as
part is to relate  impact pressures and accelerations  to the initial
alighting conditions and to the geometrical shape snd mass distribution
of the ditching body for dosim USQ and also for formulating design
rcquiromentn.

A serious weakness in the prosont  knowledge is the lack of en
cstabllshcd  theory of oblique impact of oylindrlcal  bodies on a free
surface. Bcoausc  of this the results arc at present somewhat limited
in application, end hence  only model results, without  intorprotation, are
prosentod.

Four series of tests wore  made,  the scope of which is given
in Table I end paragraph 3.4, the tests being made during the periods
Docembcr 1948, March 1949 and January-February 1950.

2. EXPERIMENTAL AND THEORETICAL KNOWLEDGE OF LANDPLANE IMPACTS

In this section a brief reviow is mado  of current knowledge
of the initial impact of landplanes  on the water, comprising previous
measurcmonts in the Hull Launohing Tank and a little  theoretical work.
A more extensive review of landplane  ditching is available in a
monograph (Reference 4) giving also full scale opcrdtional  experience,
which is not dealt with hero.

'2.1 Experimental Data

Apart from some early fro@ drop tests  on a full scale Hudson
aircraft (Reference 5) which demonstrated the vulnerability of local
portions of tho under-surface to collapse under water impact pressure
and some limited small free model tests on a Mosquito (Reference 6)

/which
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rjhich  indicated that impact przssur~s  could be very high, British data
is confined to the Hull Launching Tank Tests onYork (Ref. 7) and Tudor
(Rdf. 8) nodcls. Thc;o  :-cro mad,: on l,,rz:c  rxdcls of one-third and one-
qunrtcr scale respectively and represent as closely as possible the
dynxnio conditions of one or tra lanndmgs  only. In particular the tests
nere designed to shcx? the difference in the nature of the impact result-
ing from a lugh speed, flaps up approach, and n lore  speed,  flaps doTm
approach. Values of the prcssurcs,  thcti duration 2nd extent over the body
mre measured md, by a simple theory, the results 8cre applied to full
scale conditions. The Qlo expcrimtnts  covered broadly the same  scope, an
important difference being that thoYork had o flat under-surface and the
Tudor x0.3 of circula cross-section. The approxxnate  pr,ssure  distribu-
tion &or&  an expected  reduction in both mz&na  an& neon prbssure by the
USC of a circular section. The $e+k  pressures  in lmth~vre fli;;h  2nd Z:enWdlY
oonfmod to small arks, but sufficlat  m the York, 'a.th fL?t bottom, to
omsc oxtenslve  local structur;J. fallu,ra. The magnitude at a Seven  rrl.z.ght-
b spocd  depa3ed on attitude  and the angle  of descent. The rangc of
these ix10 latter major  variables was insufficiently  explored to cnzblc
quantitative  relations to be derived directly from thti rLsults. The
general conclusion was that th,:  or&x cf pr,ssures llkcly  to b; rvnohcd
in ditching xns such that in nlilit*y aircr,&t the extra  r;olght  of local
strongthenlw  of the structure could be toleratxl  to cope 15th nlightmgs
made up to angles  of d-scent  of 5’, but fcr civil r.ircr&t,  nhcrt the
mexght increase could not be ,acccpted to the sane extent, rcasonablo
d&tch$gs could only be

T
cctcd  i:ith  a very  lm~ angle of descent, i.e.

1 - 2 and in calm nater Ref. 3). This conclusion made it imparativc
to explore the 1aTest  range  of angles of descent possible, :;'hioh  nns not
done in the previous  tests. Because of structo.ral limitntions  in the
tank  itppnratus it is difficult to obtain reliable results for an@,les  of
descent belox{  2&O, and inpossible to obtain results at all belw l&O.

There is also some experimental evidence from one recorded
test ditching of a full scale Liberator (Ref. 9) msa3.c  in isnerione

2.2. Theory.

Fhile there is no oddequate theory avalable nhich deals iyith
the impact of landplanes  on nater, it is reasonable to belleve tit rhen
such theory does become available it G.11 require similar  assumptions  to
be made as x-e mtie  in theories relating  to thb impact of seaplane hulls
on riater,ax?.  also that the fuselage can be considered as a simple cylinder.

These assumptions are then :-

(i) ii constant fom,wd  velocity during impact;

(ii) No an&La ro&tion during the impact;

(iii) Smooth water;

(iv) The ,G.rcral't  VJeight is balaxxd by air J.ift, i.e. the
vertical acoelerz+.tion  prior to first impact is zero;

(4 The body is rigid;

(vi.1 The pressures are negligible over the after  half of
the nominal netted area.

In performing mdel. tests  it is nocessCay then to make the test  conditions
correspond to those  assumed 5n the relevant theories and conditions (i) -
(v) abwe are oonfomncd mith as far as possible in the I5ll.l L3unching
Tank testse
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The assumption in (vi) is irlportont as it assumes tiat  the
f'lw can be represented as breaking a-cay  behind the meximw  section,
which can then be represented as a step. This simplified assumption
in fact implies that no suction forces are present.

Suction forces do, in fact, occur and arise namly from the
mter  flow mund  the curved after fuselae and any spray blisters rhich
do not break anay from the foward portion.

It is believed that suction forces nillbe  more sensitive to
scale  effect than the impact fames, because cavitation, surface tension
and the condition of the model surface nill all affect the nature of the
flon. Experiments made at R.A.E.  on the planing of long cylinders
include a useful theoretical discussion of this (Ref. IO). In terms
of the general ditching probleq a knmiledge of the physical natie  of
these suction forces is important, as small model tests have shoun  that
suction forces can play a large part in determining uhether a ditching
is good  (Ref. 11) or bad (Ref. 12).

Important as are the impact forces in the evolution of a
satisfactory theory embracing model and full scale conditions, they are
less signifiaant  than the pressures, as it is the latter nhioh detexane
the likelihood of local structural failure and hence the deterioration
of an other&se  good ditching performance. In the good ditching shape
under investigation the possibi1a.t.y  of the total impact forces alone
playing a major part in the structural break-up is smallr Unfortunately
the question of the impact pressures on a typical fuselage is again a
difficult one and there is no theoreticalbac@round  yet available to
deal nith the problem.

Experimentally, a serious diffioul@  is that the finite-sized
diaphr.agms of the pressure pick-ups do not hive  a true indication of the
peak pressure but only a mean  Clue  integrated over tie extent of the
diaphragm. Althongh the diaphragms are fairly small (1" diameter, i.e.
l/24  fuselage beam) the measured pressures are likely to differ sufficieni
from the theoretical peCak pressures to give significant errors in oalcu-
lating the effect of the peak pressure nave on abuilt up fuselage
structure. This "area factor" (Ref. 13) is calculable for the seaplane
wedge case in terms of a theoretical pressure distribution derived from
the associated mass concept, and recent Hull Launching Tank tests h-.vc
confirmed that this approach is reasonably accurate (Ref. 14). There
is, unfortunately, no corresponding theory available from rrhich  to
calculate the corresponding factor for the landplane  case.

3. EXPERII'IQDKCALTEKXNIQUE

3.1 Ncdel and Launching Apparatus

The model  shown in Figure 1 is built of wood in three
sections; a short nose, a main central portion of unifon  elliptio
cross-section and an upswapt  tapering after part of varying ellipticsl
cross-section. Pressure and accelerometer pick-ups are shown  in
ELgure  1 and dimensions are given in Table II. Fiqx-e  2 is a photo-
graph of the model mounted on the oarriage  -launching mechanism.

The model is attached to the swinging linkage of the carriage
by a cross-shaft passing through the oentral portion and built into :-,ing
stubs corresponding to a mid-x-&q& position. The model oen pivot in
pitch about this shaft, freely if desired, but in these tests with a
large damping restraint ap lied by fraction discs and cables.

'i
Prior

to dropping, the attitude pitch) can be adjusted to any one of a range
of six values by a pin and coxco& attaobment. On release, this

/fixing
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fixing drops out and the model pitches in response to the hydrodynamic
forces m3 the damping restraint. Yming and rolling UC przvatcd by
the linkago,:!lioh  p-mitB fr,&om in have. The aiwgzmmatic  sketch
of the link=ag,t:  system, Figure 3, sho:ls ha? the model is countcrbalanccd
at aster lwel. This  ensures a constant vertical velocity at con'kd
i;ith  the wter, thus e;ivlng  approximately  the equivalent in full  scale
of a landme; made nt constant angle of descent, Tlith  rang lift equal  to
the wrcraY%nolSht, The vcrtlcal wlocity  at impact is waried by
rclcaslng tie 1inkagcfYom diffcrcnt  haghts and tho horizontal velocity
is the sum of tie carriage  speed and a smallor  component resulting from
the svAnging  motion of the rzodel. Horizontal veloaty of tin carriage
is &bind  by winding it up c. slopln~  track ;mdrelc,-smng it to roll
frcdy under grrivity. 2. w-2 speed  of about 33 ft./see.  cm be
obtLaine3 in such 'fon:zd runsf. 'Static drops~ are de by mleosmg
the swi.ngi~ system with tine  carriage 3.t rat. Par further information
on the tankmechanism  2nd structure rc;fmencc should  be made to earlier
reports. (Refs.  15, 16 md 17).

3.2. ,Irlstrumentntion  ,md Calibration.

3.2.1. Rec0Kli.w Xquipmat.

Electronic rccoriiing equipment ';rz.s used similar to tit
LLread.y  employed for model hull. impact tests. (Ref. I&) The folloYzinE:
wrs mounttwl on the cwri0gc  *- a 16-ctiel,  MD&z1 T.! Eller oscillo-
vaph, a 15-channel carrier amplificr,Typc  C-2, with ITS associated power
et niia cmricr Oscll~~tor,  xobl ~2.15, (_-nd i,hci.r  12-volt ~cO~d.~tOEie
%.sic?lly slr?lilnr cquip:.~~zr.t  is iW,l.y  &scribed by Bennett, Richzsds and VOSS
(Ref.17).  The installation is ~h:oirn m Fi,we  4 and a typical recorcl  in Pie.5.

3.2.2. Pressure Piclc-ups.

The construction of these instruments is sham in Figure 6.
Strain gauges a.ro  used ti wasuro tie bending strLains  in a duralumin
cantilever caused  by t;le movement  of a one inch dinnetcr Genaan silver
airrphrqa of 3.pproximatcly  0,003” thidmss.

The unclamped natural frequacy  of vibration of the diaphrzgn
?nd cantilever systemmas  fouzd  to be approximately 4.00 c.p.s. The
damping coefficient varied from  0.05 to 0.15 of critica12, acing  dependent
on the netted wea of the diaphragm.

The responseaf the pick-up to pressure naves of relatively
high frequency ws such that tha output vss too great  by 53 for an
impressed freqwncy of 100 0.p.s. fal.hng to an incrcasc of 2$ at 80 c.pa.
,Ibwe  100 c.p.s.  tie overshoot became greater, but the error 'as partitiu
compensated by the reduction of amplifier gain  with increase of fY.Wgen0y
sue to thu attenuation of athe low pass filter  a-d thofalling  &s@onso
of the galvanometers,

The effects of phase distortion a.rd  relative displacement
along the time axis of initial pea&  prasawes  were neglected. Fbr
a.+mplc,  assuming a pressure  variation of100 c.p.s.,  the relative
displacement in time is 0.2 mXi.lLsecondsr

The pressure pick-ups were calibrated individually aith an
oil-filled dead-weight tester before and after  each series of tests.
The pressure/deflection curves were fairu linear ana the short-term
stlbility,  i.e. d>y to d,^3, 7~s good.

3.2.3. Acceleroneter Pi&-x.

The two o.cceLerometer  pick-ups wore of J&XLcr (Rcf.17)
/varj;rble
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variable inductance type,range  2 12~. The accelerometers were mounted
on a stout clamp fitted  to the hull cross-shaft anri  before and after eaoh
test series the accelerometers were calibrated on a tlltvlg  table. With
the oil damping adjusted to the optimum value of' 0.65 critical, the pick-up
gives a linear response  vtithin ,+ $ wer the frequency range O-l.00 c.p.s.
However, it was not alx~ays  possible to maintain this desirable dam&og
characteristio  as microscopic oil leaks in the instruments led to a gcafiual
reduction Fn dsmping.

32.4. Draq o&t amI Attitude Piok*&

The draught Can8 attitude piok-ups  va~w ade~elopmn~  al' tie
earlier devices wher-by the rotation of the beam or hul1w.s  converted to
a small l~ear  movement by means of a constant lift cam (Ref. 16). This
linear movement was used to deflect a beryllium copper oontilever,  the
berAng  strains in whachwere  measured by strain gauges. The attitude
trace was callbrated  against the hull angle measured  by inolinomoter.  The
dE%t&t trace  ‘-~a.$ callbrat&  by allowing the model to rest on a ramp,
previously calibrated by an opticaloethod  to give true vertiml height
above the water surface.

3.2.5. Horizontal VCLI~CZ.

A measure of the horizontal y7istanc.e trwelled  was obtained
by ~auslng  a micro-switch to be operated once per revolution of a carriage
rrhecl,  the switch being an a galvanomoter circuit  giving a pulse on the
record far each revolution. Slncc these 'costs wre completea  it has been
found that there  is possible wheel slip after  the czrriage  leaves the sloping
track. Accordingly,quotcd horizontal velocities nny be III  error by the
order  elf t 27;.

3.2.6.  Tinirq.

The &ller  recorder is fitted with a 60 c.p.s.  oscillator
controlled by a tuning Pork. The ampli.?ied output from the oscltitor
drives a sy-nchr~~~us  motor which turns .in occulting disc at 300 r.p.m.
The disc has 20 slots, the tenth and lxentieth being wider than the
remamdcr. The record  is thus nurked YTith  transverse lines at l/l00  sec.
intervals with heavier lines  every  l/l.0 sec. (Figure 5) The accuracy of
the timing systemwas  estimated to be better then O.l$.

3.3. Test Procedure.

P&a- to each ixst the amplifier channels ~-fire  set to V,Z~UCS
corresponding to th; height  ,ana  atti(;ude settings  as found from the
calibrations, while the carriage was on the horizontal track before
being tow4  up the ramp. As the cxriage  experiences a nomrrlaccelera-
tion of betzen  2g and 3g vlhen  it runs from the ramp to t',c  level portion
of the track,it wzs decided to rely rather on the provw linearity of the
amplifiers than on the absence of zero drift bc'ween the time of release
at the top of thi:  ramp and the time of impact.

The recorder was operated by a switch closed by the fall of
the swinging linkage  to give  sufficient rocordong pe.per  for the latter
stage of the drop and the complete impact (approxtitely  2-3 seconds).

The calibrations rLfcrrcd to scparatcly  in paragraph 3.2 wore
mdc befxc  and after each series of tests and were sepazstcd  111 time by
not more  than Dzo days.

3.4 R~XWA of Investi.g?tion.

The scope of the four  series  of tests whhlch wcrc  made is
/imhatca
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Fndicatd in Table I.

Accelcromoter records obtained in the prel.&inary tLsts  were
unsatisfactory becase  of SW-ere  oscillations imposed  on the model by
vibration of tho carriage on its rubber wheels@ For the rcmaindcr  of
the ea2llcr  tests of 194.8-49 pri‘ssures only wrc measured. Since the
recorder could not accommodate all the avn~lable  pick-ups at once) the
pressure distribution ws explored in different nays during the tests
as results became available. In the lct,r tests of Series 3 and 4
when steclwhecls  had been fitted to reduce the unwanted w.ri-iage
vibrations, accelerometers nerc again  fitted and, althowh the rooords
require further improvancnt,  scme  analysis has been possiblcr Detils
of the vibrations in the accclcrcmoter  records  are given elsewhere, in
p=-agcqh 4.3.

4.1. .Draupht

The calibrated draught measurement gives the vcrtiwa dis'@l=X+
mnt of the win pitch axis of the modcl,r,hich  is slightly abbwc the
mndol's C. of G. when z.t zero nt'atude. The draught quoted in tho
results is tho change of pitch axis  height above  still~:at<X  level,  zero
&aught corresponding to the initial contact of the tielago Tath -i&c
natir surface, It shotild  be noted  that this definition 01' drau&t is
not identical 14ith  the depth of imncrsion  of the lcwost point of the
fuselage,. because the latter Includes  the effLct of pitch change during
the iqpaot,  rrhich can be apprsiable  at the highor attitudes an3 1aJest
speeds  tcst'&

This  defmition corresponds  very closely to the change of
vertical height of the C. of G. and, swcc  angular rotations arc aXI.
small  in fomard runs because of tie high d,amping in pitch, this dcPlnition
is thought to be ,?acqaate for the type of landings  rcprcscnted. A
definition of drawht  differing from that us.03 for sc~planes  rdth steps
is necessary for the landplznne  fuselage, although the prosent one may not
be the best for theoretical analysis.

4.X.1. Caloulntion of the Time of First Impact.

The point on the fuselage centre line making the first
contact with the nater surf~co  depends on the touchdorm  attitude zo.
From this mm.surd angle  and the fuscl~agc gcanctry  the first contact
point is cLtcUlat& The time of wtor impact  on the pick-up di,aphra@n
next ahed of this point  is found fron  the record and aa nllowancc ulaac
for the time required for drawht  to incrcasc (aL 'to) to the value for
this dinphmgm,  the model fallmg at a knor-n  rate  of descc%nt, i.e. Vvo.

4.2. Velocities.

The relationship betrdccn the vcloritv corrponcnts used in
the results is illustrated in Fz~gure  7. To the horizontal oLarriage
veloo~ty derived from the tie intcrv;rlbeti~ecn  rihecl  cont:&s is added
the mmponent  of velocity due to the suing  of the model. The vw'cwal
velocitjj of the pitch E&S is derived by dif'fcrentinting  the drwght -
time curve Land the horizontjl component of srring  from the vctiicd
vcloc5.Q  zd the calxbrztcd an& to the horizontal of the sn~nging  lit&s.
The velocity components quoted refer to the model's C. of G.
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on the pitch ti paraUe1 arxl  normal to the fuselage datum, i.e. JT,
&. Typical records for a static drop and a fomard ran are shonn in
F&ures 8 and 9. The relatively severe oscillation in the record
imposed by the structursl  vibrations of the carriage and model link3ge
havebeen sns&sed  into three main components, enabling a more accurate
value of the accelerations resulting from the ?@.rodynamicr. forces to be
obtained.
F+ipq$5 10.

The smcothe3  velues  only of the aooelerations are plotted in
They arc pmbably accurate to 2 $ at maximum valuebut

the acceleration build-up immediately after impaot is quite unrelisible
because  of the very severe structural oscillation which is set up
concurrently.

444. Equivalent Mass of the Linkage System.

Tho normol acceleration gives a measure of the total nater
reaction provide3 the correct inertia of the swinging system is known.
It is convenient to express the total inertia as an equivalent mass at
the hull, which includes the main swinging beam, the parallel motion
linkage and the balance weight, and is in fact about seven times the
fuselage noight alone. Two estimates have been obtained for the
equivalent mass, firstly, one calculated from the design drawings and
assuming normal specifio  weights for material as given in the speciti-
cation and, secondly, from an cxporixnt  medc on the apparatus itself.
The meon experimental result was founil  to be 470 lb. and the calculated
value w3.s 550 lb.

L5. Splash-up.

The caloulation of splash-up factors from the pressure
records is described fully in Appendix I.

5 . RESIJLTXL

5.1. Time His tories.

A Summary of essential data is given for all series of tests
in Table III. Ws includes initial velociiy and angles of descent and
attitude and maximum &auGht, etc. Some typical time histories of
veloci@, accelwntion,  drzught,  attitude  3rd. pressures fkom iAt3  fourth
series of tests 3re in Figures ll- 21J Figures 22 - 26 give time
histories for tie first series but no accelerations nere measured here,

5.2. Pressurs.

&I alternative presentation of the pressure distribution
for runs  in Figures 22 - 26 is shoun  in Figures 2Z1- 26.A.+ Here
sqarate pressure &iagrsms  are drznn or the profile of the model for
definite instants during the impact, thereby shoning  +Ile  relative extent
of mean and peak pressures, and the rate of travel of the latter.
Because of the increase  of deadrise away from  the centro line, these
values are very local,  as is shomn  by the contour plan  of pressures
given in Figures 27 and 28. Tkis fern of presentation, although
useful, Ius not becn used for all results because of the limited number
of diaphragms,neoessitoting hazardous extrapolation which does not just&@
the excessive labour required to draw then up. It has been necossaty to
assume a splash-up factor in drqpiing in the e?lge of the netted areas and
t&is is unlikely to be accurate in tho aft portions whore the spray sheets
are clinging to the doubly ourved  sides. Ina3ouratc as it is, the figure
olealy shows  i&e small OZSCCL  of peak pressure and the general order of
pressmcs  in the more important foroe c,?rrying ro,gions.

+
See note at end of text.

/5.3.  SPWJ.
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5 . 3 .  Spray  Fomatzon.

The external  photogmphs,  Pigares 29 ad 30, then  fm~l  ahmd
rind  b&i& liuring  forx&i 1~9, show  the extent to rJhich  (i) the sprq
fmn the mid-section strikes  the undersurface of' the r-ring  root, ocntri-
buting no doubt to the upward forms, (ii) the dlspLao~ natcr  clangs
to the ourved  sides of the reti section and scuc  of the water fails to
detach f'ron  the undersurface near the contra line.

5 .4 . Splash-up

T.nc values ,f side splash factors, g, are given in Tablo IV.
co

6. Gl!N~  Rm

The results cbt3ined 31‘0  presented with no formal discussion
or conclusions as there is no rclcvant theory avcilablo sith rehich to
make comparisons.

Of the assuqtmns  rti.fti:rrc6  to in Section 2.2, nmbcrs (i) tc
(v) me conforncd  to closely in th0 c~pcrimntcll set-up, but oxnminnticn
of the pressure results prosent shor,s  that  nssmption  (vi) is not
justifiable cs both considcr&lc  prcssurcs and suctions occuc  aft cf the
para3lol  portion of the fk301L~c. This Will m.ko the developnent of a
ccmplete  thmq rnthcr cmplex, while a theaty  based on D. pure cylinder
nculd be n consider~blc  ~dvmce but could onlly be applied  to a Vcw
l&nit& pirt of the results  mthcut  cnpirioal  corrections.

Note  :- The pressures in fi@m?s 22A, 234 Zeta,  25X, 26A3na 31
are plotted in such  il mnner  that  the ncmmCl.  to the
ccntreline  at any point intersects  the pressure plot at
a distance proportional ta the pressura at that point,
m the scale indicated in eachdiagrm.

/List of  symbols
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LET OF sm3oLs

l?useh~c dntm angle  to hc2izcntrl

Draught

Tim

Linea  velccitJr

Linear accclcr~tion

33x,c1*e  surface c-crdinatcs  rcfcrd  to

n datum at the bottm end of the cylintlrical

ccntre bcdy. (see l?igurc 1).

Equivalent mass of ucving  lime systor;l

lLsscciated  mass factor

Wettcd i,idth at any socticn of fisel3.ge

FLdth of fusela@ intwsicted  by the
undisturbed r;ater  sur&.cce

Al& of non-verticd  stJin@~ link
nembcrs to horizontal

Angle of descent of ticlage on still~~:;ltcr

ldcxcir.m1  prcssvrc

Nesn pr"ssure

Local deadrise  3agl.e

SUBSCRIPTS

Normal to fIlsela@  aatm

Tangmtisl  or pc~rallel to fuselage datm

Hcrizcntd

VwticaI.

At inii&il ccntzct  of fuselage vsith  mater SU?%OC

I?;fcrs  to position cf prcssurc pick-up.

sC?C*

f t*/sec.

ft./scc.2

f-t*

slugs

ft.

ft.

asg.3.

Clots ,

lb./sq.in.

lb./sq.in.

de&??.



- 13 -

LIST OF REFERENCES

No.- Author(s)

1 A. G. Smith

Title, etc.

Rcscerch Progrwmm  for Ditching of
L!endplanos. R.A.E. Tech. Note  NO.
Aero. 1858. December, 1946,

2 Oraginal  reference has been  deleted.

3 A. G. Smith Some Hydrodynamic and Structural Aspcots
D. C. Appleyard of Design  for the Ditching of Landplenes.
R. J. Monaghan R.A.E. Tech. Noto No. Acre. 1848.
R, A. Wetherhead Novombcr,  1946. A.R.C. 10,192.

4 A. G. Smith invcstl@aoric,  of the bchavvlour of
C. H. E. Warren aircraft  when  making a forced  landing
D. F. Wright

lZ3i~"'iY 2.4
ditching). R. & 18. 2917.

5 Hudson Ditching Trials. Preliminary
Report. M.A.E.E. Report No. H/A/292.
July, 1941.

6 D. C. McPhail Model Tests of tho Alighting of Land-
J. G. Ross planes on the Sea. Part 9. Mosquito.

R.A.E. Report No. Aoro. 1803.
February, 19l+3.  A0R.C.  7720.

7 I. W. McCnig
E. K. Grcatrlx

8 I. W. MoCaig
F. A. Shcddon

9 M. F. Steiner

IO H. Hogg
A. G. Smith

11 R. J. Mona&an
P. D. Caistcr

12 P. D. Caister
R. J. Monaghan

13 A. G. Smith
I. w. McCa1g
w. M. Invcrarity

14 J. A. Hamilton
J. W. McIvor

Impact  Pressures during Ditchings of the
Avro York Four-Engined Transport.
M.A.E.E. Report No. F/Rcs/194.
November, 1945.  A.R.C. ~546~

Impact  Prcssurcs during Ditchm@of  the
Avro Tudor I Four-Engxned Transport.
MB.A.E.E.  Report  No, F/Ros/203.
October, 1946. A.R.C. 10,188.

Accelerations and Bottom Pressures
Moasurod on a B-24 D Airplane in a
Ditching Test. N.A.C.A. Memo.
Report L4K14. November, 1944.

Forces on a Long Cylinder Planing on
Water. R.A.E. Report No. Acre. 1999.
Dooembcr,  1944. A.R.C. 8730.

Model Ditching Tests df a Twin-Enginad
Civil Transport (Viking).
R.A.E. Report  No. Aero. 2175.
November, 1946. A.R.C. 10,194.

Model Ditching Tests of a Twin-Engined
Civil Transport (Ambassador).
R.A.E. Report No. koro. 2205.
June, 1947.

Maximum Impact Prcssurcs on Seaplane
Hull Bottoms. C.P. 4. March, 1946.

Moasuromonts of Impact Pressures on the
Hull of a Model  Soaplane.  M6.A.E.E,
Report No. F/Res/215.  July, 1949.
A.R.C. 12,703s

/I5



- 14 -

NO.- Author(s)

15 I. w. McCa1g

16 A. G. Smith
G. Co Abel
w. Morris

Further Note on the Impact of en
Inclined  Wedge on lilatcr.
M6.A.E.E;. Report No. F/Rcs/l97.
April,  1946. A.R.C.  10,070.

The Hull Lexnchrng Tank (Doscnptlvc).
X. & M. 2723. May, 1943.

1-l G. 6. Emnctt Elcctronxs  Appllcd  to the %easurement
Go EL Richards of Physxal  Quantltles. R. & Md. 2627.
E. C. Boss Soptombcr,  1947.

Title, etc.

/APPENDIX I



- 15  -

The follomng quantities (shown  dringrammt~cnlly  m ii'rgure 32)
are ncdreii  to calculntc  the splash-up f&xx 2 :-

C O

(11) x, - measured pmdlel  to the base  lme vnth
E as or&m and positive an a forward dirootzan.

(iii) 7 - base lme datum an&e  to honzontcl,  wh;Lch  is
known and fixd for each run.

(iv) B - xrntmJ pornt  of cont,%t  of hull with
undxsturbed water surface. TlfLs 1s cdcu-
lated from the gcometz of the hull md (id.).

- the vduc of X, for the pick-up m question,
found from TrLblc  II.

- ilr,u@t,  n1casur0d  rrom pant  of contS.ct.
The mthd of obtxmme: the drau&t is
described in paragxtph 3.2.4 of the report.

(VU)  AB ti ?A - these WI;-  functions  or" (Iii) rind  the regmxte
values am obtaxd  from the graph in Figure 32.

z,=tan  7
i
( A.33 c d s;3c  T ) cot T - m - N!'

= AB + a set 'E - tan T (EA + N)

The fuscla~,e mdth lntzrnocted by the undisturbed w.ter surface (CO)  1s
a functmrl  oi‘ Z
spl~~sh  is !?

ad is obta.xned from the graph m P'~@J..w 32.A. The
calcu ntecl by conszderxn~;  the mmtmt at whwh any pick-up 1s

at the wetted edge, the m&h (C) for the pick-up un&x condderatlon
beme found from Table II.

/Tabie I



TABLE I

SCOPE OF TWTS

Test
Series

1

2

3

4

Date

Deo. 1948 3 3 3 4
statio
amps
lEZ3d.e.

%.rch 1949 3 3 - 3 5

Jan.1950 SLZltiC
drops
only.

Feb. 1950 Vr32
& static
drops.

Pressure Pick-up
Pcsiticns

1, 3 , 6,  3,,  lo, 1 2
Q.9 7 , 8,  3.l

No pick-ups

, 1,  3,  4, 6,  9, 1,
16,  u,  13, 7

RanSo of
=o

2.5’ - 4.7O

2 . 5 ’ - loo

-0.5O - 18

&Jqc of
yo

1.7O - 5.YC

x.8' - 6.1C

4” ." ll*2O

4 rubber vheels,
Accelerometer results
unsatisfaotory.

Rubber wheels. NC accel-
erometers fitted. Ectm
pressure pick-up 18 fitted.
Splash-up investYq#&

Test mm using two
a.mel@rcme~rs  cnljr.
Two steel vhcels fitted
to the carm.aSe.

Aca3lwcnetcrs  fitted.
All four  carri~o vhecls
of steel*
Carriage speed  lirnitea

by braltig ocnsidernticns.
External  spry &.ctcgraphs.

/Table II
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w3LE  II

MCDEL DATA

Total  length 20 ft. 0 in.

?.kkmm  b cm 2 f-t.  0 in.

Length of p,~dlclnid  scction 6 ft. 0 in.

Long-& of paraJ.l.el  nose section 4 ft. 0 in.

=Jf@j-=-l  ~g~;--~~s :- (vcrti~)
1 ft. 3.60 in.

Minor semi-axis (barizontal) lft. 0 in.

TToi&t 265 lb.

C. of CI position Slightly beneath pitch axis

SC&.? 3
5Quiv~lcnt fkll smle  ueight,corrcspond-
ing to a l/l2 scale model tested at 8.B.E. 6ym lb,

PR2zBJRE PICK-UP CATA

9
10 r z3
12 - 8:32

_-.

14 1.833
13 - 0.333
: - - 4e333 2,333

ILL - 6.~5

18 - 0.267
-

Y

0
0
0
0

0
0
0

0.336
0.336
0.329
0.3ut
ww+

0.336
0

0
0
0
0



Av.
"H
'@S.)

3 2 . 6
33.0
:z*';
3215

yi-2
33.1
33.4
33*5
33.5
33.5

33.2
33.5
33.9

:3
3314
0
0

- -

-

s

z43
LO
I.39
).&3
).53
).W
).4-o
).le2
I.32
1.29
I.38
).W
Ml4
Wt
Wt-
j.38
I.36
j.36
)A-4
I.12
,035
r.53
j.61
)*39
u-0
I.32
k.28
1.37
'cl.5
1.36
I.30
'*UC-

1
53.2
33.5
33.7
33.0
32.7

yo
k&-
1.22.1
;:i
5.:

Ax. Remarks7
Draught
(f%)at time

(&I- iega,

0 . 2 2
0.44
0.47
0.76
0.76

0.53
0-W
0.52

?ow rubber
qhcels on
:arriage  .
bzz$igation
&satisfactory.

lo accelero-
,mters fitted.
Splash-up
investigated.

33.2
33.3
33.5
33.9
34.0
34.8
34.0

2:
33.2
33.8
j4.0
34.8
34.0
33.6

10.0
5.1

:::
10.0

;::

:::
7.4

:::

2:
2.7
0.3
5.1

;::.
3.2
2.7
2 . 0
2 . 2
2 . 0
2 . 2
1.7
1.3
2.0
1.6

t:;
1.1
3.7
3.3

L.03
0.86
0.83
0.7:
0.85
o.&
0.63
0.49
0.6:
0.57

z
0157
0.5c
W!-3
0.n
1.0:

0.61
0.4-J
0.50
0.9
0.70
0.53
0.54
0.46
0.63
0.65
0.56
0853
0.73
0.58
0.65
0.46
0.56

irertical. drop.
Jertical  drop.

?ertical  drops,
30 pressure
$ck-ups,  two
steel wheels
?itted to
:arriage.

18.0
18.7
il.8
il.2
il.6
a.3
il.3
,2.4
,5.6

2:;

0
0
0
0
0
0
1.8
1.5
1.2
1.5

;:2

:I:
0.1
001

:::

:::

in;
219
2.5
2*9
3.0
3.2
2.6
2.2

22
~16
5.3

0.57
0.88
0.64
O-45
0.43
0.34
0.24
0.3e
0.6:
0.69
0.79
0.76
0.66
0.50
0.66
0.84
1.03
-
0.75
9.67
3.67
3.81
3.81
2.67
1.04

:I,",
3.70
2.65
3.71
3.68
1.70
5.56
LdJ3
).%L

W.4

::t:
0.43
0.46
0.50
0.56
0.53
0.49
w-8
0.46
0.53
0.58
0.62
0.62
0.45
0.51

0.43
0.49
0*45
0.4.8
0.40
0.55
0.54
0.66
0-U
044
0.35
o-47
0.53
0.45
0.58
0.37
0.32
---

0
0
0
0
0
0
0.1
0.1
0.3
1.2
1.5

:::
5-2
0.1
0
0

28.0
27.6
30.3
30.1

::*z
30:7
311.3
24.7
25.9
25.2

0 . 2
0 . 2
0.3
0.2
0.1
0.1
9.0

11.0
4.7

i:;
4.7
6.7
2,6

‘-34
031
032
.3t
..41
.2:
023
l 29
.22
.26
.26
019
-27
-23
.26
.39
.42

0
0
0
0

:
0.3
0.9

2:
1.4
0
0.2
0.2
0
O-4
1.9

Tertlonl  drops. :
tither  drops.
3-k E:p

/

1
xiii a very high 1

Ihnge of z.
~omard runs.

/Table N



=o

Deg.

5 . 1 0

5 . 1 0

2.6j

7.40

7.40

2*67

5 . 1 0

5.10

2.50

2.70 !

-~

Yo

Deg.

1.10

2 . 6 0

2.60

5 . 9 0

6,OO

6.10

3 . 4 0

3 . 6 8

2.78

2 . 3 5

3 . 4 0

2.70

1.93

2.35

1.85

Mean V<alue

:omplcta  Mea3
-

TABL.EIV

RESULTS OF SPLASH-UP C~JA~JLATIONS

. -

i
I-

-_  .,_I  ___.-_  --. -------I  -  --  ----_Y_

SidO -Splash C/CO
---.-F---  -- =-~DXlphr.Y15 & 1

s = 3.67 ft.
&

I.39

1.22

1.31

1.68

1 . 7 3

1 . 2 5

IL.31

1 . 6 4

1 . 2 4

1.40

1.35

1.40

1 . 4 9

1 . 3 9

1 . 3 8

l.u,

1 . 6 8

1.22

1.13

1 . 7 3

1 . 7 3

1 . 0 8

1 . 4 2

1.68

lb42

loll
1 . 4 5

1 . 7 3

1.53.

1.68

1.05

1.22

1 . 3 9
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TIME A F T E R FIRST IMPACT  - SECONDS

TYPICAL SMOOTHED ACCELERATIONS, VERTICAL DROPS.
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