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MAXIMUM IMPACT PRESSURES ON SEAPLANE HULL BOTTOMS

by

[y

A, G. Smith, B.Sc. D.I.C,
I. W. MecCalg, B.Sc.
W. M., Inverarity, M.A., B.Sc.

SUMMARY

An investigation has been made to determine the effect of the various
impact parameters on the maximum i1mpact pressures on a hull bottom impinging
on a water surface.

Pressure measurements were made, using D.V.L. mechanical pressure
recorders, on three hulls, each of 3-fi. beam, 1n the hull launching tank.
The dead rise angles of these hulls were 10°, 20°, 30° respectively. They
were launched with controlled impact conditions of speed, atiitude and
acceleration at flight path angles of 8° to 109, but with freedom in heave
and pitch: further tests were made by vertical drops.

Parallel theoretical siudies have been made to investigate the effect on
the maximum pressure of (1) size of measuring surface, (2) beam loading,
{3) freedom to pitch, (4) horizontal wvelocity, {(5) i1nitial vertical accelera-~
tion, (&) departure from the simple wedge shape.

Experimental results show that the maximum pressure measured on a diaphragm
depends on the diaphragm size and positicn and that 1t 15 not the true maximum
pressure at that point. The maximum measured pressures at any given part of
the hull can however be expressed in terms of the first impact conditions as

oVn oVv cotEQ

Prax = .. .. “n (S.1.)
Const, (Area Factor) {(Velocity Factor)
Where oVn = Resultant velocity normal to the keel at flrst impact.
oVv = Verticzal velocity at first impact.
@ = Dead rise angle at the point concerned, measured 1in the
section normal to the local keel,
Area factor = correction factor to give measured maximum pressures OVer

the area of surface i1in terms of the true maximum,

Velocity Factor = correction factor to allow for the reduction 1n velocity
since farst impact.
and the Constant has a mean value of 54 when Pray 1S measured 1n 1lb./sq.1n.

The area and the velocity factors have been evaluated and their
applicability determined,

When the velgcities Vn’ Vs ars tnese at the time of the pressure
oceurence, and p,., 15 the true mazimum pressure, the avove formula becomes -

Vn Vv cotzg
Fnax Const.
It reduces further to the Wagner theoretical form of VV60;:22© for
vertical impacts at zero incidence, A thecretical Justlflcatlon.for the

form of equation (S.1i.) above 1s given for impacts at flight path angles
of the orders of those tested.

Further work both theoretical and experimental, 1s required fto extend
these results to include pressures at small flight path angles and in the
planing condition.
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1. Introductior.

Previous experiments, model and full scale=, have shown that the most
i1wportant parameters affecting the impact pressurzs on a hull alighting on
water are (1) dead rise angle, (2) attituds, (3) veloclty nermal to the keel.
Further there has been deduced the empirical relaticnship -

2

ovn cot @
Pnax, = — % —

where o'n = the resultant velocity nornal to the keel at first impact.

= the angle betwecn the surface where the prussurs 1s measured
and the surface of the watsr,
¥ = @ constant which increases forward and aft of the C.0. and

increases from keel to chine,

This formula has been shown to be a good approximation for regions 1n the
vicinity of first impact both by model tests on a <imple wedge3’4 and by full
scale tests on the Southampton5, and Slngaporeé, The ranse of impact
tonditionsg covered in these tests was consilaerable, Viza

{1} dead rise angle 5° to 40° (inclading flared forms),

(2) keel attitude 0° to 23°,

(3} resultant speeds in the flight path up to 75 knots,

{4) static beam loading coefficients Cp, (= Egg) = 0.5 {approxe},
{5} 1nitial downward accelerations C to 1 g.,

(8) angular velocities at or subsequent to first impact of up to
15° per sec. (full scale onlyl.

The above formula 1s however deficient in several respects,

FPirstly, 1t 1e based only on measurements, 1n zll pOSltlonsé, rodel and
full scale, of the mean maximum pressure on the surfaces of ¢ i1nch dizmeter
diaphragms, Therefore it 1s not obvious that the true peak pressure which 18
of & transient nature and extends only over a very smnall width near the edge
of the wetted area 1s given by the above formula as 1t stands,

Secondly, for the important practical purpose of stressing 1t 1s desirable
to know the mean maximum pressure over any required area. Esnce an investi-
gation 1s made 1in this repcrt of the 'area factor' which i1s aef:ined as tne
ratio of the true peak pressure to the mean maximum pressure.

Lazstly the variation of the constant with position on the hull requires
eXamninatlcha To do thiz we define "velocity factor" as the ratio of the
constant evaluated on the velocities at first impact to that evaluated or the
velocities at the time of maximur pressure on the diaphragm in gquestion.

This velocity factor will therefore be seen to depend only on the variation
of velocity during the impact and net on the pressure measured on the

diaphragh.
The objects of the report are therefore to examine -

(1) the relationship between the true peak pressurss and the impact
parameters,

(2) the area factor.
{8) +the velocity factor,

The experimental results with their analysis form the body of the reporw,
theoretical results and calculations are 1n ths appendices.

b8 34801/1 1



The authors wish to acknowledge the considerable contributions to the
experimental work and to the report of F. O'Hara M. 4A,, F.Z. Naylor, B.A4.
B.Sce, Ju 4. Bird B.S8c., and E. K. Greatrix B.Sc.

Za Pressure Measuremerts with the Hull Launching Tank,

2,1 Desecription of Tests.

The experiments were made 1in the M.4A.E,E., Hull Launching Tank; a
description of this tank and the methed of operating 1t 1s given in ref. 1l
Three hulls, each of 3 ft, bear and of the same basic form, were tested,
The dead rise angles at the stiep were 10, 20°, 30°, This dead rise was
constant from keel to chine and also forward for about half the forebody
lengthe

The hull and link bars correspond to a flying beat of 1370 1lb. while tne
roment of 1nertia about a transverse axis through the C.(G., was 8850 lt. ft. 2,
Hull lines and leading dimenszions are given in Figs., 1 to 3.

The hulls were launched free to heave and te pitch about the C.G.
position, at keel attitudes of 49%° to -8%, at horizontal speeds of O to 35 ft.
per sec, and vertical speeds of 8 to 8 ft. per sec. Flight path angles
available were 8° to 14°, corresponding to stalled landings; some vertical
drops were also mads, Details are given 1n Tables 4, 5, 8,

For each drop time records of pressures, attitudes, and speeds were made
for each of the 18 diaphragms, Detalls of the positions of these diaphragms
are given in Takles 1, 2, &. Different sizes of diaphragms were used to
investipgate ths area factor.

The effect of vertical acceleration was studied by varying the talance
of the parallel link bar motion; a range from O to 6.3 ft./sec2 was obtained,

Damping in pitch w#as investigated on the 10° hull using the damper 1llu-

strated in Fag, 4. This was of a simple friction clutch type. A wire
attached to the bow and stern of the hull was wound round a drum {4}, Thais
drum was constrained in rotation ty the pressure from the spring (B); this

could be adjusted by the lock nut (C) thus varying the dampinge.
2.2 RHesults,

In this section only the maximum recorded pregsures and the corresponding
initial and lecal impact conditions are given and no attempt is made at this
stage to express these guantities in a generaliszed form.

Results on the 20° hull are given first as these included the greatest
variation of speed and attitude. Also the dead rise of 20° 1s more repre-
sentative of present day practice, A list of runs 1s given 1n Table 4 and
vhe dimensiens and position of the diaphragms are given in Table 1 and Fig. 1.
The results are detailed 1n Figs. 5 - 23.

The table at the top of tnese figures dives the maximum pressures
recorded on each of the 15 diaphragms snd two sets of speeds and attitudes,
The first set gives the conditions Just before impact 1.e, at time t.. The
vertical and horizontal velocities are those of the pressure points at that
time and the attitude that of the local keel. This set 18 of use for
stresz1ng purposes where these conditionhs are assumed known. The seccnd set
refer to conditions at time t,; of maximum pressure on the diaphragm and are
primarily of use for checking against theory and establishing the law
connecting pressures and impact velocities and geometry, The verticsal
acceleration duae to gravity is showrn at the top of the tabled The diragram
below the tables gives a time history of each drop, showing the variation of
attitude and vert:ical velocity of the C.G. with time. A record of the times
of maximum pressures an the diaphragms 1s also shown.

Figs. 24 - 36 give the results on the 30° hull. A list of runs is
given 1n Table 5 and particulars of the diaphragms in Table 2 and Fig. 2.
A11 runs on this hull were made with horizontal velocity.



A list of runs on the 10° dead rise null 1s given ir Table © and the
resalts 1n Tigs, 37 - {3 Farticulars of the diaphragms arse given in Table
3 and Fig. 3. On this hull some damping in pitch was applied as indicated
cr. the fidfure, The m-ximum pressires measared on this hull were consideracly
greater thar expected and a Figh rate of Adiaphragn failure cccurred, It
wag not possitle to repeat the tests with new diaphragnms,

Tne time at which the maximum pressures are recorded 1s measured directly
fror the record. This pressure 1s generally built up under one hundredth of
a second; the smaller the dead rise angle the snorter the time. The time at
wrich the first keel impact occurs was not measured directly but estimated
from the geometry of impact, knowing the variation with time of attituce,
velocity and vertical distance of the step above the water,

3. Method of Reductior

To use the above results to estimats the maximum pressures in any landing
case 11 15 necessary to expr=ss then as a function of iwmpact velocities and
attitudes, A sarvey of the thecreticzl aspects of the problem 1s given 1r
Appendix I and further details .n Appendices II to IV,

The results of Jones and others, using 2 1n, diameter diaphragms, gave
good agreement with the formula -

=]
iy =

D, _o'n _cot @
) laxe ST E
where o’n 1s the velocity normal to the keel at first impact and P 1s the

angle between the plane of the side of the wedge and the water sarfacc. The
Hull Launching Tank rzsults were farst reduced 1in terms of this formuls,

values of the constant K being estimated 1n terms of the velocity at the

first impact (Kl) and furtner 1n terms of the velocity =zt the time of the
maximum pressure measurenents (Ks)o Or. aralysing the Hull Launching Tank
results 1t was found thati both Kl and K3 varied widely with attitude, i1ncreased
with speed at positive attitudes and decreascd rapidly with decrease of
deadrise angdle, The applicacility of the above formula 1s therefore
questionable and further reduction was made 1n terms of the relation arrived

at in Appendix I

= Vn Vv ccut:3 9

vizi- Proax D (Area Factor)

As 1n the first analysis twg values of D were calculated, D1 1n terms of
initial 1mpact velocities and Dg 1n terms of 1mpact velocities at tine of
D.

“L was the experimental value of the
-3

velocity factor that 1s examined thecretically in Appendix I,

maximum pressure, Thus the ratio

4. The Kelations cetweer the Measared Maxaimum PFressures and tre Impact
Parameters at the Time of Pressure Measurement

4.1 The Velocity Parameter

v 2
o'n cot @

The wvariation in K {in Pmax = m_—?;———m} was First investilgatea
for systematic error oy plotting log K, against log oV
log Vo for several diaphragms near the main step on the 20° hull, These
plots are shown in Figs. 54 - 5% for d.iaplragms 9 and 10. The points
plotted on trese graphs represent all the runs made on the hull with
2.1 ft./sec® vertical acceleration due to gravity. The initial vertaiczal
velocity during these runs varied between 4 and & ft,/sec. and were taken as
sensibly constant, the horizontal veloecity varied between O and 3€.6 ft./sec.
and the attitude between -8° and <%, A line with slope unity has been drawn
through these points and 1t can be seer to be a fair mean, The slope of
this mean line indicated that the mavimum pressure varies according to the law,

v
= 2% . ocot g

Prax constant

n and log K5 against
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where the constant has dimensions

Ar

l ‘i] and 1s therefore of ine fornm

f (p%%e ) where V 18 a veloecity. As the vertical velocity in these tests

was sensibly constant the velocity term would appear to be Voo A theoretical
argument for a V, V. form for impact 1s given in ref. 15 where 1t 1s also
shown that there 1s no justification for the use of cot @ rather than cot o,
The reduction eguation was therefore taken as

Vo Vy cot O

Prax =~ 7 I

Pressure was then reduced on this basis, which 18 tne velocity bas.s
indicated theoretically in Appendix I, 4 1s the value of the comstans in
terms of time of first impact and €5 an terns of time of p, ., Measuremsnt,

4.2 Area of Diaphragm.

As the peak of the pressure wave on landing is very sharp the use of 3
diaphragm of practicable size to measure the peak gives an irncorrect result,
since only the average pressure over the disphragm 1s measurea. The Area
Factor 1s established for wertical drops in Appendix IT where a correction 1s
given for rectangular and ecircular diaphragns, The correction depends on
width of diaphragm _ d
distance from keel  c!?
Fig. 58 ~ 59 for dead rise angles of 109, 20° and 30°,

the ratio and angle of deadrise, and .s fiven 1n

This area factor, based on tne theoretical pressure distraibtuticn in
vertical drops 11, has been cnecked for

va) vertical drops,
!b)] drops with heorizontal velocity.

The check for vertical drops could only ce made on the 20° hull cn
which such drops were made. Here values of Cq were compared for diaphragrs
in the region of the step over 2 range of the ratio % . Observed valuzs of
CS are given in Table 7 todether with thelr corresponding values of s
These values of CB’ then reduced to Cy at zero & oy the correction o Fig. 5B
zre given in the lasl column. It can be seen that the average value of
this last column :s approximately 19 and although there 1s considerable
scatter round this valus 1t 1s purely of a random nature, and is not .r :tself
a farction of % e Table 8 pives the average values for the same d:raphragns
on tnis hull for runs with horizontal velocity and here again the averags

value of Cg reduced to zero 1s approximately 13,

[#1]s}

Comparison between d.aphragms of different %—values on the 30° null 1is
given 1n Table 9 for runs with horizontal velocity. More scatter 1s

obtained on this hull but nc consistent different of tre reduced value of Ty
with the ratio £ 1s apparent.

Mean values of C, otservecd during nose up impacts on the 10% hull are
given 1n Table 10 Here Cg4 increases in value towards the bow so 1in
Table 10 the hull 1s divided transversely and C8 compared at constant wvalaes
of the ratio -

L _ Distance forward of C.G.
D Beam at step.

Values compared on this basics shows the theoretical correction to be
slightly too great for tigher values of %‘a

4.3 Deadrise Angle, 6

Average values of the local impact constant Cy were ottainea fer the
3 hulls, where
- Vn Vv cot 8
Prax = ¢y (Area Factor)

I8 B-2011 4



{a) Over the constant deadrise section of the forebody.

(b) Over diaphragms of equal deadrise on the warped section of
the forcbody.

{c} Over ths region tehind the step.

Average values of Cg 1n section (a) reduced to zero are glven in Table 11
for the 3 deadrise angles tested. It can be seen from this table that Cg

varies consideratly with deadrise angle, Wagnerll indicated that pp,., 1S

nearly proportional to cot®8 rather than cot B so thess values were multiplied
Y g

ty cot © and a constant Dy defined by py . = nov cot” b °

D3(Area Factor)

Values of Dy are given in Table 12 along with the theoretical value of Wagner
for wvertical drops. It can be seen that both theoretical and experimental
values are 1n c¢lose agreement and that D8 13 nearly constant with dezdrise.

On +the warped section of the forebody values of Dy reduced 1o zero{%
are given as averages over sections of esgqual deadrise 1n Table 13. These

values of Dg are higher than the valucs on the unwarped part of the forebody
on the 10° hull and lower on the 30° hull, On the 20° hull they are
approxarately the same,

Results for the region aft of the step are mcst complete on the 20° hull.

On this hull 1t was found that results measared in vertical drops and rear
step landings gave a higher value of D8 than these in which the main step
touched first, The average value of [y reduced to zero for the first group
was 92 and for the secend 45, On the 30% and 10% hulls the values of D3

for the afterbody were 47 and 42 respectively showing a slignt fall off with
decrease 1in forebody deadrise, No variation of D8 fore and aft along the
afterbody was found.

Sa Relation between Maximum Local Pressures and Impact Paramelers
at Time of First Impact

It can be seen from the zbove that the maximum pressure measured on a
given ares can best be expressed in terms of

P _ Vn Vv cot® 8
max D {Arca Factor)

3

wiere the value of Dy 1s closely the sane as the theoretical Wagner value of
58 for wvertical drops w}th small deadrise angles. In terms of the velocaities
at first keel impact, an, o'V, the constant Dy 15 replaced by Dl and the
ratic of these observed values as defined by Dl 15 the observed wvalue of the
Py
velocity factor for the hulls tested, The value of the velocity factor 1is
independent of the form of the maximum pressure relationship assum:d for the
same wmpact conditions and diaphragm position on a given hull. Its evalua-
tion also obviated any inaccuracles in reasuring the pressure itself,

The value of thls velocity factor will depend theoretically on the value
of the ratio of the associzted mass of water to the mass of the hull,
{fppendix Ij.

5,1 Attitude and Position of Pressure Measurement

“he attitude of the hull changes between the time of first keel impact and

the maximum pressure measurement, It 1s converient to determine what effect
this has on the veloeity factor, If we writc

eI D |

D:3 D Dy

L9
€23
o)
S
[0:]
=]
t
e
[
42}



vhere D2 1z a factor caleculated from the formula

~ 2'n o'v cot? g

Prax = ﬁé {Area Factor)

and o'v = vertical speed at first impact
v v
2'n = ov costiy ¥ Vy sin g
Vi = horizontal velocity
d; = hull attitude at time of maximum pressure at the diaphragm,
Dy

then-ﬁ— explores the effect of change of attitude between the first zand
2

diaphragm impacts, and 1ts variation with initial attitude and 1nitial
angular velocity. This variation ofAﬁl was investigated for 3 diaphragms on
the 20° hull, these were Y2

Noo. & near the btow
No. 10 near the main step
No. 15 near the rear step

and_%; was plotted against initial attitude (go) in Figs, 80 - 62 for varyaing
2

angular velocities, do, Whilst 1t 1s evident from the figures that_E;
e
varies with oo there appears to be little variation of g; with change of
2
attitude after first impact or with initial angular velocity. Thus, within

the limits of experimental error, the effects of angular velocity on the
velocity factor fecr any diaphragm may be neglected and the velocity factor
nay be taken as a function of firgt impact attitude only.

There therefore remains only the 1nvestigation of the dependence of the
ratio U1 on attitude and diaphragm position. A plot of E; agalnst in:tial
D3 3
attitude was therefore made (for runs with 2.1 ft,/secaz inltial acceleration)
for all the diaphragms on each hull, Specimens of these are given 1in
Figs. €3 - 65 for diaphragms 5, 10, and 15 on the 20° hull. These figures
show considerable scatter due to experimental error but the general form and

pesition of a mean line can be seen, Crosgs plotting these mean values of
D .

1 against E§_= 1ocal wetted beam for constant values of

D8 b beam at step

L _ distance forward of C.C.

Team 3t STep at attitudes of -5°2, 0%, 5°, and 10° give

graphs shown i1n Figs, 688 - 89 for the 20° hull, On the afterbody where there

D
was only one diaphragm on each cross section a constant value of .1 was taken

3
across its widtn. Results on the 30° hull were analysed i1n a similar manner
and i1dentical mean values obtained, Sufficient results were not obtained at

any one damping on the 10° hull to draw a similar figure,

From Fig. 66 - 89 the velocity factor 1s known for this hull and hence
the maximum pressure distribution for any landing,

S5«2 Hull Weight

The veloecity factors obtained in paragraph 5.1 will be modified for
other hulls of different weights as shown theoretically in Appendix III,
No experimental evidence has yet been obtained from the hull launching tank
experiments to confirm these estimated wvalues, which are based on the
vertical impact case of Wagner, Approximately the velocity factor 1s
decreased snd the maximum pressure increased at a2 given point by the multiply-
ing factor o M

(1 + )
1+ @ M

L)
)

)
b
5]
(3]
hs
—

[e:]



where i 15 the ratio of the associrated mass of water to the mass of the hull
and 5 1s the changes 1n the mass of the hull M, Its value 1s therefore
dependent on the unknown factor de T+ w1ll be megligibl=: for small
immersions, near the keel, but increase fto the order of 10 per cent near the
chines near the C.B, or 20 per cent forward for a 20 per cent incriasce of nass.

The effect 18 further increazsed with distance of impact from the C,G,
vecause of the inertia effect increasing the value of U by the Factor

(1 F fEJc The loading per wetted boar determines the value of U for any

given immersion, so that the effect of mass can se considered in terms of tae
static Lbeam loading coefficient

M
Z =
“ho T Tob3

Where p 1s mass density of water
b 1s beam at the step.

This 18 not accurate unless the maximum beam 1s wettea but 1s a convenient
Cr1lLericns More accurately the cear at the positien considered must be used,
but this also requires a knowledge of the effective mass of water displaced.

The beam loading of tne hulls tested 1g¢ of the same order as that of
present day hulls.

5.3 Pitching Moment of Inertia

The pitching moment of inertia will alse have some effect on the maximum
pressure when impact takeg place away fror the C.G. 30 that momentum car te

absorbed 1in both rotation and translation. No experimental eviydence was
P

obtzined but theoretical wvalues feor a range of values of KU and 52 are
I
given 1n Appendix IV, It 1¢ shown that pressures are increased or velocity
factors decreased by the factors _
N N\ a® g
l*‘u;J P

where a 1s the distance of the resultant impact force from the C.0. and k 1is
the radius of gyration, Tre corrections to the velocity factors obtained on
the experimental hulls are thus known only very approXimately.

£,4 Vertical Acceleration atv First Impact

The vertical acceleration due to gravity was varled between O and
6.5 Tt./sec.? during the tests by changing the weight of the counterbalance
on the swinging arm. The varzation had no effect on tne value of Dg as this
was dependent only on localeeloclties. The effect of D, can therefore te
seen from the variation Ofﬁﬁl-Wlth ir1tial vertical acceleratlon.

3

F:gs. 70 -~ 72 show this effect for diaprragms 5, 10, and 15 the points with
different initial acceleration being gdiven different syrcols. From these
figures there appears to be little consistent variation with acceleration due
to gravity; so over the range of accelerations tested the zffect can be
1gnored, A theoretical treatment of the problem is given 1n Appendix III,

which also shows the effect to ce small,

5.8 Damping in Pitch

The effect of damping was only explored on the 19% Full where runs wer%
made with zero, 1/3, 2/3, and full camping. The effect of these on ratic ﬁi
o

1g shown in Figs. 73 and 74 for diaphradms 5 and 10. From these 1t can be
seen that at high attitudes con diaphragm § which 15 near the bowj damping
appears to increase tne pressure in that region, + 13 however empnasised
that this conclusion 18 based on 3 points and the mean curve for observations
made on the 20° hull wrich were undamped gives lower values of ‘1 than any
of the points with damping,

Zhs
W =

5.8 Water Resistance

The effect of water resistance 1s included in the velocity parameter;
2t 18 small

D§ 340%/1 v



o Comparison of Hull Launching Tank and Earlier Maximum Pressure
Measurernents

In this section previous work both model and full scale 1s analysed and
compared with the results obtained from the Hull Launchaing Tank; first (€,1)
gives the comparisen with the Model Scale Work on Wedges, ther (6.2) with the
full scale dropping tests on a Sindapore, and lastly (8.3) examines the full
scale landing tests made on a Southampton,

8,1 Model Scale Measuremenis

An extensive series of Modsl Sczle measurement was made by Jones on a

wedge dropped into water?d, These drops were made to investigate a variety of
impact conditions, and included a range of attitudes from O° to 23° and angles
of descent from 90° to 16°, Dead rise angles from G° tc 22° were exarined

but results are compared in this section for angles of 16% and 22° only as
dead rise angles of less than this are not used in present day seaplanes,

These results were re-znalysed on the basis of the reductiorn formula

v v
= o na _Y COtE 8 .a 'S Y B, T
Prax ~ Dy
and the average value of Dl corrected for area factor was 110 for 18° and
93 for 22% dead rise angle, This wvalie 1= higher than that foanca for a

similar position in the Hull Launching Tank, possibly due to ar .ncreased
value of Fanst's correction on the comparatively short weddes used.

Jones 1n his anzlysig obtained the empirical law

o'n®

pmax - cot @ X (X3 e €. 2.

where the average value of K was 35 A corparison of the curves of (&.1)
and (6.2) and the experimental points is giver 1in Figs. 82 and 33 for the two
dead rigse angles tested, Botn curves show reasonable agreement with the
experimental points which are very scattered,

~

8.2 Dropping Tests

These were done on a Singapore and pressure measurements were made on

seven diaphragms positioned at the step. A comparilson between these
measurements and pressure estimates based on the formulae evolved in this
report are given i1n Table 14. The wvalues agree well for diaphragms hear

the keel but discrepancies appear near the c¢hine when the Singapore has =z
marked flare not represented on the Aull Launching Tank models.

8.3 Full Scale Landing Tests

A comparison 1s given here betwsen estimated and measured pressures on
the Scuthampton for two landings, Pressures obtained during the landing
shown 1n Fig, 28 of reference 5 are given 1n Table 15 for four diaphragms near
the keel. A comparison between these and tne estimated pressures show them
te be approximately twice the calcgulated valugs, This 1s due to the aircraft
striking a swell {made evident by the rapidly recurring pressure peaks) on
landaing, thus increasing 1ts effective rate of descent relataive to the local

water surfaces Table 16 1s a comparison between estimated pressures and
pressures given in Fig, 35 of reference 5. The diaphragms for which
pressures are given cover most of the forstody. Agreement between measured

and calculated pressure s, in this case, fairly good and shows that the impact
fermulae given are reasonably accurate over the forebody.

7 Conclusions

Experiments 1n the Hull Launching Tank show thst for the range of flidht
path angles tested the maximum pressures obtained at any one point of a hull
for impact on a horizontal water surface can be expressed as

Vn v

Ppax = Y cot® B

3
where Vn and Vy are respectively the velocities normal to the keel and vertleal
reasured at the time of the maxamum pressare, 6 1s the dead rise angle at

the point considered measured on a section normal to the local keel and Dg is
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a constants The experimental wvalue of Dy 18 equal to 54, and 1s of the same
order as the theoretical value given by Wagner for the vertical drop of a
simple wedge at zero 1ncidence,

When the maximum pressure is measured or required over a finite area
than a correction factor, the area factor, will dive the maximum value of
distributed pressure over that area, asi-

. Vn Vv cot® B
D3 {Area Factor)

Pmax

The wvalue of this area factor can bte taken as equal toc the theoretical
value given in Appendix II and 1s calculable from the theoretical pressure
distribution given by Wagner for vertical drops.

The appl:cation of this result to stressing purpcses regquires that 1t be
expressed in terms of the impact conditions at first impact. A veloerty
factor has therefore been estimated from the experimental results which
represents the effect of the chande of velocity and attitude between the
first and lecal impacts, then

o'n o'v cot? 8

=

Fnax
D8 {Area factor){Velocaity factor)

v v

where o'n and o'v are the velocities at first impact measured respectively
normal to the keel and vertically.

The velocity factor varies with the position of the diaphragm on the hull
and with the attitude at first impact. Its value for the hulls tested can
be obtained from position and impact condition from Figs. 86 to 608 It 1s
unity for all keel positions at first impact, but increases with depth of
immersion,

This factor 1s shown theoret:cally to be zlso dependent on the beam

loading and pitching moment of inertia, The application of the velocity
factor values to other hulls therefore needs correction for these terms.
The order of the corrections 1s only known theoretically for vertical impacts
and 1s difficult to apply, sc that experiments to asscertzin 1ts value experi-
mentally are reqaired, The correction can be very 1mportant in regions near
the chines,

Experiment shows that the effect of vertical acceleration at first
impact and damping in pitch (change of attitude during immersion) are of
negligible i1mportance. The first result 1s supported by theory bur the
gecond needs further experimental verification.

Analysis of the results obtained in earlier Vee shape dropping tests and
full scale shows that these are better satisfied by this new result than by
the earlier emperical form, vizi-

Vn2
Pmax = K cot @

However some lack of agreement full scale 1s found when the flight path angle
is small.

Further Developments

Due to limitaticns in the =zpparatus, and to the techniques both of
measurement and reducticn of the results, having to bte developed 1n the
course of this, the first major undertaking with the Hull Launching Tank, the
scope of the present survey 1s somewhat limited.

In particular the flight path angle has been restricted to the order of
g% and over - the stalled on case - so that the known range of validity of
the Vn V,, law 1s very restricted. Hence 1t 1s desirable that boih experi-
mental and thecretical investigatilons should be extended to low flight path
angles — the fly on case — in which the effect of horizontal planing forces
wi1ll become evident. This case is also of :mportance for the ditching of
landplanes. Further systematic 1nformation is also required on the effects
of beam loading, roment of inertia in pitech and damping in pitch.
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desirable,

As the tank length 1s not great enough for more than first rimpact
measurement the study of the effect of the horizontal planing forces at low
fl:ght angles would be facilitated by catapult launching on to the sea of
models large enough to carry the requisite pressure recording apparatus.

Full scale tests covering the complete time history of impact are also

Both model and full scale tests require extension to the case of waves.

Lastly the application of this work to stressing requirements requires an
Investigation of the relative severity of the strains imposed by the peak
pressure and the maximum pressure over a glveLn ared.
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~ APPENDIX I

A Bummary of Theoretical Work on Impact Pressures

is Introducticn

In this appendix an outline 1s given of how the original theory on the
dropping of straight wedges at zero attitude i1nto water has been extended to
g1ve the formulae used ¥n this report i1n which account is taken of attitude,
freedom 1n pitch, horizental and vertical velocity, varying deadrise angle etec.
Details of some proofs are referred to later appendices.

2s 1 Maxaimum pressure at the keel

In the original theory of Von Karman® a wedge of great length, small

deadrise angle, and dropped at zero attitude into water was considered.
Assuming that the assccrated mass of water wag that of a half cylinder, of
radius egual to trnat of the wetved width, the mean pressure over the wetted
surface defined by the 1xtersection of the wedde and the undisturbed water
surface was showr tg be

2
Prean = %—ﬂp o¥v cot B ﬁf%%ﬁjﬁ (1o1)

where o'v = vertical velocity at first impact.
0 = dead rise angle

P = density of water

_ mass of the associated water 1 2 A
o= mass of wedge = o PPy
where 2c¢ = wetted beam,/ﬁ = wetted length
M = mass of wedge

From tnis the maximum pressure at the keel becomes

2
Pmax = éﬁp ovv cct B8 ( %a 2]
oVv ot B
or Ppax = 46

in 1b./3q. 10,

24 2 ffect of Splash and Finite Immersion

Wagner8 showed that, where x 1s the beam at the point censidered, a

velocity potential i = Vc* c2 - x2 satlsfied the conditions of irpact, al so
that the wetted beam, Zc , for a straight wedge at zero inc.dence was-%-that

given by the intersection of the wedge sides and the still water surface. His
consequent formula for the pressure at ary immersion defined by 2 was -
4

1 v, 2 g__ 1 ] — SR s . Bkl (1, Q)
=< npo’'ve coth ——y - 1 - 1
P 2 P (2 + 1) ,\/1__1(2 1+u,f\/ a2 2{3_%_17 °
c
2
For py.,, which cccurs very close to the wetted leading edde this gives
T 1 1 - 3k 4 1
Prax = = T 0 o'v cot®O m 1+ 1+ 0 2 cotze * {1.4)
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From Fig. 75 a graph of the second term 1n the bracket — it is seen that
equation (1.4} can be wrilitten approximately as
2

1
= é T %0 oVv cot?® B

(1 + w2

Prnax (1. 6)

The minimum pressure at first immersion 1s given by X = o, 1.e. at the keel
and 18

pmn=§_np o¥v? cot B . [;i;_ﬁ}a {1.6)

which reduces toc von Karman's result at the keel when [ = 0

The mean pressure for finite immersion i1s gaven by

— 1 42 V.2 1
pmea’n—zn pOV cote[w [10‘7}

and the maximum pressure at the keel 1s

n2p 0Vv? cot 6 (1.8}

Pmax =

W

Wagner's results therefore compared with von Karman, increase the mean
and the keel maximum pressures by ® and, more important, make the peak pressures
proportional to cot26, 2

2. 8 Corrections for Finite Length

Pabst® from experimental evidence, provides a correction for a finite
aspect ratio equivalent te a2 correcticn of the wetted length to

—~——~—{-———-1_9'_4_§.5l {1.9)
S 1 +n R 1+ KR

h =

2c
wnere A =7

This leads to the following correction factor to the Wagner expressions
above vizi-

1 L A .27 ¥ Ay 0. 8354 3
S+ e P 2(1 + A2 (1 +X%)°

The correction factor of (1,9} i1s graphed in Fig. 76; this factor
approximates to 1 for A> 2.
3

2a4 Correction for Finite Dead Rise Angle.

The correction for this to the associated mass was given by Sedovlo, on

theoretical greunds, as the factor -

a 8 9
2 tan © Pl = 7 «plm}
i + 58 o1 - 9
T m
where 08(9) 1s the Buler functicn; for small dead rise angles this reduces
to 1 — =

2,5 Correction for the frictional resisting force of the water

Krepsll in an analysis of this for vertical drops at zero incidence,
relates the wvelocity at any instant to the 1nitial velocity by
V.
_ o'v
v, = (1 st *0 (1,10}
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where the correction for resistance
2
é =?T,_2CD tan e

and Cp 1s the resistance of a flat plate,

From this 1t follows that equations (1.5}, (1.6), (1.7), (1l.8) become

= 1 2 V.2 3 1
Pnax = 5 ™ % P o ve cot 6 TS o .o (1.11)
1 -y 44 C
-1 V.2
Pmln - E T[p ov cot 9 (l + U')B + 26 1- m 2 cot {1 _ u] i (1312)

i -~ 2C TR
— [ i D
Frean = = =g Ovvd oot 8 ( - )3 re EE {\l - 5 . J.o . (1, 13}
n

1+t U cot @

s

25 o V2
Prax, ., =% " POV cot 8 .o oo .e . {1 14)

[

2.6 Impacts with Finite Incidence

In a perfect fluid the pressures act normal to tne wetted surface of the
hull, Neglecting gravity the resultant forces must {for symmetrical impacts)
e perpendicular to the direcicns on the hull bottom whier make the dreatest
slope. In Appendix VII tne direction of these lines | for hulls whose dead
rise 1s constant or only varies 1in 2 fore and aft direction) 1s shown to be
normal 1o the local keel at the position considered. The assoccirated mass
must be considered i1n this directiomn. The effective dead rise, for this
purpose 1s shown in Append:ix VII to be defined by -

1

* L-X ] (1915)
1 + van® y + ot B )

sin € =

where 0 = dead rise angle 1n a plane normal to the keel at the step

VW = sweep 1n angle i.e. ejdivalent dead rise angle measured 1n a
horizeontal plane parallel to the keel at the step.

2.7 Freedom to Pirtch

Freedom 1o pitch permits the abscrption of some of the momentum of
impact 1n angular motion; a relief of impact acceleration normal to the keel
1s ogbtarned. In Appendix IV 1% 1s shown that this relief 1s equivalent to
multiplying the associated mass term by

L 25 g , 22
1 kE cos®™ O 1 kE

[}

where a distance of resultant impact forece from the C.G.
k = the radius of gyration

O = the angle of 1ncidence.

2,8 Impacts with Hoerizontal and Vertical Velocities

Frcm the results of ref. 12, 1n which horizontal and vertical wvelocities
are taken into account, the mean pressure at finite immersion 1s given by

1
= 1 52 2 —_— x _
Pnean = % mep v< cot O IER sin (& +4) (sin¥ - 0 sin o) { 1 16}
1 ol

= 12y Va oV M osin

= =T c ’S - e (l 17)
or Pmean p” P o'na’v cot C;jfﬁjg 1 sin ¥ s
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where v resultant velocity in flight path at first impact,
¥ = angle of flight path to horizontal at first impact,
% = attitude of keel at first impact,

c'n = resultant wvelocity normal to keel,

o'v = resultant vertical velociiy,

The maximuh pressure at the keel at first impact becomes

= 1 n%p oVn oVv cot O -

Prax © = (1, 18)

-9

When U sin & <§: sin ¥ i.e. when U, &, ¥ , are all small quantities of
the =ame order egq (1.17) becomes

1
=1 nzp o'n oVv cot 9Am—-—w—3 e {1, 29)

p
mean (1 + w

Iy

When &f = 90° (1,18), (1.d9) become of the same form as (1e8) and (1.7)
derived by Wagner.

The 1mportance of these results 1s the r%Placement of ovnz used in all
previous work, by oVn oV The simple o'n o'v form (1.18) 15 only applicable
for

(1) 1impacts where the change :n horizontal veloeity can be
neglected; this 1s usually so,

(2) 1impacts of finite immersion when either the flight path angle
i5 of the order of stalled on landings or first 1mpacts when U i1s small,
For these same conditions, the value for p, ., by the analogy of eguation
{1e 18} (10 19) with {1a8) {17 {2.8) gives

1

. (1. 20)
(1 + u)®

Pmax = L 120 oVn oYy cot® B
8

This relationship for peak pressures has been used i1n the analysis of the Hull

Launching Tank results.

2.9 Maximum Pressureg measured on Finite Areas

The mean haxihum pressure over an area will be less than the peak
pressures and more than the mean pressure discussed above. The value of
this area factor 1s discussed in Appendix II and 1s denoted by 5 in the
result.

1
- 1 2 Vv v 2 \
= = 7 o'n o'v cot R .. (1,817
Poax = P st1 v w2
It 13 assumed tc be generally appl:icable.
o Conclusions
Incorporating all results arrived at above we get
1 £, f
Prax = 1 n2poVn o¥% cot® 6 22 S o+ 25 5 (1. 22}
8 [i e QE{J
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where S = dead rise angle taken in the direction of greatest slope relative
to the plane of symmetry,

o'n = resultant velocity ncrmal tc the keel at first impact,
o'v = resultant vertical velecity normal to the keel at first impact,
& = the. correction factor for resistance EKreps),
f1 = the correction facter for aspect ratio {Pabst],
f, = the correction factor for finite dead rise angle {Sedav),
S = area factor,
a = distance of the resaltant impact force from the C.G.,

k = the radius of gyrat:ion,

It follows that the theoretical value of the velccity factor is -

B a® o+ 26
1+ pf1 +;2)

)

and 1t independent of constant dead rise angle and velocity cof impact.

AFPPENDIX II

The Area Factor

Wnen a pressure wave has a sharply-defined peak, a2 diaphragm of finite
width will not in general measure the peak pressure but some lower value
dependent on the average pressure over the diaphragm. Thus, 1f AB denotes the
diaphragm in Fig. 77 the pressure indicated will not be the peax pressure DN
Gut an average pressure girven by the area ABCDE divided by AR. This average
pressure depends on

(1) the sharpness of the peak.
{11] the width of the diaphragm AE.

{111) the position of the diaphragm.

To relate the maximum value of the average pressure to the true pressure
peak DM, 1t 1s first necessary to calculate the position of the diaphragm AR
to make the average pressure a maxinun.

In Fag. 77 let AB = d and let B be specified by the co-ordinate z, then
1t 15 required to choosg z so that F(d) 1s a maximum where

X

74
Fla) = f7 ply) dy and y =
Z—d ]

On differentiating Fld] with respect to 2z, the value of z for a maximum
average pressure 1s given by the equation —

plz) -« plz - &l =0 {I1.1)
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For the vertical impact of a V-shape at zero incidence on water, Wagner's
theory gives the pressure p, as
- 1
— By
A1 -y 1t 1-y

1
=1nr V2 c )
ply) 3 Po’v ”’"“‘—“‘—2{1+M} o

where & =-2 tan 6.
s

Thus neglecting variation of ¢ over the time taken for one diaphragm to
1o be wetted we may choose a unit of préessure in such a way that

1
p = cot ‘ql‘ — -2 Al - y2 -——-mzuyz
P-/l - yz 1

U 1 - y°

As a first approximation the term 12+U m/l - yz may be neglected as 11 1s
e

small near y = 1. Hence we obtain -

(y) g [ S (1I.2)
= CO - .
Py “J 1 - yz 21 - y2

Substituting (11, £) in (11.1) gives

1 1 K L {z - dj?

1
——_ e _ 1 —— +1 e =0 (1I.3)
J1-22 - tz-02 3 1-22 3 1-(z-a?

as the cond:tion of maximum average pressure on the diaphragm.

From equations II.2 the maximum average pressure measured by a diaphragnm
of width "d", is

F(d) 1.z B 2
T=§f cot O ~——--l——-—-.-‘1-.‘-—ul—§—dy
Z—a 1 - yz 2 1~y
- cot B sin~1 + My Byl ty|®
d y T2 4 1-y

where 2 1s chosen to satisfy equation II.3s:

If we define the area factor of the diaphragm to be the ratio of the true
peak to the maximum average pressure measured by the diaphragm then

dPpax
r{d)

area factor § =

2 W 2
a |3 + K
2L 2
and thus S = — {11.4)
sin“lz sin™! (z-q) + B4 _ B yog 1P2 4 B, 1t2-d
2 4 i-z 4 1-z*d

In any particular case the values of d and 8 are known and the value cf
z to give a maximum average pressure can be determined from equation II. 3
Hence the area factor may be determined by means of equation II.4 for square
or rectangular diaphragms, For carcular diaphragms as commonly used the
values are slightly less., The area factors in this case are obtained by
integrating the values obtained for rectangular diaphragms over a circle.
Resulus for the two forms of measuring surfaces are given i1n Figs, 58 and 58,
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APPENDIX III

The Effect of Beam Loading

The variation of maximum pressures with beam loading for a given Vee-
bottom may be derived from the theoretical work of Wagner who gives the peak
pressures as

V., 2
1 2 p o'V 2 onz 5
= /g T — cot® 8 =2V cot? B
Prax 8 1+ W =
g 2
where K = 5 {1+ W
pr
By differentiation Sk . _2 &
K (1 + W)
but [V =
M
therefore éKK - 1*\2» 5 E;m .. ‘e (III.1)
8 On 4p 4
Figures 78 1s a plot of KK against —j’ the i1increase 1n beam loading.

Thus for a hull of known geometry, for which U 1s calculated the increase of
maximum pressure with increase in the beam loading may be estimated.

APPENDIX IV

The Effect of Freedom in Piltch

In this appendix the general case of z wedge, free to pitch, drepping at
a finite attiwude into water 1s considered. The effect of 1nitial angular
veloeclty 18 also examined,

Consider a wedge of Mass M, (Fig. 79) dropping vertically 2nto the water
so that at first impact 1%t has attitude & ,, and angular velocity % ge Let
1ts point of first impact be P and let point P be distance "a" from the centre
of gravity, then the momentum equations will he

M(ovv - Vv) = m(vv —a & cos &)

M kS(& - &0] =n(Vv - a & cos &) a cos &,

where m = associated mass of water,

k = radius of Gyration of wedge,

Vy = vertical velocity.
Putting M =-ﬁ-and z =V, -a & cos &,

~his becomes

e'v - v=4 2 . .e {IV.1)

kg{a - &0} = alz cos O . . {(IV.2)
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Multiplying equaation (IV.1) oy k% and {(IVe2; oy & zos & and aading we gel
» . B az a
k%(oVv - aflo cos &) = k? z ity (1+ éé‘cosgﬁ)

oVv - alla cos &t
2

1.8 V all cos % =

That 1s, the effect of freedom to pitch 1s 1o increase the associated
mass verm by the factor (1 + 22 cos2d), On applying this result to tne

K
formula for maxlmum pressures 1n the region near point of first impact.

2
vV 2
-2 0' v cot® 4
Pmax = P

(1 + uj

|4

n2p {0 — alo cos O}% cot® A

becones Frax = é S 1t (1t a® cosl &) W2
L X2 |
but as on — aflo cos & z1s the initial local vertical velocity, this means

that for similar local impact veloeities the peak pressure 1s reduced by the
factor -

APPENDIX V

The Effect of Acceleration dus to Gravity

The formula given by Wagner for maximum pressures was

= 2
Pnax = = T2p V,® cot® 8 .. . (V.1)

If gravaty 15 neglected this can be written 1n terms of first impact
conditlions as

2
= 1 nzp —Jiﬁi———co*z 5] . (V.2)
pmax B (l + u}g W a8 - -

In this Appendix the effect of the aczeleration due to gravity on V, is
examined and a correction to equaticn {V, 2! obhained.

The equation of motion during the :mpact of a wedge on the water is

d
a3t ‘M tm) vV, = Mg

2. B4E01/1 ]



On dividing through by M

{1+ W) v,

d
a = g - . (V. 3)

for a wedge dropped with 1ts xeel ai angle @ to the water,

Bt o= L pca Lan
M tan o

[ve)

ne? ang equation (V.3) bacomes

1

“herefore we can write U

4 3
di (l+nCJVVJ=g

—

. (1 +nedy Ve 4 aneR g V, = 8

dt
vat ¥y = avy, Lot and & = 2 moeot Py
2
dt de
S (1 vned Ll noot By, 9V ¢ 3002 v 2 0t 8 =
=) v "'a-‘—c v g
or, dividing throughout by-}; nocot B,
da v
(1 + nco) v, Y+ 3 e sz = 2€ tan 9 ‘e (V. 4)
de T
Z
Let Vv =u,1.e.2VvdVv=du

Sibstituting this 1n the above equation (V. 4) gives

4g
(1 *‘ncs)%%‘*Gnch: ¥ tan 8
B B 4
or L |(1 +ne®H2u :‘;t'g"tane(l*'nca]
de | |
Or integrating this becomes —
3.2 5 4g ¢ tan O 1 3
(1 * ne)? vV, =——— (1 ¢ 5 neY) + constant of integration,
At © =0, V.=V
2
v 2
< comstant of integration = o'v .

Sabstituting this value and putting U = ned glves

2 . - 1
. o Vs N 48 ¢ tan € 1+ 30
VV :—~—~-.g o *‘-"———2 .y ae (V,E})
{1+ 1) (1 +t M)

—substituting (Ve 8) in (Ve1l) gives the maxinum pressure as

vaz 1+“lu )
- 2 2 1 4
= x < cot® B + = Mpg ¢ cot B
Fnax T g (1 +u)? 2 ¢ (1 + )%

ymat 1s a farther term

1
1+3u
{1 + u)z

ﬂp=%ﬁpgccot9

e be added to the pressure obtained from eguation (V.2) to allow for
", zftect of gravity.
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If the wedge on impact :s however partially balanced such that the force
due to gravity 1s represented by Flg), then the term g in equation (V.3} 1s
replaced by Flg) and A p becomes -

M

i 1
#lg} 1+ 37K
~ 4 4

A graph of A p 28 given i1n Fig, 80 for a range of values of {4 and FLQ).

It can be seen from these graphs that the correction for gravity 1s small.,

APPENDIX VI

Velocity and Dead Rise Angle in Direction of Greatest Slope.

In Appendix I 1t :s shown that peak pressures vary approxlmately for a
stralght wedge as

V.
- Vn'v 2
Pmax = ——Eu cot® 8
where Vh = velocity normal to keel.
V, = vertical velocity.

a constant.

dead rise angle.

As O, the dead rise angle, 1s taken in the direction of greatest slope on
the wedge, and V, is alsc taken in this direction 1t follows that if the wedge
1s warped so as to have a sweep 1n angle {§ , 8, the dead rise angle, will be
replaced by ; the angle of the greatest slope. Similarly, the value of V,
will be that for a direction given by the line of intersection of the plane
of symmetry and the plane containing this angle.

Consider (Pig, 81) a circular diaphragm OAB on the side of a Vee-bottom.
Let 1ts centre ¢ bte the origin of rectangular co-ordinates with Ox and Oz
normal, and Oy parallel to datum. Let the Line 90D, be the intersection of
the planz of the diaphragm with a plane inclined at an angle B to the plane
xQz. Then 0D 1s ltself inclined at an angle'g to Oz and it is required to
find the value of B for which'ﬁ 18 2 maximem and slope 18 a maximum.

Let the Planes 20x, 20y intersect the diaphragm perimeter at the points
A, B. Then 4 1s the point {r sin O, o, r cos ©) and B (o, T cos ¥, ~ r sin Y}
and thus the plane containing the diaphragm has the equation

—xcot 8+ y tany +z =0
The plane making an angle with plane X0A has equation -~
x tan B + y =0

znd so the line OD, intersection of these two planes, has direction ratios
1; - tan 8; {(tan 8 tan ¥ + cot 8),
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and therefore the angle € , between OD and 0Z 1s given by -
tan 3 tan ¥ + cot O
- \/{; + tan® 8 + (tan B tan Y+ eot 9]21
, -

£
cos 3

Differentiating this with respect to 8 we find ﬁ a maxaimum when

tan 2 = tan ¥

ot 9

g1 ¢ g B tan® v o+ cot? A
¥ilL cos =
L1t tan® Y + cot® 9]

max

1
i.e. -
© sin m%x ,/|-_1 + tan Y+ cot? 8 |

The velocity along the line of greatest slope, {V, 1s given by -

1¥n = Yy cos B + V7 sin 2 where tan B = t_a:_le]l_
co

<
|

and = velocity normal to keel

= velocity parallel to keel

<
=]
|

:Vncop9+thanw
n s eet® B tan® y]

hence 1V
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TABLE I

Position and Size of Pressure Recorders on 200 Hull

d Angle Between
No. of Diameter K3 6 1 Local Keel and
Diaphragm| {ins) - Diameter (Degrees }| (Degrees) | Keel at Step
Dlstance from Keel = UI - o
1 1,00 0. 200 32.7 8.8 10,3
2 1.00 0. 100 24,2 7.8 4.2
3 1,00 0.143 24.2 8.75 4,2
4 1,00 C.077 24,8 8.3 4,2
5 i,8n D¢i95 20,0 9] 0
8 1,38 0,100 20.0 o 0
7 1.00 g.182 2.0 o] 0
8 1.00 0.096 20.0 o] a
9 1,38 0. 088 20,0 0 0
10 1,00 0,159 20,0 0 o
11 1,00 0. 070 20,0 Q o]
12 5.00 0.834 20,0 O o]
13 1. 00 Q.134 28,3 0 6.6
14 1.00 0.154 28.8 0 -3, 6
15 1.00 0,200 27.9 0 -8.6
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TABLE Il

Position and Size of Pressure Recorders on 3C°PHull

4 Angle between
No., of Diameter ¢ g W Local Keel and
iaphragm | (ins.) |= Diameter {(Degrees ) |(Degrees) | Keel at Step
Distance from Keel =00 - o
1 1.00 0.200 380 Q0! 40 45! 80 30!
la 1.00 0,200 48% 15" 5¢ 00! 14C 30!
1b 1.00 0.071 392 00! g% 15! 80 307
2 1,00 0,178 33% 30! o° 50! 40 30!
3 1,00 0,085 33¢ 30! 1° 00! 40 30!
4 1.00 0.08e8 339 30" 0% 45' 40 30!
5 1.00 0.143 30% 18' | 0© 30’ 10 457
] 1.00 0,081 300 15! 0 10 45
7 1.00 0.17¢ 302 00! 0 #]
8 1.00 0,005 300 Qo 0 0
2 1,00 0,085 300 oo 0 0
10 1.00 GC.187 300 007 o 0
11 1,00 0.089 309 00!’ 0 0
iz 5.00 0.835 30° 00! 0 o
13 1.C0 0,132 299 15! o -8° aa"
14
{ Not 1,60 - 29° Q0' 0 -B80 ag!
corrected)
15 1,00 0. 200 2680 00! 0 ~6°‘36’
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TABLE IIT

Pogition and Size of Pressure Recorders on 10¢ Hull

4 Angle between
No. of Diameter c 0 1} Local Keel and
Diaphragm | (ins.) |[_ Diameter [Degrees) | (Degrees) | Keel at Step
Distance from Keel = gt - g
1 1.00 0,250 219 50! 10 259 100 12!
la 1.00 0,222 300 00! a2 0o! 100 485!
1b 1.60 0.131 23° 00! 80 40! 18 as!
2 1.00 0,250 130 40! 2e 20! 50 25!
3 1,00 0,114 140 00! 120 3sg! 5C g5!
4 1.00 0.074 149 20! 17° 10! 50 250
5 1,C0 0.182 10° 1° 00! 0o
e 1,00 0.083 100° 8% 30! 0o
7 1.C0 0,200 10° o] oo
8 1,00 0,105 10° oe 0o
9 1,00 0.071 10° 0° oo
10 1,00 0.200 10° 0P 0o
11 1,00 8.077 1009 oo ce
1z 5.00 0,862 09 0° Qo
13 1,00 0,132 2g° ol —8° 38!
1
14
{Not 1,00 - 290 Q0 -89 ag!
corrected)
15 1.00 0. 200 28° oo -89 38
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TAELE IV

Impacts of Hull with 20° Dead Rise

Vertical Heorizontal Vertical Attltude
Figure Acceleration Velocity of Velocity at At Pirst
Number | Due to Gravity Carr:age at First Impact Impact
(ft./sec?) Pirst Impact (ft./sec.) {degrees)
{ft./sec.)

5] 36.8 5. 5.62
e . 36.5 4, 2.85
7 2. 36.14 C.25
8 . 38.1 . 8.26
9 . 35.8 . 11.85
10 . 31.3 . -2.05
11 25,3 . 9.25
1z 25.2 . ~0.70
13 . 25.2 4. -8,00
i4 . 28.2 . +4.85
15 o] 8.4 1.85
18 o1 c 5.22 6.84
17 . o 6.0 89.15
18 «1 0 8.1 -3.42
19 0 8.8 8.50
20 . 0 7.7 8.47
21 28,5 8.4 1.07
22 5.2 0 7.75 6.57
23 ' 25.8 6.285 1.2
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TABLE V

Impacts of Hull with 30° Dead Rise

Herizontal
Vertical Velocity of Vertical Attitude
Figure Acceleraticn Carriage at Velocity at at First
Number | Due to Gravity First Impact First Impact Impact
{ft./sec?) (ft./sec. ) {ft./sec.) (degrees)
24 2.1 33.1 0,35
25 39.8 &.50
29 40.0Q . 9.10
27 . 37.7 . 2.35
zZ8 37.8 4.82
29 35.8 ~5.92
30 . 38.0 . 2.34
31 0 37.4 5.18
32 37.9 10.45
33 4.2 40,0 9 1.55
34 4.2 40.6 0,80
38 3 40,1 f . 4,40
36 . 37.6 . 2.22
TABLE VI
Impact of Hull with 10° Dead Rise
Vertical viiEZii;tié Vertical Attitude
Fidure Acceleration Carriage at Velocity at at First
Number |Due to Grawvity First Impact First Impact Impact
{ft./sec?) (ft./see. ) {Ft./see, ) {degrees)
37 . 32.5 6.1 1,95
38 . 32.0 8.75
38 . 33.5 5. 0.8
40 33.8 . 6.7
41 34.0 7.6
42 33.1 -3.2
43 . 34,0 .9 ~2.9
44 32.1 -7.4
5 32.4 . -8.0
46 32.2 . -B.0
47 30.8 ~2.1
48 ’ 35.4 8.1 —-2.7
49 0 33.0 . -3.0
EQ o2 32.4 s 2.1
51 4, 396.4 . -2.4
£z 34.4 ~-2.7
83 6.3 3€.4 . 2.3
31
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TABLE VII

Variation of Observed Values of CB with Ratio %

during Vertical Drops on 20° Dead Rise Hull

Number TP Diaﬁfter T Average Average Value
of s che rom Kee Value of of C3
Diaphragm =3 C, (observed) {corrected to
zZero 9)
C
11 0.070 20.1 18.8
e 0.088 28,1 23.3
=] 0.006 22.4 19.7
10 C.159 22.1 18.9
7 0.182 21.6 18.0
12 Q.834 39.8 22.1
TABLE VIII
Variation of Observed Values of 03 with Ratio %
during Runs with Horizontal Velcelty on 20° Dead Rise Hull
Number Diameter Average Avegage Value
of Dist:nce from Keel Value of of 3
Diaphragm - Cq (observed) (correczed to
zero =)
c
11 0.070 24.7 22.6
9 Q.08 17.2 15.7
8 0.098 21.9 19.8
10 0.159 21.1 17.9
7 Q.182 24,2 20.2
12 0.B34 37.0 20.6
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TABLE IX

Variation of Observed Values of C8

with Ratio

% for 309 Dead Rise Hull

Number =Tt Dlamiter T Average Average Value
0f 1s znce rom Kee Value of of C3
Diaphragm = = C8 (observed) (corrected to
Zero g}
c
9 0.0868 20.8 20.C
i1 0.069 21.1 20.3
8 0.085 27.7% 26.0
1¢ 0.187 20.4 18,8
7 Q. 179 30,0 27.3
12 0.83& 34.8 26.0
TABLE X
Variation of Observed Value of Cq with Ratio %
and Distance Forward of the Step for 10% Hull
Number Diameter Average Average Value
of Distance from Keel Value of of Cj3 Distance Forward
Diaphragm - d C. {observed) [correcEFd to of C.G. Bezam
c 3 zero = }
c
5 0. 182 21,8 11.5
1,11
8 0.083 22.9 15.8
a 0.108 16,1 1C.2
0. 4d€
9 C.071 28,5 15.9
10 C.200 10,2 5.3
0,28
11 G, 077 8.8 6.1
DS 34601/1 33



TABLE XI

Variation of Cjy

with Dead Rise angle, 0

DS 34801/1

Dead Risze
Angle 8 C3
100 10
20° 19
age 24
TABLE XII
Variation of Dy with Dead Rise Angle, ©
Dead Rise Experimental Thecretical
Angle B Value of Dg Value of Dg
102 58 a7
200° 54 58
30° 48 51
TABLE XIII
Values of Dg at % =, 0 near the Bows
10° Hull 20° Hull 30° Hull
9 D3 9 L3 8 D3
(corrected) (corrected) (corrected)
3009 59.3 - - 480 38,7
220 79.2 330 39.5 39° 36.1
1409 82.1 249 53,3 33° 38,0
34
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TABLE XV

Comparison between Results of H,L.T. Formula with Keel
Pregsures measured during a Landing 1n a Scutnampton

at o'v = 3,0 ft./sec. V = 135 ft./sec. &=-0.5

Draphragr | p _ Vi Yy cot?O 4 Area Velceity n Prrax Prax
rax 54 c FPactor | Factor corrected | ocserved

5 2.5 0.181 1,08 | 1.02 |negligible| 2.4 7.5

7 2.7 .45 1 1,835 1.C1 " 1,9 4,0

10 2.5 0,13 1.15 1.01 " 2.1 4,8

2 negligible - - - - - C.58

1
D3 24601/1 38



-;\ » _ SR
70T T 42 GLTT 2270 ‘oFTT eg'o | <170 0T'T | ¥OT0 G TS G35 (00T ZET m ¥T
!
8Lz Z o€ To°T EC*O OT°1T GET0 | BTTO OS°T | ET "0 0"1% G'8 09T ZUET £7T
S LT 1762 00°T [6/000e) 0T P10y €170 Q4T | 820 0'TG 6 | 09T Z2°eT at
S e 26T ar*'T [ 0% °T 92*'0 1 8870 08°T | 90°0 S *ag S8 1 L°ET g et TT
o082 T 23 30°T g0"0 05°T ge'0 | BETD GE°T | €T "0 g*B8e TG v 47BT S oT oT
0°12 geT LT T Aol 08°T gF*c| t8°Cl OT°T | 80°0 2 e ¢t | wree ¥ o0z 8
0 6T 8°TT QT °T gt o Ne°T ZT*0 | 1870 S¥°T | S¥°C 28 g6 | g'er ¥ 028 4
S'F LS SE°T 89 O GL'? 00| 87T SO°T | 40°0 0*ze GTe | LTTT 0"%z 9
0°EeT 6 "L ¥3°T gy ro porte 980 | €2°T ET°T | BT O arze G'6 | LTFT 0°%38 g
paadasqn P31092aa0) TOT02IIQ)N 27edg TInd 109084 a q 09084 o e A0 g ol (¥ueg Iog wgeaydetq
Xeu 4 Xeu g durpeorn weag ol £A1T00TOA 5l T eaIy T mmpou A0 I 0 A A pPa103aI0) )

pG'F =N PUE 088,19 FR = A 0SS/ '@ = 4,0 3E

uoqdweyqnog & UT SUTPUET ' SutInp SpeU
spOswaInseay SINSsald pur EInwIcg *L°T°H JO sq4Insay Jo uostaeduo)

IAX HTdVL

o

D§ 34601/ L/R.70 X.3 4/50 DL






FIG

.3 ’8
Lo &
< <
o 7
ol (o) 0
e o o ’m - S
< @ [ @ o < re) <
O < OO0 ps a e .
w a 7 oa STARBD PORT
. | 45563 27 9 ' I8 3 4546

.4
—— ! L .-'_ i
a——— - ——— .-'-""".-_—
s TR —R- - - I DATUM,,
2 3 4 5 6 7 e 9

|
12710

1 S P — — T 1 |
lzoosot:r34so"}so|oFEET 2 ¢ & 3 O ' FEET

DEADRISE ANGLE AT STEP 20°

Hull Llnes and Positions of Fitted

Pressure Recorders



FIG

3 546

Pq RT

1]

15

STAR'BD

St 4 37

a8, HVLS —

ag HYLS —

180d —-—

Q8 HvLS ¥ LHOd-|

08,uvLs

14—

08, ¥vLs

LHOd 4—

Ay B

|

—1t

e
oo N |

-.*r ++"— “_cl -

- ILr_lm ..I_.ll

FEET

[ o]

I TTIITTII I
[

o FEET

DEADRISE ANGLE AT STEP 30°

Fitted Pressure Rc;ordcrs

Lings aond Positions of

Huil




FIG
485

7l 2

b

STAR BD

FEET

PORT

546 3

Q8 VLS -

dgYviS 8 LHOdH

a8, ¥VLS -

1o

2

10 FEET

1 |
] 9

|
7

a1
129830

0°

ANGLE AT STEP

DEADRISE

and Positions of Fitted Pressure Recorders

Linas

Hull




FIG.4

BISWVAE 40 LNINIADNVRIV  IVAINID

.

\

-

oval | NU

N

7

Jﬁ
=

JOVISAVDO

4NN DNWLSHMY D

ONINJB NOISN3L O

WNSG WV




FIG.5
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ACCELERATION ODUE TO GRAVITY = 21P e
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FIG.6
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FIG.8

ACCELERATION DUE TO GRAVITY = 2. “/5“%
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FIG.S

ACCELERATION DUE TO CRAVITY = 21 /g
INITIAL CONDITIONS  [LOCAL IMPACT CONDITIONS
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FIG.10

y
ACCELERATION DUE TO GRAVITY = 217, 2
INITIAL CONDITIONS  |LOCAL IMPACT CONDITIONS
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FIG. 1§

ACCELERATION OUE TO GRAVITY = 2. o
INITIAL CONDITONS TI.OCAL IMPACT CONDITION
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FIG. 12

TIME FROM FIRST IMPACT (SECS)

ACCELERATION DUE TO GRAVITY = 21742
INITIAL CONDITIONS LOCAL IMPACT CONDITIONS
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FIG. 13

ACCELERATION DUE TO GRAVITY * 2. 755,_:

INITIAL CONDITIONS LOCAL IMPACT CONDITION
DIAPHRACM Prax.
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FliG.14

ACCELERATION DuUE

TO GRAVITY =24 7/ »

INITIAL CONDITIONS OCAL IMPACT CONDITIONS
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FIG. 15

ACCELERATION DUE TO GRAVITY = 21 %[ .
INITIAL CONDITIONS ]LOCAL IMPACT CONDITIONS
DIADHRAGM |  Prax.
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VELOCITY

ANGULAR

FIG. 16

(RAD/SEC)

ACCELERATION DUE TO CRAWITY = 2:1 Feea
INITIAL CONDITIONS LOCAL IMPACT CONOITIONS
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FIG.IT

ACCELERATION DUE TO GRAVITY = 2.4 gt
INITIAL CONDITIONS OCAL 1MPACT CONDITIONS
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FIG.I8

ACCELERATION DUE TO GRAVITY = 21 /=
INITIAL CONDITIONS  [LOCAL IMPACT CONDITIONS
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FIG.1S

ACCELERATION DuUE TO GRAVITY =z ZERO
INITIAL CONDITIONS LOCAL 1MPACT CONDITIONS
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FIG.20

ACCELERATION DUE TO GRAVITY =4.2 /cect
INETIAL CONDITIONS |LOC.AL IMPACT CONDITIONS
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FIG.2¢

ACCELERATION DUE TO GRAVITY = 5.2 [, e
INITIAL CONDITIONS LOCAL IMPACT CONDITIONS
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F1G.23

ACCELERATION DUE TO GRAVITY = &-3 Jgg2
INITIAL CONDITIONS 't.ocm. IMPACT CONDITIONS
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FIG. 24

ACCELERATION DUE TO GRAVITY =2 75;.-_!
INITIAL CONDITIONS LOCAL IMPACT CONDITIONS
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FIG. 25

ACCELERATION DUE TO GRAWITY = 24 7gc2
INETIAL CONDITIONS LOCAL IMPACT CONDITIONS
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FIG.29.

ACCELERATION DUE TO GRAVITY = 2- FT/sec?
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ACCELERATION DUE TO GRAVITY = 2-| fr/sec?
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ACCELERATION DUE TO GRANITY
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ACCELERATION DUE TO GRAVITY » 2 FT JsEcC?
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ACCELERATION DUE TO GRAWITY = 2:ift /sec?
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