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EXPERIMENTAL INVESTIGATION OF IMPACT IN LANDING ON WATER¥*

T

l By R. 1. Xreps

The extent of agreement of the theoret:cal impact

combutatlons with the actual phenomenon has not as yet

h been fully clarified. There is on the one hand a certain
imperfection in the theory (simplifying assumptions made)
and on the other an insufficiency in the experimental data
available., The object of our present paper is +to show
how far test results agree with the available approximate
computation methods, to investigate in greater detail the
physical nature of impact on water, and to perfect the

| experimental method of studying the phenomenon.

It is shown that the vertical immersion of a freely
| falling body of a given shape is determined by the nondi-—

;f; and p = % (where B 1is
a characteristic dimension; g the acceleration of grav-—
ityy V, +the velocity of the body at impacts m, the
asscciated mass; M, the mass of the falling body). For
a sharply defined impact having the weight of the body
equal to the aerodynamic force, as is the case in the
landing of seaplanes, the impact phenomenon may be deter—
mined by only the nondimensional parameter |

mensional parameters v =

For the analysis of the obtained experimental results
the fundamental impact computation formulas are given.
The experimental procedure is described and the accuracy
attained indicated., The tests were conducted on a number
of different shapes: a disk, a disk with aperture, a

of all these tests showed a deviation of the test curves
of the ratioc of velocities before and after impact from
the corresponding theoretical results computed by the
formulas of Wagner. The reasons for these deviations is
explained by the failure to take into account in the
equation of motion of the beody during impact of the weight
of the body and the resistance of the water.

5
é wedge or V shape, and a wedge with slots. The results
Y
4

fReport No., 438, of the Central Aero—Hydrodynamical Insti—
tute, lioscow, 1939,
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The tests on the V shapes indicated a considerable
decrease in the discontinuous velocity change during .
impact with increasing wedge angle,

From the theoretical investigations it follows that
the presence of even a small slot on the surface of the
body sharply reduces the magnﬁtude of the associated mass
on impact. The dropping tests conducted on a slotted V
shape and on a disk with aperture did not show for these
bodies any corresponding decrease in the impact velocity
change. The experimental determination, however, of the
assocliated mass of the various bodies with openings_gave,
in connlete agreement with theory, a considerable decrease
in the associated mass of thiese bodies as compared with
similar bodies without cpenings. An analysis of these
facts is given which leads to the conclusions that in a
numnber of cases the discontinuous velocity change on
impact 1s not with sufficient accuracy determined by the
usually accepted formula j; = —~i——. It may be assumed

Vo 1+ p
that by taking into account the resistance of the water
the agreement of the experimental results with the theory
would be considerably improved.

INTRODUCTION

The problem of the vertical landing of a rigid body
on a heavy incompressible liguid is of interest from the
point of .view of a number of practical applications. The
mathenatical solution of this problem (on the assumption
of the nonturbulent character of the resulting motion)
reduces to that of finding a velocity potertial ¢,
which satisfies the Laplace equation Aw; = 0 for the
following boundary conditions:

On the free surface:

Bk 1
where
o is the -density

wy the velocity of the liquid on the free surface
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Along the wetted area of the body:

n
on, 1

where an is the projection on the inner normal to the
surface of the body of the velocity of immersion.

At infinity:

(wido = O . (3)

To obtain the law of motion, it is necessary to
integrate the ecuation (the body is assumed to have a
translational downward motion)

5

where

iy 1is the mass of the immersed body

V, ~velocity of the immerscd body

Py — Po the excess pressure on the surface of the body

A5« projection of an element of the wetted surface on
horizontal plane

and to find all the magnitudes of interest (forces, veloc—
ities, pressures, etc.). Because of the existence of a
number of mathematical difficulties, however, this problem
has not received an exact solution. These difficulties
are due chiefly to the unsteady character of the motion of
the fluid when the body 1is immerscd, the nonlinearity of
the conditions on the free surface, and also the presence
of flow phenomena and spray formation leading to discon—
tinuous motions. The impossibility of solution of the
complete problem of the immersion of a body makes it neces—
sary to considor individual approximate cases,

The simplest scheme to consider is that of the impact
of a rigid body on the surface of water (reference 2),
Impact roprescnts, as is known, a limiting case of motion
with instantaneous change in velocity (velocity discon—
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tinuity). Thus from the physical point of view the sub—
stituting of the immcrsion process by impact and hence by
a velocity discontinuity in place of a velocity change
leads from the matheomatical point of view, to a simplifi-
cation of the conditions on the free surface and thore—
forc to a simplification in the determination of the
velocity potential ¢,. Thus, since the pressure on the
froe surface is finite, the impulsive pressure (pg_ )
along this surface is cgual to zero .

At

Py, = lim JP p1dt = -p®%1 =0 (5)
8]

and for the determination of the velocity potential O,
in the limiting case of impact the following boundary
conditions obtain:

On the free surfacc: ©; = 0
0w,

On the surface of the body: =—= = V,
anl 1

In the solution of the problem of imprct of a float-
ing body as also in generazl in the mathomatical investiga-
tion of the phenomecnon of impact itself, the infinitcly
large forces are naturally replaced by impulses (references
% and 4).

From considerations of the impact phenomcnon of a
floating body an approximatc solution of the problem of a
continuous nonstationary motion during immersion of a body
in a liguid was first obtained by Wagner (referecnces 5 and
3)e As a basis of this solution it is assumcd that for
very sudden immersion of the body the motion of the ligquid
at cach given instant of time may bc considered similar
to that arising from the impact of the corresponding float-
ing body. Wagner, morcover, takcs into consideration the
fact. that in computing the forces acting on the immcecrsed
body it is nccessary to take into account the incrcase in
thce wetted arca of the body due to the motion of the fluid,
.Thise is donec Dby the introduction of a function giving tae
ratio of the velocity of lmmersion to the ratc of irnecrecasc
of the wetted arca. The valuc of this function depends
cssentially on thc shape of the immersed body,.

For tune solution of the problem of immersion of a
wcdge-shape body with small kcel anglc (a shape which is of



A
- &

STy e

NACA Technical iMemorandum No. 1046 5

interest for spaplahes) Wagner assumes that at each given
instant of time the flow arising from the immersion of the
body will be identical with the flow due to the impact of
a flat plate of width equal to0 the wetted width of the
body under consideration.

Note that 3all present methods of computing the .land-
ing of seaplanes on water are entirely based on the ideas
broughteut in the theory of Wagner (reference 7). The
correspondence of the theoretical computations with the
real phenomena of impact are not as yet entirely clear,
since on the one hand there is a certain imperfection in
the theory (simplifying assumptions made) and on the other
Hend the experimental data avallable at the mresent time
do not permit of drawing the required final conclusions,.
At the s=zme time the substitution of theoretical impact
computations for experimental investigations appears very
attractive, In particular, it is essentially possible to
compute the impact of the schrmatized contours of the
step portions of floats. Gen-rally, the results of towing
tersts on investigeted sections are made the basis of the
choice of contours. The rrsults of these tests on the
hvdrodynamic qualities of the seotion give no indication,
howrver, of its "impact' proprerties. The possibility of
supplementing the towing tests by an analysis of the serc-—
tions from the impact point of view would facilitate the
problem of a rational choice uf the shapes of huls and
floats.

As has elready bern pointed out, together with the
theorrtical investigations of the problem of the immersion
of rigid bodies in an imcompressible liguid, experimental
work has been carrisd out in determining the forces acting
on the impact. A large part of all these impact tests is
devoted to full scale investigation of ths airplane, in
particular, to the study of the loads, deformations and
pressures (r~ferences 8 to 17).

These tests have been occasioned by the urgent require-
ments of practice, but provide no estimate of the degree of
accuracy of the theory because of the presence of a large
number of factors that complicate the phenomernon (elasticity
of the structure, thrrr—3dimensional character of the pher-—
nomrnon, wavr formation on the water surface, landing condi-
tions, ~tc.). Special laboratory investigations suitabdble
for cumnaricon with the theory are few in number. Of theseo
may be mrntionrd thr work of A. Povitsky (reference 18) at
CAHEI and of Watanabe (reference 19) in Japan.
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L very intermsting picture may be obtained of the fall
of a body on weter and the resulting motion of the liquid
under laboratory conditions with the aid of a high-spered

movier camera. At thr same time, a quantitative presentation,

together with the purely gualitative picture of the phenon-
rnon, is obtained of the interval of immersion up to the
cdges of the body. The high—~speed piecture obtained in 1937
at CAHI (reference 18) of the dropping on water of various
bodies (wedge, disk) showed that thr length of the immer-—
sion interval of these bodies is very small and, in certain
casss, is given in thousandths of a sercond (the duration

vf the impact depends on th~ weight and the initigl veloc-
ity as well as on the shepe of the body). The data thus
obtained indicete that 1t is fundamentally permissible to
regard the immersicn of the bodies as an almost instantan--—
ous process, With the aid of the photovgraphs herer shuwn
(figs. 1 and 2) the successive steps in the immersion of
th~s» bodies can be followed.

The o0bjrct of the present paper is to clarify the cor-—
rerspondence of the test rosults with thuse 0f the available
computational methods and also to verferct the exmerimental
merthods for studying th-~ impact of a body on water,

TQUATIONS OF IMPACT O ¥YATER AWD BASIC COitPUTATIONAL FORMULAS

Tha exact equation (in nondimensional form) free fall
2f a rigid body on the surface of water will be given. The
given characteristic magnituders are the volocity of fall of
thr hody st the initial instant of immersion V,, the width
¢f the body 3B, and the density of the liquid o. The
nondimensional magnitudes will be introduced with the aid
of the formulas (reference 20)

B
x; = Bx; y, = By; t = 9=T; ¢, = V,Bo ]
e
s (6)
\ 3. 2
My = pB M; py — py = pVy 3 Vy, = VT J

The boundary conditions (1) and (2) assume the form

1 ¢
_.wg...éf._vy:O (7)

2 oT
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35 'n (8)

where v, equal to gB/V_®, 1is the reciprocal of the
Froude number, ’

The equation of motion of the immersed body in non—
dimensional form becomes-

,.av

ha-_—r- = MV — P (9)
whare
1
P = "'_"'-"'é' /\(Pl - pO)dSX
pBVO v
5
The nondimensional magnitude P depends on v = gB/VO2

and V(T) — that is,
P = Plv(T), v]

Thus

VR VT PLv(T), v] (10)

dt

From equation (10) and conditions (7) and (8) defining
the motion of the 1liguid, it folluws that in the fall of a
rigid body on watrr the motion of the water and of the body
is characterized by the two constants:

gB Kl
V = m——e (rnciprucal of Fruude's number) and M = —Jt

VO2 pB
(mass coefficient). Hence the immersion of geometrically
similar bodies will be dynamically similar if the condition
of constancy of the numbers Vv and M 1is satisfied. TFor
the impact phenomencn, which is characterized by a rapid
change in velocity, the accelerations of the body and of
the water particles will he very large. In this case it 1is
permissible to neglect also the weight, and for dynamic
similarity it is sufficilent to satisfy the constancy of the
mass coefficient.

In the landing of & seaplane on water the welght of
the latter balances the aorrodynamic 1ift force of the wings,
tut the weight of the water does not essentially affect
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the disturbed motion of the water because of the small
depth of immersion and the displacement of the liquid par-
ticles. For this reason, it is permissibls in the given
case to congider the immersion phenomenon as determined
only by the mass coerfficient. In thuse cases where the
effect of the number v 1is negligibly small, the follow—
ing conclusiaen is Justified: The expressions of all non—
dimensional magnitudes assvciasted with impact on water as
functions of the nondimensional time T may contain as
paramneter only the mass corfficient, In particuler, all
asymptotic values of the nondimensional magnitudes depend
only on the mass coefficient M, and not on the Froude
number, and therefore a2lso on the initial sinking velocity
VO. This theoretical conclusion is confirmed by tests

the results of which will be presented in what follows.

In the application to a very sudden nonstationary
immersion the reaction of the water at each time instant
may be assumed as given hy (referrnce 5)

% (a0) (11)

where
v velocity of body
m associated mass
(The magnitudes are here dimensional.)
If the associated mass during the immersion of the
body is at each instant assumed equal to the assoclated

mass for the wetted portion of the hody, then cunsidering
only the reaction of the water, the equation may be written

wil o Z 2 (12)
— = - — (m 12
at i
whence

.V"

V= — 2 (13)

1 + @
where
v initial velocity

v}
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a nondimensional coefficient of which the value
for a characteristic immersion may be taken
as a basic parameter instead of the mass coef—
ficient

RlB

The dynamic character of the plHenomenon isApartly
taken into account considering the true wetted area which
is increased by the motion of the displaced liquid.

For the case of a V—shaper body of very small V angle
the associated mass is taken equal to the associated mass
of a flat plate (reference 3) )

=5 2
m-—-g-r)cl . (14)

This expression may, however, he madr somewhat more accu-—
rate. Since under real conditions -a body of definite V

angle and finite length—to—width ratio is being dealt with,
iE is necessary to introduce a correction for the V angle

(®,) and finite aspect ratio (E5)., The first of these is

based on the exact solution of the prohlem of impact of a

V shape (referesnce 2):

r(f _ E>r<ﬁ>
2 tan B 2 n .,
BESOIGHE
2 ™ m

I'(x) ©uler function -

El(ﬂ) =

where

For small V angles this correction may be written in
a more sinple form:

(16)

djiw

- glzl_.

The correction for finite aspect ratio £, obtained

by Pabst as a result of analysis of experimental data ob-
tained in tests on a flat plate is (reference 20) ,

Ea(N) = 2o (1 ~ 0.425 ———"——5> (17)
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For small values of A = < 0,7,  the correction becomes

E2=1—l‘-)\ {18)
2
The final formula for the associated mass uf a V shape is
thus

m = % pBEZ€1£2 (19)

where B = 2¢, the entire width of the body.

It may be shown that for two dimensionsal symmetrical
bodies of slightly curved keel the derivative of the im—
marsed depth with respect to the wetted half width is con-
nectrd with the shape of the body by the integral relation

X .
u(c)dc
7 (x) =f ————— — (20)

where
dh

uKC) = EE

c wetted half-—width

h depth of immersion

-

v(x) equation of cross—section of body
For y(x) = x tan B (straight keeled Wottom) wu(c) =

E tan B = constant — that 1s, because of the nmotion of the
il

. n
water the wetted surface of the wedge Becomes 5 times as
large. To the increase~d wetted width of the wedge there

™

curresponds the depth hy = 5 h (fig. 3). Por the interval

of immersion in impact
{_t c

t =% L(l+u)dt=%[(l+u)udc (21)
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For a wedge

=)

s XK

VA B
t = 7 <} - u/ (22)

==

If it is assumed that in the immersion of a wedge
up to its gedmetric boundaries, it is also acted upon
by the resistance force of the water - kV=2 .

| where
13
! Cp
k = —é—— pS
CD resistance cuefficient
: 2
o donsity, S8-80C87
m
S wntted area

the rguatiovn of mution assuumers thr fourm

d k =2

3T (1 + plv] = ~ T v (23)
and the velucity

V = ____Xi____ (24)
(1 + p)t+8
where
§ = 2.Cp tan B
n2

C
Thus,‘in taking into account the resistance T?P SV2,

the result is formula (24) instead of furmula (13). If

it is assumed that Cp = 1.28 for 2 budy with small ¥V
angles (this value corresponds to data of aesrodynamic tests);
then &= 0,815 tan B.’~

TR T e T
@

-



12 NACA Technical Memorandum No. 1046

IMPLCT TEST PROCEDURE

Heasurement Accuracy

The inpsct tests were based on the procedure worked
out earlier at the CAHI (reference 21), which consgists
essentially of finding the discontinuous velucity change
during impact., According to fourmula (13) four the ratio
of the velocities bef.re and after the impact V/V,

Ny 1 _
v, 1l + R
wheroe
n
p,:.....
M

The direct test proccdure with our modificstions may
be described as follows:

Cn the sbjeet testad (for example, a wedge (fig. 4)) a
vertical suppcrt is mounted to which in turn are attached
at certsin intervals two electric lamps fed by a 24—volt
storsge battery. The test cbjrct is suspended by a string
sr thin rope over pulleys t0 a beam located on the surface
of the woeter, An additional rope is attached, serving to
raise and fix the body at the given height. In addition
tuo checking the vertical position of the body above the
horizontal water surface, a csreful ccntrol is required of
the horizuntsl position Zf the bidy as a wh:le, This
check is made with the aid :f two levels situated on the
upper surface cof the body.

In carrying cut the tests a2 2— by 3— by l-neter tank
was enployed the superstructure of which pernitted raising
the tergted objeet t5 a height of 2.25 meters. The body
was releasad by cutting the suspension ropes. The moticn
¢f the fallineg body — that is, of the light scurces — was
filmed by a phutcgraphic camera having in front of its
objective a slctted disk rotated by an electric mot.r,

The r:tating disk gave a series of short strckes on the
film for the moticon of the light scurce instead (f a con-—
tinuocus line. (See fig. 5.) From the lengths of these
strokes and the distance between them the falling velocity
of the body fer varicus instsants of time could be easily
deteruinnd as follows:

Kncwing the speed sf the rotating disk (the rotational
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spcrrd uf the motur is fixed with the aid of an attached
tachqmntnr) and the number of slots in the disk,the time
intrrval can be found between the recording of two suc—
cessive strokes. The paths traversed by the light sources
can alsu be epasily deterxzined by neasurement on the filn
of the distance betweern the strokes with a subsequent
reduction of these wmagnitudes to the true values of the
distances fallen by the body. The lengths on the film are
negsured with the aid of a special reading conparator giv-
ing a nagnification of 10 times. Since the negative has
the traces of two lanplight sources, by finding the dis—
tance between the latter and knowing the true position of
the lanps on the body, the neasure is obtained for the
full—-scale computation of the data uvbtained on the filn.
From the photugraphs obtained,the distances and falling
velocities of the body can be determined.

La
V = ———— neters per sacond (25)
At
where
4 distance between lamps on photugraph
L actual distance between lanps
a distance traversed by light source in a given tine

interval (un the filmn)
At tlne interval reading
v true veloucity of moticvn of boudy

Each object with definite load is tested for various
dropping heights - that is, for various initial impact
velocities V. For computing the ratio of velocities
before and after iapact V/VJ a diagram is constructed
of the falling velocities of the body for each interval
of tine At. Because of the smallness of this interval
there are usually constructed not the instantaneous veloc~—
itirs as a function of the time but the distances traversed
by the body in these time intervals and the velocity ratio
V/V, 1is computed as the distance ratio a/a, before angd
after impact for the same time interval At. From the
analysis of one filn record, a series of increasing
values of a are obtained corresponding to the increase
in the. veluecity of the body falling in air; then a few
valuers of a corresponding tov certain mean values of the
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velocity at the instant of impact; and finally a series
of values of a corresponding to the velocity of inmer—
sion with small acceleration (fig. 6). )

To determine the velucitieg directly before and agfter
inpact, the prucedur~ is as follows. Two straight lines
are drawn between the points corresponding to the motion
of the body in the air and the points corresponding to the
slow imzersion in water and throughtthe interuediate points
a line is dreawn intersecting the first two lines. The
points of intersection thus obtained deteruine (with a
certain degree of approxination) the required veloccities
V. and V_,. It is guite clear that the smaller the cut—
off time interval the more accurately it is possible to
rstablish the beginning and tha end of the jupact, and
hence the velocity ratio V/V,.

Cunputing the duration of the inpact by the formula

’

2h m O\
= 222 <1 + B2 (26)
'n‘VJ 3G /

(where G is the weight of the wedge in kg) fur the wedge
with angle 5¢40"' fur values .f p fruom 4.66 to 2.33 and
initial velocities V_, frou 3 tov 5 meters per second, the
duration c¢f_the ircpact was obtained as 0.003 to 0,006 sec—
ond. As may be seen frou foramula (26) the time t dno-—
creases with increase in the weight G and the initial
veloeity V,. An attempt was zade therefure to obtain rec—
.rds of the distance traversed by the body in time inter-
vals considerably less than thuse indicat-d. In vur exper—
inments the cut—uff tine interval was egqual to 0.00166 sec—
ond (in sune tests it extended to 0.008 sec). The 1imit-—
ing size Jf the time interval is given by the distance that
it is pussible to separate the small strckes corresponding
tu the motion of th~ lanps on the photugraphic film., To
increase the scale uf the gstrukes and the intervals between
them, it was necessary t¢ use photugraphic apparatus of
dimensiovns 40 by 5C centileters. A further decrease in
the cut—off tize interval requires the developrnent of spe—
ciel apparatus for recurding the motion of the falling
boudy.

In cuncluding the description of the experinental
prucedure for the impact experiunents, the quesficn of the
accuracy in the veloucity determination will be cunsidered.
The esrrors are those involved in filuing the falling body
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and reading the recurds. The first depends essentially
on the unifourmnity .f rotativn of the camera disk: in
other words, un the equality of the tiuwe intervals be-—
tween the passage of twu neighboring slits of the disk
in front of the objective., The calibratiovn of the film
record indicates that the error due to the nonuniformity
of the disk rotatiun does not exceed 0,5 percent.

The accuracy in the computation of the velocity
change may in turn depend un twoe facturst: namely, on the
accuracy of the measureument f the lengths of the stroukes
vn the film and on the accuracy of drawing the lines on
the valocity diagram, especially the intersecting straight
line. The accuracy of measurement of the lengths depends
n the accuracy in reading the couparator apparatus and
on the pearscnal errors Jf the experimenter.

The accuracy possible with the couparator used was
rqual to 0,001 wm. The pversonal errors are due mainly to
the difficulty in deteraining the start of the stroke on
accuunt of the blurring of the edges.

The best method for ~stiuating the subjective errors
is a secuvnd reading of the szie film record. According
to check readings the deviation in magnitude of a neasured
length does not exceed 3 percent, but usually it fluctu—

‘ates within the limits of 0.5 to 1 percent.

The errorg in the derterwination of V5, and V will
now be considered. The maxinum error in the determination
sf the instant of start of inpact (i.e., the point of in—
tersection of the upper straight line with the secant)
cannot be greater than the tiome intervel At. Since up to
the instant of impact, the motion, roughly speaking, is
that of a freely falling body (V, = V* + gt, where V*
is the initial velocity), if the nean value of the interval
At = 0,003 second, it is found that for the time interval
1/2 At = 0.0015 second the body develops the additional
velocity AV = 9,81 X 0,0015 2 0.015 meter ©per second.
This absolute arror doves not depend on the value uf the
initial velocity. If it is remenbered that in the tests
the velocity before impact V, varied within the range of
0.8 to 8 meters per secund, the values of the maxinum rela—
tive error is found to lie within the limits 2 to 0.2 per—
cent.

This computation of the errors again confirms what
has been stated above — namely, that with decrease in the
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cut—off interval there is an inerease in the accuracy of
determination of the velocity change in impact. The error
in computing the velocity after impact V — that is, the
location of the points of intersection with the lower
straight line — is very swall (of the order of 0,5 percent)
since at the start of the immersion with small accelera-
tion tha velocity of the body changes very slowly (the
straight line is wery slightly inclined from the horigzcn—
tal).

Resuming the abuve discussiovn with regard to the
accuracy in the deterzmination of the velocity ratio V/V,,
it may be stated that the method described assured an accu-
racy within the 1limits of 1.5 to 4.0 percent,

TESTS WITH THE DISK

One of the objects selected in the investigation of
the impact phencmena for a body dropped on water was a
disk, the latter being a shape for which an accurate the-—
oretically computed expression for the associated mass
(m = 4/3 x p r®, where r is the disk radius (reference
'3)) is available., The disk was of aluminum and had a
digmeter D = 0.5 meter and thickness h = 7 millimeters.
The tests were conducted for two weights of the disk (dif-—
ferent loadings per unit area) G = 8.1 kilograms {(p =
1.33) and G = 15.66 kilograms (p = 2.56) within the range
of initial velocities V, from 1.25 to 7.25 meters per
second,

From the test results it appeared that the test curves
obtained for the velocity ratio V/V0 for the disk do not
coinecide with the corresponding curves computed by the for-—
mula ’

_ 1

v
Vo 1+

the test values of V/VO, up to a certain value of V,
being greater than the theoretical (fig. 7).

For the disk under consideration for & = 8,1 kilo—

gramns, the ccmputed veloeity ratio %L = 0,281 and for

0
G = 15,66 kilograms €L = 0,429: The experimental values

o]
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for the first weight change from &L = 0,345 to %L =
. - R ~ . [0} v o

0.24 and for the second weight frem — = 0.51- ‘to

v vo

— = 0,34.

Vo

As may be seen from the above figures, the differ—
ence between experiment and computation shows up particu-—
larly sharply for the larger weight of the disk. Thus,
judging by the test results, it may be concluded (in
correspondence with theoretical investigations (see sec—
tion 2)) that the velocity ratio V/V, for small initial
velocity and large weight depends on the initial velocity
of impact V, as well as on the mass of the body. Accord-
ing to the theory of Wagner, however, the velocity ratio
V/V, does not depend on the initial velocity.

In the equation of motion (leading to formula (13))

of the falling body, @ EX - -4 (mV), no account is

dt dt
taken either of the effect of the weight of the bedy (Mg)
or of the resistance of the water during the immersion
which may be taken approximately proporticnal to the square
of the velocity kV2 nor of the effect of the hydrostatic
pressure of the wster YSh. These magnitudes, in particu-—
lar, the first two, have an rffect on the velocity change
during impact.

The approximate eguation of motion of the body with
the above Torces taken into account is

dlm + 1DV _ lig — kV® — ¥Sh (27)
dt
whprp' K CD S
Cp resistance corfficient
S wetted area
e density of liguid

h depth of immarsion
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With the aid of equation (27) the results of the
tests on the disk are analyzed and also the reasons for
the divergence between the experimental and theoretical

_ v _
curve of 7 against V Ls is seen from esguation (27),

) .
only the weight assists in the fall of ther body, the
other forces oxercising a resistance to the motion.

First to be considered is what happens at small initial
velocitiss of impact V,. Sinee the velocity before the
start of impact is assumrd small, the third term of the
equation kV® will not have a large value while the
weight (iig) does not depend on the velocity and its pro-—
portional effeet in the eqguation will be very large. The
wright increases the velocity after impact V; hence for
small initial velocities V, the ratio V/V, should be
grerater than the value that would be obtained from the

o‘

computation according to the formula T = -~l——. The
Vo 1+ 4

hydrostatic pressyre Y¥Sh 1is a sufficiently small value
and does hot appreciably affect the force balance.

The above analysis explains to a considerable extent
the rxperimental results obtained. As has already been
pointed out, for small velocities up to V, = 3 meters
p~r second, the experimental valuers of V/V0 increase and
become larger than the corresponding theoretical values
of V/V, (fig. 7). 1If the velocity before impact V, 1is

large, the velocity after impact has a relatively large
value and hence also the water resistance kV2 in the
force egquation has a considerable value, The weight ilg,
as has bern pointed ocut,does not depend on the velocity,

so that its proportional effect in equation (27) decreases
as the term kV2 increases. In other words, with increase
in the force at the start of impact there is an increase
in the retarding ~ffect of the water and therofore a de-—
crease in the velocity after impact, so that ther~ is a
decrease in the ratio V/V,. It is also clear from figure
7 that starting with the velocity V, £ 3 meters prr sec—
ond the test curves of V/Vo against V, drop below the
corresponding theoretical curves, especially for the
weight G = 15,66 kilograms.

The offect of the weight of the body in decreasing
V/V, may be explained by the fact that with increase in
the mass 11 the velocity of immersion of the body in the
water immerdiately after impact increases, which in turn
brings atout an increase in kV2 — that is, a retarding of
the motion and a decrease in the velocity after impact.
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If the change in veloclity is considered according
to the theory of a rigid body, the graph of these veloc—
ijties as a function of the time would have the appearance
of the full curve in figure 8. Actually, however (for
large initial velocitiss Vo),by taking account of the
term kV2 the velocity change obtained is that shown by
the dotted curve (and the velocity after impact is not
~qual to V but to a smaller value V).

On the basis of the record of the motion of the
disk on impact and the high—speed photograph of the fall
of the disk on the water it may be concluded that the
process of impact does not end at the instant the disk
makes contact with the surface of the water as is assumed
in the theoretical computation (not taking account of the
effect of kV2 and Mg) but somewhat later — that is,
after the disk has been immersed in the water to some
depth. By the and of the impact process is mrant that
instant at which the change in velocity bescomes very
slight. The noffect of the water resistance kV® on the
value of the velocity after impact V depends on the
process of immersion of the disk, the motion of the body
being given by equation (27).

To check the offect of the differeant forces entering
the eguation »f motion on the velocity, the change in the
velocity ratio as 2 function of the initial velocity for
various cnmbinations of therse forces (the terms of the
rquation) was computed. (Sre figs. 9 and 10.)

In computing the velocity after impact Vz it was
assumed that the initial velncity V, = ————— . The dura-—

tion of the impact on the basis of the test curves was
chosen as equal to 1.5 times the cut—off interval At,

- . . <¥ .
since, judging by these curves, the process of rapid
change in velocity occurs within one to two intervals At.

The change in Va/V, as a function of V,  was com—
puted for six combinations of the acting forces for
At = constant = 0.016 second. (Ses figs. 9 and 10.) From
curves I and II (fig. 9) it follows that the hydrostatic
forces have a small effect on the values of the ratio V/V,.
As may be seen from figures 9 and 10, all the curves ob—
tained ‘in taking account of the weight Mg for small
initial impact velocitiles pass above the straight line
Yy = _QEL—. For large velocities with the resistance kv?
1+
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taken into account 81l the curves pass below this straight
line. The test points for the disk of weight G = 8.1
kilograms lies closest to the curves obtained from the
equations

av av

H —— = Mg — kV® and M == = Mg — kV® — 4av
at at

dt

For the weight G = 15,66 kilograms the test points fall
alnost exactly on the curve esxpressed by the equation

av . .
M 3T ° Me - kV2, As has been noted, 211 the curves are

constructed for the time interval 3/2 At = 0.016 second.
If thr computation intrrval is taken less than 0.016 s~c—
ond, all the throretical curves approach each other and
deviate from the test points.

If it is assumr~d that the motion of the disk on impact

. av 2
is expressed by the ~quation M a; = Mg — kV —~ m —, the

velocity of immersion of the body as a function of the
depth of immersion may be represented in the form

2P 1+ £V, ®
1

1
Vo= - (28)
~? f
where
B O.GpSh
Mg

h depth of imuersion

v, velocity after impact (without taking account of the
1 term kV=2)

On the other hand, if the velocity of the body V is
known, its depth of immersion can be detormined:

h = [ (29)



g
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Taking the test values of the velocity -after impact
V "and before impact V, and computing Vol by the
v

formula Vo1 =37 o yields the corresponding depths of
+

immersion of the body on impact. Thus, for exanmple, .

there is obtained in the disk tests for Vy = 2,18 meters
per second and Vg5 = 5.89 meters per second the value

V5, = 2.53 and the depth of immersion h = 0.046 neter —
that is, the impact ended after the body was immersed 46
nilliimeters in the water., Measurement on the film of the
distance between the last stroke corresponding to the
mction of the body in the air and the stroke corresponding
to the start of motion of the disk in the water (the im—
pact interval) gave the depth of immersion h 5 40 milli-—
netrrs, a result which confirms the above couwputations.

From the exprrssion for the velocity (obtained from

the srquation of wotion %% = — kV® - u %X

MVol(l + )
V = (30)
ol
KtVo + (} + B

th~ duration of the impact is found

M(1 + p)(V, — V)
t = (31)
kVV

03

For the initial impact volocity of the disk V,
5.89 neters per second the Jduration of the impsct t
0.019 smcond; this tiue interval is close t0 that chosen
in our computations.

In conclusicon, it away be stated that by taking into
account the resistance kV2 and the weight Mg the the—
oretical computation of the velocity ratio V/Vo may be
nade to agrer more closely with the experimental results
obtained.
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3
TESTS ON STRAIGHT V SHAPES (WEDGES)

The tests on wedges ware undertsken with several
objects in mnind. It was first of all desirable to check
whether ther conclusions drawn from the tests on the disk
as regards the necessity for taking into account the
resistance forecr kV® 2and the weight Mg were applicable
to geometric bodies hzving a shape siwailar to the steps
on the bottoms of seaplanes. A wedge nay be considered
such a body and umay be taken to represent a scheuatized
nodel of the bottom of a seaplane float., PFor a body of
this shape the theoreticsl urthod given by Wagner (refer—
snce 5) is available.

It was necrssary to ~xplain the linits of applica—
pility of thes» computations for wvarious valuers of the
initial paramneters, In th~ wrdge tests theres was also
investigated th=e offect of tn~ V angle on the iupact
velociticrs snd there was also cheacked the offect of the
kV2 and the g terms on the velocity ratio V/V, for
various V angles,

The checice of V angle is of considerable importance
in designing the contours of the seraplan~, since a proper
cholce .ay assure good landing charecterristics without
disturbing thrs normal planing conditions. All tests on
the wrdges wer» conducted in accordance with the procedure
described in section 3 of our present paprr. The niniuum
tine interval At attained in these tests was equal to
0.00166 se~cond. The wedge di.rnsions weres: length 1 =
1500 an; width b = 300 nua; height h = 16 mm; V angle
B = 5°940!', The wrdger was constructed of textolite and
for greater strength an aluninum sheet of 5—nillimeter
thicknrss was attached to the upper surface.

According to the statietical data collected in this
investigation, it umay be estiated that the unagnitude
B = 2 in the landing of a full-scale seaplane fluctuates
7

approximately within the liamits of 0.3 to 3. Correspond-—
ingly the tests on the wedge were conducted for the four

values of p ag follows:
o= 3,43 o= 2,33; o= 1; b = 0.468

From the same statistical data it follows that the veloc—
ities normzl to thr seaplancbotton in landing fluctuates
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within the linits of 2 to 10 ueters per second. (These
velocities are of fundawental importance in the impact
and correspond in our tests to the vertical velocity be-—
for impact V,.) If it is assumed that the width of bot-
tom selected by us is on the average ona~fifth as large
ss the botton of the full—-scale aircraft, the naximum
vrlocitirs V, for the model tests wmust be of the order
of 4 to 5 meters per second. In our wedge tests at vari-
ous values of B the naxinun initial velocities before
inpact attained approxi.ately the value of 8 meters per
second,

The test results obtained (table 1 and fig. 11)
indicate that for all values of wu at suall velocities
V, the test curves of V/V, against V, 1lie above the
theoretical curves {(without the terus kV2 and Mg tsken
into account) and conversely for large velocitiers, With
increase in the mass M  of the body (corresponding to
a decrease in p) thre deviation between the theory and
the tests increases (fig. 12). Starting froum a value of
Vo of the order of 2 to 3 ueters per second, a slight
change in th- ratio V/VO with further increaser in the
initial velocity V, =may be noted. This confirms what
was stated in section 2 with regard to the theoretical
considerations.

TARLE 1
Test wvalue.
Weight Associated - v 1 v * %
G mass Bo= = —_— = ———— T
(kg) um:% pB21E £, M Vo 1+ o
(kg sec?/m)
13.6 4.76 3,483 0.226 0.22
20 4.76 2.33 o3 » 27
47 4,76 1.0 .5 .418
97.6 4,76 .468 .684 .59
G
*M = = nass of wedge.
g

v
**Values of V/V0 for study portion of curve — = f(VO).
o)
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The values of @ most often occurring in the landing
of a seaplane fluctuate from.0.,3 to 1.5 and it 1s just for
these values of w, according to the cdurve of figure 12,
that the deviaticn between the experimental and theoretical
values of V/V, is greatest (of the order of 15 to 20 per—
cent). (A certain effect on the test values of V/V, is
produced by the elasticity of the tested body, )

The problem to what extent the theoretical computa-—
tion may be made to approach more closely the test results
by taking account of the water resistance kV2 and the
weight of the body Mg 1in the equation of motion now will
be considered. If it is assumed that from the start of
the impsct the motion cf the wedge satisfies-the equation
fcr the inmersion of theée body

3y hy
u &Y _ Mg—-kve——mg
dt at

(for the initial conditions t = 0; V = V5, the velocity
before impact). Then, having constructed the curves of

V against t and knowing, even approximately, the dura-
tion of the impact, it is possible to determine the addi-
tional droup in velocity during impact as a result of the
sction of the forces Mg and kV2, On figure 13 curves
of V against t are drawn for the initial velocity of
impact (immersion) V, = 5 meters per second and various
weights of the wedge G and vaglues of . With the aid
of these curves it is possible to compute the velocity
ratio during impact with the additional drop in velocity
taken into account,. -

As an exzmple, 1lrt us assume an initial velocity be-—
fure~ imoact V., = 5 meters per second (for a wedge of
weight G = 20 Reg). The theoretical value of the ratio

s
v,
anéd the velocity after impsct (theoretical) is then

T =5 x 0,3 = 1,5 meters per second. Correction to this

value will be mede, account being teke=n o0f the additional
drop in velocity. Since the duration of the impact com—

puted by the formula

2h2<1 + 5-“3>
t = £

TrV0

f:r ths given case is = 0,3 (without the corrections)
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foar the example given is equal approximately to 0.0041
second, the drop in-velocity during immersion must be
taken for the same time interval At which from the
graphs gives AV = 0.4 meter per second., The velocity
after impact is therefore Vp; =V - AV = 1,5 — 0,4 =
1.1 dmeters per second, -and the velocity ratic VE/VO =
0.24.

. As may be seen from the above example by taking into
account the terms kV2 and Mg, the theoretical wvalues
of V/VO are made to apprcach more closely the experi-—
mental values. It should be pointed out that the assumed
correction for the adéditiocnal drop in velocity is some—
what exaggersted since, in the computation, it was
assumed that the wotted area of the wedge during the
entire time of imnersion rensained constant and equal to
the maxiwmum value S; and this led to a &ecrease in the
computed ratio V/V,. It shculd also be nsted on the
basis of the film recurd analysis that actually the
duration of the impact of the wedge is greater than fol—
lows from the computatiovn. (Thus, for example, for the
velocity Vg, = 5 meters per second the computed value of
At is 0.0041 second and the experimental 0.0C5 second.)
This fact serves as additional confirmation of the effect
0of the resistance on the impact,

To investigate the effecet of the V angle on the
impact velocities, three wedges were tested with the fol-
lowing data: length 1§ = 500 mm; width B = 100 mm; and
V angle B = HvY40', 239, and 30°, (These dinmensions corre—
spond to 1/3 scale reduction.) The test results (fig.
14) show that with inecrease in the V angle there is an
increase in the velocity ratio V/V,, a fact which is
explainerd by the decrease in the associated mass for
greater V angles, as alsc follows from theoretical con—
siderations. (See reference 4.)

The %test data and the order of magnitude of the

deviation between the computed and test results are given
in table 2.

TABLE 2

v 1|V
Wedge | V angle | Weight, B —— = ———|—~— (experimental)
' G v, 1+p| 7,
(kg)
2 5%401 3.72 | 0.468 0.684 0.585
3 23° 3,72 <415 .707 .66
4 300 3,72 .396 .718 .705
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The general character of the three curves of V/V0
against V, 1s analogous to the curve obtained in test—
ing wedge 1 and the disk. A ccnsiderable deviation of the
test curve from the theoretical is obtained for B =
5040', a fact which may be explained by the large effect
of the water resistance kV2 for bodies :f small V angle
since the values c¢f Cp and S entering the coefficient
k for the case under consideration are large. It nmay
be generally concluded, however, on the basis of figure
14,that for large angles (at given K), the effect of the
weight Mg and the resistance of the water kV2 1is not
large. Thus, in suumary, it may be said that the results
obtained previously on the disk tests are confirmed for
the wedge tests.

IMPACT OW WATER OF A SLOTTED WEDGE AND DISK WITH APERTURE

The asscciated mass coefficient ¢f two plates in
tandem (reference 22), (fig. 15) is less than the asso-—
ciated mass of a single plate having a wicdth equal to the
sum of the widths of both plates, In other words,a small
slot between the plates considerably decreases the ccef—
ficient of associated mass as compared with the value for
cne continuous plate (with the relative slct width p* = 0),

The associated mass coefficient for two flat plates
in tandem is expressed by the formula

k=l

5 (x)
F (k)

~

)\yf-TTp [%(bg—bﬁaz—al)e - (ag - al)(be - bl)] (32)

(a,,by,a5,bs are tha ccordinates of the ends of the plats
(fig. 16)) where E(k) and F(k) are the ccmplete ellip-
tic integrals of the first and the second grder and

k2 - (bg - 8-2)(b1 - 31)
(ez — a;)(bz — by)

Setting
ﬂ.g—bl bg—ag
———— = D*; — = q
b, — a; b; — a;

gives
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_ qQ
- - (1 + p*)(p + q)

wheore
p* ratic of width .f slot to width of plate
] rativ of widths of plates

rir the associated mass coefficient there is obtained

h.‘)’ = p*(py*q) E;E [(b; - 2,)°% + (b — az)®] . (33)
where
(1L + 2p + ¢)% — 4 g%% (1L + p)(p + q)
H*(Plﬁ) = - ‘ (34)
1.+ q°

The factsr p* takes into account the nutusl acticn :f
the plates., Focr p* = 0 and g = 1, the ccefficient
p* has a maximunm valuec egual to 2. TFigure 16 gives
curves of p* against p* for constant values of q.

The value of the assceiated mass for three plates in
tanden was computed by V. Shupanov (reference 22). (The
f.rmulas for the associated mass are given in the special
case where the plates are symmetrical abcut the center
line »f the middle plate (fig. 17).) The assovciated nmass
per unit length o¢f the three plates is given by the for-

nula -
5 (11, k)
2
m = pm i (c® + b° - a®) - (c® - a®) —_— (35)
- 2 o
1?(-—,#)
2
where
2 2
kz = E__:_P._
c? — a®

By introduction of the nmagnitude v*, a nondimen—
sional ccefficient ~xpressing the nmutual effect of the
plates on one another, there is obtained the following
expresion for the associated mass i
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~ 2 A
m o= V¥ %ﬂ;aE + ig_:é_l)l_ (36)

—

For the case of slots between the plates the coeffi-
cient V¥, and hence alsoc the associated mass m, sharply
decrease, Figure 18 sh>ws the change in the coefficient

V* as a funetiocn of E—%—E and %. For % = 1 — that

is, in the absence of slots ~ v*is equal t. &; for % = 0
and ¢ ; B~<< 1 — that is, fur two widely separated plates —
v¥ 21,

The results of the drop tests of a slotted wedge :©n
water are presented berlow. The slotted wedge was nmade
up of three plates separatsd 15 millimeters from one an-—
>ther, The cover—all width of the slots constituted 10
percent of the width <f the wedge. The diuensions of the
wedgse were the following (figs. 19 ancd 20): 1length
L = 1.5 m; over—all width b = 0,3 :m; outer V angle B =
5940'; width ¢f each part .f wedge 90 mm; height of weadge
h = 0,015 m. The individual plates f the wedge (made Jf
veerch) .were connected by means of an aluminum plate of
5 millimeters thickness., Over the slots in the metal plate
round spertures of 15 millimeters dianeter wre cut osut,
svoced 5 millimeters fr.m each tther. In its vver—all
Aimensions the slotted wedge ccocrresponded.t.-the previ-
ously tested continucus wedge, a fact which, taken together
with the identical test weights of both wedges made it
pussible to estimate the effect .f the slects un the impact
velicities, . :

With the aiad f formula (35) the associated mass of
the slctted wedge was ccomputed and in the value cbtained
ccrrections were uade for the finiteness of the span and
the ¥ angle as in th~ case -f the ccntinuous wedge. The
asscciated wass per unit length cof the three plates is

(o )
1 E 5 k/
= pm 3 (c® + B? - 3®) - (c® - a®) -1 £

S ED

0,923 k = sin ¢ = 0,9607; ‘@ = 73%4at;

| B

=
1l

N

e N L 5 "
E{ s,k )= 1,086623; F{ -,k )= 2.69314; = = 1, 4
\2 8 (2 ) T = 1.273
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whence
m = 1,21
since
1 = 1.5
The corrected ascociated mass is

mg_‘ n Eléa

€, = 0.98 the correction for the V angle

to = 0,908 the correction for finite span

)]

mg 1.69

The test on the slotted wedge was conducted for two
weights G,= 12.52 and Ggp= 13.6 kilograms, For these
weights, according to the computed value o0f the associated
mass, the velocity ratio is given by the follcwing figures

v

G, = 13.6 kg; Gy = 12.52 kg;
ng ng
= —= = 1,223 = — = 1,309
b 5 B R
v v v v
= 2= 2 20,450 Vg3 V= —— = ——2— = 0,433 TV,
1+p 2,201 1+p 2.309

For the continuous wedge for the same loads the corre—
sponding computation gives

v 0.226 V_, (for G

9]

13.6 kg)

N

and

il
il

v 0,212 V., (for G

5 12,52 kg)

From the above results it is seen that the velocity
ratio for the case cof the slotted wedge (with the slot
dimensions given above) is about twice as large as for
the continuous wedge.
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The test procedure for the two wedges was identical,
The minimum time intervels A% fixed on the photographic
film was equal to 0.0111 seczond for G = 12.52 kilograms
and 0.016 second faor G = 13,6 kilogramn.

The test results (fig. 21) showed that the velocity
ratioc V/V, for the slotted wedge was not actually
twice as large as four the continuous wedge, as was ob-
tained from the conputation. At large initial impact
velocities (V. from 3.6 to 6 m/sec) the value of the
veloeity ratic for the slotted wedge was greater than
that for the continuous wedge by approxinately 10 per—
cent, while at small initial velocities it was greater by
20 percent.

The obtained deviation between the coumputed velocity
values (according tc Wagner) for the slotted wedge and the
test results may be explained evidently by the fact that
with the method used nos account was taken of the resist—
ance ¢f the water on immersion of the body which to a
large extent depends on the velocity.

As all our previous impact tests have shown the
velcoccities before and after impact are nct determined dy

v

the ratio —— = ——t (according to Wagner), In other
Vo l +

words, although the assvciated mass for the slotted wedge
is half as large as that for the continuous wedge (accorad—
ing to the theory), the velocity ratic does not become
twice as large because with decreased associated mass
there ig an increase in the velocity of immersion and
hence an increase in the resistance of the water kV® —
that is, an additional decrease in the velocity after
impact and the ratio V/V_,., In fact, even a rough cor—
rection for the effect of the water resistance improves
the agreement between theory and experiment. As an ex~
ample, consider the case of impact of a slotted wedge
(cf weight G = 13.6 kg) with initial velocity V, =
5 neters per second. The velocity ratio, according to

v 1

the formula —— = ———— for the given case is equal to
Vo 1 + 2

0.454; hence the velocity after impact is equal to

V= 0,454 X 5 = 2,27 neters per second. The correction
for the water resistance after an interval At = 0,005
second is, according to the curve (fig. 13, n = 1,203),
equal to AV = 0,95 meter per second, By application
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of this correction a new value is obtained for the veloec—
ity after impact Vg =V — AV = 2,27 — 0.95 = 1,32 meters
per second and for the velocity ratio Vz/v0 = 0,264,

. According to the test value of V/V, for V, = 5 meters

per secsnd is 0,227, Wotwithstanding the rough assump—~
tions made, it is evident from the example given that
the spplied corrections bring the theoreticsal computa-—
tions in closer agreement with the test Tresults.

For additional checking of the results obtained with
the slotted wedge special tests were conducted to deter-—
mine the assuciated mass of the-wedge, The direct deter—
mination of the assuciated mass is pcssible with the aid
2f the Pabst method by which the associated mass can be
found from the ‘vscillation period .f the body in the
water and in air. (See references 20 and 21.)

The test setup (fig. 22) was first checked by testing
on it the continuvus wedge for which an exact forumula of

n
the associated mass is available {m = 5P B2 l\. The

tested plete was of aluminum ¢f length 1=250 mn; width
B = 50 nn; weight G = 126.8 g; and thickness h = 3 mn,
The edges of the plate were rounded.

A comparison ¢f the computed with the test results
gives the f2llowing figures: Miegt = 0.045 and mcomp

0.0454 (in the computed value a correction was applied
for the finits span). The results indicete good operation
of the test setup.

The wvalus c¢f the-assocciated mass of the slotted
plates was checked for three models. (See fig. 23.) All
plates were of the same length | = 250 millimeters and
the same over—all width B = 50 millimeters, (By over-—-all
width is meant the toftal width of two component plates
plus slot.) One of the plates had a slot of width 4
nillimeters (10 percent c¢f the total area), ancther 16.5
millimeters (33.3 percent), and the third 1.2 millineters
(2.4 percent). : —

The results .f the tests with the slotted plates
(table 3) gave very good agreement with the test values
¢f the asscsciated mass ¢btained by the fornulas of 1L,
Sedszv (m = Xyl).
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TLBLE 3

TEST RESULTS FOR DETERMINATION OF ASSOCIATED MASS OF PLATES

Computed
Width Weigcht Asscciated associated
Plate >f slot of plate nass, o nass, m
(nm) (e) ke sec? kg sec?
o 0]
1 126.75 0.045 0.0454
2 i.z2 89.2 .0254 0278
3 112.5 .0235 L0211
4 16.5 76.62 .01095 .01063

Thus the tests on the slotted wedges entirely con—
firmed b:th the thesretical prediction .f a decrease of
the s2sscciated mass in the presence uf a slot and the
assumption that the decrease in associated mass does not
strongly affect the impact velocity ratio caused by the
additional effect 2f the water resistance. It is thus seen
that the conputation of the impact by the Wagner theory
foeg nct correspond t o the true conditicns in s number of
cases,

In addition to the slctted wedge tests there were
also tested a solid disk of diaweter D = 120 millimeters
ancd the game cdiameter disk with round aperture dismeter
@ = 26,4 nillimeters (the area of the aperture being 5
percent of the total disk area). The obtained experimen—
tal value of the asscciated mass for the solid disk
almost agreed with the cunmputed value (= = 4/3 pr®),
while f:r the disk with aperture, since no theoretical
value for its asscciated mass is available, a correspond—
ing comparison with experimental results could not be
nade, Judging, however, by the results of the experi-
ments, it may be said (table 4) that the presence of an
aperturs of 5 percent of the disk area decreased the
associated mass by 23 percent.
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TLBLE 4
T 3 i
Object tested |Weight | _cob value of | . Theoretical
( / ) associated wmass value of
n/e . associated nass -
kg sec? kg_sec? )
m / : - B /
Disk = - - « | 87 © 6.0580 0.0586
Disk with : .
aperture . .l 83.5 0449
A similar disk (totel dimmeter D = 500 mm; diam-—

eter of aperture ¢ = 110 mm) also was tested by the drop
method described. (See section 3.) The results of these
tests d4id not show any considerabls changes in the veloc—
ities before and after impact as compared with the solid

disk deoscribed in section 4. (See fig. 24,)

CONCLUSION

On the basis :f the results obtained, the following
cenclusions way be ¢érawn:

1., The-landing on water of a freely falling body is
deternined by two nondiiensional coefficients: namely,
the Froude number and the mass coefficient. TFor the case
of a seaplane landing on water the iluwpact phenomenon is
determined by only the mass coefficient.

2. The results obtained in computing the impact by the
methsd «f Wagner give a disagreement between the computed
and the test results in a nuwumber of cases. The added cor—
rection in the equation of motion for the weight of the
body Mg, the hydrostatic forces YSh; and the resistance
cf the water kV2 considerably improves the agreement of
the theory with the test results,

3., Ln increase in the angle of a V shape (within the
range of 5° to 30°) considerably decreases the veloeity
change on impact. :

Translation by S. Reiss,
National Advisory Committee
for Aeronsautics.
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t = 0,016 sec

t = 0,006 sec t = 0,176 sec

t+ = 0,388 sec

Figure 1l.- Piotures of drop of wedge on water.
Height of dropy H= 1 m.
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t = 0 t = 0.0119 sec

0.0068 sec t = 0,1173 sec

ct
]

R a@ﬁﬁ ’%ng”
»

% = 0.0085 sec t = 0.2975 sec

Figure 2.~ Pictures of drop of disk on water.
Height of dropy H = 1 m.
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Y
»

Figure 5.—- Record of motion of body falling on water.
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Figure 6.~ Typical diagram of distance traversed by body in falling’
on water (obtained from film readings).




Figure 30

Figs. 4,19,20
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Figure 7.- Experimental and theoretical curves
of ratio V/V, against V, obtained At

in tests on disks of various weights. Figure 8.- Curve of change

of velocity of
drop [v=f(t)]with and with-
out the resistance of the
water (kV2) taken into
account.
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digure 9.~ Theoretical curves of velocity ratio V/Vo

against Vo (for the time interval At = 0.016
sec) with account taken of the various forces acting on
an immersed disk of weight G = 15.66 kg.
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Figure 10.-~ Theoretical curves of V/Vo against Vo(for time interval At =
0.016 sec) with account taken of the various forces acting
on an immersed disk of weight G = 8.1 kg.
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Figure 1ll.- Experimental and theoretical curves of V/V0 against V, obtain
~ed in testing a wedge for various values of p.
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Figure 12.-~ Experimental and theoretical curves of V/V0 against p, for
a wedge of angle B = 50°40°.

N

V m/sec NS
4 AN

o~
\‘ , %\ oo
\G eokg
> =0
3 Ny Jg’ﬁk 2353
e \\ & /J\\{_? p; M ——
- \ 4 3 P ———_]
G\\
2 : =13
:6k~ \
A WO By or et
1
0 .01 .02 .03 .04 t sec

Figure 13.~ Curves of velocities of immersion of a wedge [V=f(tﬂ with
account taken of the resistance kVS and the weight Mg.
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Figure 14.- Experimental and theoretical curves of V/VO against V, for
wedges of various angles.
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Figure 16.- Curves of p™ against relative slot
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Figure 18.- Curve of v* against c—b/b for various
values of a/b.
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Figure 21l.- Experimental curves of V/VO against Vg,

obtained for continuous and slotted

wedges.
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Tigure 24.- Sxperimental curves of V/Vo against V5 obtained
for solid disk and disk with aperture.




Figure 33.~ Plates tested.

Figs. 23,33
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