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SUMMARY

As part of a series of impact tests mede to investigate the
offects of angle of dead xrise on the hydrod\gna.mic logds on floats
end hulls, a prismatic-float forebody of 30 angle of dead rise
wag subjected to acts in sriooth water. The test runs were made
et Tixed trims of &° and 15° end flight-path angles up to 20°
under conditions where the effects of chine immersion and a.fter-
body presence are small.

On a ncndimensional basis, data from the tests of the float
of 30° angle of dead rise and similar date from tests of a float

of 22‘1'0 angle of dead rise were compared wlth each other and with

valuss determined by aspplication of theory. Curves are presented
which show the varlation of hydrcdynamic impect loads with trim
and flighit-path angle, within the range of conditlions specified.
A Tunctlon used by Wagner is shown to represent the variation of
hydrodynamic lmpact load with dead-rise angle within about

6 percent for the range of dead-rise angle considered. ’

INTRODUCTION

In order toc secure a compromise between the good plening character=-

istics of a flat bottom and the impact-reducing properties of a

V-bottom, valuss of dead-rise angle from 18° to 25° are widely used in
rresent-day floats and hulls. The uso of Jet assistance for take-off
and the trend toward decreased power loadings have reduced the
importance of optimum planing performence as a criterion in float
design. The problem of reduction of lending loads, however, is
becoming increasingly criltical because of the use of higher wing
loadings (and hence higher sinking speeds) and because of expanding
operatlons under adverse sea conditlons.

One approach to the solution of this problem is an investigation
of the variation of hydrodynemic impact loads with dead-rise angle.



2 NACA TN No. 1325

Accordingly, =& progrem has bsen underteken at the lLangley impact
basin to determine the effects of dead-rise angle on the hydrodynesmic
jmpact loads to which floats or hullse -are subjected dwring leandings
in smooth water. Thils program is being carried out by investlgating
& series of V-bottom prismatic-float forebodies at fixed trim for
conditions at which the effects of the presence of an afterbody are
smell. The models differ from each gther primsrily in angle of

dead rise. A dead-rise angle of 22% was the first to be investlgated

(reference 1).

The present paper gives impact-load date for a float forebody
having a dead-rise angle of 30°. In addition, these data and gimilar

data from tests of a float having a desd-rlee angle of 22%0 areg

compared with each other and with values obtained by application
of theory.

Sinco the theoretical curves presented are strictly applicable
only for lmpacts where the float chines are not immersed, the
experimental date represent impacts where the amount of chine
Immersion was so small as to have a negligible effect on the loede.
Insemuch as previous tests have indicated that the horizontal
component of the impact load is relatively small for the investigated
trims, only the vertical component of the load is presented.

The Froude number for most of the runs corresponded to landings
at 70 miles per hour by full-scale flying boats of gross welghts
renging beyond those of present flying boats. The results of the
tests are, thersfore, directly aepplicable to lmpacts of present-
dey full-~scale seaplanes.

SYMBOLS

Clpax maximm load-factor coefficlent

Dl oo impact loed factor (maximum hydrodynamic load normal to-
plans of water surface divided by W)

@(a) aspect-ratio correction factor (ratio of hydrodynamic load
. for three-dimensional flow to load for iwo-dimensionsl
' flow)
£(8) function representing variation of hydrodynsmic load or
virtual mass with angle of dead rise for two-dimensional
flow
A aspect ratio

g acceleraticn of gravity, feet per second per second
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Subscript:

(o]

resultant velocity of float, feet per second

component of float velocity parallel to kesl (assumed
constent during a given impact), feet per second

dropping weight, pounds

linear displacement of float measured normel to plane o
water surface, feet '

angle of dead rise, radians except where noted

flight-path angle measured from plane of water surface,
degrees -

mess denslity of fluld, slugs per cublc foot

trim (engle betwesn plane of water swrface and keel at
step), degrees .

at contact

APPARATUS

The Langley impact basin and the standard equipment used are

described

in reference 2.

The model itested was the forebody of & prismatic float having
& dead-rise angle of 30°. Except for the angle of dead rise, the

model wasg
roference

substantially the sams as that used in the tests of
1. The principal lines and dimensione defining the shape

and size of the model are shown in figure 1, and the offsets are
given in table I. ' .

The instruments used to measure horizontal displecement ang
veloclty and vertical displacemsnt and velocity were those described
in reference 2. Accelerations in the vertical direction were
measured by standard NACA accelsromsters having natural frequencies

of 21 and

26 cycles per second with approximately 0.67 critical

damping end a range of Og to 10g.

PRECISION

The apparatus used in the tests gives messurements that are
belleved accurate within the following limits:

Horizontael velocity, feet per second . . . . .
Vertical velocity, feet per second . . . . . . .
Welght, pounds .. . . . . . . . . v v ¢ &« . . . « . . .
Acceleration, g, percent of reading . . . . . . . . . . .0 to -1
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¢ BT PROCEDURE - - . T

The test procram.was car ied out 1R the Langley impact basin
at.fixed teims of 69.ahd 15% with bhe -Float model loaded tu- a
welght of 130 pounds A sgeries of jmpacts. in smooth watvl was
made for each of the two trim angles.  The {light-peth angle was
varied from about 3° to approximately 200 o' cover tho practical
-rangs tof flight-path-anglss for conventional: seaplanss. Time
histories of horizontal and vertical velocities and vertical
accoleration were recorded for each run.

During ell the runs aftsr the model had acquirod the vroper
vertical vsloclty under free fall, a force introduced by the 1ift
(buoyancy) englne descridbed in roference 2 counterbalanced the
dropping weight. Thus, ths impacts were made under conditions
simueating landings in which the wing lif+t is sufficient to support
- the welight of the alrplane. A dgstalled description of the procedure
" is glvén in referéncs 2. . o e

:‘jf.”ﬂ' o fREsULTs'ANb_DistSSION

The data obtained in the: tests-are presented in the form of
impact lo&d factors im teble ‘II. Similar data obtained from tests

of a float having an angle of dead rise of 22; are given in table III.

L Tho conditions of these besta were such ‘that the results are
".not directly comparable . They may, powevar ‘be made comparable
by - applying ‘hydrodynemic 1mgact Joad Lheory which provides a means
of conwerting from one set,of conditions to another by an expresasion
relating the meikiuum load Tactor o the variahles of which the
effect on the load l1s known and to a nondimensional loed-fuctor
coefficlent which includes the effect of all other varisbles. The
impact load factor may . thus be written as

- i " 1 /,3
I O

(1)

) In'référénée 1 tﬁe:impacf-ioéd factor 0. was sxplicitly
related to the float velocity and weight, the density of the wvater,

and the acceleration of gravity; and the effects of dead-rise angle,
agpect ratio, trim, and flight-path angle were covbined as the
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meximum load -factor coefficient C-,, . Since further study has

indlcated how the load varies with functions of dead-rise angle
and aspect ratio, these quantities may be included explicitly in
the equation for the impact load factor; the mekirmm load-factor
coefficient now includez only the effects of trim and flight-path
angle. : : :

In ordsr to use equation (1) in the dstermination of the
maximum loads on a flcat, the value of the maximum load -factor
coefficient CZ as a funct;.on of flight-path angle and trim

muat be known throughout the range reguired. This information
msy be obtainsd by the svlubtlon of the equations of motion of the
float. These equations of mction are as follows:

204 2 _
o T + B
5 = 30y=(3_+B) | (2)
6+
=
. y-+B : - .
c(E+oy3) 7+’ =1 ®
where
= 3
B = Vp ginT
%(j'o + B)e o*
_ pm g(a) £(B)
6 sin T coscT
and
¥  vertical acceleration of float at any instant. B
¥ vertical velocity of float at any instant. ~
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Equation (2) is derived in reference 3 (equation (22)) where it
appears as & force equation instead of one of accelesration and is
applicable only for impacts in which the amount of chine imuersion

is not enough to have an appreciable effect on the loads. Equation (3)
is obtained by integrating equation (2) and substituting the initial
values of the variables for the purpcose of evaluating the constant

of Integration. These equations are slightly different from those

of reference 1, as they are dérived for somewhat different assumed
conditions, but the method of solving them for specific conditions

is similar to that employed in roeference 1.

The variation C3 = £(r,7), as deteruinsd by solutions of

equetions {2) and (3) for particular conditions, may be pressnted
in the form of a geries of curves of maximum load.-fector coefficlent
against flight-path angle, where each curve represents a differont
trim. Polnt solutions were made for szax by the method of

reference 1 and were used to plot thse curves shown in figure 2

for several trims and for flight-vath angles from 0° to 20°. With
curves of this type and pertinent flight data, equation (1) may be
used to determine the impact loceds encountered by a float if the
propsr values of the aspect-ratio and dead-rise factors are Inown.

The aspect-ratio correction factor ¢(A represents the ratio
of the forces in three-dimensional flow to those which would exist
in two-dimensional flow. As an empirical approximation for aspect-
ratio losses, Pabst in reference 4 determined the factor

1 - éz from vibration tests of submerged plates. For a prismatilc
float at positive trim, with trianguler immersed area, the aspect

retio A may be talen as ten B and the corrsction factor
tan T tan T

~—, Thig factor is valid where the aspsct ratio
2 tan B :

has a value of the order of 2 or more. The geomsiric paramster T
which appears in the factor is merely a pert of the aspect-ratio
correction and must not be considered to furnish the total variation
of loed with trim. . : -

becomes 1 -

The other factor f£(B) represents the variation of virtual mass
with dead-rige ansle for which Wagner in reference 5 uses the '

expression 51 - 18, In order to determine experimental values
1

of the dead-rise function, equation (1)} was solved for rf(ﬂj} /3

since niw ig proportional tc the cube root of the finction.

mex
The aspeci-ratio factor ¢(AL together with successive sets of data
from tebles ITI and III and wlth the theoretical values of Cz

max
corresponding to each set of test conditions, was substituted into
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the resulting equation, and values of [f(gz] 1/3 were computed.

The aversge of all these values For each dead-rise angle, with eqttal
welght gilven to cach trim condition, was taken to be the experimental.
value of the function for that particuler angle of dead rise.

The quantity [@5 - _>2 1/3 agrees with Wagner's iterative
calculaetions for an 15C dead-rise an?le and is compared. in figure 3
with experimental values of [%(3) 3 gor ezl .end 30° angles of

dead rise. The quantlity agrees with the experimen’oe.l values within
about 6 percent anit should have a similar degree of agreement for
slight extensions of this range of dsed-rise angle. The extent

of the range of dsad-rise angle through which this function is
applicable cannot be determined umbtil .experimsnial data have been
obtained for sdditionsel veluss of dead-rise angle. However, it can
be seen from figure 3 that, as expected, an increase 1in the dsad-rise
angls results in a consid.era.ble d.ecrea.se in the hydrodynamic load
encountered.

In the ccmperison of the experimental and theoretical data a study was
mads of the valuves of maximum load-factor coefficisnt in which average
values of f(B) were used. Figure 4 shows a comparison of the two
sete of experimental data with each other and with the theoretical
values for comparable conditions. Since the scatter which does
exist may be abttributed to experimentel error, it eppears that the
meximum load -Tactor ccefficlent computed with averags valuss
of f£(B) for sny particular angle of dead rise is applicable within
the lnvestigated range of trim dnd Flight-path angle. _

CONRCLUSIONS

An anelysis was made of experimental data for fiwed trim
impects In smooth watsr of a prismatic-Float forevcdy having an
angle of dead. rise of 30° at 6° ang 15° trim and of & similar

float of 222 angle of dead rise at 6° trim. These date were

compared with each other and with the theoretlcal veriation of

the meximum load-factor coefficlent and with & theoretical dead-rise
Tunction. This analysis and comparison have resulted in the following
conclusions for fixed trim impects of prismstic V-bottom floats in
which the effects of chine immersion end afterbody are small:

1. The loads encowntered during impacts under the foregoing
conditions can be predicted within the limitsz of experimental
accuracy by the curves and equations presented.
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2. For each trim a gingle curve may be used to reprssent the
maximum loade for a wide range of impeact conditlons.

3. The variation of hydrodynamic impsct load with dead-rise
angle B may be represented for the range of dead-rise angle

consldered by the function [(éﬂ—ﬁ' - 3)2J 1/3, which agrees with

the experimentel data within about 6 percent. An increase in
doad-~rise angle, therefors, results in a considereble dscrease in
the loads encountered.

Langley Memorial Aeronautical Laboratory:
FNational Advisory Committee for Aeronautics
Langley Field, Va., April 2, 1947
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TABLE T.- OFFSETS OF TANGLEY MPACT BASIN FLOAT MODEI, M-2 (SEE FIG. 1)

[ALL 4dmensions are in Inches)

Half-breadth Oeight above datum liuve

CET ‘ON NI VOVH

-
ol

[+

fpper and lower . Upper Lower
Station | UPPe shin Dock | Hoel cﬁim oo | Deck
0 0.33 23.05 25.26 23.05 30.28
2.15 1.45 16.25 25.71 21.04 32.85
4.25 3.05 1.5 26.53 20.70 33.49
7.8 .58 9.52 26.32 23.41 34%.19
10.31 5.93 6.94 oh. b7 20.18 3477
12.81 7.23 b4y 2l.62 19.4k 35.20
15.09 8.15 2.60 19.36 16.55 35.27
16.86 B.71 1.2k 16.1a. 13.6L 35.27
18.0k4 8.94 40 1454 11.62 35.27
18.87 9.00 0 12.90 10.70 35.27
19.33 9.00 0 11.58 10.96 35.27
87.25 19,40 9.00 4] 11.18 10.99 35.27
106.625 19.4%0 9.00 0 11.18 10.99 35.27
120.75 19.40 9.00 0 11.13 10.99 35.27

WATTONAL ADVISORY
COMWITIEE FOR AERONAUTICS
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TABLE II.- TEST DATA FOR LANG—IEYl
IMPACT BASTIN FLOAT MODEL M-2

{W = 1230 pounds; B = 30°1

Test conditions
By
Run T v max
(deg) (deg) (fps) (&)
1 ) 3.0 89.0 1.6
2 6 8.2 58.2 2.9 -
3 6 ik 37.2 2.6
L 6 7.4 30.5 o.h
5 15 2.9 92.6 2.0
6 15 7.9 62.6 3.7
7 15 15.5 35.2 2.7
8 15 16.1 35.3 2.7
9 15 16.3 33.6 2.5
10 15 17.5 30.9 2.5

TABLE IIT.- TEST DATA FOR LANGLEY
IMPACT BASIN FLOAT MODEL M-1

[W = 1040 pounds; B = 22.5°]

Test conditions i
Run T ¥ v ' niwmax
(deg) (aeg) (fps) (e)
1 6 1.3 100.0 0.8
2 & 1.9 9kt.9 - 115
3 6 2.8 104 .4 2.6
i3 5 3.6 41.8 0.6
5 6 5.2 41.4 1.0
6 5 5.4 2.8 1.3
T 6 6.9 Y2.2 1.9
8 5 10.2 43.5 3.0
9 5 13.5 45.6 b7
10 & L 13.5 ho.9 .4

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure - Lines of Langley impact basin float model M-C.




)
G 20
k‘\
%
§ 6
N
A JE
3
&
) 08
O
\
S o
8
>
3]
S
(2

)
l.ﬁ-\_ |
2
P’
[~
7 iy
(“eg) ¢,//f/;/
1541 A
T
/4 ,%//
=
/-«-//’ Q/ \6 -
= - NATIONAL ADVISORY
] 3 COlHMIT'{EE FOR AERONAUTICS
2 <4 6 & 10 2 /4 /6 /S

Flrght-path angle af contacl ¥, deg

Figure 2. —Theoretical variation of load-factor coefficient with

fhight - path angle at contfact:

20

g ‘313

-G2ET "ON N.I. VOVN




NACA TN No. 1325 ' S Fig. 3

5
o Calculated by Wagrer for £= /87
—Furction proposed by qunér :
4 | 7(8) (35 -1)
o Average of experimertal data
IS
=,
X
= @
2 L
/] L
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
| i | | |
O 10 20 30 40 S0

Deacl-rrse orngle, £ ,deq

Figure 3. — Calculated and expertmerial values

of dead-rise Tunctior.
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experimental [oad-factor coefficients for
prismatic floats of 224 “and 30° dead - rise
ang/e.



