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o

1
ANGLE OF DEAD RISE OF 223
By Wilbur L. Mayo

SUMMARY

An appllcation of a modified hydrodynemic impact
theory 18 presented. Plots are glven from which the maxi-
mum load, the time to reach maximum load, and the varla-
tlon of 1oadowith time may be obtsined for a prismatic

float of 22% angle of dead rilse for different combinations

of flight-path engle, trim, welght, velocity, and fluid
density. The curves cover the rsnge of trim, flight-path
engle, and welght-veloclty relationship for conventional
alrplanes. Test dsts obtalned 1n the Langley impact basln
are presented and are used to estaeblish the valldlty of
the theoretical curves.

INTRODUCTION

During the past 15 yeers numerous reports have been
wrltten on hydrodynamic theory for the landing impact of
seaplene floets but none of these treatments has been
accepted for design purposes. An anslysis (unpublished)
of avallable trestments (references 1 to 8) was underteken
by the Langley Laboratory in order to determine the
valldity and possibllities of the theory. This analysis
showed that the previous treastments did not properly teke
into account certeln hydrodynamic forces, particularly
those assoclsated wlth planing actlon.

An epplicstion of a modified hydrodynamic impact
theory 1s presented hereln for the case of a r%gid pris-

matic float having an angle of dead rise of 225 » The
valldlity of this theory 1ls established experimentally by
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comparison with data for s rigid flost tested 1n the
Langley impact besin. The theoretlicel solutlons are
directly appliceble to the calculation of the dynemie
response of elastlc alrfremes, 1f it 1s essumed that the
varlation of loead with time 1s not substantislly affected
by the structural elastlcity of the body. Experimental
verification of the rigld-body equations 1s significant
In that 1t establlishes the valicdlity of a basic hydro-
dynamic theory which 1s equselly anplicable to the deri-
vation of equations that lnvolve modificatlon of the force
history due to structural elastlcity. Additlonel work 1s
planned to Include the effect of the structurel response
on the loading function.

A large number of force histories 1s glven by three
plots from which the meximm load, the time to resch maxi-
mum load, end the varlaticn of load with time msy be
obtained. The equatiocns used in obtaining the results are
glven end the method cf solutlon 1s explelned 1n an
sppendix,

SYMBOLS

B angle of dead rise, deprees

T trim, degrees

Y flight~-peth engle, degrees

N welght of float

v resultant veloclty et instant of first contact
wlth waeter surface

o . mass density of fluld

g . acceleration of gravity

tamax elapsed time betwesen instant of first contact with
water surface and instent of mexlmum acceleration

m mass of float °

ni“max Impact loed factor (meximum hydrodyneamic load

normel to water surfsce dlvided by W)



NACA RB No. L5F15 3

L

Where units are not given, any consistent system of
units may be used.” - -

RESULTS
Comparlison of Theory and Experlment

Theoretlcal solutions made for a ril %d prismatic
float having an engle of dead rise of 22— were compared

with deta obtalned from tests of-a float having the form
of the forebody shown in figure 1 and the offsets gilven
in table I. The sgreement obtained in this comparison
indicates that the theory cen be apnlled to floats which
do not differ from a prism mors than the flost 1n flgure 1.
Flgure 2 snows the variatlon of the impect-load-fsactor
coefficlent with flight-path angle for trims ranging from
30 to 12°. The equsations, from whilch the curves were
obtained, were derlved on the assumption that the ratlos
of fluid compressibllity, viscous forces, and gravity
forces to lnertla forces are nagliglible. In tank tests

of seaplenes the ratlo of the gravlity forces to the lnertis
forces (Froude's number) is the criterion for determining
the similerity of the flow for similar hulls of different
size. The hlgh speed assoclisted wlth an Impact tends to
Increase the inertla forces and to decrease the reletlve
Importance of the gravity forces; however, the tendency

to deslgn large alrplanes to have landing speeds of the
seme order as smell airplanes results in lesser acceler=
ation for the larger welghts and greater lmportance of the
gravlity forces. For a specific laendlng speed there 1s a
welght renge ebove which the gravlity forces may be of sub-
stential importance.

Experimental deta are 1lncluded in flgure 2 for the
two boundary values of trim Investlgated. The data were
obtained at wldely different speeds for a float welghing
1100 pounds. Even the points obtalned 1n low-speed tests,
for which gravlity forces are of greater importence than
for high-speed tests, show remarkable agreement with com-
putations made on the assumption that the gravlty forces
ere negligible. For a full-scale lending speed of 70 miles
ver hour the experimental data represent airplanes weighing
up to 160,000 pounds. For higher landing speeds, such as
may occur with military alrplanes, the represented weight
1s even greater. These interpretations of the experlimental
check show that the theoretlical computations presented
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herein will give good results for all present-day air-
planes. Pertinent data wlth regard to the welght-veloclty
relationshlps for equal ratios of the gravity forces to

the inertia forces equivalent values of V(EE;>1/6 are
included in figure 2.

The fact thst the curves in fligure 2 lntersect shows
that the varlation cf maximum impact force with trim for
large flight-vath angles 1s the reverse of the varlation
for small flight-path angles. For small flight-path angles
the planing forces predcminate and, slince the effect of
Increased trim 1s to lncrease the downwash angle of the
deflected stream, the resulting lncrease of the resultant
force for a spneciflc draft at the step causes the lmpact
to be more severe than for small trim. For large flight-
path angles the Increase of the virtual mass due to verti-
cal veloclty dominates the 1mpact force and, since the
effect of increased trim 1s to lower the rate of 1increase
of the virtual mass for a specifle vertical veloclty,
lesser force for a specific draft, and consequently a
less severe lmpact than for small trim, occurs,

Flgure 3 shows the varlatlon of the time to resach
maximum acceleration with flight-path angle for trims
ranging from 3° to 12°. The plot is similar to figure 2
and thereforse does not require further explanation.

Flgure ! 1s a plot of saccelerstion retio sgainst time
ratio for a wlde range of flight-path angle and trim. The
ratios are based on the acceleretlion and time at any
Instent as compared with the maxlmum acceleratlion and the
time to reach meximum acceleratlon. Ry lnterpolating
between the curves of figure L and using the amplitude and
time plots of filgures 2 and 3 to define the maximum accel-
eration and the time to reech meximum acceleratlion, any
number of time hilstories wilthin ths range of lnvestligated
conditlons can be constructed.

Because Individuel curves wculd be difficult to dis-
tingulsh if all the solutions of the equations glven 1ln
the appendix were vlotted, some of the solutions have been
grouped and the boundcry lines for each group plotted in
figure ;. The solutions that lle between the bourndary
lines are tabulsted in figure lj. Although an approximate
interpolatlon can be effected between the boundary lines
of figure |, the spacing 1ls close enough to permit the use
of a llne centered between these boundarles for practical
soluticns.
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The equatlions used %o obtaln flgures 2 to Iy assume
that the .beam of, the float is lerge enough to prevent-the
chine from coming into firm contect with the water. If
the chlne does come lnto contact with the water, & discon-
tinuity occurs iIn the impact process and the condltions
specified by the equations of this report for the time of
chine contact must be taken as the initlal conditions for
a different equation for the case of 1mmersed chlines., It
is planned that a later program will desl with such '
calculatlions.

Applicability to Flight Impact

The load values glven herein are bssed on the assump-
tion that the chlnes de not become Immersed; it should be
noted that early immersion of the chines can cause only
reduction of the maximum load and hence conservatlve load
values. The varliatlion of the impact force with draft,
which was obtalned in the course of solving the equations
of the anpendlx for the force-time varilation, was used
to determine the effects of beam loading, flight-path
engle, and trim on chine immersicn. A comparison of the
dats obtained in this study with available data for a
number of different airplenes was made. It was 1indiceted
that the beam loedings of conventlonal American seaplanes
end flying boats are sufficlently light to ensure that
maximum load values glven herein will not be unduly con-
servative. Some German alrplanes, and possibly some
Americen flylng boats with wartime overload, have high
beam loadlings, which may ceuse the lmmersion of the chines

to be significant for high trims and steep flight-path
angles.

For smal]l angles of dead rise and for large trims the
theory requires a different formula. Slince the exact
manner of the transformation from the condition requiring
one formula to the condltion requiring enother formula 1s
not known, the formulas of the appendix should not be.
epplied indiscriminately.

The equations presented are for the absence of pulled-
up bow. The bow of the float tested 1s representative of
the bow of an actual flying boat; agreement between the
data obtalned and the theoretical computations for the
prismatic float indicates that the effect of the bow 1s
not Importent for the conditions investigated.




6 ¥ACA RB No..L5F15

Both the experimental data and the theoretlicel cal-
culations are for fixed-trim impact. and therefore do not
indicate the effect of angular rotation during lmpact.
Varlous design consideratiohs tend to locate the center
of gravity relative to the center of water pressure so as
to minimize angular acceleration. Even when substantial
engular accelerations sere reached, the time to reach peak
load 1s belleved to be short enough and the aversege angu-
lar veloclty small enough to keep large angular displace-
ment from being reached during this perlod.

The experlimental deta used in the present report were
obtained in tests of the flost shown 1ln figure 1 with the
afterbody removed. Although axact evaluatlon of the
effects of afterbody loads is not possible at this time,
varlous deslgn considerations ensure that actusal airplanes
wlll have sufflcient depth of the step and reduced trim
at the arfterbody to be effective 1n promecting the shilelding,
at irpact speed, of the afterbody by the forebody end in
causing thereby the loads on the afterbody to be of rela-
tively small 1lmportance.

The experlmental deta used herein were obtalned with
e float attached to a coastling carrliasge having a mass
about three times the mass of the float. This condition
involves slight reduction of the speed during impact,
whereas in the theoretlical computations e constant horl-
zontal speed ls assumed. By observing the relative magni-
tudes of the verticsl end horlzontal eccelersations and
velocltles for an impact and applylng the laws of velocity
dissipatlion, even in the case in which the float 1is
entirely free ln the drag direction, the reduction In
horlizontal speed during the impact can be seen to be of
small lmportance. By using different constents in the .
equatlons of the appendix, the reduction in horizontal
speed can be incorporsted; however, 1t 1s felt that the
galn would be toc slight to warrant the additionsl com-
plicsation.

The curves of the present report ere for smooth-water
Impacts but they will give approximate results for rough-
weter Impacts 1f the flight-pasth angle end the trim are
defined relative to the wave surface rather than relative
to the horizontal.

The equatlons in the appendix are based on the assump-
tion that the float 1s weightless (lg wing 1ift). Devia-
tion of the wing 1lift of the actual elrplane from lg will
affect the experimentsl results but the effect will
probably not be very large.
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e ' CONCLUSIONS

-~

Application of a modified hydrodynamic impact theorzo

to a rigid prismatic float with angle of dead rise of 225
end an enalysis of dete made to determine the validity of

the theory indlcate the following conclusions:

l. The effect of trim on load for large flight-path
engles 1s the reverse of that for small flight-path angles.
This reversal 1s due to a change in the relative importance
of the planing and Impect forces and shows that both the
forces must be consldered.

2. The agreement between experiment and theory was
good, and thus the theory wes nroved adequate for the
conditions 1nvestlgated.

3. Since hydrodynamic impect theory does not take
Into account the effect of the gravity forces on the fluld
flow, the agreement of thils theory with experiment for the
ranase of welght-veloclty relatlionships for landing Impects
of present-day alrplenes Indlcated that the effect of
gravity on the flow pettern 1s not important in Impacts
of such alrplaenes.

li. Conslderation of the factors involved in applying
the theoretical curves to actual alrplanes indicated that
such egpplications will glve good results.

Langley Memorial Aeronautlcel Laboratory
Natlional Advisory Committee for Aeronautics
Langley Fileld, Va.




APPENDIX
MATHEMATICAL FCRMUIL.AS AND METHOD OF SCL.UTION

The following formulas were used in computlng the curves of thls report:

(- A cotZT - Y
. - 2
/__y_ tan y + 2 sin cos\* 7 B8N \ escly
y3 = ém sin T °°52T< \ o A - B sin?g tan v+ tan 7 13 (1)
(A-B)C tan o 4+ A 8in T cos 7T L tan y + tan T
! A -Bsinq Yo Y
\-L -
7
« + tanrtf. 2 Ay, sin 1 cos 7 |
"_ma(y+yo —tmT_[y@-Bsin T) + fan 7

(2)
ém sin 1 cos®r + (A - B) Cy?

GT4ST °*oN 9Y¥ VOVN
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.In equations (1) and (2)
A = 0. 75ﬂp(; - 1)2 + 0,79 =B

B = 0,79—E—

tan g
tan 7

C=1« ——
2 tan B

where # 1s measured in radisns and
¥ draft of float at any lnstant

vertlical velocity at contsct

d.
o

vertical veloclty of float at any lnstant

e

vertical scceleration of float at any lnstant

Formules (1) end (2) are not applicable when y 1s
negative, that 1s, after the float has rebounded from the
water surface. These solutions, which can be readily
obtained from equation (2), lie in the region where 7y
is negative. Efforts to obtaln a solution glving the dis=-
placement expliciltly as a function of the time have not
been successful and, consequently, the followlng procedure
was used to calculate the curves presented hereiln:

1. Substitute arbltrary values of i in equation (1)
and solve for the corresponding values aof Y.

2. Substitute corresponding values of y and y in
equation (2) and calculate the corresponding values of Y.

5. Repeat procesg for values of i selected to
define adequately the y~curves with a minimum number of
points.

L. Plot the variation of 1/y with y. Tor each
point on this curve the acceleration 1s known from the |
previgus steps. The time for sach comblnation of 7y, ¥,
end ¥ can be obtained by integrating the area beneath
and to the left of a partlicular point on the curve showing
the variation of 1/y with y. Determine such time
values for Iintervals that approximately define the
acceleration~-time curve. Reveat the process for such ¥y
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and § combinations as are of greatest help in defining
the more critical portlions of this curve.

The accuracy of the outlined method 1s dependent upon
the number of polnts for whilch solutlons are made in order
to failr the varlous curves. After a certaln amount of
experlence with these solutlons, the accuracy of a specific
solutlon may be approximated by estimating possible errors
involved in fairing the curves through the limited number
of points. It has been found that after the constants for
equations (1) and (2) are computed curves glving the
relations between acceleratlon, veloclty, and draft within
an accuracy of the order of 1 percent can be obtalned by
one computer 1in 3 or l hours.
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TAELE I.- OFFSETS CF LANGLEY IMPACT BASIN FLCAT MODEL M-1 (SEE FIG. 1}.

=
[All dimensions are in 1nches] _ CE
l Half-breadth Height above datum line Helght above keel g
Station |— —r ' ot
Chine Deck Keel Chine Deck Chine Deck o
0 0 0 21. 21. 29.01 0 .02 N
2 2.01 | 1..5 15.3% 21.33 23.58 6.3 1%.1 B
5 h.zo ﬁ.og 11.9 23,26 30.22 11.2 1 .2; N
7.60 5 8.? 23.19 20.92 1. 21.9
10.17 5.53 6. 21.20 21.50 1. 25.06
21 12.81 5.25 T | 18.25 31.93% 14.19 | 27.77
29 15.09 .15 2.22 15.60 32.00 13,05 | 29.45
gg 16.36 8.71. 1.4 13,1 11,70 { 30.56 °
18.0 6.9 .72 11.27 10.55 | 31.28
5 18.87 a,00 .22 8.65 g. 1| %21.78
2 19.33 I .02 .31 .29 | 31.98
2.25 19. | 0 7.91 7.91 | 32.00
106.625 19.;0 0 7.91 7.91 | 32.00
8720.75F 12.%0 0 7.91 7.91 | 32.00
b120.75a | 18.67 1.95 9.5l ~7.59 | 30.05
137 12.83 %.95 11. 7.L6 | 28.05
153 1€.85 5.31 13.18 2.27 “26.09 -
169 15.65 8.82 7.87 .81 9L | 2.1
185 11,.00 8.03 9.8 16.17 6.33 22.16
201 11.74 6.5 11.77 17.2L Z. 7 | 20.2
216 8.59 .13 13.66 17.69 v .03 | 18.3
- .
8morebody. . !
bafterbody. NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS H
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Figure 2.- Variation of /load-factor coefficient with flight-

path angle for a p'résma%/c Float having an angle of
dead rise of C2%5° .
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Figure 3. Variation of time coefficient with Flight-path.
angle for a ,or/smahc Float having an angle of

dead rise of 22%°.
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Trim , T, deg = 3,6,9,/2
Flight-path angle, 7, deg = /,3,6,8,/0,12,20
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+~ RN \\\ COMMITTEE FOR AERONAUTICS
I\
Ry P99 7+ \\\ = =
N )i 72/2° 7+ /2 NN e
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7ime/7ime at max, acceleration

figure ¢.- Acceleration-time relation of impact for a

prismatic float having arn ongle of dead rise of
22%° (computed).
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