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HAVING A CIRCULAR~ARC TRANSVERSE SHAPE

By Philip M. Edge, dJr.
SUMMARY

An investigation of hydrodynemic impact loads on chine-immersed
bodies of heavy beam loading at the Langley impact basin has been
expanded to include transversely curved models in addition to models of
prismatic shape. This paper presents the results from tests of a chine-
immersed model having a circular-arc cross section with a radius of
1 beam. The results were obtained from fixed-trim impacts made in smooth
water over a wide range of trim and initial flight-path angles. Most of
the impacts were made at a beam-loading coefficient of 18.59 with a few
impacts at beam-loading coefficients of 27.59 and 36.57.

The data are presented in tables, and the coefficlents of loads and
motion are presented in figures as & function of trim and initial flight-
path angles. The circular-arc model experienced loads greater than loads
predicted by theory for this configuration by about 10 percent. These
loads are as much as 12 percent less than the loads measured under similar
conditions for a model with concave-convex cross section with a similar
effective angle of desd rise.

INTRODUCTION

Investigations of hydrodynamic impact loads on chine-immersed bodies
at the Langley lmpact basin have dealt largely with models of flat and
V-bottom transverse shapes such as reported in references 1 and 2. This
study was expanded in reference 3 to a model with a concave-convex trans-
verse shape (a constant-force-type bottom). The concave-convex model
yielded maximum loads comparable to loads predicted by theory for a
V-bottom of the same effective dead-rise angle and indicated that such
shape deviations from the conventional V-bottom have 1little effect on the
maximum load. Further studies of the effect of transverse shape on hydro-
dynemic impact loads, with greater devietions from the V-configuration,
were made on a model of circular-arec cross section having a radius of
1 beam. This bottom shape was installed on a model hsving a stralght
keel, and a series of fixed-trim impacts in smooth water was-made at the
Langley impact basin. Most of these impacts were made st a beam-loading
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coefficient of 18.59 and covered a range of trim and initial flight-path

angles; however, a few impacts were made at & trim angle of 8° with bean-
loading coefflcients of 27.59 and 36.57. The purpose of this investiga-

tion was to obtain loasds and moment data on a chine-immersed model having
a circular-arc transverse shape.

This report tabulates the basic date of the investigation, presents
the various coefficients as variations with trim and initial flight-path
angles, and compares the maximum loads obtained with loads predicted for
this model by the theory of reference 4. This theory is used to indicate
the relationship of the loads predicted for the circular-arc model and
the loads predicted for & V-bottom model. Additional comparisons are
made herein of the maximum loads for the circular-arc model and the maxi-
mum loads for the concave-convex model of reference 3. ‘

SYMBOLS
4 flight-path angle relative to undisturbed water surface, deg
o mass density of water, 1.938 slugs/cu ft
T trim angle, deg
b model beam, ft
g accelerstion due to gravity, 32.2 ft/sec®
t time af'ter contact, sec
W dropping weight, 1b
ng impact load factor normal to undisturbed water surface, _%F
X velocity of model parallel to undisturbed weater surface, ft/sec
4 draft of model normel to undisturbed water surface, ft
z velocity of model normel to undisturbed water surface, ft/sec
My pitching moment about step, lu-ft
Fn _hydrodynamic force normal to keel, 1b

v résultant velocity of model, ft/sec
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Fy vertical component of hydrodynamic foree, 1b
niW FV
Ct, impact 1ift coefficient, T =7
SoVo b2 ZpVoPp?
Ca draft coefficilent, %
Cy vertical-veloelty coefficlent, £L
o]
Vot
Cg time coefficilent, -
Ccp center-of -pressure coefficlent,
Center of pressure measured from step
b
Cm pitching-moment coefficient, ——JEX——
Ly 2p3
2PYo
c b loadi fficient Ll
A eam-loading coefficient, —3
pgb
Subseripts:
o instant of initial contact with water surface
s referred to step (stern of model)
mex maximum
APPARATUS

Tests were made in the Langley impact basin with the same equipment
described in reference 5. This equipment consists of a catapult, a
testing carriage to which the model is attached, assoclated ingtrumenta-
tion for measuring loads and motions of the model, and an arresting gear.
The model 1is attached to the carrisge at all times by a boom mounted on a
parallel linkage which permits the model to move freely relatlve to the
carriage in the vertical direction.
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Model

The bottom of the model tested had a clrcular-src cross section
with a radius of 1 beam asgs shown in figure 1. The effective dead-rise
angle along this arc is 15°. The model had a beam of 1 foot and a
straight-keel profile 12 feet long with an arbiltrarlly curved nose
section 1 foot long. The basic model was of light sheet-metal con-
struction with a bottom of wood covered with fiber glass. As shown in
figure 2, the model was attached rigldly to the carriage boom through a
load-measuring dynamometer and was held fixed in trim throughout the
jmpact by this mounting.

Instrumentation

The instrumentatlon consisted of a multichannel oscillograph,
accelerometers, a dynamometer, water-contact indicator, and electrical
pickups for measuring displacements snd velocities. All measurements
were recorded on the oscilllogreph elong with 0.0l-second timing.

Accelerations in the vertleal dlrectlion were measured by oll-
damped unbonded straln-gage-type accelerometers having undasmped naturel
frequencies of 17 and 120 cycles per second. Extraneous structural
vibrations were eliminated by electrical fairing. Loads normal to the
keel of the model F, &and pitching moments about the forward attach-

ment point were cbtained from the strain-gage dynamometer mounted
between the model and the supporting carriage boom. These measurements
were corrected for the disitribution of mass and center of gravity of

the parts located below the dynamometer, and the pitching moments were
referred to the step My. Only these corrected values and moments sbout

the step are presented. The inltlal contact of the model with the water
and the rebound of the model from the water were determined by means of
an electrical circuit completed by the water. Horizontal veloclty was
computed from photoelectric-cell measurements of horizontal displacement.
Verticel-displacement measurements were obtained from a slide-wire, and
vertical veloclty was obtalned by an induction-type generator driven by
the carriage boom. '

TEST PROCEDURE

This investigation consisted of a series of impacts in smooth water
at fixed trim angles from 0° to 30° end at initial flight-path angles from
approximetely 3° to 20°, At a beam-loading coefficient of 18. 59, impacts
vere made at trim angles of 0%, 40, 8°, 12°, 159, 20°, and 30°; whereas at
beam-loading coefficlents of 27 59 and 36 57, impacts were made at a trim
angle of 8° only. The flight-path angles were varied at all trim angles
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except O° where the impacts were limited to vertical drop without for-
ward speed (7o = 90°). These impacts without forward speed were made

over a range of vertical velocities varying from about 3 feet per second
to spproximately 11.5 feet per second. The forward-speed impacts ranged
in vertical velocity from approximately 4 feet per second to approxi-
mately 11 feet per second and ranged in horizontal velocity from 20 feet
per gsecond to over 88 feet per second. Throughout the immersion a 1lift
force equael to the total weight of the model and drop linkage was applied
to the model to gimulate wing 1ift as described in reference 5.

Several times during the investigation, repeat impacts were msade
wilth the test conditlons as nearly the same as possible as a check on
the consistency of the test equipment. The data obtained from these *
impacts showed thet no significant performance changes occurred during
the investigation. Only the average values of these data are presented.

RESULTS AND DISCUSSION

The experimental data obtained in thig investigation are presented
in table I for each of the impacts made. This table shows the measured
values of loads and motions at contact with the water, at meximum accel-
eration, at maximum draft, and at rebound. In addition to these measured
quantities, the computed values of 1ift coefficlent and pitching-moment
coefficient at ni,max are given.

Semple time histories, which illustrate typical variations of the
date obtained throughout the impacts at Cp = 18.59, are presented in

figures 3 to 5. The variations of lmpact load factor, drsft, vertical
velocity, and pitching moment with time are shown in figure 3 for impacts
without forwerd speed for three vertical wvelocities. The verticel load
and pltching moment for two of these drop tests are shown ss time histories
in coefficient form in figure 4. Figure 5 presents the vertical-loagd,
draft, vertical-velocity, center-of-pressure, and pitching-moment time
histories in coefficient form for three flight-path angles at each of three
trim angles (T = 49, 8°, and 30°). The time histories of figures 3 and 4
show that, for the flat impact of a vertical drop at a trim angle of 0°,
the load and pitching moment bulld up rapidly on the circular-src bottom
at a beam-loading coefficient of 18.59. Although the small velocities of
the impacts without forward speed are not well expressed in coefficlent
form, the loads and moments in this form are useful for comparison with
forward-speed impact conditions. The loads and moments of figures 4 snd 5
show that, as the flat impact at the zero trim angle of the vertical drop
wi hout forward speed (y = 90°) is departed from and the more realistic
smooth-water landing conditions with significant trim are epproached, the
load during an impact process 1ls applled more gradually and is less severe
in magnitude. The gradual gpplication of the hydrodynamic impact load
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results in e flatness of the impact-lift-coefficient peak. Since this

flat peak may extend over several hundredths of a second, the instant

of pesk or maximum load could not be sharply defined; thus, the values .
of other paremeters read at this instent (draft, vertical velocity, and

plitching moment) for thls type of impact were not reliable.

In figure 6 sample time histories of the coefficlents obtained for
impacts at a trim angle of 8° for beam-loading coefficients of 18.59 and
36.57 are compared. Other than the magnitude of the values, the general
appearance and characteristics of the time histories are similar for each
beam loeding. :

In figure 7 the varlations of load; draft, vertical-veloeclty, time,
© pitching-moment, and center-of-pressure coefflcients with inltial flight-
path angle are shown for three trim angles at Cp = 18.59. In figure 8

comparisons are made of the variations shown in figure T for Cp = 18.59
and veriations obtained for Ca = 36.57 at a trim angle of 8°. The

variations shown in figures 7 and 8 indicate that, in general, separate
relationships exist for each trim angle and for each value of beam-

loading coefficient. Exceptions to this observation are indicated in

figure 8(c) where vertical velocity at rebound is apparently independent

of beam loading and in figure 7(b) where maximum draft is largely inde-

pendent of trim angle. »

The experimental variations of 1ift and draft coefficlents wilth
trim angle are shown in figure 9 for four initial flight-path angles at
Ca = 18.59. The variations shown are orderly and in line with what is
expected for the range of paremeters involved. In addition to presenting
the variations of the coefficients with trim for typicael flight-path
angles, this flgure represents a summary of the experimental date from
which cross plots may be cobtained for predicting coefficients at any trim
or flight-path angle within the range tested.

Comparison of Calculation and Experiment

Maximum 1ift coefficients for the circular-arc model were calculated
for comparison with the experimental results obtained in this investiga-
tion. Also maximum lift coefficients for a V-bottom model were calculated
to show the relations of the circular-arc loads to loads computed for a
V-bottom model with the same effective déad-rise angle, 15° (as defined
in fig. 1). These calculations were made by using the theory of refer-
ence 4 as well &8 planing data of reference 6, which were for the same
clrcular-arc cross section.

The variations of the maximum loads with angle of trim are shown in .
figure 10 for three initisl flight-path angles (¥, = 5.5°, 10°, and 20°)
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over a range of trim angles (T = 4O to 20°) for a beam-loading coefficient
of 18.59. In general, the calculated loads are similar to but lower than
the experimental loads. At low flight-path angles with spprecigble trim
angles (conditions which correspond to smooth-water or very mild rough-
weter impacts) the maximum loads from calculation and experiment are in
close agreement considering the low values of 1lift coefficlent and the
accuracies involved, Although no one theory accurately predicts the
maximum loads over the entire range shown, the general trend of the maxl-
mum 1ift coefficient appears well represented by the veriation calculated
for the circular-arc cross section. If the loads calculated for a
V-bottom of the effective dead-rise angle are used, the prediction is
conservative in the reglon of low trim angle and high flight-path angle
where the loads are most critical and is nonconservative in the region

of high trim and high flight-path angle where the loads are less critical.
From the comperigons shown in figure 10, the conclusion i1s made that, for
a beam-loading coéfficient of 18.59, calculations for the circular-arc
shepe when lncreased by about 10 percent would provide the best estimate
of the maximum loads for the circular-arc transverse shape tested.

In figure 11 the effect of beam loading 1s considered for the one
trim angle (v = 8°) where experimentsl data were obtained at higher beam
loadings. Maximum loads obtained at C, = 18.59 and 36.57 are compared

with loads predicted by theory for the circular-arc cross section. The
loads obtained experimentally over the flight-path-angle range are

greater than those predicted by theory for the circular-arc shape by sbout
the same amount for both beam loadings.

Experimental Comparison With.Concave-Convex Model

The experimentsl varistions of the maximum 1ift coefficient with
trim angle for the circular-arc model are compared in figure 12 with the
experimental varlation presented in reference 3 for the concave-convex
bottom. Experimental vaeriations are presented in this figure for initial
flight-path angles of 5.5°, 109, 15°, and 20°. The comparisons shown
indicate that the maximum loads on the circular-arc bottom range from a
few percent less than maximum loads on the concave-convex model at 6° trim
to an average of over 12 percent less at trime above 15° except at the
flight-path angle of 5.5° where the absolute differences in 1ift coeffi-
cient are small.

Observatlions on Effect of Transverse Curvature

In reference 3 maximum loads on & model having concave-convex
transverse curvature were, in genergl, similar to the maximum loads pre-
dicted for a V-bottom of the average dead-rise angle. These results
Implied that the V transverse shape of a chine-immersed model can be
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altered somewhat without significant change in meximum loads during
hydrodynamic impact. These observations were based on comparisons of
experimental data for the concave-convex model with loads predicted by
theory as no experimentsl data are avallable for V-bottoms of the corre-
sponding average dead-rise angle. Inasmuch as the data of the present
investigation were obtained from a model of nearly the same average dead-
rise angle and with convex curvature only, additional observations can be
made as to the effect of transverse curvature on maximum loads. Compari-
sons of the meximum loads of this Investlgation and of reference 3 have
shown that the circular-arc model experiences meximum loads which ere less
by 12 percent than those of the concave-convex model. Since the transverse
shapes of both models are similar in the keel reglon, the dlfferences in
dead-rise slope near the chine appear to have a significant effect on the
magnitude of the loads during an impact process. Furthermore, the effect
of the dead-rise angle at the chilne ls evidently of more lmportance at
high angles of trim.

CONCLUSIONS

An ansalysis of experimental data obtained in an impect-besin inves-
tigation of a chine-immersed model having a clrcular-arc transverse shepe
of l-beam radius leads to the following conclusions:

1. The date Indicated that the lmpact loads varied from repldly
applied sharp peak loads for the flat impacts of the drops without forward
speed to very gradually applied loads whose peaks endured several hun-
dredths of a second for more realistic smooth-water landing conditions
(impacts with significant trim and low flight-path angles).

2. For the trim-angle and flight-path-angle renge tested, the maximum
loads can be estimated by increasing the calculated losds by 10 percent
for this circular-arc configuration.

3. Over the ranges of trim angles and flight-path angles tested, the
meximum loads predicted from calculations of a V-bottom of the effective
dead-rise engle (15°) of the circular arc are conservative in the region
of low trim and high flight-path angle and are nonconservative in the
region of high trim and high flight-path angle.

v


http://www.abbottaerospace.com/technical-library

NACA TN 4103 _ 9

k., The experimental maximum loads of the circular-arc model were
as much as 12 percent less than the meximum loads measured on & concave-
convex model. The results indlcate that the transverse shape of the
bottom at the chine is of primery importance for forward speed impacts
with significant trim.

Lengley Aeronsuticel Lsboratory,
Netional Advisory Committee for Aeronsutics,
Langley Field, Ve., June 12, 1957.
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Figure 1.- Cross section of circular-arc model.
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