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TECHNICAL NOTE 4339

HYDRODYNAMIC IMPACT LOADS CF
A -20° DEAD-RISE INVERTED-V MODEL AND COMPARISONS WITH
LOADS OF A FLAT-BOTTCM MODEL

By Philip M. Edge, Jr.
SUMMARY

As part of a study of hydrodynamic impact loads on chine-immersed
bodies, & model having an inverted-V transverse shape and a dead-rise
angle of -20° was tested at the Langley impact basin. A series of fixed-
trim impacts of this inverted-V model were made in smooth water over a
wide range of trim and initial flight-path angles at a beam-loading
coefficient of 19.15 with a few impacts at beam-loading coefficients of
27.90 and 36.07.

The data are presented in tebles and in figures . as varisetions of
loaeds and motions (in coefficient form) with time, trim angle, and
flight-path angle. In general, the maximum impact loads experienced by
the inverted-V model were greater than the loads which have been obtained
for a flat-bottom model; however, for the severe impact conditions
approaching O° trim (flat impacts) & trend toward smaller loads than
those experienced on & filat bottom is indicated. Pesk pressures for the
inverted-V transverse shape compere with those for the flat-bottom model
in a menner similar to the maximum Impzct loads.

INTRODUCTION

Investigations of hydrodynemic impact loads on chine-immersed bodies
at the Lengley impact basin have included seversal transverse shspes
(refs. 1 to L). Reference 1 presented loads for a flat-bottom (0° dead-
rise angle) model and references 2 to I presented loads for models having
positive dead~rise angles and V and curved transverse shapes. These
investigations have indicated the relaetion of meximum loads to transverse
shepe for chine-immersed models of zero and positive dead-rise angles.
The present investlgation extends this study beyond the flat plate to
the inverted-V shape with a -20° dead-rise angle.

Conflgurations having negative dead-rise angles are of interest
from the standpoint of the unconventional flow of water from the instant
of initial contact as compared with impactse of bodies having positive
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dead-rise angles, The flow upon initial contact of the model having =
negative dead-rise angle is from the chines inward toward the center or
keel of the bottom as contrasted with that of the model having a posi-
tive dead-rise angle which is outwerd from the keel. Thilis difference

in flow is closely related to the spray and loads produced during impact.
Whereas on bottoms having positive dead-rise angles chine strips or chine
curvatures are required to divert the flow of water from airplane struc-~
tures, engine inlets, and so forth, the transverse shape with a negative
dead-rise angle is expected to confine the spray toward the center of
the hull .or bydro-ski. The gradual immersion of the cross section

with a negative dead-rise angle is similar to that of the cross section
with a positive dead-rise angle and, therefore, some similarity can be
expected in the gpplication of the impaet load. . However, the lmward
flow during the impact of & model with a negative dead-rise angle tends
to pile up water at the keel and thereby affects the load quite differ-
ently than does the ocutward flow of bodies having positive dead-rise

angles.

The purpose of this investigation was to determine the effect of a
negative dead-rise angle on the hydrodynamic impact loads over a range
of landing conditlons. A prismatic model with this type of transverse
shape and a straight keel was subjected to a series of fixed-trim impacts
in smooth water at the Langley impsct basin. Most of the impacts were
made at a beam-loading coefficilent of 19.15 and covered a range of trim
and initial flight-path angles; however, a few impacts were made at
beam-loading coefficients of 27.90 and 36.07. The total loads and
pltching moments together with the motions of the fixed-trim model were
measured during the impact process. Also, impact pressures were mesgsured
at several points along the model.

This report contains tables of the basic data from the investigation
and presents variations of the loads and motions with time, with initial
flight-path angle, and with trim angle. The meximm loads and maximum
measured pressures obtalned for the inverted-V model are compared with
those previously obtained for a flat-bottom model.

SYMBOLS
b model beam, ft
. Vn
f equivalent planing veloeity, , £t/sec
T
F hydrodynamic force normsl to keel, 1b
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vertical component of hydrodynamic force, 1b

acceleration due to gravity, 32.2 ft/sec?

wetted length of model at chine, ft

pltching moment about step, lb-ft

. F
impact load factor normal to undisturbed water surface, T;

pressure, 1b/sq in.

time after water contact, sec

resultant velocity of model, ft/sec

velocity of model normal to keel,

dropping weight, 1b

x sin T + 2 cos T, ft/sec

velocity of model parsllel to undisturbed water surface,

ft/sec

draft of model normal to undisturbed water surface, ft

velocity of model normsl to undisturbed water surface,

ft/sec

flight-path angle relative to undisturbed water surface, deg

mass density of water, 1.938 slugs/cu ft

trim angle, deg

center-of -pressure coefficient,
Center of pressure measured from step

b

1]

draft coefficient,

impact 1ift coefficient,

1
2

niW

2,2
=pV,"b
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pitching-moment coefficlent,

n —_—
%pvoeb3 .
t
C¢ time coefficient, —%—
C; vertical-velocity coefficient, 2
20
W
Ca beam-loading coefficient, —
pgb
Subscripts: —
0. instant of contact with water surface
max maximum
APPARATUS .

Tests were made in the Langley impact basin with the equipment
described in reference 5. This equipment consists of a catapult, an
arresting gear, assoclated instrumentation for measuring loads and
motions of the model, and s testing carriage to which the model i1s
attached at gll times by a boom. The boom is mounted on a parallel
linkege which permits the model to move freely in the verticael direction -
while the carrlasge is moving horizontally down the tank. |

Model

A cross section of the inverted-V model is shown in figure 1 and
the installation of the model on the carriage boom is shown in figure 2.
The inverted-V model had a -20° angle of dead rise, & l-foot beam, and
a straight keel and chine 12 feet long. The bottom was of wood covered
wilth fiber glaess and the remsinder of the model, which included a 2-foot
nose sectlon forward of the bottom, was of sheet-metal construction.

Instrumentation

The instrumentation consisted of a multichannel oscillograph,
accelerometers, a dynamometer, water-contact indicator, and electrical .
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circuits for measuring displacements, velocities, and pressures. All
measurements were recorded on the oscillograph together with 0.0l-second
timing.

Accelerstions in the vertical direction were measured by strain-
gage-type accelerometers having undamped naturasl frequencies of 17 and
120 cycles per second. The load normal to the keel of the model and
pitching moments sbout the step were obtained from a strain-gage-type
dynamometer mounted between the model and the carrlage boom (fig. 2)
and from consideration of the inertia effects of the mass below the
dynamometer.

The initial contact of the model with the water and rebound from
the water were determined from an oscillograph record of a pulse pro-
duced by an electrical circuit which was completed by the water through
contacts in the model. Horizontel velocity was computed from
photoelectric-cell indications of horizontal displacement and from the
time increments. Measurements of vertical displacement were obtained
from a slide wire and vertical velocity was obtained from electrical
differentiation of the slide-wire displacement.

Impact pressures were cobtained from ten pressure gages flush-
mounted in the bottom at the locations shown. in figure 3. The pressure
gages were of the inductive type except for gage 10 which was of the
unbonded strain-gage type. All gages had a diaphragm diameter of
1/2 inch. The signals from the pressure gages were amplified and
recorded with a flat frequency response extending to above 1,000 cycles
per second.

In general, the data obtained in this investigation are believed
to be accurate within the following limits:

Horizontal velocity, ft/sec . . . . . ¢ « v v ¢« « ¢ o o o .. 0.5
Vertical velocity, ft/sec . o . « v ¢ ¢« ¢« ¢ ¢ ¢ o v 0 0. 0.2
Vertical displacement, f£ . . . . . & ¢« v ¢ ¢ ¢« ¢« ¢« « o« . . F0.02
Acceleration, gunits . . « ¢« ¢« ¢ ¢ ¢ ¢ 4 e e 0 e e e e e 0.2
Pressure, 1b/8q M. . + « « 4 4 ¢+ 4 4 0 e e 4 e a e e e e 13
Welght, 1D . . . ¢ v ¢ e« ¢ ¢ ¢ ¢ s 0 o o o o o s o o o o s o o +10
TIME, BEC & « « o « + o o o o o o o = o o o« o « o o« o« + « o +0.002
Pitching moment, percent . . . ¢« ¢ ¢ ¢ @ ¢ ¢ o 0 0o 000 e B

The gradual application of the load under some impact conditions
led to uncertainty in determining the instant of peak reading on flat
load and moment curves. Consequently, the determined times to peak are
not as accurate as the above values indicate.
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TEST PROCEDURE

This investigation consisted of a series of fixed-trim impacts in
smooth water for landing conditions covering a range of tirims and flight-
path angles. Impacts were made at trim engles of 0°, 4°, 80, 120, 16,
20°, and 30° and over a range of flight-path angles from 3° to 25° with
‘e few impacts without forward speed (7, = 90°) at 7 = 0° and 8° (veloc-
ity range: 2o = 3.9 to 12.2 feet per second, X, = O to 80 feet per
second). The impacts were made at a beam-loading coefficient of 19.15
(W = 1,195 pounds). In order to check effects of beam loading, a few
impacts were made at beam-loading coefficients of 27.90 and 36.07
(W = 1,741 and 2,251 pounds, respectively) for 8° trim over a range of
flight-path angles (25 = 4.5 to 12.4 feet per second, Xg = 31 to T2
feet per second).

During each impact a 1ift force equal to the weight of the model
and drop linkage was applied to simulate a wing 1lift of 1lg (ref. 5).
Several times during the test, repeat impacts were made to check the
consistency of the behavior of the equipment and instruments. No signif-
icant changes were observed and the data of these repeat impacts were
averaged for presentation in this report.

RESULTS AND DISCUSSION

The experimental datas obtained in this investigation are presented
in tables I and II for each of the impacts. Table I presents the meas-
ured values of loads and motions at contact with water, at maximum
acceleration, at maximum pitching moment, at maximum draft, and at
rebound. Table IT shows the maximum pressures measured at the pressure-
gage locations (fig. 3) and the vertical velocity at the time of each
meximm pressure for each of the impacts. Some of the measurements
were not successfully obtained (noted in the tebles by dashes) because
the magnitude was out of range of the iInstrument or because the
instrument failed to function.

Time Histories

Variations of the load, draft, vertical velocity, and pitching
moment are shown in figures L to 7 in coefficlent form. The dats for
impacts without forward speed are shown in figures 4 and 5 for two _
values of 2o &t T = 00 and 8° and Cp = 19.15. From these time his-
tories and from table I it is seen that for a model of the length tested
the 1ift coefficient at O° trim 1s significently greater than the 1ift

»l
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coefficient at 8° trim, maximum 1ift for impacts at 0° trim being about
nine times the 1ift for impacts at 8° trim. The data for typical impacts
with forward speed are shown in figure 6 for Ca =19.15 and in figure T
for Cp = 36.07. These time histories indicate that the loads are
largely dependent upon flight-path angle and beam loasding and at high
flight-path angles are dependent on trim angle. These time histories
show that the spplication of the loads to the Inverted-V model is closely
similar to the application generally expected for models having positive
dead-rise angles.

The inward flow of the water during impact of the inverted-V model
might be expected to affect drastically the application of the load so
as to create water hammer or shock. However, as shown by the time his-
tories, the loads during the impact were spplied smoothly without any
detrimental effects from the inward flow.

Variations of Loads and Motions With Trim and
Flight-Path Angle

The varietions with initial flight-path angle of the coefficients
of vertical load, vertlcal velocity, draft, pitching moment, center of
pressure, and time for trim angles of 4°, 8%, and 300 at Cp = 19.15

are presented in figures 8 to 13. In these figures the following sig-
nificant data are shown:

Impact 1ift at 3 max and at =z, (fig. 8)

Draft &t nj pa, and at zp,. (fig. 9)

Vertical velocity at nj poy &nd at exit (fig. 10)
Time &t Ny pay, 8t zp,,, and at exit (fig. 11)
Pitching moment at ny pay and at My pay (fig. 12)
Center of pressure at ny p,, and at Mf,max (fig. 13)

As indicated in table I, during some of the impacts at low trim angles
(r = 49), the bow of the model became involved before full immersion was
reached. In order to eliminste possible effects of the axrbitrarily
shaped nose of the model, any data obtained after bow immersion were not
ineluded.

In general, the data shown in figures 8 to 13 indicate that the loads,
maments, and motlons of the model having a negative deasd-rise angle vary
with initiel flight-path angle-and trim in a manner similar to varistions
obtained with models having positive dead-rise angles. It is noted that
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from figures 12 and 13 comparisons can be made between the pitching-

moment and center-of-pressure coefficients at maximm acceleration and
the coefficients obtained at meximum pitching moment. This comparison
shows that at 30° trim angle the pitching-moment coefficient at N4 max

is very close to the maximum., However, as the trim angle 1s lowered
to 8° and 4°, the maximum pitching moment is as much as 25 percent
greater than the pitching moment at Nf max" Similerly, the center-of-

pressure coefficients at Dy, max and at maximum pitching moment are

about the same at 30° trim, whereas at 4O trim the center of pressure
at maximm pitching moment is as much as four times the value at ny ...
3

Figure 14 presents a summary of the variations of maximum impact
1ift coefficient with trim and flight-path angle. The data points shown
were obtained from falred curves of CL max Plotted against 74 (samples

of which are shown in fig. 8(a)) and the variations shown are faired
through these data for 7, = 5.59, 100, l5°, and 20° at Ca = 19.15.

Comparison Between lLoads of Inverted-V Model and
Flat-Bottom Model

Impact-loads date for a flat-bottom model were obtained from tests
made under conditions similar to the present investigetion and reported
in reference 1. These loads for the flat-bottom model are compared with
those of the inverted-V model in flgure 15 whereln are shown the varia-
tions with trim asngle of the ratio of the maximum loads for the inverted-
V model to the maximum loads for the flat-bottom model. This comparison
is limited to low flight-path angles (7 = 10° and below) for trim angles
below 300 as the model of reference 1 was of insufficient length to
obtain data at high flight-path angles and low trim angles.

The variation shown (fig. 15) indicates that the inverted-V model
yields maximum impact loads significantly larger than those of the flat-
bottom model (as much as 18 percent at T =12°, 7y, = 109). The varia-

tion also shows that, as the severe condition of zero trim or flat impact
(impact on a wave flank whose slope angle 1s equal to the trim angle of
a hydro-ski) is approached, the inverted-V model shows a trend toward
smaller loads relative to the flat-bottom model. This trend indicates
that the inverted-V model, when compered with the flat-bottom model,
shows promise as & means of reducing the impact loading under the severe
conditions of flat impact without corresponding reduction of load at the
less severe conditions of impact at positive trim. Also, at very high
trim angles the trend is toward relatively less load for the inverted-v
model. However, at these high trim angles the impact loads are mild and
the gradual reduction of load shown is of little importance.
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Bottom Pressures

Typlcal distributions of the hydrodynamic pressure on the bottom
of the model and maximum values of these pressures are shown in fig-
ures 16, 17, and 18.

Figure 16 presents the pressures indicated at each of the gage
locations at values of t corresponding to peak readings of each pres-
sure gage for impacts 23, 25, and 29 (Cp = 19.15 and T = 8°). The
pressure distribution is shown along with the wetted portion of the
model as determined from the water line based on draft measurements and
level water.

In figure 17 the variations of maximm pressure (from table IT)

with %pvn2 are presented for trim angles of 4°, 12°, 20°, and 30°.

Only the three pressure gages with the highest reading for easch trim

angle were used and straight lines were faired through the data for each
trim angle. The slopes of these lines give pressure coefficients based
on velocity normal to the keel, EEEKE. The coefficients are converted
into an equivalent planing velocity form by dividing by sin@r:

Pmax _ Pmax

lﬁ ' 2 %pfz
2 \sin T

The variation with trim angle of these pressure coefficients for the
inverted-V model is shown in figure 18 together with pressure coeffi-
cients for the flat-bottom model obtained from data of reference 6. °
Comparison of the pesk pressure coefficient for the inverted-V model
with that for the flat-bottom model shows that the maximum pressures
are approximately the same at trim angles near 21°, Above 21° the
inverted-V model experiences somewhat greater pressures (15 percent at
30° trim angle). At trim angles below 210, the trend of the.flat-plate
data is not clearly established; however, the pressures for the inverted-
V model lie considerably below those for the flat-bottom model. This
trend of the maximum pressure lends support to the previous indication
that when compared with the flat bottom the inverted-V transverse shape
is a means of reducing the impact loading experienced during severe
landings at low trims without corresponding reduction of load at the
less severe conditions of high trims.
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General CObservations on the Inverted-V Transverse Shape

From the date presented it has been shown that the impect loads on
the inverted-V model were smoothly applied and that, when the maximum
loads of the inverted-V model are compared with flat-bottom-model loads,
a reduction in load is indicated for landing conditions near flat impact
(0° trim). The smooth application of load during impact and the favor-
‘able comperison with the loads of the flat-bottom model indicate advan-
tages for the inverted-V model from the standpoint of impact loads.

The planing cheracteristics of the inverted-V model are presented
in reference 7. The planing 1ift coefficients shown for the inverted-V
model, when compared with those of reference 8 for a flat-bottom model,
are observed to be equal or grester than the 1ift coefficients for the
flat-bottom model. The plening lift characteristics shown by the data
of reference 7 indicate advantages of the inverted-V shape from the
standpoint of high planing 1ift aend low hump speeds during take-off.

In addition to impact and planing characteristics, observations
were made of the spray generated by the model during impact. The spray
observed during impacts of the inverted-V model was confined behind the
model with much less spray to the sldes or above than is usually cobserved
with conventional flat- or V-bottom models. It is belleved that these
spray characteristics show promise in the application of the inverted-Vv
shape in hydro-ski or hull designs where spray must be kept to a minimum
because of outboerd engine inlets, flaps, or other structures.

These observations are intended to point out the potentials of
transverse shapes with negative dead-rise angles for hulls and hydro-
skis. The present investigation was confined to a -20° angle of dead
rise and no attempts have been made to study effects of transverse shape
on other configurations having negative dead-rise angles. Therefore,
it is felt that the results obtained from the present investigation indi-
cate that further studies of hydro-ski and hull shapes having negative
dead-rise angles should be considered.

CONCLUSIONS o -

An analysis of experimental data obtained in an impact-basin inves-
tigation of & narrow-beam model having an inverted-V transverse shape
with a dead-rise angle of -20° leads to the following conclusions:

1. The loads, moments, and motions of the inverted-V model vary
with initiel flight-path angle and trim in a manner similar toc the varia-
tions obtained with models having positive dead-rise angles.
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2. Maximum impact loads on the inverted-V model are greater than
loads obtained under similar conditions on a flat-bottom model over
intermediate trim angles of this investigation. However, at low trim
angles and at very high trim angles, the trends indicate that the loads
are smaller on the inverted-V model than on the flat-bottom model.

3. Maximum pressures for the inverted-V model and the flat-bottom
model are approximately the same at trims near 21°. The maximum pres-
sures on the inverted-V model are greater at high trims (v = 30°) and
smaller at lower trims (below T = 21°) then those on the flat-bottom
model.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., May 1k, 1958.
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TABLE I.=- TOTAL LOADS DaT4 FROM DMPICT TESTS OF Ak INVERTED-¥ MODEL WITH -20° DEAD-RISE ANGLE

At contact at “1,::: At l!,!“ AL oz, At rebound
Tris, - g -
Tapact deg [ for Zos 7o t, Tny | 3 LY 5, ¥y, o, ty ny ¥y, Cn %, n | % t | 35
ft/sac |ft/sec | dog | mec 3 TS £2 | £t ft/osc | lb-ft sex Ib-ft ses It sec |ft/zec
C, = 19.15
1 3.6 [ 90 |o0.033{0.97) 962{0.a2| (a) 3.0 | 5,292{%h:73 [0.033]0.97 5,192 | 116 b; (v,
2 g.3 o %0 -023 {2.81 2,790 | .12 | (a k3 | 12,002]78.k3 | .030(2.08 | 11,0h2 (323 b
3 0 7.1 [ S0 L1 k.89 (3,034 | 08| (a 5.6 |18,210M18.31 | .c27(1.97 | 18,710 302 bl | (b b
k 8.9 o % | .09ft.07]k, o] G 7.k 2{:9&,51_3.5! -008(7.07 | 26,29% | %7 | (b) } ]
5 .7 [ O] —|—]—] —]| W —_ —_—— | — 3 )| (e |
6 1.9 [ 90 |0.2|0a6]| 2270.33|2.37 3.h L60|22.62 | —|— — |o.7uk|0.16 |1.52 ¢ o
7 5.7 Q g 131 W32 B[ .91]6.52 k.& | 1,033[22. Ji3| .28 1,406 H «T0| o17 |1.90 < o
8 8 Telt 0 .088) 56| 687| . 20 64 [ 1, 12. 298| k4 2,737 £28( .26 ) 2.10 o ©,
9 Sub 0 S0 090 | .85}1,08 | .B6}3.31 7.7 | 2,86]21.63 | .138] .68 5 gi «26 |20, &3 c;
10 12.1 [} 90 <08k |15 1,921 | 9086, 9.5 | 5,590]22.23 | .105{2.12 7,678 15| J22 2,85 c) | (e
n 3.9 |66.7 3.3k | 0.095 | 0.93] 1,309 | 031 | k.39 2.0 | 2,215| .26 |o.131}0.6% 3,635 | 0.8%j0.285[0.5k 0.38 | 0.535]-1.5
12 T.7 | 61.6 6.53| . 2.03) 2,608 | Jhl| 6.3k 5.0 | 6,656| .5h|' .110!1.13 | 10,003} 2,23 .205)] . 45 | 639-1.7
1 8.7 |62.1 7.99 | .06k |2.27} 2,54 | .u8]6.50 6.0 | 8, o1 | J106[1.39 | 11,606 3.05] .226 L2 ] .758-1.8
L 0. |62.1 ) «057 | 2.83( 3,580 k9] 7.07 746 | 9.339] . -099]1L.73 | 3,h79| 3.51( .229] 36| . -T66]-2.3
15 k f10.2 2.5 10.73| .055|2.63 g | 1.02 7.8 . 1.09 | .108|1.3k |} 12,975 hL.52| (b) ) ;
16 8.9 .0 65| 065 | L.83( 2,337 52| 7.38 7.0 | & 1.82 ¢ 122 . 9, 20 (b) | (b} | &
5 1.5 X &5 .053 [ 3.0 3, 53] 7.60 86 |10,996| 1.82 | .112|1.22 X s.oh| (b )
8.5 |27.5 (17.21] .05511.55(2,991] L8] 6.9% 6.7 | 5,975| 2.32 | .125{ .78 3,608 | 10.75] (b b
19 8.0 (29 [17.80) .068|1.37]2,698] .k8]6.5h 6.k | 5,00k| 2.k7 | .126] .69 6,910 ] 10.hh| (b b (b,
29 3.9 |79k 2,78 0.099 | 1.26 | 2,792 [ 0.30 | 2.15 2.b | 2,008 0.25 |0.131)1.01 3y, 0.55/0.139(1.11 | 0.32 | 0.338]-2.%
21 3.9 |73.0 3.05] . 1.16| 1, 32| 2.26 1.3 | 2,2k3] .27 | .13kf2.20 3,598 .70| .1k9] .97 ] .32 | .338]-2.6
2 1.3 |61.6 6.1k | .091 | 1,89 2, &9 3.2 3.5 | hy178] .51 | .107[1.6h 6,. Lig3| -162] 98] .58 | .k23{-3.2
2 2.3 . .o | 2.39 | 3,19% k.51 5.2 ,292] .7 1.78 9, 23] a2 ]| & | .sor]-3.s
4] 60.9 |10.29| .o79)]2.90]3,83| 69[k.96 6.3 | 8,551 . a08(2.17 | 12 3.2k| .276[1.30 | .92 | .S28|-3.T
2L 8 |10.9 [55.6 |L.1o| .063}2.60]3,k00| .62(3.22 7.9 { 7,139} 1 75 | 10,876 3.50{ .201| .89 |2.00 | .612;-3.2
25 1.3 | b8.7 |13.88( .079|2.8k) 3, .73 ] 5.25 72 | 7, 1 103{2.05 s 15| 203 W J1ax | .7RO[-3.0
26 1.2 | kh.3 |ik.25| .052)2.57)3, 3.8 8.6 | 6,520} 1.52 | .112)2.52 | 10,7% | S.%| .257| .72 [1.20 | .812[-2.6
7 12.1 |Lo.0 }16.88| .07812 3,359 | J37]|5.53 7.4 | 1.5@[ L. «106[1.7h X 7.39] -296] .53 |1.30 | .910{-2.6
28 10,9 |3h.5 }17.60] .080|2.09]2, 76| 545 7.5 | 6,718 1.97 | .108[1.50 9,732 | 7.67] .313{ .hL (1.38 | 2.099|-1.8
29 1.9 |32.7 |20.06] .o79|2.k3]3, .79 5.68 8.1 | 1.76| 2.k8 | .d07[1.62 | 11,8m | 10.08f .327] .32 |1.48 | 2.137|-1.¢9
b 9.6 20.57| .08k |1.k9|1,992] .12 |5.01 7.0 ] & z.h | .109(1.18 6,727 | 9.25¢ .399| .30 |1.k8 | 1.h82(-1.3
18 11.0 |28k |22.35] .082|2.01)2,652] .78{5.61 7.7 | 6,879 2.68 | .108|1.57 | 20,751 | 10,96} .383| .3k | 1.5% | 1.27%(-1.6
32 3.9 [73.0 3.08f 0.10k | 1.27| 1,801 | 0.32 | 1.52 2.2 | 1,587( 0.29 |c.122]1.28 2,695 | 0.52[0.1h2{2.22 {0.33 | 0.30k|-2.7
» 6.2 |6LL S.L[ . 165|2 16| 2.20 3. 3,%5( .5k ] b,717| 1.30] 15113 | 52| .312{-3.6
kL P 9.3 |51.0 |10.35| .089|2.15] 2,902 | .69 3.3 5,6k | .99 | 119}1.69 7,535 | 2.89| .189(1.15 | 91 | .520{-3.9
35 1.5 | ek 2.38{ 3 .8 3. 7.1 | 7,278 2.52 | .108l1.95 5.17( +243| .76 |2.21 | 690{-3.
36 1.9 | 33.3 |19.62] .082i2.10] 2,778 | .83 3.98 8.1 | 6,073| 2.07 | .220{1.k7 8,ka6 | 6. «295] «937]-2.7
£y 8.6 |1B.7 | 2h.76 .95]1, -70{ 3.38 7.0 | 2,619 2.75 | .237{ .81 3,87 9.39 &7T| IOJ|2E | (@) | ()
38 L.k | 80.0 3.15| o.110 :Lzs 2,35 | 0.30| 1.0% 0.6 | 2,564] 0.3k |0.137}1.50 3,105 | 0.50{0.112]1.73 |0.30 | 0.239{-3.6
39 3 1621 [ 5. a3 B| 2, Aol L8 3.1 | 3,36k| .53 ] .332{1.57 8k | 1.28] J1s5lai28 | .55 [ .360|-3.
0| % 9.8 5.0 |10. 092 | 2.22] 3,087 .72]2.57 .3 | 5,0f| .02 | .122[1.78 6,562 | 2.51 .2th2.51| .89 | .kAS|-k.
n 1.5 1 | 15.99] .0s0]2.37(3, ol | 3.06 6.9 | 5,913( L.k7 | .120[2.90 T, h.23] .222| .99 |1.18 | .S8T7|-h.6
L2 T.h |26 [16.72] .095| 911,285 2.3 S.8 | 2,h29]1.69 | .. o 3,036 L.7h| .368( .hh [1.29 | 1.187]-1.7
P 1.2 1329 (20,32 .089)2.33(2,90] .93]3.38 8.3 | 6,107 2.13 | .130[L.12 6,211 | s.oh . #52 |1.81 | .825]-3.6
Lk 3.2 |78 2.051 0.322 | 2.33 | 2,85k | 0.2 | 0.1 0.6 | 2,002| 0.30 [0.138[1.25 2,731 | 0.52{0.118{1.33 | 0.25 | 0.2iik]-2.7
s k3 | 676 3.62( ak|1.57] 2,197 .3k|2.00 <9 | 2,302} K| .123|1.57 3,120 .70} J129|1.50 | .36 | .276]-3.7
16 6.2 |62.1 5. 2205 | 1,901 2, «iT|1.38 2.5 | 3,791} .60 [ .128{1.69 & 1.20( .L3|1.87 | .50 | .308]-k.
k7 T«2 | W63 9 «100 | L7k | 2,066 | &5 | L.89 kJdy | h,385| .97 | 237 k,802[ 2.5 6
k5 | 29 8.0 |k3 1048 J20L§1.62] 2,36k | 66( L.92 h.8 | L,678| L.02 | .277]2.38 5y 3.09| .197{1.27 ] .85 Jk] k.5
k9 9.7 |33.8 |15.96 LhT}2 .81 [ 2.38 6.h | 3,36k] 1.h7 | L126(2.39 " 3.75( .« 83 (1.2 | .705[-3.9
£o 6.8 |21.6 |17.82] US| .69 NAE 5.6 | 2,87 1.63 | 210 . 2,792 | 5.66| Mlo| .35 [1.36 | 2.257]-1.k
SL 12,0 §33.9 |19.52) .093|2.05( 2,936 .95]|2.m1 8.1 | 6,307 1.99 | .123|1.78 7,510 | E.99] 58| .98 [1.50 | .727[-k.3
52 T.5 |19.2 122,350 L1h8| J73| 878 .5k | 2. L. | 2,163] 1.87 | .178] .73 2,767 [ &.75] .hh8| .30 1.5k2(-1.0
53 1.2 {266 |48 . 1.58 | 2,240] .8 2.50 8.0 | k,523| 2.06 | .128[1.15 6,1% | 6.77] . «&5 |1.60 | 1.018{-3.5
Sh ks |67.6 3.80] 0.118 | 1.8 | 2,645 f 0.35 ] 0.70 0.5 | 3,h251 0.8 Jo. 134|172 | 3,486 | 0.78|0.117[1.80 0.35 | O.2k8|-k.3
3 7.5 | 52.9 8.05| .106|1.92( 2,861 .60f1.20 3.3 | k,289] .83 | .121]1.86 goor | 1.1 .1m5(16p | .65 | .336|-5.7
% | 3 8.6 |81 (210.08] .103]2.01|2,973| 7|1k 7 o531 | 2.0k | .132]1.87 | &, 202 anhi.n| &8 | .39-6.2
57 10.6 0 | .79| 105|1.88] 2,739 ;| 1ie2 6.2 | hyr| 1S 76k | 3.e! J2a5]1.38 |1la2 | - 12
58 12.2 | 33.6 |19.95] .099]|1.90] 2,84 | 1.03 | 2.06 83 | 5,235 L& | .18]1.76 . k79| -251|1.20 | 257
59 8.7 |20.3 |a3.28f 63| 08| 1,276 138 2.36 S.1 | 2,965) 2.1k | .293] .85 3,360 T.12 k0 |2.80 | L.35]-2.h
G, ~ 27.90
60 kS | Tk 3 0.103 | 0.65| 1,716 | 0.38 | 2.72 3.1 | 2,703| 0.29 |o.2k0f0. b,605 | o.93lo.211{0.73 [ 0.52 | 0.h968[-2.6
61 T.7 | 6&5.8 6.68] .09811.65| 3,287 kS k5 | 8,139] .68 | .116|a. n,220| 2.6 .215] . o8 | .63-2.8
62 8 8.1 [Lhhié6 |10.26] .096|1.h0| 2,725 .68 k.87 5k | 7,768] L.23 | .11611.29 | 10,870) S.k5] .308] .49 |1.13 956]~2.1
6 124 | 37.9 [18.06] .oM:|2.09{ L,007| .89]6. 8.5 y 2.37 1.50 | 17,002 12.06 gg g} g g; (c:;
& 12,k | 33.3 «005 1 1.99| 3,80 | .90f 6k8 a5 | 12,802) 2.82 | .105{1.68 | 17,399] k.20
0y = 36.07 )
5.6 | 72.5 k.55 0.122] 0.85| 2,213 | 0.0 | 3.33 2.k | §,632| 0.38 [o.2h7(0.80 | s,000 I.E u.mlo.sz 0.55 | 0.570{-2.0
&5 5.9 | 6&3.3 5.29| .107]{1.12f{2 56| 3.87 2.7 | 8,03k] &L | .2ko| .89 9,610 2. A8 | W76 | .6686]-2.5
61 s 7.1 3 9.92] J100| 99[ 2,588] .69 [AEE] Ldh | C1kS[ .76 | 9,105 | L5 o390 o3 [1.32 | L.2haf-1.k
9.8 | 368 [1k.85| .087|1.24] 3,029]| .75 s.h2 1.2 | 9,950| 2.02 | 131 .1 | 12,90] 9.27 b) [
12,1 | k1.7 216.2| .086{ 2.11 871 6. a1 ,309| 2.60 | .115{2.5% | 19,560 10.71, ig
70 LS {313 |20.li1] .091]| 238 3,512 .92]6.61 8.6 | 12,k57 | 2.8 | 3910 | 1,527 |23.0k] (B b

S7ull length, 12 feet.

biiose of the model becaze imversed prior to atximm draft.
Cho exit from watar. .
Yiverage of mix repeat Iapscts.
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TABLE IT.~ MAXTUTM PRESSURE AND INSTANTANECUS VEATTCAL-VELOGITY DATA
aage
rim] 7o, %o, 1 2 3 k s 6 7 8 9 10
Pt deg | do|e4/eno [ i z, i i P i i i
e1/50c| Fuax £t/aoc] PRax I /800 | Puax £4/380 Foex £4/s0c|Foax £t/5ec| Pomx £4/a0c|Tmax £t/sec| Fmax t/ouo| Pax £4/300] Puax
Gy = 19.15
ltokl 6| 90| o ————-——-————————_—.__—___....___.__.
s{o|s]a 1.5 {180 meem |omee} e |} 11,3 20,7 1.7 | 821 10.8 [21.0] 10.8 9.2 o8| 86| o e | 17} 603
[ 9| o 22| 38 = |}~ l——1 3466 3.h| 71| 32| 5L4] 32|58 2] 23] e [ | e [ aaee
1 01 0 85 | T} =omm Jomme| e | | B8 | 2.8 s.3)2h] k8|22 L.8) 6.8 Lot ) 5.9 o | | o e
81 8)9s] o Tk | 96 —— Jowes] = | 7.2 5.8 7.0/3.8}1 6.7 L3| 6.5 7.7] 6.k 945 | meem | | o [
9 0] 0 9:3 {19:2] —=== | o) —— |—eu | 9,3 113.6| 9.0 (20,6 | ~—— |—=| 8.0 |10.2] &2 158 | —— | —=| 7.6[21.%
20 0 0 12:1 1371 o= |wrsf == l— | 22,2 [1h.9| 11.7 |27.7 | 12.2 [18.k | 10.6 |2001 22,1 ] me foe | e |l
n 3.3k| 66.7 | 36| B = |—| 2,71 63) 2.7) 13| 2.7 |22.3 o8 }19.0| —mee |om—m | 1.1 ll.'r el erd Bd 1)
12 6.53] 67.6 | 7.6 139.8] 7.5 {11.8] 7.5 1.8 1.6 B3 7.1 159 6.5 [53.3] 5.6 |22.7 s.z 7] 65| 3.8} k] 6.8
23 7.99) 62.1 | 8.8 |52.0 8.6 |17.0] 8.9 [12.6 8.6 |22.L 8.1 |52, | 7.7 |59.0| 6.8 |23.5]) . 19.9| 6.8] 6.9 6.0[27.8
s P.18( 62,1 [ 10.1 |5k.5| 10.0 [12.0] 10.1 |17.7 | 10.0 |27.8] 9.6 |79.6| 9.3 ls.yf 8.613.5( 8.6)7.5] 9.2 5.3 7.713.0
15 | k [0.73 ;g.s 10.0 (6.2 9.9 |26.0/ 10.1 9.9 |25.6 9.6 168.5| 9.1 1| By |24.8| 0.5 [22.3 9.0| 3. 7.8/ 8
15 li.65] 3%.0 | 9.0 [25.8] B.9 [22.9] 9.0 j13.2| 9.0 {29, 8.6 |35.3| 8,2 3.7 |24.8] 7.8 [16.9 ~—1 7.0}u.
7 Uit 851 h3.9 | 11.2 (193] ——= |—1 2.3 {27.7 | 11.2 [28.7 | 20.9 [51.6 | 10.3 |T1.9 9.8 |39.9]| 9.8 %.a 10.1 1 k7! 9.2 |20.0
28 27.21 1 27.5 | B.5 1285.6] 8.h [22.2( Ok | 7.0 8.3 {13.6] 8.1 )3&.2( 7.7 |hhe3 Z.z .27 7.5725.0] 72| k3| 6.7 9.9
19 R7.80| 2h.9 | 8.0 [20.7] 7.9 {20.0 7.9 {20.5| 7.3 {3791 7.7 {384 | 7.3 hez -8 1228 6.9 (157 7.2 2.k €.3] 9.1
20 2.78) 79.h | 3.7 125.7| —m [—u] -~ — 1 3.3 29,8 | o — 10 —1ta —| 0 —1l 0 —-—lo
2 3.05] 73,0 | 347 {23.8)' — |—=] 3.6 (15.8] 3.3 (2800 | —— | — | —— | ¢ —1l0 —| a ——— -0
22 6.2ht 67,6 | Ta2 (k06| - [——| 7.1 |27.3| 7.0 [30.0] 5.7 |39.7] 3.8 )29.3] - |2 3.3 [17.7}) 1.6 8.6 ] —-
23 8.6 62k | 9.2 169.4) 9.0127.7] 9. {e2.k| 9.1 39.2 8.1 :29.6 | 6.5 030.0] 4.8 (24.7| 5.1 0| S.h}112.0) 2.3)| 9.6
(2} 10.29 €0.9 | 20,9 [57.7| 20,6 [2h2| 10.9 |62.6 | 10.8 |37.3| 9.8 [26.5 [ 8.6 |i2.9 | 6.8 |26.6 T139.8] 73] 09| he2[22.3
2 1120 55.6 | 10.8 [LB.5| 10.5 |2k.7) 10.8 {343 | — [T—=Z 9.8 39,9 | 8.8 k6,21 T 16,2 —mem || IZ|IZ 2T
| 8 13.58) b6.7 | 11.3 (62.2] 1.0 |21.8( 12.2 [24.3 | 11.2 [37.9( 2002 61 9.3 (k2.6 ; 18.8 | &2i32.6] A3 5.7 s.9| 8.6
26 ihe2St kb3 f 11.2 |62.2] 11,0 {26.2] 1141 {340} —e [o—— | 10.2 52.2 | 11.0 |1k.7 o0 20T [ rmem | | o [ | e | —
7 o88( k0.0 | 3202 IBhuyt e J—-] 12,0 20,7 | 11.9 |30.3( 1203 [39.3 | Zovk |33k | s 22.7| 9.2 288 ——~ ]| 7.7)lm.0
- 28 [17.60} 34.5 | 10,9 [k3.6| emem | ——] 10.9 [33.7 | —- |22 | 30i0 48.1 .7 |26, —_— e Ll Bl Lol S el JURSG
29 <08} 32.7 | 12.0 [56.2| 11,9 |27.87 12.0 [15.9 | 11.9 [32.1] 1.k |60.7 | 10.5 |36, 9.3 122,21 9.6 |30.4] 9.8|11.5] 8.2)11.3
30 20.{; o 9:5 [35.2] 9.5 118.7| 9.5 [16.9| 9.5 [28.2| 8.9 (25.k | 8.3 (20.61 7.k [Ti.8 7.5 (1841 7.7§ 8.2| 6.2] 5.2
a 2Bk [ 1140 155.5| === |—| 10.9 |29.1 | 10.5 |18.8] 10.3 |27.2 | ¢.5 |18i6 o7 |2.2)] 9.0(|225] ——=|-— ] 7.6]13.9
32 3.08 73.0 | 3.5 [20.8] momn [—nel 2.9 [33.9] 2.k [15.9] —— -0 —1lo0 -—10 -1 0 —l 0
gﬂ S.81] 61l | 6.2 o] =eee [——e| 5.8 33,2 6 [39.0] 3.0] 85| ~—1} 0 — | —— —— —l 0
12 [10.35] 51.0 | 9.1 132.5] ——— {usi %1 |29.5 8.9 [k3.3| 7.7 |26.2( 5.6(36.3] 2.1} 6.8 2.6 17l 27| 56| o0.k| 1.k
E.] «13] 431 | 115 o5| == |——-| 11.3 9| 1.2 139,51 9.9 | 8.3 8.k [37.1] 6.0 [12.6] 6.5|25.6] 6.6] 9.2 3.8 1.k
35 v62( 24e6 | 1208 1293} —om [e—e]| emem |en— | 11,5 [38.8 20.6 11.5] Sl oT] Te7 {2491 7.%[2h.7 8.0 9. 5.7 5.8
37 24,76 32.9 | 8.k o0| meee [~=—! 8.y [11.8] 8.5 [19.k| T7.8| 5.0 6.8 ]a8. N 3.8 6.1]13.2| é.2( 3 k.t ] 2.1
38 3151 80.0 | 3.9 JULf ——— || —em fon b 1,6 11691 —~— | © —ie nend bl el Eand it L B [
39 5.82| 62,1 | 6.2 [23.5] mmm foeme) e Jol LU0l ) = e | — | o | e e [ e e | e [
4o |4 110.58] 51.0 | 9.3 [26.7] ~=m= |~—~e]| 9.0 {38.0 8.9 A4 6.8]10.9 27 1203 | == e | e | | e e | e
Bl fke99! M3el | 1ok |28,8) —orm || = [Zee | 20,9 |4ko5 | 902 ) 809 6.7 |37 === | | e | | e e | e |
k2 16,72 6 ' 7e3 |12.6) — [—| 7.1 |17.6| 7.0[20.8] 61| 51| kes |27en| — |— | 2177 —] —l—
k3 20,32} 32.9 | 12,1 [28.2( === |=uem] 11,9 11,9,{35.2) 10.5] 9.3 P8 — [— | e [ [ | e e
Ioh 2.46) 735 | 249 |35, —— [muem| ——a | © —] 0 —] 0 —| 0 -—]0 -—1{0 -—1 0 -~ e
'3 3.62] 67,6 | 3.9 |36 ~—- [—— 1.5 |33.6 .9 136.9] ~—| 0 -0 -0 —1lo —] o0 —lo0
6 8661 62,1 | 641 [39.hy) —— | = 013851 h.8|hae| — | 0 -——10 e | e[ O =10 m——— 0
k7 9 bS.3 1 7.7 1276 —— |~—] 7.2130.3]| 720361 k1|22.8] ——] 0 —= | ——]e—| —] 0 —| e
b8 | op ROAB{ k3.5 | 7.8 (23u2] —— |—| 7.5 |250k | 7.k [28.1) kg 2007 | oo |oe | — o T [ —l 0
b9 15.96] 33.8 | 9.b |19.08 — |—1 8,5 |2h.6| 8.9 [30.2( To1[263) — | | — || T2 || = 0 -0
50 17,611 216 | 7.0 | 8.2] — (——| 6.623.8| 6.8116.5| sui|12.7| 3.7 he2| 3.1 2.4 32f207] — {0 —l o0
51 19.51( 33.9 | 12.0 | 25.0f —— |~—| 11.7 |32, | 11.6 [36.3 10.1 |31.1 Te5 (21aT] keS| 60l === |omw } momm ol ]
52 «38 29.2 [ 7.3 N2.0| —- |—| 711368 7.1{17.1]| 6.2 |07 | sie(m600] —= |20 2|0 T [ -0
53 <hB) 28,6 | 10.2 | 22.6| ——- [——| 10.6 |22.0| 10.6 28.9] 9.2263 | 7.1 (133 kes 17| == | e || === 0
gg 3.80] 67.6 | kal 13he2| emem [ e[ 0 | em | 0 —]0o | —1]o0o —|—| ——f——] =10 | —]| 0
ig.s 702 297 e | —=] 55 135.1] 5.5]36.1] —{ 0 -0 —_—f— | ] —] 0 —_] 0
56 | 30 PO.0B| L3.2 | 8.3 [26.5] e |o—| 7.3 [29.2] 7, (20.7] 18] 6.3 — |0 — ] —— =] —| 0O —1 0
57 1h.79] 400 | 1042 | 2348 ~mem [—=] 9,5 | 28,1, 9. 2703 651163 | == [rea | e [meem [ oo | e | e [ 10
58 19,951 33.6 | 12.1 ] 25,3} —eme | o= 20.5) 1.5 [28.5| 9.319.9] 5.5 [12.9] ~e=m foon | =[] —m ] g —1i0
59 23,28 2003 | 8.6 {20.5] e j——f 8.2 {1h.5| B.1{25.5| 6.8[ 2.9| 2.7 2| = |—==] =] 17| 5k] —-] 0
Gy = 27.90 .
60 23T( TLelt [ 1D | 2966| o | | e |~ 309 (35.3| 22207 = [——] — ] —— [ —— — | ——
61 6.60| 65.8 | 75 [ Bok| moom | o] e (= | |22 6i8 US| 8.5 [32.3] Leo A7 BeS5 | 33,8 woem |omme 2.2 [ 22,0
62 1 8 H0.26/ hieb [ 8.1 [3646) o | on]| ammm [——| 8.1[27.9] 7.6 {228 Ted (30| 6e) |2kl | 6.2} 275| - || L. 9u9
63 206) 37,9 | 12.k | 50e]| emem [ ——f e [ ——~ | 22,1 _21.‘ 106 | 25,0 | 1a2 129.7| 10.5 |3.9] 10.6 [ 3.8] ~—e |oev 3.2 5.3
& 20.4%) 3303 | 125 | 5005| ~eom | —ene| e [ ] 12.3 |27, 10,9502 .k 7 k.6 38| — | — 6§ 23.7
c; = 36.07
&5 boSS| 72,8 | Lek (23l e || o feen | L1 [33.3] 3.2{ 282 1.8]36.7] — [— L7[16.2] ——] 0 —=l0
66 5.29( 63.3 [ 6.0 {36y e | ) e ] 5.7 2h.7| 5.3|27.7{ L.k 30.8] 3.3 |17 2.6132,0| ~— [—] 1,910
67 | g ) 992 W3 | 7.7 (37.00 ——{——f == |——-] 7.8|16.5| 7.6{20.1] 6.8 22| 6.1 [23.21 6.2)30.6f —— |o—/| 5,2[11.6
68 14,85 36.8 96 | 38,6 aree | oornf e || 9k [ 29.0) 9., 30.7 9.0 |17.6 8.0 « 3 [ A1ed] === |=—=]| T.3] &.
69 16241 117 | 1200 (492} e | emo| ——m | —] 1200 |37.2[ 21.531.8| 1005 |22.3] 1001 |36.2 10.1 | k10| === [ | 9.0 |26,
70 20.b1} 3203 | Loy lheQ e | =l = | — ) 21,3 2608 30.939:6 | 0.7 s}l 9. WT| 9682 e[| 9] 82

%avarage of six repeat impacts,
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Figure 1.- Cross section of inverted-V model.
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Figure 2.- Inverted-V model mounted on carriage in Langley impact basin.
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Figure 3.- Locations of pressure gages in bottom of inverted-V model having -20° angle of dead
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