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By Margaret F. Steiner and Robert W. Miller
SUMMARY

An investigetion was conducted in the Langley impact basin of
the water loads on a half scale model of the XJL-1 hull whose fore-
body has & vee bottom with exeggerated chine flare.

The impact loads, moments, and pressures were determined for e
range of lending conditions. A normal full-scale landing speed of
86 miles per hour wes represented with effective flight paths renging
from 0.6° to 11.6°. ILandings were made with both fixed trim and
free-to-trim mounting of the float over a trim range of -15o to 12
into smooth water and into waves having equivalent full-scale length
of 120 feet and heights ranging from 1 to 4 feet.

All deta and results presented in this report are given in terms
of equivalent full-scale values. Summary tables and illustrative
rlots are used in presenting the material,

The following maximum values of load and pressure are those which
are apropos for effective flight paths less than 6.5°, which was the
meximm value obtained in tests with the XJL-1 hull model representing
full-scale landings with vertical velocity of 4.5 feet per second into
L-foot waves:

The maximum local pressure on the flat portion of the bottom is
130 pounds per square inch which wes measured on a 2-inch-diemeter
circular area near the step. The maximum local pressurc obtained in
the curved area near the chines is 200 pounds per squere inch. This




e NACA RM No. L6103

pregsure vas also measured near the step, At points toward the dbow
maximum locel pressures are less than those occurring near the step.
There is algo & decrsase in pressure magnitude from the keel toward
the chine on the flat portions of the bottom.

The average distributed pressures on large areas of flat plating
comprising one-third of the semiforebody bottom are about four-tenths
of the maximum local pressure obtained in the same area. Average
pressures on plating intermediate in size between the 2-inch-diameter
circular areas and one-third the area of the semiforebody bottom are
approximately estimated by straight line interpolation between the
maximum local pressure in the small area and the average distributed
pressure on the large arca embracing the considered region.

The meximum vertical load factor is 6.4g which was obteined in a
landing involving the ster region. The maximum horizontal loed factor
of 3.6g and the meximum rotational ecceleration of 12,6 radians per
second per gecond were obtained in landings involving the pulled-up
bow region.

It was observed that an increese in wave height and also an
immersion of the reversed chine resulted in en increase in over-all
water load; whereas fresdom-in-trim during an impact resulted in a
glight alleviation of local loads, perticularly in bow-first landings,
es compared to loads obtained with fixed trim of the float.

INTRODUCTION

Considerable interest is exhibited by designers in the
magnitude and distribution of water loads which are imposed on hull
bottoms during landings. In the past, the Langley impact basin hes
done extensive work in determining the over-all loads on a gtendard
vee-bottom float over a range of flight paths. The tests have all
been made in smooth water with the float held at a fixsd trim
throughout an impact.

At the resquest of the Bureau of Aeronautics, Navy Department,
in a letter dated March 27, 1945, Aer-E-2422-TFK, an investigation
hes been conducted of the weter loads on the XJL-1 float, whose
forebody has & vee-bottom with exaggerated chine flare. The purpose
of the investigetion was to determine the maximum pressures, over-all
loeds, and moments which were imposed upon the float during water
impacts.

The XJL-1 airplane is & sea-rescue emphibian which is expected
to operate in comparatively severe seaway conditions. Beeause ef this
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gome of the imvacts of the float model on smooth water were made at
hizh flight paths to simulate landings on the steep slope of a wave.
In addition, landings of the model were made at normal flight paths
into waves.

Part of the impacts were made with the float mounted free to trim
to provide load data under conditions as closely representative of
actual landings as possible.

The results obtained from these tests provide specific load data
for the XJL-1 float and provide a rough evaluation of the effect of
wvave height and freedom of trim upon impact loads,

APPARATUS AND INSTRUMENTATION

(A11 dimensions cited in this section pertain to the model tests.)

The half-scale model of the XJL-1 hull used in the tests was of
all-metal construction. The structural members in the float bottom
vere the same size as those used in the full-scale airplane and were
therefore considerably overstrength. The vee portion of the bottom
had en angle of dead rise of 20° except in the pulled-up bow region,
end the forebody was characterized by exaggerated chine flare which
extended from the step to the pulled-up bow.

The full-scale XJL-1 hull lines are presented in figure 1 and two
vhotograrhs of the model are shown in figure 2. Other pertinent
informetion concerning the XJL-1 hull and the half-scale model is
given in table I.

The standard apparetus of the impasct basin described in deteil
in reference 1 wes used during the tests., It consists principally of
& catapult, a launching carriege to which the float is attached during
each run, and an arresting gear. In addition to the apparatus therecin
described, the present test incorporated the use of a wavemeker which
consigts of & reciprocating flapper driven by en aircraft engine
through a gear train and crank. The generated waves progressed at a
velocity of approximately 15 feet per second in a direction opposite
to that of the model.

The float model was attached to the carriage at three points
during the fixed trim tests. The two main front support points were
on & transverse line through the location of the center of gravity of
the airplane and 9 inches above the center of gravity of the float.
The third support point was located ebout 20 inches aft of the main
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gupports end was fixed by a link of such length as to provide a given
trim dvring a rua, Wire strain gages were mounted on this lini during
geveral of the fixed-trim runs in order to measure pitching momsnt.

The float was supported at the two main front points during
free-to-trim tests. It was held at a fixed trim prior to contact by
means of a locking mechanism., After contact it was free to rotate
ahout the transverse line through the center of gravity of the airplane
over a trim range of -6.5° and 22.5°. Beyond those limits the float
was restrained in angular displacement by two shock struts which were
atteched 60 inches fore and aft of the main pivots as shown in figure 3. '
The buffer action extended the trim renge 5° in each direction
before a stop was reached.

A dynamometer or load-measuring truss was installed between the
float and the carriage support points in free-to-trim tests as shown
in figure 4. This truss was a tubular structure with vertical,
‘horizontal and trensverse members oriented so that they were subject
to the respective force reactions at the support points, Wire strain
. gages were mounted on the tubes and each installation was enclosed
within metal bellows which were hermetically sealed and which contained !
& dehydrating agent to eliminate excessive moisture. o

Two strain-gage accelerometers of the same type of construction
were slectrically connected to obtain angular acceleration directly. !
These accelerometers were located on a longitudinal line passing
through the main transverse axis of rotation and at a distance of 6 ‘
feet fore and aft of the pivots. Eech accelerometer had a natursl
vane frequency of 10 cycles per second.

A standard NACA three-component accelerometer was used to obtain
the vertical component of over-all load of the float., It had a natural
vane frequency of 21 cycles per second and a critical demping of 0.8.

A gimilar accelerometer was used to measure horizontal acceleration
of the carriage and float from which the horizontal component of the
over-all load was computed. It had a vane frequency of 13 cycles per
gecond. '

The instruments used to measure horizontal and vertical dis-
placoment and horizontal and vertical velocity were the same standard
instruments described in reference 1.

A control-position trensmitter was adapted to the basgin equipment
to measure angular displacement as shown in figure 5.
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Sixteen induction-type electrical presgsure gages were used to
neesure water pregsure on the bottom. Their locations are indicated
in figure 6 and specificd in table II. A photograph of several of the
gages in plece in the hull bottom is given in figure 7. The measuring
diophragnm of each gage was 1 inch in diameter and had a natural
freguency of 500 cycles per second. It reacted linearly over & range
of 0 to 80 pounds per square inch.

An electrical wove meter was located on the gide of the tank to
obtain approximate wave profiles. It consists of 2 number of
clectrical contacts spaced at 1~ inch intervals on a verticelly
mounted stecl tube. The wetting of successive points with the rise
and fall of the water line with time was indicated on o record so
thet an incremental time history of the vertical digplacement of the
veve wes provided.

TEST PROCEDURE

The total model weight ranged from 1680 to 1800 pounds which
corresponds to a gross weight of the full-size airplene of 13,440
to 14,400 pounds, The mass of the model wos distributed so that the
gceled pitching moment of inertia of the airplene was maintained
during free-to-trim tests.

During thc immersion process, the weight of the model was counter-
balanced by a 1lift engine so that a wing 1lift of lg was simulsted
throughout the impacts.

The test conditions which were investigeted are given in teble ITI.
The renge of the effective trims which was covered was from -15° to 12°
and the range of Fflight paths which wes covered was from 0.6° to 6.4°
with a forward speed corresponding to a full-scale landing speed of
86 miles per hour. Two runs were mode at & forward speed lower than
the scele speed in order to obtain flight paths of 11.2° and 11.6°,
These runs were madc at fixed trims of -3° and 0° and simulated
lendings on the flank of a wave at normal flight path. The gencrated
waves uged in all but one run of the rough-water teosts were
ropresentative of full-scale waves 120 feet 1n length end approximately
one to 4 feet in height.

The generel test procedurc, as described in detail in reference 1,
congists of plocing the launching cerriage bearing the test float in
Tiring pesition, catapulting the carriage, tripping the dropping weight
mechanism so that the float falls freely to contact the water =t a
given velocity. The impact tekes place, and finally, the carriage is
errssted.
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The tests were divided into two main parts. The first portion
consisted of runs made with fixed trim mounting of the float into
both smooth water and waves. The second portion congisted of runs
made with free-to-trim mounting of the float into both smooth water
and weves.

PRECISION OF DATA

All data obtained during the model tests have been converted to
arply to the full-size airplane., The magnitudes of the different
vaeriables are considered accurate within the following limits:

Vertical digplacement, INChed « . . » s s s o « s o o o s o o » £0,5
Horizontal velocity, feet per second . . + « ¢ ¢« ¢ o ¢ &+ o « » *0.5
Vertical velocity, feet per B8eCONd .. « ¢ ¢ ¢« o + » ¢ o o« » o £0,2
Vertical and horizontel acceleration, ratio of measured
acceleration to acceleration of gravity . . « ¢ ¢ ¢ ¢ o « » £0.3
Resultant force, pounds . s+ 4 s ¢ « « 5 ¢« # s » ¢ 5 s & & o & $£2000
Angular displacement, degree8 » « ¢ ¢« o ¢ ¢ o o o s 0 0 o o o o X0,5
Angnler acceleration, radians per second per second . . . . G b )
Pressure, pounds per square I0CH . . ¢ ¢ ¢ « ¢ ¢ o o ¢ o & . £2.0
Wave holghty, $e6t « o o 5'd s 4 « ¢ # 9 #8 s ¢ o s o8 & s o oF0DL

TABLES OF SYMBOLS

v velocity, feet per sccond
F hydrodynamic load, pounds
7 flight path, degrees
i trim, angle between float forsbody kecel and reference (horizontal
unless otherwise stated), degrees
- B engle of dead rise, degrees

o] masgs density of weter, 1.972 slugs per foot3

'ny impact load factor, multiples of gravity

1) angle of line of action of F, with respect to the vertical, degrees

d  verticel displacement, inches
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I, ©pitching moment of inertia of airplane around airplane center of
: o 2
gravity, 19,410 slug feet
1 arm of F, respect to airplane center of gravity, feet

% horizontal distence of point of application of F to airplane
center of gravity, feet (determined grephicelly from data)

2 water pressure, pounds per square inch

& anguler acceleration, radiens per second2

M pitching moment around transverse axis through airplane center
of gravity (M = Ioac = F1 + moment due to float c.g. being
offset from airplane c.g.), pound feet

e vave incline (at point of contact) to horizontal, degrees

(vnderlined values ere maximum)

Subscripts:

v in vertical direction

h in horizontal direction

e effective, referring to plane of water surface (Vg is normal

to water surface)
ny normal to keel at step
¢ time of contact

k referring to keel line at step
PRESENTATION OF RESULTS

The results of the tests are presented in the form of tables and
illustrative plots. They should be considered to apply directly to
the specified test conditions. All results have been converted to
ayply to the full-scale airplane landing at a horizontal velocity of
86 miles per hour. The conversion factors used for the different
variables are listed in table I.
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Maximm local pressures for all of the wetted pressure gage
stations in each run ars presented in tabvle IV, An envelope oi these
maximum values obtained during the tests is presented in figure 8(a).

Time histories of the pressures which were measured by several
of the pressure instruments on the forebody during four typical smooth
wvater rune with fixity of trim are presented in figures 9 through 12,
Thess time histories have been used in constructing three-dimensionzl
vlots of pressure distributions at different depths of immersion for
the seme typicel impects, and these distributions are presented in
ficures 13 through 16, The afterbody wes not included since it usually
lies in the weke left by the forebody and receives little or none of
the over-all water loads,

Inasmuch as the limited number of pressure instruments were widely
peattered, interpolation and extrapolation of date was required dbetween
the measured values and beyond them to obtain a pleusible pressure
distribution over the entire wetted arsa of ecach considered impect.
Thig was accomplished by esguming that the pressure distribution in a
trensverse line and in & longitudinal line maintaing the same general
ghepe on the flat portion of the bottom with change in time or depth
of immersion during any particular impact, Also usc wag made of the
fact that the water-line pressurcs decrease with immersion pro-
portionally as the square of the decreasing velocity of the water
normal to the keel.

Gages 4 and 5 and gages 10 and 11 (see fig. 6) are symmetrically
gpaced and in the absence of pressure results from one, pressures on
the symmetrical gege are substituted.

The maximum horizontal and verticel impact load factors which
were obtained arc presented in table V. The maximum resultant loads
and angular accelerations vhich were obtained are given in table VI.
The pitching moment as listed is the product of the measured angular
acceleration and the pitching moment of inertia of the airplane,
19,410 slug feet sguered.

Time histories of trim, engular acceleration, resultant force
with its horizontal and vertical components for the ten heaviest
impacts with freedom in trim, are given in figurcs 17 and 18.
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DISCUSSION OF RESULTS

Water Pressurecs

The water pressures which were investigated fall into two general
clussifications. The first type is the local pressure such as was
sustained on the small circular areca of the pressure gege diaphragm.
The second type mey be called an average distributed pressure. This
is defined as the total water load imposed on an area, such as between
bulkheads, divided by the areca to give an average pressure which is
considered to be evenly distributed over the arca. The latter type is
the one most pertinent to bottom plating design since the locel
pregsures are directly applicable only to areas of ebout § square
inches.

Local pressures.- The envelope of the maximum measured local
pressures presented in figure 8(a) is based on the results given in
table IV and covers all of the test conditions. In using it to define
the recommended local pressures for hull design certain alterations
are in order,

For instance, the local pressures that were obteined near the
keel in the step region are recommended for use from the step to the
bow region., This is advisable because in landings in waves it is
possible to obtain initial impacts anywhere along the forebody keel.
In this case the velocities of the impinging weter normal to the keel
and, therefore the local pressures anywhere elong the forebody keel,
mey be ag great as that which exists in the step region.

Furthermore, it is apparent that & reduction in the pressures
shown in figure 8(a) on the chine areca of the forward half of the
forebody is permissible. This is obvious from the free-to-trim
regults which do not render as high values in this region as those
obtained in fixed-trim tests. Apparently, the hydrodynamic moment
which arises in & bow lending results in an increase in trim so that
the forward chine area is never heavily loaded.

This alleviation in local pressures due to freedom in trim does
not extend to the keel region, for the bow pressures obtained in the
fixed-trim tests in that region were equaled or exceeded in free-to-
trim runs in which the bow entered the flank of e wave. Tmpact 2 is
an example, in which a sustained local pressure of 72 pounds per
square inch was indicated on the extreme bow gage number 16. During
impact 1, which was also & bow impact, no pressure record was
available but the overstrength keel at the bow was noticeably dented.
No such failure occurred in any other impact so that pressures

~
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grecater than any of the recorded pressures in the bow region are
implied. Therefore, the bow pressurecs which were obtained near the
keel in fixcd-trim tests on gages numbers 14 end 15 which are

ad jacent to the extreme bow gage are recommended as being valid for
design purposes.

In accordance with these observations, figure 8(a) is altcred to
provide an envelope of recommended local pressures. These so-callcd

" recommended dosign pressures, which are presentad in figure 8(b) may

be considered as the maximum local pressures which are likely to occur
in the operating conditions of seaway, trim, and flight path covered
by these tests.

Average pressurcs.- The everage distributed pressures which are
ultimatcly sought for design purposes are thosc valucs which should
be applied to any stringer or scction of plating to provide the meximum
lced to which the structure should be designed. The principal losded
region which 18 of interest is the flat vee portion of the forebody

bottom.

One means of detormining these average distributed pressures for
any desired areca is to esteblish the relationship between the average
distributed pressurcs which occur on the wetted arce et time of maximum
force in en impact, to the maximum local pressures which werc registered
dvring the impact on the portion of the flat plate being considered.

Four impects having trims of -3°, 0°, 7°, and 10° are studied in
deteil es typical exemples showing the growth of wetted ares and the
change in the water loading distribution on the bottom during en impact.

The interpolaticns and extrapolations which were made in forming
the three-dimensional plots, given in figures 13 through 16, are
Justified by comparing the integrated pressurecs with the meesured
over-2ll loadg,at the time of meximum force, as noted on the plots.
The agreement was found to be satisfactory.

These plots are used in estimating the average distributed pressure
on the wetted part of the flat portion of the bottom &t the time of
meximm over-all load, The affected areas and the computed average
distributed pressures for the gemiforebody are ligted in teble VII.

It was found that the average distributed pressure at time of maximum
force was about four-tenths of the maximum local pressure which we.s
obtained on the flat portion of the bottom during impact.

Using this relationship, figure 8(b) is then used to estimate the
approximate design valuc of average distributed pressure which should
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te applied to any arca of bottom plating intermediate in size between
the smoll circular area and the larger areas which are loaded at time
of maximum force in an impact.

The area of flat plate which is loaded at the time of meximum
force 1s generally about one-third of the total of the forcbody flat
plate area or about 1500 square inches on the semlforebody. This is
arbitrerily teken as the mean wetted aree on the semlforebody to which
the average distributed pressures, which are four-tenths of the maximum
local pressure in that wetted region, apply.

If it is desired to find the recommended design value of the
average digtributed pressurs on a particuler section of flat plating,
the maximum local design pressure for that aree is obtained from
figure 8(b) and it applies to an arca of epproximately 3 square
inches (the area of the pressure-gage diaphregm). The average
digtributed pressure for a 1500 squere inch area in which the considered
flat plating is centrally located is computed by taking four-tcnths of
the maximum local pressure in the lerger region. A linear interpolation
is then made to obtain the average distributed pressure on eny arce
intermediate in size between the 3 and 1500-sguare~inch arsas; &and
an extrapolation is made for an ereca greater than 1500 squarc inches.

For example, if it is required to specify the average distributed
oressure on an arbitrary area such as that cross-hatched in figure 8(B)
the suggested procedure is fcllowed. The maximum local delign pressure
in this area is 80 pounds per square inch (which applies to 3
square inches of plating). The maximum local design pressure in the
1500 square inches within which the prescribed area lies is 130 pounds
per square inch. Therefore the average distributed design pressure is
40 percent of 130, or 52 pounds per square inch. The area of plating
with which we are concermed is 640 square inches and the corresponding
interpolated average distributed pressure is 68 pounds per squere inch.

The procedure may be varied slightly when using figure 8(b) to
determine the average distributed pressure on longitudinal strips.
Instead of interpolating in terms of areas, the interpolation may be
made on the basis of wetted widths. The reason for this is that the
cited figure was evolved from measured local pressures on three
longitudinal rows of pressure gages, each row lying on a strip of
plating 2 inches in width.

For example, it is desired to specify the avcrage distributed
pressure for the design of an 8-inch strip adjacent to the keel
and extending from the bow to the step. The design pressure for the
2 -inch strip adjacent to the keel is the average of the local
pressures presented in figure 8(b) or 120 pounds per square inch,
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The design value of average distributed pressure on a T-inch strip
ad jacent to the keel with an area of 1500 square inches is agein
52 pounds per square inch. Therefore the extranclated average
distributed pressure for the design of the eight-inch strip is

35 pounds per square inch. If the extrapolation is made on the
basis of areas, as in the Tirst example, a slightly higher wvalue,
of L1 pounds per square inch, is obtained.

This suggested procedure of interpolation or extrepolation
tween or bteyond local pressures and average distributed pressures
provides only a rough approximation of the desired design pressures
on an area, The preferable method of determining panel loads would
Lo to insert measuring panels of various sizes in different locations
so as to measure the loads directly over a range of test conditions.
In the absence of such instrumentation, the local pressures measured
by the pressure geges have been interpretsd ag discussed in an effort
to preovide an approximation of the loads which should be applied to
different portions of the XJL-1 hull bottom.

The afterbody is not considered in detail because it usually
lies in the forebody wake and therefore is not subjected to very great

. loads. The average distributed pressure on the afterbody may be

assumed to be cne-half of the afterbody meximum local pressure, for
congervative design.

Over-&l1ll Toads

The load factors which are presented in table V specify the
magnitude of the inertia load which must be considered in the design
of concentreted weight supports, such as engine mount, pilot's seat,
attachments, etc, end are pertinent in over-all hull design,

The maximum verticel load fuCtOT was 18.9g which was obteined in
a run with flxed effective trim of 0° end with an effective flight
path of 11.5°. The impact simulated the flat contact of the float
against the flank of a wave.

The maximum horizontal load factor wes 6.8g which was obtained
in a run with fixed effective trim of negetive 30 and an effective
flight path of 11.3°, The impact simuleted e bow impact \against the
Tlank of a wave,

Both of these runs appear to be represontative of full-scale
lendings into waves if in such landings the peak load is reached before
the trim chenges appreciably. However, the date from this test are
too limited to verify or disprove this postulatec.
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The applicability of the loads for design purposes also depends
upon the probability of effective flight paths of about 11° being
roeched in landings in waves. In examining table V, it is seen that
no flight paths of greater than 6.5° were reached in forebody impacts
in waves with freedom of trim of the float model, Therefore, this
flight path is teken as the upper limit likely to be reached in the
specified seaway conditions.

The meximum verticel load factor obtained in this scope of
flight paths wes 6.4g which was obtained in en impact involving the
stcp region. The maximum horizontal load factor was 3.6g which was
obtained in a bow impact in h-foot waves.

In landings in higher waves or in hard impacts with lower
horizontal velocity (such as those following a bounce), higher flight
paths would be reached and the higher loads reached in the fixed trim
runs might well be equaled., On the other hand, since the resultant
velocity is less, the pesk loads would be accordingly less.

Therefore, for the parts of the test most representative of the
actual lending condition (with the airplane free-to-trim in impacts
in 4-foot waves), the lower values obtained at flight paths less than
6.5° may be teken as the maximum design values. The higher values
obteined at higher #light paths may be used for more severe lending
conditions such as are represented in impacts 4, 9, 1k, and 15.

The meximum pitching acceleration was 12.6 rediens per second
per second, which was obtained in a bow impact, while the maximum
diving acceleration wes 8.5 radiens per second ner second, which
was obtained in an afterbody impact.

The values of anguler acceleration end vertical and horizontal
load factor may be coupled disregarding phase relationship for a
conscrvative design of different structural components. The appropriate
values of effective trim which are given in table V may be used to
convert the horizontal and verticel components of load (given in
tables V end VI) to drag and normnl components.

By studying the time histories of trim, engular accelerationy, and
locd, given in figures 17 and 18, the phase relationship between the
geveral measurcd quantities may be estimated., For instance, it is
evident that the maximum vertical load factors do not accompany the
maximum horizontal load factors. Also, the maximum angulaer acceleration
vsually lags the meximum vertical force.
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Comparison of Experimental

Results with Impact Load Theory

It is of interest to note whether the pressures and loads vary
in & memner dofined by current impact theory. If approximate agrecment
exigts the pressures or loads for conditions other than those inves-
tigated mey be computed in the menner described in references 2 and 3.

Wawner deduced an equation for the maximum local pressures on vee-
bottom floats, in terms of initial volocity, as given in reference 2,
formula (6). This formula has been altered for use of instantancous
velocities to eliminate any question as to the accuracy of the formula
when initial velocities are used, as discussed in the reference. The
modified equation ig

. B

) o/

P = ———T - cot B! 1)
2 x 14k k é/ (

Impacts which involved principally the prismatic section of the
forebody are used in the comperison which is presented in figure 19,
It is found that experimental maximum local pressures on the flat
rortion of tho bottom approximetely agree with those computed using
eguation (1) and hence this equation may be used to dotermine maximum
local pressures.

Maximum load factors are defined in reference 3. In figure 2 of
this reference a load-factor coefficient is plotted against flight
path., Substitution is made for weight, trim, dead rise, and velocity
and the appropricte load factor is obtained from the load-factor
coefficient for the different flight paths. The dcfined velues are
computed on the basis that no chine curvature exists and a comparison
of defined and experimental loads 1s presgented in figure 20.

The measured loads are found to average about 50 percent greater
then the theoretical loads. This is because the moximum measured loads
occurred efter chine immersion. However, in vicwing the generacl trend
of the load variation with flight path as given in figure 20, the
rolationship defined in reference 3 is observed to be approximately
followed.

Loads for impacts with chine immersion having different flight
paths, trims, or velocities from the ones investigoted may be computed
by using the proper values in figure 2 of reference 3. Since the loads
on the XJL-1 were 50 percent greater that the theoretical loads this
ratio should then be applied to obtain the desired loed factors.
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Loads in impacts in which the chines of the XJL-l are not immersed
2y be taken as approximately the same as those defined in figure 2 of
refsrence 3 for vee bottom floats with angle of dead rise approxi-
zating 22%9.

Comparigson of Results for Smooth Water and Rough Water

Since much of the date was obtained from runs made with high
flight path into smooth water for simulating contact on the flank of
a wave, it is desirable to compare these runs with corresponding
impacts in waves.

A comparison of maximum local pregsures and load factors for
several runs having comparable effective trims and effective velocities
of penetration at time of contact is presented in table VIII.

In examining the pressures on the gage which was wetted Just
after. contact of the hull (gage 15 in impacts 7 and 8, gage 3 in other
impacts) it is observed that the pressures were approximately the
same in corresponding runs made in smooth water and in waves. As the
float penetrated deeper the corresponding pressures on the other gages
were in fair agreement except in impacts 26 and 41 in which case the
recorded chine pressures are considerably different. This lack of
agreement ig attributed to differences in locel velocities at the
time the chine gages were wetted.

The impacte in table VIII also have comparable wetted areas at
time of maximum immersion. However, in impacts such as 14 and 15 (see
teble IV) where the wetted areas are appreciably different at time of
meximum immersion, poor agreement is evident between pressures on
corresponding gages.

A sketch showing several rough-water impacts having the same
flight variasbles at contact but having different wetted areas at time
of meximum immersion is presented in figure 21. Ag indicated here the
later stages of the impact would be expected to be considerably
different because of the variations in local velocities.

The overall loads in smooth water and in the corresponding rough
water runs are found, by table VIII, to be in good agreement, in cases
where the wetted arcas are approximetely the same.

Therefore, it is apparent that onec of the principal factors

entering the load picture with the introduction of waves is the area
involved.
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Effect of Wave Height and Wave Length

Over the range of wave heights used in the tests there is a
lefinite increcse in resultant load with increased wave height, as
!s cvident in impacts 33, 30, and 21, and in 6, 8, end 3. Also, as
observed in free-to-trim tests (impacts 1l and 11 for example) , the
donger of severe how impacts aroge in lendings 1n waves.

The data erc not adequate to establish the effect of the wave
hoight to wave length ratio upon weter loeds.

Effect of Freedom in Trim

Since part of the data was obtained from fixed trim tests it 1is
important to determine their applicability to actual landings with
freedom in trim.

Thig is done by comparing data from fixed-trim runs with data
from free-to-trim runs having approximately the same test variables.
This comparison is presented in table IX.

It is found that the over-all load factors and local pressures
are in good agrecment except for the pressure in the chine region
near the step (gages 4, 6, and 7). As previously mentioned (in the
discussion of local pressure), the results from frce-to-trim tests
Justified the selection of recommended design values of pregsure on

" the forwerd portion of the chine strip below those obtained in fixed

trim tests.

The diacrepancy in chine pressures near the step as shown in

teble IX are compengated for by two free-to-trim runs (runs L41 and 18)

in which high pressures were registered in this region comparable to
the fixed trim results.

No obvious effect of rotational velocity superimposed upon the
center-of-gravity velocity is apparent in the measured water loads.
However, to accurately establish any effect would require a careful
comparison of the time histories of 2ll variables end this is not
Justified in an experimental investigation of meximum water loads
guch as the presecnt test.
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Effect of Reversed Chines

The comparison of experimental load factors with corresponding
theoretical values given in figure 20 is a clear indication of the
increage in load caused by chine immersion which accompanies heavy
impacts.

The effect of chine immersion upon local pressures on the flat
vee portion of the forebody bottom is shown in table IV. In
cars 7, b, 19, 23, 24 29, and 49, the local pressure on the flat
plate near the chine (gage 4 or 5) was greater than the local pressure
near the keel (gage 3).

For a standard vee-bottom flcat with no chine flare the velocity
of penetration decreases with increasing immersion and the local
pressures at the water line decrease accordingly.

The reason for the higher pressures on the plating near the chine
of the XJL-1 hull is demonstrated in figures 9 and 10. Gages 5 and 11,
which are located adjecent to the curved chine, and gages 3, 9, and 1h,
vhich are located along the keel, register two distinct peaks, which
are labeled (1) and (2) on the plots. The first occurs as the weter
line passes over the gage and the second occurs a brief period of time
after the chine gage at the same station, gage 6 or 12, registers a
peak.

On gages 5 and 11, the second peak is higher than the first peek
and in figure 9, the second peak on gage 5 even exceeds the maximum
pressure occurring on gage 2, while in figure 10 the second peak on
gage 11 exceeds the meximum pressure on gage 9. Apparently this wes
the case in the cited impacts in which the pressure on the flat plate
necar the chine exceeded that near the keel.

The second peaks are attributed to the effect of a shock wave
induced by high local pressurcs in the reversed chine pocket which
affects the bottom area aft of the water line and toward the kecl.

In runs in which a change in trim takes place during the irmersion
procecesg the effect of the shock wave is considerably reduced, though
not eliminated.
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SUMMARY OF RESULTS

The recommended maximum load and pressure results which are
summerized here are epropos for the mogt severe condition in which
the XJL-1 hull is expected to operate, These scvere operating
conditions are, specifically, those encountered with the airplane
landing at a forward speed of 86 miles per hour and a vertical
velocity of 4.5 feet per second into waves % feet in height
and 120 feet in length,

In the free-to-trim model tests which mogt closely represented
these specific conditions, with an effective trim renge of -15° to 129,
the maximm effective flight path was 6.5° and the corresponding
mayimum full-scale velocity of penetration ia 16.6 feet per second.
These valuecs are the limits for which the following results apply:

1. The maximum local pressures on the flat portion of the hull
fig. 8(b)) vary from 130 pounds per square inch at the keel near the
gtep to about 70 pounds per square inch at the kcel near the bow.
The maximum local pregsures decrease in a transverse direction to
about 90 pounds per square inch adjacent to the curved chine in the
step region and to about 60 pounds per square inch at the forward
gtetion near the chine where the prismatic section ends.

2. The maximum locel pressures in the curved strip at the chine
vary from 200 pounds per soware inch near the step to 10 pounds per
square inch in the forward half of the forcbody (fig. S(b)).

3. The meximum local pressures on the afterbody very from small
pogitive and negative values on the forward part to a positive
30 pounds per square inch near the stern (fig. 8(b)).

L, The maximum vertical load factor is 6.4kg, which was obtained
in an impact involving the step region. The maximum horizontal load
factor is 3.63, which was obtained in a bow impact,

5. The maximum pitching acceleration is 12.6 radians per second

per second while the maximum diving acceleration ig 8 radians per
second per second.

CONCLUDING REMARKS

The specific test results presented in the report as interpreted
in the discussion of results also provide certain qualitative
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information regarding loads and pressures. These cualitative
observations are applicable to the XJL-1 hull over the range of test
conditions covered, and are as follows:

1. The maximum local pressures on the flat vee portion of the
hull bottom are approximetely in agreement with theorstical values
obtained by using Wagner's formula, given in reference 2, altered to
apply to instentaneous velocities.

2. The average distributed pressures on areas comprising one-
third of the semiforebody flat plating are about 4O percent of the
maximum local pressures in the same region., The average distributed
pressure on any given area of flat plating may be obtained by linear
interpolation or extrapolation between or beyond the maximum local
rressure in the area and the average distributed pressure on the
larger arca (equal to one-third of the semiforebody flat plating)
within which the considered area is centrally located.

3. The maximum loads are found to occur after chine immersion
and exceed by 50 percent those obtained with a stendard vee-bottom
float for the seme test condition, as presented in reference 3.

%4, It is observed that chenge in trim during an impact hes
little effect on peak load although slight local load alleviation is
apparent in bow landings with freedom of trim as compared to the
similar impacts in which the trim is fixed throughout the impact.

5. It is also found that an increase in wave height results in
an increase in load factor.
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TABIE I
XJL-1 FLOAT DATA
Scale
Full Model
Beam at main step, in. 76 38
Angle between forebody keel and bese line, deg. o® o
Angle between afterbody keel and base line, deg. (oD T.5
Angle of dead rise at step, deg. 20.0 20.0
Height of main step at centroid, in. 7.06 353
Center of gravity forward of centroid of mein step, in. 27.33 13.66
Center of gravity forward of point of main step, in. 51.32 25.66
Center of gravity above base line, in. 72.78 36.39
Gross welght, 1b 13,440 to 14,40 1680 to 1800
Load coefficient, Cp, (fresh wate ), grou welght, 1b 3 0.8 0.82
Moment of inertia in pitch, 1b in,2 3.4 % (beam, ft) 90 by 10 2.81 by 106
(A is the dimensional scale factor or one-half for XJL-1)
Model values X conversion factor = equivalent full-scale value®
Quantity Conversion Quantity Conversion
factor factor

Length 1/ = 2.0 Moment of inertia 1A2 = 32.0
Area 12 = 4,0 Velocity 1/1%- 1.4k
Volume 1/A3 = 8.0 Time 142 = 1,414

Mess or weight 1A3 = 8.0 Linear acceleration or %

load factor 1A° = 1.0

Pitching moment 1/)." = 16.0 Force 1A3 = 8.0

Angular acceleration A =0.5 Pressure 1/A = 2.0

8411 trim engles measured relative to the base line which has been taken as the tangent
to the forebody keel at the meain step.

bReferem:e -

Bridegmen, "Dimensional Analysis,"”

Yale University Press.
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TABLE IT

PRESSURE GAGE LOCATION

[A1) values ere full scale}

|

Gage Aft from 'i Port from | ®Vertical

no. bow i keel from keel
(in.) i (in.) (in.)
1 388.42 3.70 2.26
2 | 208.12 3.50 2.76
3 206.04 3.70 2.26
l 206.30 27.60 10.70
5 206.34 ~27.72 11.00
6 203.82 31.684 12.76
7 206.44 34.68 10.70
8 156.62 4.56 2.56
9 113.00 L.76 2.76
10 113.60 -21.00 8.26
5 & 112.88 21.28 8.76
12 114.12 30.88 13.70
13 114,212 34.88 10.70
14 83.62 3.52 1.58
15 37.62 3.8 1.52
16 11.50 5. 72 7.60

BMeasurements made with keel line at step in
horizontal position.
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TABIE V
MAXIMUM HORIZORTAL AND VERTICAL IMPACT LCAD FACTORS

E\ll values are full lcaleJ

Impact To Te e DMy Bip Impact H e o iy Py
no. (deg) | (deg) | (deg) (g (g) no. (deg) | (deg) | (deg) () (&)
198 | _1u 6.4 -8 3.86f | 3.6 26 4.3 k.2 7 3.8 2.0
2be | .15 5.9 | -15(0) | 8.2T | 3.uf 27 4.5 bk | 10 2.1 2.2
3 68 | 7.8 0 4.8 3.4 2608 8.7 KAl 7 1.97 of
L Ao | 9 L 7.5 k.0 29 5.5 3.1 7 k.1 2.5
5 -3.0 .6 3 A 1.2 308 5.7 3.1 7 2.9f e
6 -3.0 oy -3 159 1.5 31 6.0 2.2 7 1.3 1.4
T -3.0 | 4.5 - 3.3 2.2 328h 6.3 7e1x 1 12 2 0
8 -3.0 | 4.8 0 2.2 1.4 338 6.7 2.6 7.2 1.4% st
%° -3.0 |11.3 - 18.1 6.8 348 7 2.1 7 1.4 3t

10 a5 | 2.4 0 3.0 1.4 35 7 2.8 7 1.7 34
118 -1h | 4.3 2 2.2 | 3.57 368 7 5.3 7 u.7f 1.6;
12 0 5.8 0 5.3 a 37°8 7 5.5 7 5.9 | 1.5
13 0 6.h ) 5.3 2.2 388 7 5.4 7 5t af
14 0 8.5 < 851 4.2 39 7 6.2 7 6.4 2.9
15° 0 11.5 0 18.9 5.9 40 7 6.4 7 6.4 2.1
16 2 5.2 4 3.2 1.k 418 7.7 5.0 | 11.2 5.91{ 1.8%
17 2 4.0 2 5.7 2.6 128 9.9 Ji (1 11,5 2.7 1.57
188 2.3 | 6.5 7 5.2 1.8 43 10 1.9 | 10 1.2 .8
19 2.6 8.6 10 6.5 (h.z} Ly 10 5.6 10 5.2 (3.5}
208 3.0 | 4.9 6.5 Tt 458 10.5 37| e 6.0f | 2.3
218 3.3 | s5.b 0 3.9% 2.1§ 46 11.2 1| 10 6 1.2
228 3.4 | 4.8 6.4 pof | 1. 48 12 1.9 112 3 ot
23, 4.0 k.5 b 4.8 23 18 12 ' 12 2.4 a
24 b0 | 6.1 L 6.1 2.7 LP8 | 12 s.0 | 12(7.5)] 3.1 1.37
25 4.0 6.2 N 6.0 2.8

8Ko record obtained.

PPrim changed considerably before peak loads reached. ( ) value at time of peek load.

®During this run the 1lift engine exerted a force equal to 0.8 of the model weight.

401e0 in trim buffer fully compressed prior to water contact.

©®These runs were made at 28.7 mph instead of at the scaled value (60.8 mph) representing a full-scale
1anding speed of 86 mph. (Therefore, the measured accelerations were converted to scale values by
mltiplying by the square of the respective velocities, i.e., (measured g) X é.-_é)? = Full scale g.

f1oed factor obtained from loed-measuring trues, otherwise values from three-component accelerometer
are listed.

BFree to trim.

Afterbody ticks wave crest with low effective trim,

() Doubtful.

RATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



TABLE IX
COMPARISON OF FIXED-TRIM ARD FREE-TO-TRIM IMPACTS

[All values are full ucale_;]

Gage number bl 31 4 6 719 [11]12 |13 |1k |15
Yo Ve Wave Dy D4 Pressure Tmpact
height L R (ib/eq 1n.) no, | Rewarks
(deg) | (fps) | (ft) (a) | (&)
=15 6.0 2.0 oo o| o 2:1:5.1.110 29| 0]18 |24 |20 |29 10 | Fixed trim.
51 i ) 3.6 2.2(3.5 20| a aijoant 130113 18 0: 3 {l6%]22 1128 11 | Free trim.
2.0 | 13.0 0 5.712.6 al O|u |kl |126 |91 |S5|ojlo]of27]oO 17 | Fixed trim.
2.3 | 16.6 3.5 5.2(1.8 al a |5 a 0 a2l 1ol 0 |3s|28 2 18 | Free trim.
i e LI 2.0 P ol X 2 | 'Skl o a5 ko lsorl adioc 2 i at] 0 27 | Fixed trim.
4.3| 10.4 2.0 1.9| .9 ol a|5]| 7|4 |15]15|0]0|0(21]0 28 | Free trim.
5.5 7.9 2 k1] 2.5 11{ 0 [ 3352 (130 {36 [{o0fjofo0o|o0{a]oO 29 | Fixed trim.
5 f. 7.8 1.8 2,9 al a | u3|2s| 83 (14 (16 0] 0]O0]|19] 3 30 Free trim.
7.0 1.0 0 6.4 2.1 10|-6 110671160 |79 | 2| alalalal]oO 4 | Fixed trim.
7.0} 11.3 0 L6 13( a [100f73 |91 [TT(OfOlOfO|OfO 36 |Free trim.
a7 15513 3.5 5.911.8 17] 0 |10k |96 |178 p26 |59 ] o] 0l O | O] O 41 Free trim.
T.011:13:6:] 0 6.4 2.9 11| -6 |124 |84 178 |98 | 0| a| a | a| a ]| O 39 | Fixed trim.
75020 12,1 | %0 5.9|1.5 19| 0 |130 (84 j11¢ {79 (0fO0f OjO[O]O 37¢ | Free trim.
12 9.5 0 2.4 a 23| a o o 0 0Olalalala|]a]o 18 Fixed trim.
12 10.8 0 3.1b 1.3 28| a| |k |91 |43 0]J0JO0]O0|O]O 49 | Free trim.
1.5

*ON WY VOVN

&No pressure record obtained.
bFor part of impact corresponding to impact 48. (See fig. 18.)
°Dur1ng this run the 1ift engine exerted a force equal to 0.8 of the model weight.
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COMMITTEE FOR AERONAUTICS

e0I91



s 7/

e /

P ., oy iy g ] e e i e e ]

Half - breadth

Scale

& 1 /jﬁﬁ;

i

LSy e SR e e s ® &
Frofile NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

Figure [. = Lines of XJL-I Float model (full scale dimensions)
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Figure

e \,, Y

(b) Side view.
2.- Photographic views of XJL-1 float

tested in Impact Basin.
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Figure 3.- XJL-1 float as tested with freedom in

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA.

trim.
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Figure 4.- Side view of load measuring truss used in XJL-1 tests.
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Figure 5.- View of control-position transmitter adapted to measure
angular displacement.
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F7'guf’€ O.- Fressure mstrument Jocation on XJL-1 Floot
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Figure 8~ Distribution of maximun local pressures on the
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