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SUNWI Y

An investi.gt:tion 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 e. vee bottom with exaggerated chine flare.

The impact loads, moments, and pressures were determined for a
range of lending conditions. A normal full-scale landing speed of
86 m_:.les per hour was represented with effective flight paths ranging
from 0.60 to 11.60 . Landings were made with both fixed trim and
free-to-trim mounting of the float over a trim range of -15 0 to 12a'
into smooth water and into waves having equivalent full-scale length
of 120 feet and heights ranging; from 1 to 4 feet.

All data and results presented in this report are given in terms
of equivalent full-scale values. Summary tables and illustrative
plots are usod in presenting the materiel.

The following maximum values of load and pressure are those which
are apropos for effective flight paths less than 6.50 , which vc,s the
m:-.ximum value obtained in tests with the XJL-1 hull modol representing
full--scale landings with vertical velocity of 4.5 feet per second into
4-foot waves:

The maximum local pressure on the flat portion of the bottom is
130 pounds per square inch which was measured on a 2•-inch-diameter
circular area near the step. The maximum  local pressure obtained in
the curved area near the chines is 200 pounds per square inch. This
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pressure was also mfasured near the step, At points toimrft the bow
maximum locai pressures are less than those occurring near the step.
There is also a decrease in pressure magnitude f rom the keel toward
the chine: on the flat porticno of the bottom.

The average distributed pressures on large areas of flat plating
comprising one-third of the semiforeboky 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-dirimeter
circular areas and one-third the area of the semifore.body bottom are
a~;;roximately estimated by straight line inter polation between the
maximum local pressure in the small area and the average distributed
Pressure on the large area embracing the considered region.

The maximum vertical load factor is 6.4g which was obtained in a
landing involving the ster region. The maximum horizontal load factor
of 3.6g and the maximum, rotational ecceleration of 12.6 radians per
second per second were obtained in landings involving the pulled-up
bow rf t,gion.

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

INTRODUCTION

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

At the request of the Bureau of Aeronautics, Nary Department,
in a letter dated March 27, 1945, Aer-E-2422-TFK, an investigation
has been conducted of the water loads on the XJL-1 float, whose
fo-rebody has a vee-bottom with exaggerated chine flare. The purpose
cf the investigation was to determine the maximum pressures, over-all
loa.d.s, and moments which were imposed upon the float during water
impacts.

The XJL-1 airplane is a sea-rescue amrhibian which is expected
to operate in comparatively severe seaway conditions. Because Rf this
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Nome of the impacts of the float model on smooth water were made at
high flight raths to sirralate landings on the steep slope of a wive.
In addition, landings of the model were trade at normal flight paths
;nto waves.

Part of the impacts were made with the float mounted  free to t=,I.m
to 1^rovide load data under conditions as closely representativ: of
actual landings as possibly.

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

APPARATUS AND INSTRUNTENTATION

(11.11 d.imenoions cited in this section pertain to the model tests.)

The half-scale model of the XJL-1 hall used in the tests was of
all-metal construction. The structural members in the float bottom
were the same size as those used in the full-scale air-lane and were
therefore considerablY overstrength. The vee portion of the bottom
had an angle of dead rise of 20 0 except in the nulled-up bow region,
and the forebody ,as 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
,,hotograr.hs of the model are shown in figure 2. Other pertinent
inf'oi. mat:i.on concerning the XJL-1 hull and the half-scale model is
given in table I.

The standard apparatus of the impact basin described in detail
.M reference 1 was used during the tests. It consists principally of
E, catapult, a launching carriage to which the float is attached durin€3
each run, and an arresting gear. In addition to the apparatus therein
dcacrib(;A Y the present test incorporated the use of a wavemakc:r which
consists of a reciprocating flapper driven by an aircraft engine
throw a gear trai.n 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 a transverse line through the location of the center of gravity of
the airphne and 9 inches above the center of gravity of the float.
The third support point vas located about 20 inches aft of the main
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supports and vas fixed by a link of such length as to provide a given
tYn d:oring a, ran. Wire strain gages were mounted on this l n. r '
several. of the fixed-trim rums in order to measure pitching moment.

The float sans 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
about the transverse line through the center of gravity of the airplane
over a trim range of -6.5o and 22.50 . Beyond those limits the float
was restrained in anyplar displacement by two shock struts which were
attached. 60 inches fore and aft of the main pivots as shown in figure 3.
The buffer action extended the trim range 5 0 in each direction
Wore 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 transverse members oriented so that they were o blcct
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
a. dehydrating agent to eliminate excessive moisture.

Two strain-gage accelerometers of the same type of construction,
were electrVally connected to obtain angular acceleration directly.
These ac^eleroveters were located on a longitudinal line passing
throu6h the main transverse axis of rotation and at a distance of 6
feet fore and aft of the pivots. Each accelerometer had a natural
vane frequency of 10 cycles per second.

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

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

The instruments used to measure horizontal and vertical d_is-
plt3canant and horizontal and vertical velocity were the same standard
instruments described in reference 1.

A control-position transmitter was adapted to the basin equipment
to measure angular displacement as shown in figure 5.
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Sixteen induction-type electrical pressure gages were used to
assure water pressure on tho bottom. Their locations are indicated

i n f:i.Lure 6 an! specificd in table II. A photograph of several of the
A , ; s in place in the hull bottom is given in figure 7. The measuring
dicphraym of each gage was 1 inch in diameter and had a natural
frognunc;, of 500 cycles por second.. It reacted linearly over a range
of 0 to 80 pounds per square inch.

An electrical wave meter was located on the side of the tank to
obtain approximate wave profiles. it consists of a number of
electrical contacts spaced at 1- inch intervals on a vertically
punted stool tube. The wetting of successive points with the rise
and fall of the water lino with time was indicated on a record so
that an incremental time history of the vortical displacement of the
wave was provided.

TEST PROCEDURE

Th: total model weight ranged from 11580 to 1800 pounds which
corresponds to 'a gross S:eight of the full-size airplane of 13,44c
to 14,E+00 pounds. The mass of the model was distributed so that the
scaled pitching mom;nt of inertia of the airplane was maintainod
during free-to-trim tests.

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

The test conditions which were investigatV are given in table: III.
The range of the effective trims which was covered was from -15 0 to 120
and the range of flight paths which was covered was from 0.6 0 to 6.40
with a. forward speed corresponding to a full-scale landing speed of
86 miles per hour. Two runs were n de at a forward speed lower than
the, scale spend in order to obtain flight paths of 11.20 and 11.60.
These runs were nado at fixed trills of -3 0 and 00 and simulated
landings on the flank of a wave at normal flight path. The generated
waves used in all but one ran of the rough-water tests were
rGpresentativo of full-scale waves 120 foot in length and approxinatel^l
one to 4 feet in height.

The gcnera.l test procedure, as described in detail in reference 1,
consists of placing the launching carriage bearing the test float in
firi.nE position, catapulting the carriage, tripping the dropping weight
mechanism. so that the float falls freely to contact the water at a
Zivon velocity. W impact tLkes place, and finally, the carriage is
arrested.
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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 int()
both smooth water and waves. The second portion consisted of ruiis
made with free-to-trim mounting of the float into both smooth water
and -;1aves.

PRECISION OF DATA

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

V!;rt' al displacement, inches . . . . . . . . . . . . . . . . . }0.5
Horizontal velocity, feet per second . . . . . . . . . . . . .0.^
Vertical Qelocit;-, feet per second ... . . . . . . . . . . . . ±O.2
Vertical and horizontal acceleration, patio of measured

acceleration to acceleration of gravity . . . . . . . . . . =y0.3
Resultant force, pounds . . . . . . . . . . . . . . . . . . . 2000
Amgular displacement, degrees . . . . . . . . . . . . . . . . . ±0.5
Angular acceleration, radians per second per second . . . . . . s1.0
Pressure, pounds per square inch . . . . . . . . . . . . . . ...2.0
Wave height, feet . . . . . . . . . . . . . . . . . . . . . . . ±0.1

TABLES OF =OIS

V	 velocity, feet per second

F	 hydrodynamic load, pounds

Y	 flight path, degrees

T	 trim, angle between float forebody keel and reference (horizontal
unless otherwise stated), degrees

p	 angle of dead rise, degrF.es

Q	 mass density of water, 1.972 slugs per foot3

n i impact load factor, multiples of gravity

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

dvertical displacement, inches
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I o pitching moment of inertia of airplane around airplane center of
gr-°vity, 19,410 slug feet2

Z	 arin of F, respect to airplane center of gravity, feet

x	 horizontal distance of point of application of F to airplane
center of gravity, feet (determined graphically from data)

r	 water pressure, pounds per square inch

a	 an6p lar acceleration, radian© per second2

PAY pitching moment around transverse axis through airplane center
of gravity (M = Ica = Fl + moment due to float e.g. being
offset from airplane e.g.), pound feet

9	 grave incline (at point of contact) to horizontal, degrees

(underlined values are rr_ximzm)

Subscripts:

v	 in vertical direction

h	 in horizontal direction

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

nk normal 'to keel at step

c	 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
apply to the full.-scale airplane landinn 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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Maxi_mam! local .pressures  for all of the wetted pressure gage
stations, in ea.crl rui a-r•e p rreoented in tabie II. An envelope o.' th= se
maximum values obtained during the tests is presented in figure 8(a.).

Time histories of the pressures which were measured by sere-i 1
of the p^,es3ur_e instruments on the forebody during four typical smooth
water runs with fixity of trim are presented in figures 9 through 12.
These time histories have been used in constructing three-dimersior.^^.l
plots of pressure distributions at different de pths of immersion for
the some typical impacts, and these d1st-.j.bUtions are presented in
fi -u °c.s 13 through 16. The afterbody was not included since it usually
lies in the wake 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
scattered, interpolation and extrapolation of data, w.s required between
tile. measured values and beyond them to obtain a plausible pressure
distribution over the entire wetted area of each considered impact.
This y ea accomplished by assuming that the pressure distribution in a
tranaverse line and in a longitudinal line maintains the same general
shape. on the flat portion of the bottom with charge in time or depth
of immersion during any particular impact. Also use was made of the
fact that the vator-lino pressures decrease with immersion pro-
portionally as the square of the decreasing velocity of the water
no=.al to the keel.

Gages 4 and 5 and gages 10 and 11 (see fig. 6) are symmetrically
spaced and in the absence of pressure results from one, pressures on
the sym- etrical gage are substituted.

The maximum horizontal and vertical impact load factors which
wore obtained are presented in table V. The maximum resultant loads
and angular accc;lerations which were obtained are given in table VI.
The pitching? moment as listed is the rroduct of tho measured angular
^cceleration and the pitching moment of inertia of the airplane,
19,410 sluc- feet squared.

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

Water Pressures

The water pressures which were investigated fall into two genera]_
c'_:.ssifications. The first type is the local pressure such as was
suctainad on the small circular area of the pressure gLge diaphraam.
The second type may be called an average distributed pressure:. This
is defined as the total water load imposed on an area, such as between
bul.krcads, divided by the area to give an average pressure which is
considered to be evenly distributed over the area. The latter type is
the one moot pertinent to bottom plating design since the local
pressures are directly applicable only to areas of about 3' square
riches.

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

For instance, the local pressures that were obtained near the
keel in the step region are recoimended 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 im-pinging water normal to the keel
and, therefore the local pressures anywhere clong the forebody keel,
mr.y be as great as that which exists in the stem region..

Iurt.hormore, it is apparent that a reduction in the pressures
shown in firure 8(a) on the chine area of the forward half of the
forebody is permissible. This is obvious from the free-to-trim
results which do not render as high values in this region as those
obtained in fixed-trim tests. Appa--°ently, the hydrodynamic moment
which arises in a. bow landing results in an increase in trim so that
the for;•.*ard. chine area is never heavily loaded.

This a lloviation 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 tuns in which the bow entered the flank of a wavE:. Impact 2 is
an example, in which a sustained local pressure of ?2 pounds per
square inch was indicated on th e extreme bow gage number 16. During
inpact 1, which was also a bow impact, no pressure record was
available but the ovcrst•renTUh keel at the bow was noticeably dented.
No such failure occurred in any other impact so that pressures
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greater than any of the recorded pressures in the bow region are
implied. Therefore, the bov, prossurc,s which were obtained near tho
kf:el in fixed-trim tests on gages numbers 14 and 15 which are
adjacent to the extreme bow gage are recommended as being valid for
dcsi^p purposes.

In accordance with thoso observations, figure 8(a.)' is altered to
provide an envelope of recommended local pressures. These so-called
recomronded dosio.i pressures, which are presented in figure 8(b) may
bc: 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.

Avera,.re fissures.- The avr:rage distributed pressures which are
ultimately sought for design pur poses are thoso values which should
b ; applied to am s t,rinrer or s:;ction of plating to provide th:, maximum
loFd to which the structure should be designed. The: principal lo g dc.d
region which is of interest is the flat vice i)ortion of the forebody
bottom.

One meant of detormining these average distributed pressures for
Fry desired area is to establish the relationshi p between the average
distributed pressures which occur on the wetted area at timo of maximum
force .'.n an impact , to the maximum local pressures which were registered
during the impact on the portion of the: flat plate being considered.

Four impacts having; trims of -3°, 0°, 7°, and 10 0 are studied Jr-
(i.-I.-tail as Lyrical examples showing the ,growth of wetted area. ar_d the
cha.n„o in the wa.tor loading distribution on the bottom during am impact.

The interpolations and extrapolations which were made in forming
the thi•ee-dimensional plots, given in f igares 13 through 16, are
justified by comparing the integrated pressures with the mee.sure.d
over-all loa.ds,at the time of maximum force, as noted on the plots.
The agreement was found to be satisfactory.

Thesc plots are used in estimating the average distributed pressure
on the wetted part of the flat portion of the bottom at the time of
maximum over-all load. The affected areas and the computed c.v;;rago
distributc::d pnlosures for the somiforebody are listed ir. table VII.
It was found that the average distributed prossure at time of rmx_imum
force was about four-tenths of the ms,ximu^n local -Drossuro which was
obtained on the flat portion of the bottom during impact.

Using this relationship, fi gure 8(b) i' s then used to estimate the
approximate dosign valuc,. of average distributed pressure; which should
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be appli.ed to any area of bottom plating intermediate in size betwoen
the smi 11 circular area and the larger areas which are loaded at time
of =Lximum force in an impact.

The area of flat -Ulate which is loaded at the time of maximum
force is generally about one-third of the total of the forcbody flat
plate area or about 1500 square inches on thc: seio-rebody. This is
arb i trarily taken a.s the mean wetted area 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 io desired to find the recommended design value of the
average distributed pressure on a partic l.ila.r section of flat ple.ting,
the maximum local design pressure for that area. is obtained from
figure 8(b) and it applies to an area of approximately 3 square
inches (the area of the pressure_2a€3e diaphrE:gm) . The average
distributed pressure for a 1500 square inch area in which the considered
flat plating is centrally located is computed by taking four-tenths of
the maxim:zm local pressure in the 1Frger region. A liner_r ir_terpolati on
is then made to obtain the average distributed prosoure on . , ny ar,,a
intermediate in size between. the 3 and 1;00-square-inch areas; and
an extrapolation is mado for an area greator than 1500 square inchco.

For example, if it is required to specify the average distributed
"pressure on an arbitrary area such as that cross-hatched in figure 8( b)
the suggested procedure is followed. The maximum local design pressure
in -this area is 80 pounds per square inch (which applies to 3
square inches of plating). The maximum local desi^Zn pressure 'n the
_" 0 square inches within which the prescribed area lies is 1"30 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 concerned is 640 square inches and the corresponding;
interpolated average distributed pressure is 68 pounds per square inch.

The procedure ma,, 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
nade 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 lyin,* on a strip of
plating, 2 inches in width.

For example, it is desired to specify the average distributed
pressure for the design of an 8-inch strip ad,acent to the keel
and extending from the bow -to the etep. The dosi bm 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 s quare inch.
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The ilesign value of avera e distributed pressure on a 7-inch strip
a^_ jacent to the keel with an area of 1900 square inches is age-in
152 pounds per square inch. Therefore the extranol.ated average
distributed pressure for the design of the eight-inch strip is
3v pounds per square inch. If the extrapolation is made on the
bae i e of areas, as in the f irst example, a slightly hinher value,
of 4! pounds -,?er square inch, is obtained.

This sug,zested procedi.ire of int. ernolation or ext a.pola,tior,
b:; 4_-1ween or beyond local pressures and average distributed pressures
Lz•cvl ees only a roukh approximation of the desired design pressures
on an area. The preferable method of determining panel loads would
.: 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.
b,-,i the pressure gages have been :interpreted as discussed in an effort
to provide 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 sub6octed to very great
loads. The average distributed pressure on the afterbody may be
assumed to be one-half of the afterbody maximum local pressure, for
conservative dcsiF521.

07er-A11 Loads

The load factors which are 7.resented in table V specify the
magnitude of the inertia load which must be considered in the design
of concentrated wei?,ht supports, such as engine mount, pilot's seat,
attachm:nts, etc., and are pert=inent in over-all hull design.

The ma.ximurs vertict l loa(?_ factor was 18.9g which was obtained in
a r in with fixed effcctive trim of 0 0 and with an offective flight
path of 11.50 . The impact simulated the flat contact of the float
against the flank of a wave

The maximum horizontal_ load factor was 6.8g which vas obtained
in a r^.zn with fixed effective . trim of negative 3o and an effective
fi.i ;;ht:. ,path of 11.30 . The impact simulated a bow impact ,against the
flank of a wave.

Both of these reins appear to be representative of full-scale
landings into waves if in such landings the peak load is reached before
the trim changes appreciably. However, the data from this test are
-too limited to verify or disprove this poatulatc.
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The applicability of the loads for design purposes also depends
upon the probability of effective flight paths of about 11 0 being
°:e.ched in landings in waves. In examining table V, it is seen that
no flight paths of greater than 6.^70 were reached in forebody impacts
n waves with freedom of trim of the float model. Therefore, this

flight path is taken as the upper limit likel lr to be reached in the
s:ecified seaway cenditions.

The maximum vertical load factor obtained in this scope of
flight paths wcas 6.40 which was obtained in an impact involving the
stcp region. The maximum horizontal load factor was 3.6g which was
obtained in a Clow impact in 4--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 poak 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 obtoinod at flit paths less than
6.50 may be taken as the maximum design values. The higher values
obtained at higher fli ght paths may be used" for more s-::verE landing
conditions such as are represented in impacts 4, 9, 14, and 15.

The maximum pitching acceleration was 12.6 rr.dians per second
per second, which was obtained in a bow impact, while the maximum
diving acceleration was 8.5 radians per second ner second, which
was obtained in an afterbody impact.

The-, values of angular acceleration and vertical and horizontal
load factor ma.r be coupled disregarding phase relationship for a
conservative design of different structural components. The appropriate:
values of effective trim which are given in table V ma.y be used to
convert the horizontal and vertical components of load (given in
tables V nd VI) to drag and normal components.

By studying the time histories of trim, angular acceleratioxL, and
load, given in figures 17 and 18, the phase relationship botween the
s ,:;vcrs,l measured quantities may be estimated. For instance, it is
Evident that the maximum vertical load factors do not accompany the
maximum horizontal loud factors. Also, the maximum angular accoleration
usually legs the maximum vertical force.
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Comparison of Erperimcntal

Results with Impact Load Theory

It is of interest to note whether the pressures and loads vary
in a manner dofined by current impact theory. If approximate agreement
ox-ists the prossures or loads for conditions other than those inves-
tigated may be computed in the manner described in references 2 and 3.

Vla :^er deduced an equation for the: maximum local pressures on veo-
bottom floats, in tozms of initial volocity, as given in reference 2,
formula (6) . This formula has been altered for use of instantaneous
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 is

P _ --p --Vn 2 (n cot Rj2
	

(1)2 x li . 4 '^ 2

Impacts which involved principally the prismatic section of the
forebody are used in the comparison which is presented in figure 19.
It is found that experimental maximum  local pressures on the flat
portion of the; bottom approximately agree with those: computed using
equation (1) and hence this equation may be used to determine maximum
local pressures.

Ma.xirum load factors are defined in reference 3. In figure 2 of
this reference a load-factor coofficient is plotted against flight
path. Substitution is made for weight, trim, dead rise, anal velocity
and the -,ppropriate load factor is obtnined from. the load-factor
coeffici::nt for the different flight paths. The dofined values are
computed on the basis that no chine curvature exists and a comparison
of defined and experimental loads is presented in figure 20.

The m-.^asured loads are found to average about 50 percent greeter
than the theoretical loads. This is because the mc.ximum measured loads
occurred after chine immersion. however, in viewing the general trend
of the load variation with flight path as given in figure 20, the
relationship dc:finod in reference 3 is observed to be approximately
followed.

Loads for impacts with chino immersion having different flight
paths, trims, or velocities from the ones investigated mtLy be computed
bs, u,ein, the proper values in figure 2 of reference 3. Since the loads
on the XJL - 1 w^_:ro 50 percent greater that the theoretical loads this
ratio should then bo applied to obtain the desired load factors.

__._1
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Loads in impacts in which the chines of the XJL-1 are not immersed_
may be taken as approximately the same as those defined in figure 2 of
reference 3 for vee bottom floats with jingle of dead rise approxi-

Compar:i_son of Results for Smooth Water and Rough Water

Since much of the data was obtained from runs made with hi §1
fl__ght 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 pressures 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 fear agreement except in impacts 16 and 41 in which case the
recorded chine pressures are considerably different. This lack of
agreement is attributed to differences in local velocities at the
time the chine gages were wetted.

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

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

The overall loads in smooth water and in the corresponding: rouFg
water runs are found, by table VIII, to be in good agreement in cases
where the wetted areas are approximately the same.

Therefore, it is apparent that one of the principal factors
entering,; the load picture with the introduction of waves is the area
Involved.
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Effect of Wove Height and Wavc Length

Over the range of wave heiabts used in the tests there is a
:I,:finite increase in resultant load with increased wave height, as
s.-vident in Mo .cts ?3 j 30, and 21 1 and in 6, 8, end 3. Also, as

observed in free-to-tram tests (impacts 1 and 11, for oxample), the
dan}^: r of severe bow impacts arose in landings in waves.

The data e.re not adequate to establish the effect of the wave
h 11 _t to wave length ratio upon water loads.

Effect of Freedom in Trim

Sinc , part of the datF. was obtained from fixed trim tests it is
important to determine their applicability to actual landings with
freedom in trim.

This is Bono by comparing data from fixed-trim runs with data
from free-to--trim runs having approxime.toly 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 agreement except for the pressure in the chine region
near the step (gages 4, 6, and 7). As proviousl„v mentioned (in the
discussion of local pressure), the results from frco-to-trim tests
Justified the selection of recommended desioa vc:lues of pressure on
the fon-r:rd portion. of the shim-.; strip below those obtained in fixed
trim testa.

The diocrepancy in chine pressures near the step as shown in
table IX are compensated for by two free-to-trim nips (runs 41 and. 13,)
in which high pressuras were registored in this region comparable to
-the fixed trim results.

No obvious offect of rotational velocity superimposed upon the
center-of-gravity velocity is e._:parent in the measured water loads.
however, to accurately establish any effect would require a careful
conma.r4son of the time histories of all varlc:bles and this is not
Justified in are experimental investigation of mi.xiraum water loads
such as the presont test.
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Effect of Reversed Chines

The comparison of experimental load factors with corresponding
::. oretical values given in figure 20 is a clear indication of the
'_crease in load caused by chine immersion which accompanies h--avy
imp-acts .

The effect of chine immersion upon local pressures on the flat
v:c portion of the forebody bottom is shoim in table IV. In
irs 7, 14, 19, 2'^, 24, 29, and 49, the _local pressure on the flat

plate near the chine (gage 4 or `) vms greater than the local pressure
near the keel (gage 3).

For a standard vee-bottom float 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 tho plating near the chine
of the XJL-1 hull is demonstrated in figures 9 and 10. Gages 5 and- 11,
whi ch are located adiacent to the curved chine, and gages 3, 9, and 14,
which are located along; the keel, register two distinct peaks, which
are labeled (1) and (2) on the plots. Tho first occurs as the water
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 peak
and .L figure 9, the second peak on gage 5 even exceeds the maximum
pressure occurring on gage -1 1 while i.n figure 10 the second peak on
gage 11 exceeds the maximum pressure on gage 9. Apparently this was
the case in the cited impacts in trhich the pressure or. the flat plate
near the chine exceeded that near the keel.

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

In runs in which a change in trim takes place. during the i.rmersion
urocoss tho effect of the shock wave is considerably reduced, though
not eliminated.
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ST244APY OF RESULTS

The recom und.ed maxim= load and pressure results which are
surm=.rized here are apropos for the moat severe condition in which
the XTL-1 hull is expected to operate. These severe operating
conditions are, specifically, those, encountered with -the air-,lane
landing at a forward speed of 86 miles per hour and a. vertical
velocity of 4.5 feet per second into ieves # feet in height
and 120 feet in length.

Tn the free-to-trim model teats which most closely represented
these specific conditions, with an effective trim range of -15 0 to 120,
the maximum effecti ve flight path was 6.50 and_ the corresponding
m=ximum full-scale velocity of penetration is 16.6 feet per second.
Thes:, va.lu.s arl- the limits for which the Following rosults apply:

1. Th0 maximum local pressures on the flat portion of the null
(fig. 8(b)) vary from 1;0 pounds per square inch at the keel near the
4-op to about %0 pounds -per square inch at the keel nocar the bow.

Tho maximum local pr^Dasures decrease in a transverse direction to
abou-c GO bounds per square inch adjacent to the curved chine in the
step region and- to about 60 pounds per square inch at the forward
station rear the chine where the prisma tic section ends.

2. The maxim::m loco1 pressures in the curved strip at the .chine
vary from 200 pounds per s quare inch near the step to 10 pounds par
square inch in the forward half of the forobody (fig. 8(b)) .

The maximum local presa;zrca on the aftorbody vary from small
positive and negative values on the foiv*ard part to a positive
30 pounds per square inch near the ate'rn_ (fig. 8(b)) .

4. The mrxim-im vertical load factor is 6.44, which vas obtained
in an impact involving the step region. The iraximum horizontal load
factor is 3.6g, which was obtained in a bow impact.

5. The maximum. 	 acceleration is 12.6 radians per second
per second while the maximum diving acceleration is 8 radians per
second per second.

CONCLUDING RELARI^

The specific test results presented in the report as interpreted
in the discussion of results also provide certain qualitative
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infoi.mation regarding loads and pressures. These qualitative
observations are applicable to the XJL-1 'null over the range of test
conditions covered, and are as follcws:

1. The maximum local pressures on the flat vee portion of the
hull bottom are approximately in agreement with theoretical values
obtained by using Wagner's formula, given in reference 2, altered to
a;ply to instantaneous velocities.

2. The average distributed pressures on areas comprising one-
thil rd of the semiforebody flat plating are about 40 percent or the
maximum local pressures in the same region. The average disti•ibuted
pressure on any given area of flat plating may be obtained by linear
in•cerpolation or extrapolation between or beyond the maximum local
pressure in the area and the average distributed pressure on the
larger. area (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 standard vee-bottom
float for the same test condition, as presented in reference 3.

4. It is observed that change in trim during an impact has
li ttle 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.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Va.

Margaret F. Steiner
Aeronautical Engineer

Robert W. Miller
Aeronautical Engineor

Approved,:--

Richard V. Rhode
Chief of Aircraft Loads Division

BFJ
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TABLE, I

RJL-1 FLOAT DATA

Scale

Full Model

76 j8Beam at main step, in.
Angle between forebody keel and base line, deg. Oa Oa
Angle between afterbody keel and base line, deg. 7.5 7.5
Angle of dead rise at step, deg. 20.0 20.0
Height of main step at centroid, in. 7.06 3.53
Center of gravity forward of centroid of main 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
Cross weight, lb 13,440 to 14,400 1680 to 1800
Load coefficient,	 Cp,	 (fresh wate )	

groes weight,

63.4 x (beam,

lb

ft)3
0.8

90 by 10F
0.82

Moment of Inertia in pitch, lb in.2 2.81 by 106

is the dimensional scale factor or one-half for 7L7I.-1)
Model val,ies x conversion factor 	 equivalent full-scale value b

Quantity Conversion Quantity Conversion
factor factor

Length 1/% - 2.0 Moment of inertia 1/a5 = 32.0

Area 1/X2 = 4.0 Velocity 1/ai= 1.414
1

volume 1/73 = 8.0 Time 1/0 . 1.414

Mass or weight 1/7,3 . S.0 Linear acceleration or
load factor lAo - 1.0

Pitching moment 1/k4 = 16.0 Force 1/x3 - 8.0

Angular acceleration a - 0.5 Pressure 1/a " 2.0

aAll trim angles measured relative to the base line which has been taken as the tangent
to the forebody keel at the main step.

bpeference: Bridgman, "Dimensional Analysis," Yale University Press.

NATI0NAL ADVISORY
COMMITTEE FOR AERONAUTICS
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PRESSURE GAGE LOCATION

[All values are full scale

Gage ; Aft from	 Fort from ; a'Vertical
no.	 bow	 ;	 keel	 from keel.

(in.)	 j	 (in.)	 (in.)

1	 i 383.42 3.70 2.
26

^0
2 ?08.12 3.50 2.76
3 2o6.04	

I
3.70 2.26

4	 ` 206.30 27.60 10.70
2o6. -^4 -27-72 I	 11.00

+1 	 6	 i 203.82 31.84 I	 1.76
I	 7 2o6.44	

j
34.68 10.70

8	 i 156.62 4.56 2.56
9 113.00 4.76 2.76

10 ll?.60 -21.00 3.26
11 112.88 21.23 8.76
12 114.12 30.38 13.70
13 114.12 34.88 10.70
l j+ 83.62 3.52 1.58
15 (	 37.62 3.52 1.52
lo' +	 11.50 5.1-2 7.60I

aMea,surFments made with reel _line at step in
horizontal position.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE III

LANDING CONDITIONSI

[11 values are full scale)

Impact
no.

Yc
(deg)

v
(fps)

3 7
(deg)

Ta
(deg)

Ve
(fps)

9
(deg)

Wave
height
(ft)

File no. Remarks

1 -8 1.2 .6 -14 16.4 6.0 3.6 7-24-45 2c Free trim.

2 -15 12.2 5.9 -15 12.2 0 0 6-30-45 1 Do.

3 0 3.0 1.4 -6.8 20,4 6.8 4.0 6-2-45	 2 Fixed trim.

4 4 4.8 2.2 -4.0 25.2 8.0 4.o 6-1-45	 1 Do.

5 -3 1.3 .6 -3.0 1.3 0 0 5-23-45 2 Do.

6 -3 4.5 2.1 -3.0 4.5 0 0 5-8-45	 3 Do.

7 -3 9.9 4.5 -3.0 9.9 0 0 5-17-45 2 Do.

8 0 4.4 2.0 -3.0 12.1 3.0 2.0 6-2-45	 3 Do,

9 -3 25.1 11.3 -3.0 25.1 0 0 5-23-45 1 Do.

10 0 2.2 1.9 -1.5 6.o 1.5 2.0 5-26-45 2b Do,

11 2 2.6 1.3 -1.k 11.3 3.4 3.6 7-17-45 3b Free trim.

12 0 12.6 5.8 0 12.6 0 0 5-21-45 1 Fixed trim.

13 0 13.9 6.4 0 13.9 0 0 5-7-45	 1 Do.

14 7 4.1 1.9 0 21.7 7.0 4.o 5-29-45 3 Do.

15 0 25.6 11.5 0 25.6 0 0 5-22-45 3 Do.

16 4 4.1 1.9 2 13.4 2.0 4.o 5-30-45 1 Do.

17 2 13.0 6.o 2 13.0 0 0 5-22-45 1 Do,

18 7 4.5 2.1 2.3 16.6 4.7 3.5 7-11-45 1 Free trim.

19 10 3.0 1.5 2.6 22.1 7.4 k.0 6-5-45	 lb Fixed trim.

20 6.5 3.7 1.8 3.0 12.7 3.5 3.5 7-13-45 1 Free trim.

21 7 4.4 2.0 3.3 13.7 3.7 3.5 7-13-45 2 Do.

22 6.4 4.6 2.2 3.4 12.3 3.0 2.0 7-10-45 2 Do.

23 4 9.9 4.5 4.0 9.9 0 0 5-17-45 3 Fixed trim.

24 4 13.4 6.1 4,o 13.4 0 0 5-17-45 4 Do.

25 4 13.4 6.2 4.0 13.4 0 0 5-19-45 1 Do.

26 7 3.8 1.8 4.3 10.7 2.7 2.0 5-28-45 4 Do.

27 10 3.4 1.6 7.0 11.1 3.0 2.0 6-4-45	 2 Do.

28 7 3.5 1.6 k.3 10.4 2.7 2.0 7-14-45 3b Free trim.

29 7 4.1 1.9 5.5 7.9 1.5 2.0 5-28-45 3 Fixed trim.

30 7 4.5 2.1 5.7 7.8 1.3 1.9 7-10-45 3 Free trim.

31 7 3.0 1.4 6.0 5.5 1.0 4.o 5-29-45 2a Fixed trim.

32 12 4.2 2.0 6.3 18.6 5.7 3.6 7-17-45 3a Free trim.

33 7.2 4.5 2.1 6.7 5.6 0.5 .7 7-9-45	 1 Do.

34 7 4.5 2.1 7 4.5 0 0 7-7-45	 1 Do.

35 7 5.7 2.8 7 5.7 0 0 6-29-45 1 Flied trim.

36 7 11.3 5.3 7 11.3 0 0 7-17-45 4 Free trim.

37d 7 12.1 5.5 7 12.1 0 0 7-17-45 5 Do.

38 7 11.4 5.4 7 11.4 0 0 7-7-45	 2 Do.

39 7 13.6 6.2 7 13.6 0 0 5-17-45 1 Fixed trim.

40 7 14.o 6.4 7 14.0 0 0 5-9-45	 2 Do.

41 11.2 4.1 1.9 7.7 13.1 3.5 3.5 7-17-45 1 Free trim.

42 11.5 4.2 1.9 9.9 8.2 1.6 2.0 7-16-45 1 Free trim.

43 10 4.1 1.9 10 4.1 0 0 6-4-45	 1 Fixed trim.

44 10 12.1 5.6 10 12.1 0 0 5-19-45 3 Do.

45 12 4.1 1.9 10.5 7.9 1.5 3.5 7-16-45 2 Free trim.

46 10 4.0 1.8 11.2 1.0 -1.2 4.0 6-5-45	 la Fixed trim.

47 12 4.2 1.9 12 4.2 0 0 7-14-45 1 Free trim.

48 12 9.5 4.4 12 9.5 0 0 5-9-45	 1 Fixed trim.

49 12 10.8 5.0 12 10.8 0 0 7-14-45 2 Free trim.

aFirst impact.
bSecond Impact.
cFourth impact.
dDuring this run the force exerted by the lift engine was equal to 0.8 of the model weight.
-'Symbols as listed in Table of Symbols included in main body of report.
21,ength of veve was 120 feet except in impact 1, in which it vas 60 feet.
371ight paths are based on measured horizontal velocity which varied slightly from the scaled

value of 86 mph due to differences in catapult povdar charges.

RATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE V

MUD" HORIZONTAL AND VERTICAL IMPACT LCAD FACTORS

[All values are full scalel

Impact
no.

Te
(deg)

7e
(deg)

Tc
(deg)

niv
(g)

Rib
(g)

Impact
no.

Te
(deg)

7e
(deg)

T.
(deg)

Div
(g)

PI 
(g)

ldg -14 6.4 -8 3.8f 3.6f 26 4.3 4.2 7 3.8 2.0
2bg -15 5.9 -15(0) 6.2f 3.4f 27 4.5 4.4 10 2.1 2.2
3 -6.8 7.8 0 4.8 3.4 289 4.7 4.1 7 1.9f .9f

4 -4.0 9.7 4 7.5 4.o 29 5.5 3.1 7 4.1 2.5
5 -3.0 .6 -3 .4 1.2 368 5.7 3.1 7 2.9f .7f
6 -3.0 2.1 -3 1.3 1.5 31 6.o 2.2 7 1.3 1.4
7 -3.0 4.5 -3 3.3 2.2 329h 6.3 7.1 12 .1 0
8 -3.0 4.8 0 2.2 1.4 339 6.7 2.6 7.2 1.4f 5f

99 -3.0 11.3 -3 18.1 6.8 3119 7 2.1 7 1.4f :3f

.6fto -1.5 2.4 0 3.0 1.4 35 7 2.8 7 1.4f
119 -1.4 4.3 2 2.2f 3.5f 369 7 5.3 7 4.1f 1 6f

12 0 5.8 0 5.3 a 37eg 7 5.5 7 5.9f 1.5f
13 0 6.4 0 5.3 2.2 389 7 5.4 7 4.5f of
14 0 8.5 7 8.1 4.2 39 7 6.2 7 6.4 2.9
150 0 11.5 0 18.9 5.9 40 7 6.4 7 6.4 2.1
16 2 5.2 4 3.2 1.4 419 7.7 5.0 11.2 5.9f 1.8f
17 2 6.0 2 5.7 2.6 429 9.9 3.1 11.5 2., 1.5f
189 2.3 6.5 7 5.2 1.8 43 10 1.9 10 1.2 .6
19 2.6 8.6 10 6.5 (4.51 44 10 5.6 10 5.2 (3.5j
209 3.0 4.9 6.5 4.4f 1. 45F 10.5 3.1 12 6.of 2.3
219 3.3 5.4 7 3.9f 2.1f

f
46 11.2 .1 10 .6 1.2

229 3.4 4.8 6.4 4.gf 1.1 479 12 1.9 12 .3 .2f
23 4.o 4.5 4 4.8 2.3 48 12 4.4 12 2.4 a
24 4.0 6.1 4 6.1 2.7 4906 12 5.0 12(7.4) 3.1 1.3f
25 4.o 6.2 4 6.o 2.8

allo record obtained.
bI'rim changed considerably before peak loads reached. ( ) value at time of peak load.
cburing this run the lift engine exerted a force equal to 0.8 of the model weight.
dOleo In trim buffer fully compressed prior to water contact.
''These rums were made at 28.7 mph instead of at the scaled value (6C.8 mph) representing a full-scale

landing speed of 86 mrh. (Therefore, the measured accelerations were converteq to scale values by
multiplying by the square of the respective velocities, i.e., (measured g) X

01

2 = Full scale g.

(Load factor obtained from load-measuring truss, otherwise values from three-component accelerometer
are listed.

9Free to trim.
hAfterbody ticks wave crest with low effective trim.
( ) Doubtful.
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TABLE IX

COMPARISON OF FIXED-TRIM AND FREE-TO-TRIM DeACTS

[All values are full scale)

Gage number 1 2 3 1	 4	 1 6 7!	 9 11 1^12 E14 15

ImpactT. Ve Wave Div
nih

Pressure
height (lb/sq in.) no. Remarks

(deg) (fps) (ft) (g) (g)

-1.5 6.0 2.0 3.0 1.4 0 0 2 5 10 2 9 0 18 24 20 29 10 Fixed trim.
-1.4 11.3 3.6 2.2 3.5 20 a a a 13 13 8 0 3 6 22 28 11 Free trim.

2.0 13.0 0 5.7 2.6 a 0 46 41 126 91 5 0 0 0 27 0 17 Fixed trim.
2.3 16.6 3.5 5.2 1.8 a a 59 a 0 a 21 0 0 3 28 2 18 Free trim.

7.0 11.1 2.0 2.1 2.2 24 2 54 0 15 2 0 a 0 2 a 0 27 Fixed trim.
4.3 10.4 2.0 1.9 .9 0 a 56 7 48 15 15 0 0 0 21 0 28 Free trim.

5.5 7.9 2 4.1 2.5 11 0 33 52 130 36 0 0 0 0 a 0 29 Fixed trim.
5.7 7.8 1.8 2.9 .7 a a 43 24 83 14 16 0 0 0 la 3 30 Free trim.

7.0 14.0 0 6.4 2.1 10 -6 106 71 160 79 a a a a a 0 40 Fixed trim.
7.0 11.3 0 4.7 1.6 13 a 100 73 91 77 0 0 0 0 0 0 36 Free trim.
7.7 13.1 3.5 5.9 1.8 17 0 104 96 178 26 59 0 0 0 0 0 41 Free trim.

7.0 13.6 0 6.4 2.9 11 -6 124 84 178 08 0 a a a a 0 39 Fixed trim.
7.0 12.1 0 5.9 1.5 19 0 130 84 11C 70 0 0 0 0 0 0 37C Free trim.

12 9.5 0 2.4 a 23 a 0 0 0 0 a a a a a 0 48 Fixed trim.

12 10.8 0 3.1 1.3 28 a 40 4(7) 41 43 0 0 0 0 0 0 49 Free trim.
1.5b

1 1

allo pressure record obtained.
bFor part of impact corresponding to impact 48. (See fig. 18.)
cDuring this run the lift engine exerted a force equal to 0.8 of the model weight.
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Figure 5.- View of control-position transmitter adapted to measure 
angular displacement. 
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Figure 7.- Photograph showing several pressure gages flush-mounted in
hull bottom.
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