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ACCEIERATION MEASUREMENTS DURING LANDINGS OF A ——-GIZE DYRARIC MODEL

2:5
OF THE COLUMBIA XJL-1 AMPHIBIAN IN SMOOTH WATER AND IN WAVES -:

TABGIEY TANK«MOIEL, 2084 - TED NO. NACA 2336
By Eugene P. Clement and Rohert F. Havens

SUMMARY

1 :
A 5T5-size powered dynemic model of the Columbia XJL-1 emphiblen

wes landed in Langley tank no. 1 in emooth water amd in oncoming waves
of heights from 2.1 feet to 6.4 feet (full-size) and lengths fram
50 feet to 264 feet (full-sire).

. The motions end the vertical acceleratioms of the model were con~'

tinuously recarded. The greatest vertioal acceleratlion messured during
- - the smooth-water landings was 3.1lg. During landings in rough water

the greatest verticsl acceleration measured was 15.4g. for a landing

‘in 6.4-Foot by 165-foot waves. The impact accelerations increased

- with increase in wave height and, in general, deoreased with increase
. in wave length. During the landings in waves the model bounced into
the air at stalled attitudes et speeds below flying speed. The model
trimmed up to,the mechanicsl trim stop (20°) during landings in waves
of heighks grester tham 2.0 feet. Solid.water came over the bow and
damaged the propeller during cue landing in 6.4k-foot waves. The ‘.

’ nrtical accelqraticm coefficie:rbs at first impact fram the tank tests

of a '5—5-3113 nodel were in falr agreement wlth date obtalned gh the.
Langley im;pa.et besin during tests of & %"8120 model of the hull,

INTRODUCTION.

- . The Colxmﬁbia. XJL-1 airplane ie a singile~engine amphibiszx with &
- dssi@grossload.otm,ooo;pmmd.sandawingloaﬁngof3l5pou:nda o

' per square foot. This airplans is designed for use by the Nevy in x._."--
* alr-sea rescue opera.tioms, and therefore must be seaworthy end: .
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structurally sstisfactory for landing and take-off in rough watsr.

Tests have been made of & -5-:'_55—51:_3 yowered dynamic model of the

XJL-1 in Langley tank no. 1 to determine the take-off end landing
gtability and the spray charasteristics ip mmooth water. The

model during landings in smooth water and in waves, and to deter-
mins the landing behavior in rough water. The model wes landed in
oncaming waves of heights from 2.1 Peet to 6.k feeb (full-size} and
lengths fram 50 feet to 264 feet (full-size). Voertical accelera-
tions were measured, but attempts to measure the horizomtal spd
angular accelerations were not successful because of failure of

the instruments. The vertical accelsratiocns experienced by the
model when it was dropped into the water et zero farward speed

and the static displecement roperties were also dotermined.

These testn were reguestsd by the Bureen of Asronsutics, Navy
"Departzent.

TEE MODEL

The model (Langley tapk model LOMM) was a 5%-5-51253 powered

dynamic modsl desligned and constructed by the Columbia Aircraft
Carporation. The general arrangement is shown ih figure 1 and the
Principal dimensions of the model and full-size aireraft are given
in tzble I. The body plan of the hull is shown in figure 2. A
detailed desoription of the model is given In reference 1. :

The horizontal tail was not to scale, the area having been
increased 27.5 percent over the corresponding full-size value o
obtain adequate aerodynemic longitudinal stability for the model.
This increass was accamplished hy the addition of panels of the
same elrfoll sectiom to the tips of the stabilizer, as shown in

figure 1.

In crder to provide olsersnce between model and towing gear,
the propeller dismeter was 3.4 inches legs then that corresponding
to full-size. Slats were attached to the leading edge of the wving
to delay the stell end to inorease the msximm 11t soefficient.

The gross weight of ths model wes 77-4 pounds, corresponding
to the full-size maximnm design load of 13,000 pounds. The cember
of gravity for 81l of these tests was at 28-percent .mean serodynemis
chard and the flaps were set at 45°. Static thrust used inm the
lending investigation was 15 pounds {approximately one~haly ssetic
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- - naturel freguency of sbout TC cycles per second and was mag-
. meticelly damped to about O.T of the oritical value.
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throst used for take-off investigation). The pi moament of
inertia ebout the center of gravity wae 4.9 slug-Teet<, which is
spproximately 25 percent greater than that corresponiding to the
full-size.

AFPARATUS AND FPROCEINRE

. The towipy gesr used in these tests is similar to that dsacri'bed.
in reference 8, and the instrumentation and general test procedure
are described in reference 3. Trim was measured as the engle between
the forebody keel at the step amd ths horizonbtal. The spaecifile
weight of the weter in the tank was 63.4 pounds per cubic foot for-
these teste.

Lendings were mwede at varicus trims and flight-psth angles In
smooth water and In oncoming waves of several lsngths and helghts
(up to and including 6.4 feet, full-size). The Pore and eft freedom
of the towing gear (reference 3) alliowed the model to check in waves
8o thet it was practicelly free of longitudinel restraint dnring .
that pert of the run-out whieh was of most .’urberoat The modal had
freedan in trim from -12° to approximately 20°. Freedom in rise
was edequate to prevent interference of the rise stop wlth the
motion of the model.

The landings were mede by decelerating the cerriege from a speed
above the landing speed of the model. The rate of deceleration-during
landing and run-out was approximately 3 feet per sscond per second.
The trim wes set In the air by means of the elevators; and since the
trim decreased as the model approeched the wmtser, 1t was necessexy
to set the trim in the alr severel degrees kigher than the desired
landing trim. The deflection of the slevators was not changed during
the run-out. The model speeds, at contact, corresponded to rqu-Bize
apeedaa between 52 snd Tl miles per hour.

The instruments demcribed In reference 3 were used to record
the results of the tests. Time histories of verticel asccelerstion,
trim, rise, horlyontal displacement, end horizontal velocity of the
nmodel were obtelped. Metal contacts on the keel of the model, &t
the bow, gtep, snd sternpost wers used tc record eleciricelly the
instant of landing conbact. The location of the bow gontact is
ghown in figure 1. '

An inductance-type accelercmester, which was atbached to the
towing staff, was used to measure the vertical acceleratiomns.
This aceelerometer, which is described in reference 3, had &

+
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The waves were generated in the menner described by reference 3.
The length and regularity of the waves were determined by means of
two streamliined struts which extended vertioally into the watwr fram
the towing carrisge. The gtruts were located sbout 17 feet apart in
the longlitudinsl direction. The relative wave height et each of the
strute was electrically reccarded, end from the records the wave
lengths could be dstermined.

The static displacement properties of the model were determined
by loadlng the model with a serles of welghts and moments end noting
the trim and draft for eech condition. The moments were measured
with respect to the pivot (located at 28-percent mean eercdymamic
chord) end draft was taken as the vertical displacement of the pivot
Prom its position when the forebody keel was para.u.el to and Just
touching the still-water surface.

The drop test consisted of dropplng the model Into the water at
zoro Pforward velocity from two helghte of the pivot above the water
and at seversl trims. The motions and accelerations were recarded
with the same insiruments uesed in the landings. The model was
restrained in the fore e&nd aft positlon but was free to rise and
trim. Drops were made fram pivot heighits above the water of
20.36 inches and 27.28 inches, respectively. At zero trim, these
pivot heights correspomnded to keel heights above the water of
6.92 inckes (1/2 beem) and 13.84 inches (1 beam). Data were
cbtained at contact trims from -1.0° to 15.4°.

FRECISION OF DATA

The data presénted are bellieved to have the following over-all
accuracy:

Trim, OZTEE + « « ¢« « 4 o o ¢ o o o 2 s &+ s o 2 2« o P
Lending apeed, foobt per second - - . « « « « +« « 5 §
Flight-path engle, degree . . . s e e e e e e e e . *0.2
Vertical accelermtion . - « + + o « o = + o« & “#(10 percent+0-2g)

RESULTS AND DISCUSSIOR

All valuse in the tables and grephs are full-scale values. The
following gymbols -are used:
£ acceleration of gravity, 322 feet per gecond. per second
ny vertical escceleration, g -
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Yu ".. horizontel veloéity (carrisge speeé.), feat per second
7 flight-path engle, dbgreas
T trim (engle ‘between forebody keel at step and the

horizontal), degrees

The results of the smocth-weter leniing tests are presented in
table IT. The flight-path engle, horizontel velocliy, and trim were
determined for the inatant the modéel touched the water. The maximm
vertical acdcelerations occcurred on initlal impast for all except one
lsnding. For the landing &t 0% trim the modsl skipped one time and
the maximm verticel acceleration occurred on the second impact.

The greatest veluve of vertical acceleration o'btained, 3 ig, occurred
during this landing.

.. Time higtorles of two of the lendings in waves are shown im
figure 3. Ths results of all the rough-water landings ave given in
table III. Flight-path angle, horizamtel velccity, end trim were
determined for the instent of firat contect and for the subsegquent -
contact which produced the maximm vertical mcoelerastion. The mcdel
invarisbly bounced clear of the water several times dwring easch .
lending in waves end thus experienced a series of lmpacts of varying
magnitude- ~In eech cazee, the meximm vertical acceleration occurred
at some impact fram the first tothe twelfth. 'The bounces were .-
generally acccmpariied by learge lnoreases in trim, the model attaining
e stalled attlitude at speeds considerably below flying speed.

Table III gives the maximm trim for each landing. The model ‘Br:\m.ed.
up to the machanical trim stop (20°) during approximetely half the
.1an¢1ngain3h-footmeaanddm-ingmatoftholmdingsin~ .
k. 6-foot and 6.4-foot waves. _ _ N
[ L
Figure % i a plot of meximm verticael acceleratious ngaimt
wave lengths for the different wave helghts. In general, these
accelerations decreased with incresse in wave length. The accelerg-
tions increased rapidly with.increasse in wave height. The gre&test
vertical scceleration measured during the tests was 15.Lg; a:nd Vas
obtained during a lsnding in 6.4-foot by 165-foot waves. S
Same of the rough-water landings were quite violenmt emd rosulte&
in structursl damage to the model. Dwring the landings in k%.6-foob
by 110-foot waves ths motioms of the model wers perticulariy violent
and heavy spray ‘struck the flaps end horizontal tail. Of the four -
landings made in thesp waves, three resulted in fzilwre of the horl-
zontal tail surfaces- During a. la.nﬁing in 6. l&-root by 138-:E‘oct wveves,

Tt : é!
-

.)

L1
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water cems over the bow and bent the tips of the propellier bladss.
Figure 5 1s a photograph of the damage resulting from thiz lending.

No attempt was made to vontrol the position on the wave profile
at whaich the initisl contact with the wave cccwrred. Consequently,
the velues of the impact accelerstions on initial conbact varied
widely &nd landings on the weave crests geve lowest vaiueas. No
oorrelation of the values of subseguent accelerations with infitial
lending conditions was posbible.

The resulte of tests of al-size model of the holl of this

aircraft in the Langley impact 'basin are described in reference k.
Results from the free-to-trim test of reference 4 are presented in
table IV for compsrison with vertical acceleretions at initial

impact obtained in the tests of Langley tark model 2084. The impact-
basin dsta were taeken in stscoth water and in 120-foot waves of varying
heighte, at speeds corresponding to & full-size landing speed of

86 miles per hour. The &sccelerations presented are those which were
measured at inttial impact. The landings of the dynamic model 208M
wore made with one-helf take-off thrust and with flaps deflected 45°.
The model speeds, =t contact, corresponded to full-size speeds between
52 and T} miles per hour. The date from the lmpact-basin tests and
from model 2084 tests are plotted in Pigure 6 in the form of vertical
acceleration ccefficient versus flight-psth angls. It can be seen
that the two sets cof data are fairly well defined by the same upper
‘enrelope curves.

The static properties are presented in Ffigure T.where trim end
draft are plotted againet trimming moment for the different loads
tested. The results of the drop test are presented in table V. The
greatest vertical accelerastion obtained fram the drop teste was 6.7g
for a drop height of 1 beam and & contact trim of -1.0°.

CONCLUBIOR:S

- 1. The gre&test vertical acceleration encountsred during the
smooth-water la.ndings was 3.1g.

2. The model experienced & nugber of impacts during each rough-
water landing and the maximmn vertical scceleration ocecurred &t scme’
Impact from the flrst to the twelfth. The grestest verticel accelera-
tion encountered was 15.kg for a landing in 6.4-Toot Ly 165-Ffcot waves.
The lmpact accelerstiocns increased with increase in wave height emnd,
in gensral, decreased with inoremse in wave lengbh.



KACA RM No. LTB29 b T

» Dvring the landings in weves the model bounced into the air
at stalled. attitudes at speeds below flying speed. The modsl trimmed
up to the mechanical trim stop (20°) during lendings in waves of
heights greater than 2.1 feet. '

4. Bolid water osme over the bow during ome lending in 6.4-foot
by 138-foot waves end dameged the propsiler.

5. A campearison of the vertical scceleration coefflcients at

first impect frcn the tank teste of & -5;—5-31:9 model and from impect-

beain tests of a é-size model of the bull showed that the uprer
1imits of the t\ro gets of date are in fair sgreemcnt.

Lengley Memorial Aercnautical Leboratory
_Bationel Advieory Camittee for Aeromautics

Langley Field, Va.
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TABLE I
1

COMPARISBON OF PB]ICIPAL DIMENSIONS OF ——2-SIZE DYNAMIC MODEL

55

AND FULL-SIZE COLIMBIA XJL~1 AIRFPLANE

Huli: :

Besm, including plating proJecting from
chineg, In. « « « « ¢ ¢ + ¢ ¢ ¢« o 2 + & «

Lengths perallel to straight pertlion of
forebody keel, in. .

Forebody, bow to ceatroid of step . . . .
Afterbody, centroid of step to sterapost
Tail extensiom, sternpost to tralling
odge of rndder . « « + ¢« ¢ ¢ ¢ o » .
Over all, bow to trailing edge of rudder

Depth of step (plen form §5° vee), in.

C AEESEL . . . c k4 e s v s e e ..o
At controdd « « « o+ + s ¢« o s Biere.o
At chine .« « « &+ ¢ ¢ ¢ ¢ ¢ s o ¢ o ¢ o &

¢ Angle of forebody keel relative to base
line, deg « + « « ¢ o ¢ « s =+ = s s o« .

Angla of afterbody keel relatlive to bese
lins,dag..............‘.

Angle between keels, deg - « « + - « « . . .

Angle of desd rise of forebody at step, deg

: Ercluding chine flare « « « « ¢« « « - « =«

Tncluding chine £187€ » « « « = « = « o o o

Angle of dead rise of afterbody, deg .
Step at atation 233 "+« . e - e s o .
Maximm at station 315 « « + ¢« ¢« o o . .
At BLEIIPOBE « + ¢ =+ ¢ ¢ ¢« 2 4 o« ¥ o .

Wing: -
dret, BG TH « ¢ ¢ ¢ ¢ ¢ ¢ o v e s o
Bpan, f£ + ¢ « ¢« » 4 2 ¢ 4 0 0 e .
Root chord (section NACA %418), in. .
Tip chord (section WACA #412), in. . .
Angle of wing setting, deg

Reference to base 1ine - « « ¢« .2 +.p o

a ® a4 o
L] L] L] L]

Reference to forebody keel . . « « - « o

Mean serodynsmic chord, M-A.C., in. . . .« .
Leading-edge M.A.C. parallel to base iing
Af‘tofbw,inllldolt-n-o.---
- - Belmthmtum,inr e ®w @« o @ s a « s
--¥lep metting, deg ' :
- TBkB“Off 4« @ $ ¥ & T T 2 e & P F 8 & "

I,ammg‘--...-v-.-ovclt

Model 2084 Fuli-size

.. 13'81" 76'0
. 1.0 229.3
. 36-27 199.5
. 18.18 100.0
. 96.14 508. 8
. 1.1% 6.27
. 0.93 5.11
. . llh-h' 7.’98
. -5.0 -5.0
. 5 12.5
. 7.5 7-5
Y

. 20.0 20.0
. 13-5 i3-5
. 2h.0 #24.0
. 29.5 29.5
. 20.0 20.0
< 13.65 k13.0
. 9.1 50.0
. 20.0 110.0
. i2.0 66.0
. h.0 4.0
. 9.0 9.0
. 18.39 101.17
. 32.02 :1;(3.1
. = 2155
. ___"'30 P

. 45

National Advisory -
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TABLE T - Concliuded

COMPARISON CF PRINCIPAL DIMENSIOBS OF '5-%3"8123 mc':c MODEL ~ Concludsed
- . - - Y . .

Horigcnbal tail:

Spam, 6 + « » o = o s s e st s 4 s e e e e 8.6 S 26.0
Chord (secticn WACA OC0I2), £ « « « « « « » & .91 5.0
Area, stebilizer, sg £t - - « + . . . . . . . G204 6.3
Area, elevator, s Dt -« « + « « + ¢« o0 . 1.27 .38.7
Total area, BE £F - + » o« o o o « « « ¢ » o & 2.2 ' 100.0
Ahgle of stabillrer to base line, deg «+..... 2.6 2.0
: f
Vertical tail: . ' _ .
Total asrea (section NACA 0012), Bg £t - « .« _. 1.25 38.2
* Propeller: ., - . : -
Blades « ¢ « « o » + + o o o .3 ' 3
DIiamoter, L =« o o » « o s o o 0 s e 0 e s . are 10.5
Angle of thyust line to base line, deg . . . 0 o

Thrust 1Ine above keel st centroid of step . .
cular to base line, in. . . . . . 17.4 208.8
Static effective thrust for lending, 1b . .

*
=t
v
o

Loading conditioms: . : e
mm Mi@ load, l - o’ e . L a - - - - 77.1!- ls’om
Cemter of gravity (28-percent M.A.C.)
Forward of cemtroid of step parallel to ’
streight portiocn of Fforebody keel, in. . _3.9% 21.7
Above forebody keel perpendicular to : :
straight portion of forebody
keel, N o+ o v = o o o v o . 4 o b o . 13.h% Th.0
Pitching moment of inerfia, slug-ftE v e e ay.g 19,400

aThese values not to Bogle.

. NATIONAL ADVISCRY '
 COMMITTREE FOR AERONADTICS
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TARLE IT

MAXTMEM VERTICAL ACCELFRATIONS DURING LANDINGS IN EMOOTH WATER
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MAXTMIM ¥YERTICAL ACCELERATIONS DUPING LANDINGE IK WAYES
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TABLE IV

VERTICAL ACCELERATIONS AT FIRST IMPACT FROM TANK TESTS

AND IMPACT-BASIN TESTS
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e e e wa e .. .

i _EA:LI values are full-scalo]
t 1 A velesse First contact-
! - ?170'5 N r R ) nr-
T Yv - r ‘
S| o (£5s) (asg) s
9.33 1.0 11.3 -0.2 5.1
9'33 6-0 u-s 5-1 k—-?
9.33 11.0 12.6 10.3 2.6
$.33 16.0 8.2 15. 2.2
12.50 1.0 15.2 1.0 6.7
- 12'50 2.0. 17v6 -6 5.6
12.50 11.0 15.8 9.6 k.Q
12.50 16.0 1k.9 k.9 2.4
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FIGURE 2.-MODEL 208M. BODY PLAN.
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Fig. 4
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NACA RM No., LTHZ9 Fig. 5

Figure 5.- Damage to propeller during landing
f in 8.4-foot by 138-foot waves,
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Fig. 7
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