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RESEARCE MEMORANDUM
.. for the
Bureaun of Aeronauties, Navy Department

DITCHING TESTS WITH A 1/16-SIZE MODEL OF THE NAVY
Xp2V-1 ATRPIANE AT THE LANGIEY
TANK NO. 2 MONORAIL

By Lloyd J « Fisher and Robert P. Taz}éhis _
SUMMARY

Tests were made with a 1/16-size dynamically simillar model of
the Navy XP2V-1l airplene to study lts performance when ditched. Tke
model was ditched in calm water at the Langley tank no. 2 monorall.

Various landing attitudes, speeds, and conditions of damage
were simulated. The performance of the model was determined and
recorded from visual observatlons, by recording time histories of the
longitudinal decelerations, and by ta.king motion pictures of the
ditchings. .

-

From the results of the tests with the modsl the following con-
clusions were drawn:

1. The airplane should be ditched at the normal landing attitude.
The flaps should be fully exiended to obtain the lowest possible
landing speed.

2. Extensive demage will occur in a ditching end the airplane
probably will dive violently after a run of sbout 2 fuselage lengths.
Maximum longitudinal decelerations up to about kg will be encountered.

3. If & trapezoidal hydroflap 4 feet by 2 feet by 1 foot is
attached to the airplane at station 192.l4, diving will be prevented
and the alrplene will probably porpoise in a run of about 4 fuselage
lengths with a maxipwm longlitudinal deceleration of less- than 3.58.
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INTRODUCTION

Tepts were made to determine the probable ditching performance of
the Navy XP2V—l airplane and to determine the best way to ditch the
airplane. The investigation was reguested by the Bureau of Aeronautics,
Navy Department in a letter dated April 6, 1945, Aer-E-23-WSD and
was made in calm wmter at the Langley Tank #o. 2 tonorall.

APPARATUS AND PROCUDERE

- Desoription of Model

A three—view drawing of the Navy XP2V-1l airplane is given in
figure 1, A 1/16-size dynamically similar model with & wing span of
6.25 feet and with a fuselege length of 4.72 feet was used in the
tests. Photographs of the model are shown in figure 2, The type
of gonstruction used on the model was similar to that described 1in
reference 1. Data on the full-scale alrplane were obtained from the
Lockheed Aircraft Corporation,

TPeat Methods and Equipment

A photograph of the Langley tank #o. 2 monorail is shown in
figure 3. In ditching teats at the monorail, the model is atftached
to a small carrisge that runs on a single overhead rail and is '
accelerated to the desired speed by a rubber shook cord. The
carriage is stopped ebruptly when it reaches the desired speed, and
Ghe model 1s catapulted into the air. The model then glides freely
onto the water. '

The test procedure is similar to that described in reference 1.
The performance of the model is recorded from visual cbservation and
by a high-apeed motion-picture camera. The longitudinal decelerations
are measured by a time-history acoelerometer placed In the model npear
the pllot's cockpit. -

Test Conditions

(All values given refer to the full-scale airplane)
Grogs welght.~ The normal g’mss" welght of 45,000 pounds was

simulated in the test. :



NACA RM No, L7A10 3

Location of the venter of gravity.— The center of gravity was

located &t 29.3 percent of the mean aerodynamic chord and 3.1 inches
above the thrust line.

Attitude.— Attitude was measured with respect to the fuselage
reference line' which is the attitude of the thrust line plus.3 degrees.
The model was ditched at 100, 6°, and 20 attltudes. The attitude
is 106° when the main wheels and the tail skid touch the ground. This
is near the stall angle. The attitude is 20 when the maln wheels and
the nose wheel touch the ground. The €° attitude 1s an intermediate
attitude and is approximately the normal landing attlitude.

Landing Gear.— The tests simulated ditching with the landing
gear retracted.

Flaps .- Tests were made with the flaps up and full-down. The
flaps, when extended, were fixed at scale strength as shown in
figure 4. Thia strength was based on an ultimate loading normal to
the undersurface of +he flazn of 180 pounds per sguare foot.

Condition of simulated damsge.— Structural strengths of the
botton of the Ffuselage and of the doors on tre underslds of the

airplans are as Folluws:

Doors
Nose—wheel doors, Ib/8g Tt « « o « o « o o o o o« = o o o « » 150
Main-wheel doors, 1b/8g TH « v « o o o « o s o s o o o « « « 150
BOIn.'b—'ba-yﬁ.OorB,l'b/qu’t.........-....-...100
Rearentmcedoor,lb/sq_ft.-.cos.aoo.n.-.o 70

Fuselsags
Stations55t0271|-, lb[ﬂq_fto e s & o e s s o s s a e &« a2 e 1OO
Stations 1}81[' tO 76]4' lb/sq ft. e * ¢ s A& ¢ & s 2 & & & & s 8 To
Stations T64 to 942, 1b/8q fte « « « o o o o o o s o s & o & 120

-—

These velues are prcbably less than the water pressures that will
occur on the bottom of the alrplane in a diltching. Since the under—
side of the fuselage is very weak and will probaebly fall in some
parts, a rectemgular sectlion from sitation 500 to station 558, 48 inches
wide, and a trapezoldal sectlon from station 644 to 754k, 56 inches
wide at station 644 and 48 inches wide at station 754 were made so
that they could be removed to simulate thelr failure. The radar
turret on the underside of the fuselage was also considered veak
enough tc be torn away in a dltching.

The model was tested at the following condltlons of simulated
damege:

(a) No demage (fig. 2).
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{b) Nose—wheel doors, main-wheel doors, radar turret,
bambh-bay doors, rear entrence door and two sections of the fuselage
aft of the bamb-bay doors removed to simulate their failure
(fig. 5 and 6). This is the probabls condition of damage.

(¢c) Same as condition {b) above but with the nose-wheel doors
in place and a trapezoldal hydroflep 4 feet by 2 feet by 1 foot set
at 30° to the fuselage reference line pleced at the forward edge of
the nose-wheel door, statfion 114 (figs. 6 and T).

(&) Beme as conditien (c} above but with the hydroflap moved
back to the aft part of the nose~wheel doors, station 192.%
(figs. 6 and 7).

RESULTS AND DISCUSSION

& sunmary of the results of the tests 1s presented in table I.
The symbols used in the table ars defined as follows:

dl viclent dive — & dive in which the wings vre suirersged and the
angle botween the weter surface and tne fuselsge reference line
is greater then 15°

do slight dive =~ a dive 12 which the wings are not completely sub-
nerged snd the angl> betwoen the water surface and the
fuselage reference line 1s less then 15°

h smooth run — a run in which there 1s no apparent oscillation
about any axis and during which the model settles in the water
as the forward velccliy decreeases

P porpoising — an undulating motion ebout the tramarverse axis in
which some part of the model 1s always in contact with the
water

8 skippling -~ an undulating motion about the transverse axia in
which the model clears the water completely

Photographs showlng the characteristlcs behaviors of the model
are shown in figures 8 and 9.

Typical time histories of longitudinal decelerations are glven
in figures 10 to 13. '
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Effect of Attitude and Simulated Damage

The model made a smooth run when dltched with no damage simulated.
The landing attitude had 1little effect on the dltchlng characteristics
except that at the 2° attitude there was a tendency for the model to
trim up after striking the water. ' The lengths of runs and the maximum
dsceleratlons were sbout the same at all three attitudes tested.
Figure 10 shows the time-history deceleration curves for tests with
no demage simulated, with the flaps up and also full down. The huump
at the begimning of each curve was caused by the initial contect of
the model with the water. The model generelly made & smooth run
after the initial contact but the hump in the curves of figure 10{c)
at about:l.2 seconds and figure 10{e) at about O.4t second ococurreé
during e porpolsing motion.

When fallure of the nose—wheel doors, main~wheel doors, radar
turrent, bomb-bey doors, rear entrance door, and two sectlons of the
bottom of the fuselage wae simunlated, the model dived viclently after
a run of sbout 2 fuselage lengths {fig. 8). The length of run
remained sbout the same for all three landing attitudes, however,
the meximum deceleration inoreased as the attitude decreased.

Figure 1)l shows time-~alstoxry deceleration curves obteined during
dives caused by damege to the bottam of the fuselage. The inltial
contact produced the hump at the beglnning of eauch curve. The
initial decelerations are larger than those saown in flgurs 10,
because in this case demage was present at the time of contacst.

In an actual airplane the iaitial deceleration could be expected to
be somewhat Iess since dasmege would not occur until after the contact.
The dive developed soon after contact and that part of the curves

of figures 11{a}, (b), end (¢} fram about 0.5 second to abont

3.0 seconds was obtalned dvving the dive.

Sinoe for either condition of demage tested there 1s littls
differsnce in ditching behavior caused by landing attitude, the
normal landing attitude 1s recommended for a ditoching bscause 1t
appears best not to change normal procedure unless a substantial
Improvement 1n behavior can be assuret.

Effect of Fleps

The flape usually falled and had litile hydrodynamic effect on
the ditohing characteristlics of the model. However, the lower alr—

speeds obtained with the use of flaps would be advantageous in a
ditching,
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Effect of Ditching Ald

When the hydroflep was atf{ached at the aft part of the nose—
wheel doors (sta. 192.4, full scale) and failure of the main-whgel
doors, radar turret, bomb-bay doors, rear entrance door and two
sectiong of the fuselage aft of the bomb-bay doors was simulated,
the diving usually caused by this damage was prevented. The model
porpoised soon after it.first contacted the watbr and then made a
gmooth straight run (fig. 9). Figure 12 shows the time-history
deceleration ourves for the tests of this hydroflap lnstallation.
The first hump in each curve was casused by the initlial contact. It
should be noted that the hydroflap influences the initial contact
only in.the 2° attitude landing because at 6° and 10° the hydroflap
does not touch the water until after the rear part of the fuselage
hes struck, Figure 12{c) shows a marked decrease in initial deceleras~—
. tion as compared with figure 11{c) where no hydroflap was used.

With the hydroflap instellation, the model porpolsed and the hump

that begins in the curves of figures 12(s) a.ndrfb) at about 1 second
and figure 12(c) at sbout 2 seconds was ceused by the nose going
deep into the water during the porpolsing motion. : :

Although the ditching behavior at all three landing ettitudes
was sbout the same when the hydroflap prevented diving, the 10°
attitude landings resulted in the highest maximum decelerations and
the shortest runs,and the 2° attitude landings resulted in the loweat
maximum decelerations and the longest runs. However, the average
decelerations were better at 10° and 6° than at 2° (see fig. 12)
and there is a greater poseibility of damage to the fuselage bottom
in a landing at 2° than in a higher attitude landing dwe to the
increased speed at the lower attitude. Therefore, the normal landing
ettitude 1s recommended for a ditching 1€ & hydroflap 18 added.

This 1s the aeme attituds recommended for a dltching without a
hydroflap.

The location of the hydroflap is critical bscause when the
hydroflap was attached et the forward edge of the nose-wheel doors
(sta. 114, full scale) 1t did not stop the diving caused by damage.
Figure 13 shows the time—history deceleration curves for the teste
with the hydroflap installation that did not prevent diving. The
inttial landing impact resulted in the uswel hump at the beginning
of each curve. The model then mede one skip and dived at the end of
the skip., That part of the ourves of figures 13{s) mnd {B) frem
about 0.5 second ‘to about 2.8 seconds shows the decelerations and

their duretion in the dive. -
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CONCIUSIONS

From the results of the tests with a 1/16-size model of the
Navy XP2V-1 alrplane the following concluslons were drawn:

l. The alrplane should be ditched at the normal landing attitude.
The flaps should be fully extended to obteln the lowest possible
landing speed.

2. Extensive damage will occur in a ditching and the airplane
probably will dive violently after a run of ebout 2 fuselage lengths,
Maximum longitudinal decelerations up to about hg will be encountered.

3. If a trapezoidal hydroflap 4 feet by 2 feot by 1 foot is
attached to the alrplane at station 192.h diving wlll be prevented
and the alrplane will probably porpoise in a run of ebout 4 fuselage
lengths with & maximum Ilongltudinal deceleration of less than 3.5g.

lengley Memorial Aerona.utica:l Laboratory
Netionwl Advisory Commlttee for Asronautlcs
Langley Fleld, Va.

Lloyd J, Fishexr Jr.’
Mechanical Englneexr

P Tar

Robert P. Tarshis
Mechenlcal Engineer

Approved:. ’}f//m /jﬂ }%:%; .,’.m

John B. Parkinson
Chief of Hydrodynemics Division

BUB
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TABLE T.— Summary of results of difching tests
N calm water with a V16 - size model of
the Navy XP2V-1 airplane al 7he
Langley Tank No.Z Monorail.
fGross weight 45000 pounds]
All values are full scale

Qe o g /10 6 2
Cmd?‘m\n{peed’ knots 7/ ~ 102 . 78 . /27 - 89 —

o = IC| &I ®] C > £=
NN NN HEEEEEHEEE

(A) up 1417 1 A 20lg | h

full down |20t 4 | A 20|41 h 2015 |uh

(8) \fultdown |33} 1 |q, 40| 2 {4, 59|12 |4

(C) full down |43} | |sq, 40} 2 tsd

(D) |Full down|40] 3 |ph 35| 4 |ph 29| 6 {ph

(1) Column headings are explained as follows :
Max - The maximum deceleration in muttiples of the
acceleration of gravity
Run- Length of run in muitiples of the length of
the airplane .
Rmk— Notations under this heading have the
following meaning: -

d~-dived violentiy s-skippced
h - ran smoothly u-trimmed up
p — porpoised

NATIONAL ADVISORY

(2)Cendition of damage COMMITTEE FOR AERONAUTICS

A - no damage simuiated

B - nose -wheel door; mam-wheel doors,bomb-bay doors
rear entrance door, radar turret and two sections of
the fuselage aft of the bomb-bay doors removed to

simulagte thewr faillure
C - some as'B’above but with the nose-wheel door 1n
and with a hydrofiap 4ft by 2ft. by 1ft. at the forward eage
of the nose-wheel door
= D —same as conartion'C"above but with the hydrofiap
moved to the aft end of the nose-wheel door
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Fig. 1
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Figure | -~ Three-Yiew drawing of 1he
Navy xp2V-l airplant-
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(a) Front view.

Figure 2,~ Photograph of the model with no damage simulated.

NATIONAL ADVISQNY COMMITTKE FOR ACRONAUTIOS
LANGLEY MEMORAL AEROMAUTICAL LABORATOAY - LANRLEY FIELD. vA
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(b) Side view,

Figure 2.~ Continued,

MATIORAL ADVTSONY COMMNTTEE FOR ALRONMAUTICS
LANOLEY MENOMAL ACNONAUTICAL LABOWATCRY = LANDLEY FIELD. YA.
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(c) Three-quarter bottom view,
Figure 2.- Concluded,

NATIONAL ADWHEORY OOMMTTEE FOR AEMONAUTICY
LANGLEY MEMORIAL AERONAUTIOA. LABORATORY — LANOLEY FIFIN va
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Figure 3.- Photograph of the Langley tank No. 2 monorail.

NATIONAL ADWISORY COMMITTEE FOR AERONAUTICS
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Figure 5.- Photograph of the model with the nose-wheel doors, radar turret, bomb-bay
doors, main-wheel doors, rear entrance hatch and the two sections of the fuselage
aft of the bomb-bay doors removed to simulate their failure,
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Figure 7 .— Drawing showing Jocaions and Size of
hydroflap.
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(a) Attitude 10°, Speed 71 knots.

Figure 8.~ Photographs at 0.5 second intervals of a ditching of the model with flaps full
down with simulated failure of the nose-wheel door, radar turret, bomb-bay doors,
main-wheel doors, rear entrance door and two sectlons of the fuselage aft of the
bomb=-bay doors. All values are full scale.
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(b) Attitude 6°. Speed 78 knots.

Figure 8.- Continued.
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(c) Attitude 2°. Speed 89 knots.

Figure 8.- Concluded.
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(a) Attitude 10°, Speed 71 knots.

Figure 9,- Photographs at 0,5 second intervals of a ditching of the model with flaps
full down with simulated failure of the radar turret, bomb-bay doors, main-wheel
doors, rear entrance door and two sectlons of the fuselage aft of the bomb-bay
doors, A hydroflap 4 feet by 2 feet by 1 foot was attached at station 192.4, Al
values are full scale.
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(b) Attitude 8°. Speed 78 knots.

Figure 9.- Continued.
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(c) Attitude 2°, Speed 89 knots.
Figure 9.- Concluded.
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