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SUMMARY

* & dynemicelly similar model of the Army P-38 airplane was
tested to determine the best way to land this slrplsne on the
water and to determine 1ts problable ditching performance. The
teats conslated of ditching the mecdel at various landing
attitudes, flap settings, speeds, welghts, and conditions of
simulated dsmege. The model was ditched in calwm water from
the tank towing carriage and a few Jditchings were made in both
calm and rough water st the outdoor cztapult. The psrfo:ms.nce
of the mcdel was determined by making visual observatlons, by
recording lengths of rum and time :Liatories of decelerations,
a.nd. by taking motion pictures of Ehe ditchings .

Fyam !:he results of the tss’cs, ‘the follow:l'lg conclusions
werse dra.m. '

1. Ths airplane should. be ls.ndsd at a tail down ‘atti bud.e
(thrust line at 9° to 13°) with flaps full down.

2. When ditched in calm water at the 9° attitude the sirplane
will probeably heave with a high deéceleration at the first contact
with the water.

3. The landing should be made with the wing laterally level,
otherwise a violent +urn. or an oscillation 111 ys.w may result.

-4, The a.irpla.ns should be la.nded et the lightest. weighu
possi'ble
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. Hydrofleps will improve the ditching performance of the
alrplans by making the ditching run longer and smoother with lower
decelerations.

6. In rough water with wind speeds less than 25 miles per hour
the alrplane should be ditched at the 9° attitude with the flight
path parallel to the wave crests; the alrplene will probably heave
or turm. If dltched across the waves, the asirplane will probably
heave or dive. In winds over 25 miles per hour the ditching
should be made into the wind and across the waves.

INTRODUCTION

Tests wore conducted in Langley tank no. 2 and on en ocutdoor
catapult in order to determine the best way to land the P-38
airplane in calm and rough water and to determins 1ts probable
ditching behavior. The tests were requested by ihe Army Air Forces,

Air Matoriel Commend, in their letter of Murch 26, 1943, WEL:AW:50.
FULL-SCALE EXPERIENCE

A report of only one Pull-scgle ditching was availsble. In
this ditching an epproach wns made into the swell with full [lap,
et an airspeed of ebout 80 ‘wiles per hour. The sea was rough, with
a deep swell and a 35 mile per hour wind. The alrplane was dltched
over the crest of a roller end into the trough. The deceleratlion
was not toG §9vere. The flotatlon time was approximately 25 seconds.
The ditching was considered successful and the pilot, who had his
Sutton harness secured, sustained no injuries. The low touch-down
speed of 40 to 45 miles per hour together with the bouysncy
furnished by the ampty gas tanks were given as the maln reasdns
for the successful ditching.

PROCEDURE

~Description oi' Model

A 1/9-size dynemic model of the P-38, shown in figure 1, was
used in the tests. The type of construction used in building the
model was similar to that described in reference 1; the model was
of tlssue covered balse construction reinforced with hardwood at
points of high stress. The model had a wing span of 5.78 feet
and an overwll length of 4.20 feet.
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Scule strength flaps liks those descrited In reference 2
were used on the model. The aluninum brackess used for this
purpose can be seen in figure 1.

Test Methods ~nd Equipment

The gpparatus and test procedure were similar tc those

dsescribed in references 1 and 2.
Test Conditions
(811 velues given refer to the full-acile airplane)

Gross weight .- The gross weights tested were 14,900 pounds
(normal weight) and 16,100 pounds (overload WE1gnt)

Location of ceater of gravity.- The center of gravity was
located st 27.7 percent of the mean aerodyramic chord =nd 4.6 inches
below the thrust line. A few runs were made with the center of
gravity et a higher verticel location (0.10 inch zbove the thrust
line) but no noticeable difference in behavior was cb3erved.

Ltbitude .- The attitudes (of the thrust line) at which the

modsl was vested were 139 (neor gtall), 9°, 5% (three point
lendirz attitude), and 20,

Landing gear .- No landing geer was provided on the model and
211 tesus similated ditchings with the landing gear retracted .

Flaps .- Thrse flap deflecticns were used in the teste: wup,
helf down, end full down. In the two extondsd positions the flaps
were fixed at scals 'strength. The Lockhsed Aircraft Corporation
indicated that, on sach flsp, e uniformly distributed load of
3C00 poundas wuuld cause failure.

Speeds .- The range of air speeds covered in the tests was
from 91 miles per hour to 1h0 miles per hour. Most of the tests
wore made at aspeeds highéer than those calculated fram the 1lift
curve furnished by the Lockheed Zircraft Corporation becsuse the
wing 1ift of the unpowersd model, even with le=ding edge slats
added, was insufficient at the calculated speeds. The correct
wing 1ift was obteined by increasing the speed until ths model
wes alr-born3 or actually glided into the water after its releass.
Table I, with one exception, glves two speeds for esch attitude
and flap setting; the lowsr speed iz the calculated speed and the
higter one is the alr-borne speed. The exception is the 5° attitude,

-
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20° flap setting, where only the alr-borne speed is recorded since
1t was found to be less than the calculated speed.

Condltions of simulated damege .- Two condltions of simulated
demage were used: .

(2) No damage, (fig. 1}.
(b) Three landing wheel doors removed, (fig. 2).

Ditching aid .- Some tests were made with two rectangular
hydroflaps installed on the model, one on the undersurface of
each boom or nacelle. Three sets of hydroflape asg shown in
figure 3 were tested-

Condition of geaway.- A few rns were made in calm and
rough water at the catapult to check the tank results and to give
an indication of rough water performance.

RESULTS AND DISCUSSION
General

Sunmaries of the results of the tests in lLangley tenk no. 2
are presented Iln tables I, II, and ITI. Table IV gives the results
of individual ditching runs at the outdoor catapult. The symbols
uged in the tables are defined as follows:

b deep run - a run in which tnhe model travels through the water
partially submerged and exhiblts a tendency to dive although
the attlitude of the model I3 nearly level

a slight dive - a dive in which the wings are not completely
submerged and the angle betwsen the water surface and
fuselage reference line is about 15°

e heave - a bouncing motion in which the model strikes the water
and noses in slightly, rebounds or clears the water surface
vhile remaining at nearly the seme attitude, then strikes
the wvater again

h amooth run - & run in which there is no apparent oscillation
about any axls during which the model asettles into the
water as the forward velocity decreases
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o oscillation in roll and yaw - an oacillating motion in roll
combined with an oscillating motlon in yaw caused 'by_ the
nacelles of the model "digging in" alternately

P porpoising - an undulating motion ebout the transverse axis
in which some pert of the model is glways in contact with
the water surface

8 skipping - an unéwnlating motion about the transverse axls
in which the model clears the water surface completely

t sherp turn - a viclent angulay motion about a vertical axis

In the tables, some of the behaviors are defined by two symbols,
indicating combined behavior. For exaomple, 'eo' msans that during
the heave one nacelle dug in at the Tfirst contact with the water,
end at the second contact the other nacells dug in, thus giving a
yawing motion toc the ditching. Similarly, “et" means the model
turned sharply at first contact in the heave and then landed at a
different heading.

In a heave, the deceleration of the model at the first impact
with the water was considerably higher then that at the gecond.
This initial deceleration was comparatively high; as mich as
llg was recorded.

Photographa showing characteristic beheviors of the model are
shown in Pigures 4 and 5. Time histories of longitudinsl decclerations
are shown in figure 6. .

The landing speed was the most important varlable affecting
performance. The highest decelerations as well as *he most violent
behaviors were encountered at the high spesds. There was no
appreciable difference in bshavior t-tween the ailr-borne and
lift-curve speeds. T T :

Effect of Attltude

The profile of the P-38 is such that the rudder and vertical -
stabilizer extend scme distence below the boom. Conseguently,
regardless of how high the attitude was when the teil of the airplene
first contacted the water, the attitude fell +o about 4° before the
lower fuselags surfaces came in contadt with the water. Since the
fuselage came in contact with the water at approximately ths same
attitude in all ditchings,. the primsry effect of attitude was to
change the landing speed. High-attitude, low~speed ditchings
resulted in & mild form of heave, that is, the "nosing-in" tendency
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was small and after the first lupact the model dld not rebound from
the water to any great extent, (figs.4(a) and 4(b)). Low-attituds,
high-speed ditchings resulted in a vioclenlt rebound froam the water
and the model sometimes turned sharply. Also, there was & string
nosing-in tendency, and the model occasionally dived, (fig. L(ec)).
Lower deceleratlons were obtained in the high-attitude ditchings
than in the low-attitude dltchings, (fig. 6).

Effect of Flaps

The scale strength flaps seldom falled except when the model
Jended with one wing low. The flaps falled more of ten abt the
catapult (table IV) than in the tank, probably becouse of the
additional impact of the waves. A3 i:dicated 1n table I and
figures 4(a) and 4(b), the model with flaps up genorally made a
deep run, and with flaps down it usually heaved. Flaps half down
caused behavior intermediste between those with £laps up and full
down, that is, that was more of a tendency to heave with flaps
half down than with flaps up. Figure L also indicates that flaps
full down scale strongth caused a slight pitching down moment.
However, thls effect apreared secondary in Importance to ths speed
reduction obtainsble with flaps down.

Bffect of Simmlated Damage

The maximum decelerations of the model when Ritched with
similaved failure of the landing wheel doors averaged 3g grecter
than the maximum decslerations occurring in ditchingz of the .
undamaged model (table I). The tendency to heave and rebound From
the water secmed greater in dltchings of the damaged model. " When .
the nose wheel door wus removed, the fuselage undcrsurface aft of
the door opening ovcasionally tore off in a ditching, neocessitating
reinforcement of the model at this section. '

Effsct of Welght

Although the pérformsnce at both weigh?t conditions was essentially
the same (tables T snd IT) s the deceleration and heaving action
appeared greater at the overload weight condition than at the normal
welght condition. This was probably cuused by the higher landing
speeds necessary at the higher wing londing. :
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Effect of Ditching Alds

The hydroflans helped in ccunisrscting the nosing in tendency,
so that the model, when ditched, made longer and smocther rund,
table ITI. Porpoising or skipping was the usual behkavlor. ¥he
large hydroflaps wers more effective than the smallesr ones. Change
in the longitudinel location of the hydioflaps within the limits
indicated on figure 3 caused no appreciable difference in behavior.

Effect of Seaway

In table IV the landing attitules listed for the rough water
ditchings are not exact because -3 of wind sometimes caused the
modsl to chenge attitude after it lert the lsunching carrisge.

The wave helght cbialined in the open 2ea for a given wind
velocity as given in the "Wind and Sea Prsdiciion Teble" in
reference 3 i3 greester than the wave height obtained ai the
catapuls for the ssme wind velocity. Consequently the bshavior
of the model in rough water ney be somswhat osptimistic sincs in
upwind ditchings *he wave helghts were lower than they should
have beer. for the grcund speeds at which the model was ditched.

In ditchings across the waves, and at high stititudes, the
mndel showad a tendency to be pltched dewn by a wave airiking the
tail. In ditchings along the waves, thers anpeared a nendency %o
turn.  For both wave conai'l'ions howersr, ihs hsaving motion was
predominant (Tig. 5).

Since diving 1s suck a severe metlon, the alrplene should.
generally be iitched parsllel 'to the waves to rsduce the pnssib.e.lity
of a dlve cccurring from tvhe tail striking a ware crest. The model
tests were pot mads at wind speeds high enough o indlcate whather
the behavior ir dltchings acrcas the waves would improve in very
strong winds. However, in winds cf about 25 miles per hour or

|, 8reater,. a considsrable reduction in spesd could be obtalined by

lending into the wind, so in winds of this magnitude 1t would
probably be a.c}.vmtageous to land into the wind. The successs of the
full-scals ditching msntioned earliler in this report is in agreement
with this conclusion.

COWCLUSIONE

From ths resulis of the tests of a l/9-size model the following
conclusions were drawn:
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1. The airplane should be landed at a tail down attitude
(thrust line at 9° to 13°) with flaps full down.

2. When ditched in celm water at the 9° attitude the airplane
will probably heave with a high deceleration at the first contact
with the w=ter.

3. The landing should be made with the wing laterally level,
otherwise & vioclent turn or an oscillation in yaw may result.

4. The airplene should be lsnded at the lightest weight
possible.

5. Bydroflaps will improve the dltching performance of the
alirplane by meking the ditching run longer and smoother with lower
decelerations. .

6. In rough water with wind speeds lesa than 25 miles per hour
the alrplane should be ditched at the 9° sttitude wiih the flight
path parallel to the wave crests; the alrplane will probably heave
or turn. If ditched across the waves, the airplane will prcbably
heave or dive. In winds over 25 miles per hour the ditching should
be msde into the wind and across the waves.
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National Advisory Committee for Aeromauntics
Langlay Fleld, Va .
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TABLE I .- SUMMARY OF RESULTS OF DITCHING TESTS OF A 1/9-SIZE MOTEL OF THE ARMY P-38 ATRPTANE

AT THE NOHMAL. WEIGHT CONDITION IN CATM WATER IN LANGLEY TARK NO. 2
[All walues are full scale]
Attitude, thrust line 13 9 5 2
(deg)
m\ Speec;. p "o ho
fir3 1102 110 (115|2371130| 1011116 1.23 1133 (1401 115( 132( 13511302
L 5(127[13 23 1133 5132(135|13
Flaps m
Run T 11 6| 7
Up | Max 8 8 S
Ko Fmk b ] b
damage Down | Run 6 6 515 10
simu- 20° | Max| |[--- --- e ---
lated Rmk ) b Bl b a
Down | Run| 5 7 5] 7 71 10
37° | Max{-- 5 5 6(5.2
Rnk| 8 e0| ao =) =)
Simulated Run 5 5 b9
|ailure of| Up |Max - --- | 11
the three Fmk b D el o
1anding Down |Run| 6 5 5] 7 5 3 31 6
wheel 37° | Max|-- 8.2 ---| 8 ---| 9 ~--{ 10
doors Rmk| e ) ol eo a| eo ed . ot

Icolwm notations are explained a8 followa:
Run - Length of run, glven in mmltiples of the length of the alrplane
Max - Maximm deceleration, given in mmltiples of the acceleration

Emk - Notatlions under this hea.d.ing have the following meaning:

of gravity
b - ran deeply
d - dived slightly
o = heaved,
o = ogeillated in roll and yaw
t - turned sharply

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

LTr9T *OoN Wa VOVN
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TABLE IT.- SUMMARY OF RESULTS OF IITCHING TESTS OF A 1/9-SIZE MOIEL
OF THE ARMY P-38 ATRPLANE AT THE OVEPLOAD WEIGHT CONDITION IN
CAIM WATER IN LANGLEY TANK NO. 2

{All values are full scals]

Attitude, thrust line 13 9 51 2
(deg) '
\ Speed.
\% 137 § 135 | 129 § 140 | 138 | 1ko
Damage Flaps \(f)\
No Up Run { 9 9
damage Rmk e b
simu- Down Run 5 10 8 8
lsted 37° Rmk e 8t e et
Simulated Up Run 9 . 6
fallure of Rmk e db
the three Down Run 7 [ 5 5
landing 37° Rmk e e e et
wheel doors

IColuitn notations are explained as follows:
kun - Length of run, given in mmltiples of the
length of the airplane
Rmk - Notations under this heading have the
following meaning:
- ran deeply
- dived slightly
-~ heaved
- oscillated in roll end yaw
turned aquickly

GO0 0o o

NATTONAL ADVISCORY
COMMITTEE FOR AFRONAUTICS
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TABLE IITI.- SUMMARY OF RESULTS OF DITCHING TESTS OF A 1/9-SIZE MODEL
OF THE ARMY P-38 ATRPLANE WITH HYIROFLAPS AT THE NCRMAT
WEIGHT CONDITION IN CALM WATER IN LAWGLEY TANK NO. 2

El:ll values are full sca.lei]

e e bt e A = S

o Attitude, thrust Line
\\ Taeg) 13 9 5 )
Speed
(mph)
panage 110 | 130 | 116 | 132
Hydro-
flap (2)W Flaps | (1)
Similated Up Run 10
failure Fmk kb
of the 1 Fun | 10 i1 | 17
three 3'[0 Rmi D sb sh
landing > Run 8
wheel 370 Rmlk b
doors 3 Down FRun 5 8 17
] 37° Rmk h sb sb

1column notations are explained as follows:
Run - Length of run, given in multiples of the length
of the alrplane
Rmk - Notations under this heading heve the following
meaning:
b - ran deeply
h - ran smoothly
P ~ porpoised
8 - skipped
Eyd.rofla.p d.esign.a,tion 18 explained in figure 3.

NATTONAL ADVISORY
COMMITTEE FOR ABRONAUTICS



TABLE IV.- DITCHING TESTS OF A 1/9-SIZE MODEL OF THE ARMY P-38 ATRPLANE AT THE

NORMAL. WEIGHT CONDITION IN CATM AND RUUGH WATHR AT TEE OUTDOOR CATAPULT.

[A11 velues are full scale|

IIB u

Attitude,| Air-| Flap Weve | Wind
thrust |speed| setting (1) [height|velocity Behavior
Line | (uh) (dsg) |  |(in.) | (mph)
(aeg)
Acreoss| 13 114 3T | B| 18 27 Turned sharply, one wing low, one flep failed
vaves, 13 107 37 | B | 18 29 Heaved, turned sharply, one flap falled
into 9 125 o] A 13 17 Heaved,
wind 2 137 0 A 13 27 Heaved, pltched down by wave strilking tail
9 140 0 [ Af 13 3 Heaved viclently, turned
Along 13 106 37 | B g 17 Heaved, turned sharply
vaves, 13 110 37 | B 9 7 Heaved, two flaps falled
across 9 100 37T | B| 13 2 Heaved, one flap falled
wind 5 122 37 B 9 12 Heuved, dived dseply, three flaps falled
5 116 37 | B 9 12 Dived slightly, heaved, three flaps failed
5 115 37 | B 9 14 Heeved, turned sharply, one flap failed
Smooth| 13 108 37T | B Dived slightly, one flap falled
water 13 105 20 B Ran deeply
13 101 0| B Ran deeply
13 120 0 A Heaved ‘
9 136 0 | A Oscillated in yaw, one wing low |
5 1 138 37 | B Heaved !
loondition of demage: "A" decignates no simnlated demage.

deslgnates simulated fallure of the three landing
wheel doora.

FRATIONAL ADVISORY
COMMITTRE FOR ARRONAUTICS
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FIGURE LEGENDS

Figure 1l.- Photograph of a 1/9-eize model of the Army P-38 airplans.
() Front view.

Figure 1.- Continued.
(b) Side view.

Figure 1l.- Concluded.
(c) Bottom view.

Figure 2.- Photograrh of a 1/9-size model of the Army P-38 airplane
with the nose landing gear door and main landing gear doors
removed.

Figuare 3.~ Installation of hydroflsps on model.

Figure 4.- Photographs of ditchings of a 1/9-size model of the Army

P-38 airplane (0.563 seconds interval full scale). Simulated
failure of the three landing wieel doors.

(a) Attitude of thrust line 13°; flaps down 37° scale strength;
speed 110 miles per hour full scale.

Figure 4.- Continued.

() Attitude of thrust line 13°; flaps up; speed 130 miles
per hour full scale.

Figure 4.~ Concluded.

(c) Attitude of thrust line 2°; flaps 37° scale strength;
speed 140 miles per hour full scale.

Figure 5.- Photographs of a diltching of a 1/9-size model of the Army
P-38 airpla.ne (Full scale time intervals indicated in seconds).
Attitude 9°, flaps down 37°, speed 100 miles per hour, full scale.
Simlated failure of landing wheel doors.

Figure 6.~ Time histories of longitudinal decelerations for ditching
tests of a 1/9-size model of an Army P-38 airplene at 14,900 pounds
gross weight in calm water with flaps full=dowm. -

(A1l values are full scale.)}
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(2) Front view.
Figure 1,- Photograph of a 1/9-size model of the Army P~38 airplane,
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(k) Side view,
Figure 1.- Contlnued,
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(c) Bottom view,
Figure 1.- Concluded,

SLTIONA ANTRRY CAVRITIRE FOR ARDANADYICA
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Figure 2,- Photograph of & 1

with the nose landing ge

ardoorandmainlnudinggear

ESTISNAL SPYISORAY TONNITIRX WOa ARRDNASTYCN
LANSLEY umORI & ANMONAMTIE N, LABORATORY ~ LANGLRY FIELD, ¥4.

LMAL 38874

/9-~8ize model of the Army P-38 airplane
doors removed.
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Hydroflap number
Angle with thrust 1ine () 0
AL} Unear dinensions in inches, full seale Lenath (%) 27 27 18
Distance aft of nose (D) 112 93 93
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Figure 3,~ Installation of hydroflaps on model.,
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(a) Attitude of thrust line 1389; flaps down 37° scale strength;
speed 110 miles per hour full scale,

Figure 4.-_ Photographs of ditchings of a 1/9-size model of the Army
P-38 airplane (0.583 seconds interval full scale), Simulated
fallure of the three landing wheel doors,
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(b) Attitude of thrust line 13°; flaps up;
speed 130 miles per hour full scale.

Figure 4.- Continued
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(¢) Attitude of thrust line 2°; flaps 370
Scale strength; speed 140 miles per hour
full-scale.

Figure 4.- Concluded

NAYIONAL ADVIRORY DOWNITYRE YOR ARBAWAUTICE
LANGLEY WENORIAL ARRONABTICAL LAMAATORY - LANCLRY FIELD, Vi.
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Figure 5,- Photographs of a ditching of a 1/9-size model of the Army
P-38 ajrplane, (Full scale time intervals indicated in seconds).
Attitude 9°, flaps down 37°, speed 100 miles per hour, full scale,
Simulated failure of landing wheel doors.
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