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DITCHING TESTS WITH A ﬁ--éc‘zm NODEL OF THE
ARMY A-26 AIRPIANE IN LANGLEY TANK NO. 2
AND ON AN OUTDOOR CATAPULT

By George A. Jarvis and Edward L. Hoffmen

Tests with a dynamicelly similar model of the Army A-26 airplane
wore made to determine the best way to land the airplene 1lp calm
.end’ rough water and to determine its probable ditching performance.

" The model was ditched in calm water from the tank no. 2 towing
carriage and in calm and rough water from an outdoor catapult. The
behavior of the model was determined by meking visual observatlons,
by recording longitudinal deceleratlons, aend by teking motion
pictures of the landings.

The following conclusions wore reached from’ the resulis of
the tests:

1. The airplane should be dltched at a normel landing attitude
(thrust line at 8°) with the flaps fully deflected and the wings
laterally level.

2. The airplane should. be ditched at as light a weight as
possible.

. 3. Ditchings in waves should be made perpendicular to the waves
attempting to made conte.ct near. tho crest. ,just a.fter the crest ha.s
"beenr pasgsed. - o _ g

. 4. Viclent qives will probably occur in calm a.ne. rough water,
except when d.itching a.cross high Wa.ves. S T

5. A hyd.rofla.p insta.lla.tion Will reduée d.ecalsra.tions a.nd
prevent diving. TR
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INTRODUCTION

Teste were conducted in calm weater in Langley tank no. 2 and
in calm and rough water at an outdoor cetapult In order to dstermine
the best way to make a Porced landing of an Army A-26 airplane and
to determine ite probable diltching behavior. These tests were
requested by the Alr Materiel Command, Army Alr Forces, in their
letter of March 26, 1943, WEL:AW: 50.

PROCEDURE
Desgcription of the Model

The model used in the tests was a i§-scale model of the

A-26 airplane. Photographs of the model are shown in figures 1
to 3. The wing span was 70.0 inches and the length of the
fuselage was 9.9 inches. The construction of the model was
similar to that described in reference 1. '

The flaps were‘attached to the wing with aluminum brackets
ad shown In figure 4. By adjusting the friction of the brackets,
the flaps wers made to fall at scale strength.

Tost Methods and Equipment

The apparatus and test procedure used were. similar to that
descrived in reference 1.

Test Conditions
(All values glven refer to the full-scaele airplane )

Gross welght.- The model was tested at welghts corresponding
to 25,730 pounds (normal gross welght) and 30,994 pounds (meximum
gross welght).

.. Locatlon of center of gravity.- The center df gravity was
located at 28.4 percent of the mean aerodynemic chord end 5.1 inches
above. the thrust line.

Attitude of thrust lline.~ The attitudes at which the model
was ditched wers l3° (near-stall attitude), 8° (normal landing
attitude), and 3° (3-vwheel attitude). The attitude engle was
measured between the thrust line and the water surface.
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Tanding gear .- The model was dltched with the landing gear in
the retracted position.

Flap setting.- Tests were made with flaps at 0°, 25°, and 55°.
Information obtained from the Douglas Aircraft Compeny indicated
that the inboard flaps will fall at a load of 197 pounds per squere
foot and the outboard flaps will fail at e load of 191 pounds per
sguare foot.

Landing speed.- In these tests, the speeds at which the model
was released wore determined by the speed necessary for the model
to be airborne. Since the mndel 414 not have the slotted flep
that ie on the full-scale airplens, the landing spseds in the first
tests were found to be excessive when the flaps were deflected.
Some tank tests at normal gross weight were repeated with the gep
between the wing and the deflected flap sealed so that the landing
speeds were kept within +10 miles per hour (full scale) of the
landing speeds calculated from power-off 1ift curves obtained
from reference 2. The purpose of repeating this portion of the
tests was to investigate the effect of landing speeds on the
ditching characteristice. The landing speeds used are listed in
tables I through III.

_ Conditiong of simulated damage .- Demage was simmlated by
removing various parts of the model. These parts have been assigned ]
numbers eg shown in figure 2 and as listed below. !

Numbsr of part ' ' Nams of part

All-purpose nose door
Nose -wheel doors
Bomb-bay doors
. Lowsr-turret service door
Main lending gear doors
Aft end of nacelles
Undersurface of fuselage Tfrom station 315 )
. (aft end of bomb bay) to 1ower turret '
Lower  turret '

® =N FWD

.. - To make up the variqus conditions of d.amage tested the following
,'combinations of parts were -removed: s

(a) No parts removed. (g) 3, &, 8
-gbgi‘ S . (B) 3,k
)1, 8, 3,4,5 , L (ks
. (k) 2, 3,4 5,6,7, 8
r) 2 3, 4, 5, 6 (probable

a) .1, 2, 3, 4, 5,.8.-_..
2)8 3.

£y b, 5,8 7 " condition of damage)



" " | " NACA RM No. L7B28

Ditching aid.- The all-purpose nose door was braced open to
form & hydroflap at 30° to the thrust line.

Conditions of geawey.- The model was ditched in three conditlons
of ssaway. . '

(a) Calm water.

(b) Wave crests parallel to the flight path, height approximately
2 to 3 feet, length.approximately %0 to 60 feset.

(c) Wave crests perpendicular to the flight path, height
approximately 2 to 6 feet, length approximately iTy)

to 120 fest.
RESULTS AND DISCUSSION

Surmaries of the results of the tests are presented in
tables I to III.

The symbols used in defining the ditching behavior of the
model are as follows:

b deep rum -~ near the end of the run the model submerges
partlally, exhibiting & tendency to dilve, although the
attitude of the model is nearly level

ﬁl violent dive - a dlve in which the wings are submerged and
the angle between the water surface and the
thrust line is more than 30Q°

&2 8light dive =~ a dive in vhich the wings are not submerged
completely and the angle between the water surface and
the fuselage thrust line is less than 30°

b smooth run - a run in which there 1s no apparent oscillation
' about any axis and durlng wvhich the model settles into
the water as the forward velocity decreases

P porpolsing - an uwndwlating motion about .the trensverse axils
in which some part of the model 1s slways in contact with
the water surface

8 skipping - an unduvlating motion about the trensverse axis in
which the model clears the water surface completely - in
. general, the motion is more severe than porpoising and
greater dsmage would probably occur.
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t sharp turn - a violent anguler motion &bout & vertical axis 3
generally caused by one nacelle digging into the water

Diving was prevalent throughout the tests on this model.
Occasionally ditchings with favorable characteristics were obtained
at soms conditions of damage, but since the attltudes and flap
deflections at which these runs océurred were not conalstent,
these favorable characteristics could not be assured in full-
scale dltchings. Howsever, by using the all-purpose nose door as
& hydroflap the diving was eliminasted.

When the model dived the meximum deceleration renged from
2.2¢g to 7.9g. When the model did not dive the maximm deceleration

ranged from 1.6g for a smooth run to 6.0g for & sharp turn.'-_

Photographs showing the characteristic behavior are shown in
figure 5. Figure 6 gives typlcal time histories of longitudinael
decelerations.

Effect of Attitude

Although diving occurred throughout the tests regardless of
attitude, the landing attltude d4id have some effect on the ditching
characteristics. The diving occurrod most consistently at the 13°
attitude. The sharp turms usually occurred at the 3° attitude.

(See table I.) Porpoising runs {cobtained with the: h;yd.rofla.p)
appeared lea.s’c violent at the 8% lending attitudei... *

Since landings at the 13° and 3° attitudes most consistently
resulted in the most violent behaviors, the normal landing attitude
of 8° appearsd to be the most favorable ditching ettitude.

e

Effect of Flaps-

Deflection of - the flaps did not ha.ve a noticea.ble detrimental
effect on the ditching performa.nce When the .model.was d.itched.
with the flaps -deflscted, pe.rtia.l or complete failure usually
occurrsd. When, at ninms “the flaps did not fail ‘the ditching
performence did not a.ppear any more violent.

Since the flaps did not have a detrimentel offect on the
ditching performance, it would be advantagsous to use full flap
deflection of 55° in order to obtain slower landing speeds.
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Effect of Weight

Diving did not occur as freguently, but sharp turns occurred
more frequently when the welght was increased. (See table II.)
When the hydroflap was used, Increasing the weight 4id not change
the type of ditching run, but from & study of the motion plctures
the porpolsing eppeered much more vioclent. Longlitudinal decelera-
tions did not vary with any consistency as the welght was varied.
(see table II.)

The alrplene should therefore be ditched at &s light‘a welght
as possible.

Effect of a Wing-Low landing

If the model was dltched with one wing lower than the other,
even though the difference was small, a sharp turn resulted. These
turns were caused by the nacelle on the low ailde digging into the
water. (See filg. 5(c).) Longlitudinal dccelerations as high as
6.0g were obtained in these turns. (See tables I and II and fig. 6.)

Ditchings should be made with the wings as laterally level as
possible to avoid sharp turns.

Effect of Simmlated Damage

In genmeral, the ditching behavior was violent or unsatisfactory
(without hydroflap) regardless of the condition of damags. (See
table I.}) Favoreble ditching characteristics could not be assured
at any particular comdition, even though favorable characteristics
were obtalned &t soms scattered polints.

Effect of Hydroflap

By bracing the all-purpose noss door open at an angle of 30°
with the thrust line so that it acted as a hydroflap, all diving
was sliminated. The decelerations listed in tables II and III
glve a distorted view of the value” of & hydroflep since only
maximum values are given. Im- ‘ditchings with a hydroflap, these
meximum values are caused by the initial impact of the landing,
but the deceleration has such & short duration that its importance
ig less than the tables imply. This initial peek deceleration is
also obtained in ditchings without & hydroflap, but is followed
by an even higher peak whose duration is much longer. The typlcal
time -history records (fig. 6) give a clearer picture of these
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decelerations, but still do not show the entire valie of a hydroflap

because the records obteined without & hydroflap were made into a

headwind that gave e ground speed of T8 miles per hour while the .
records with a hydroflap were made with a ground speed of 93 mlles |
per hour. It was found that landing into the headwind decressed :
the initlal peak deceleration about 1g, so in order to make a

more dirsct comparison between the tims-history records it may be

assumed that the peak values obtalned without & hydroflap should

be Iincreassd spproximately lg.

Effect of Ianding Speed

The results of the tank tests (with the gap between: the wing
and the deflected flap sealed) that were repoated %o investigate
the effect of landing speeds on ditching characterigtics are-
presented in table II. A comparison of longitudinal decelsrations
was not made, but the slower landing speeds: gave shorier landing
runs. The type of dltching behavior did not vary. These.results
are in agreement with information obtained from reference 3.

Effect of Wind and Seaway

For the rough-water landings at:the catepult, . ths wave height
obtained for & given wind velocity is smaller then the.wave height '
obtained in the open sea for the same wind velocity. The wave
heights are consequently lower than they should be to correspond
to the ground spseds at which the model lands. e :

When thils model was ditched either parsllel or perpendicular .
to the crests of waves less than 2 feset high the ditching behavior '
wes not changed by the waves. ILanding parallel to the crests of
" higher waves often resulted in runs in which & nacelle dug in the
crest of a wave and caused an extremely violent turn. In the
landings without a hydroflap thet wers made perpendlicular to high
waves, deep runs and slight dives were obtained instead of the
vialent dives that were obtained from landings porpendliculer to
small waves.

Since there was little difference in behavior regardless of
the direction of landing when this airplane was ditched in small .
waves, and since the behavior was improved by landing perpendicular '
to the waves when ditched in large waves ; this airplane should
always be ditched perpendiculer to the waves. These resultse:are
contrary to those obtainsd for most other ditching models where .
it has beon found best to land parallsl to the wave crests excent .
when high winds exist. L e
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If possible, contact should be made near the crest of the vave
Just after the crest has been passed, in order to decrease the
impact loads and to prevent the tail from being throwm into the ailr,
thus cauvsing the airplane to make contact again at a negative
attituds.

CONCLUSIONS

From the results of the tests wlith the %E»scale model the

following coneclusions were reached:

l. The airplans should be ditched at & normal landing attitude
(thrust line at 8°) with the flaps fully deflected and the wings
laterally level.

2. The airplane should be ditched &t ag light a weight
. possible.

3. Ditchings in waves should he msde perpendicwlar to the
waves attempting to make contact near ths crest Just after the
crest hes been passed.

k. Violent dives will probebly occur in calm and rough water,
except when ditching across high waves.

5. A hydrofliap installation will reduce decelerations and
prevent diving. :

Langley Memorial Aeronautical Laboratory .
Nationsl Advisory Committee for Aeronautics .

Langley Fisld, Va.

e T ik e

George A. Jarvis faka
Mbchanical Engineser

c'aémaﬂ/( 7% et
Edward 1. Ho fman

’ P
. _13-'/£;,// "o * " Aeronautical Engineer
Approved: _h./.. /\). fro 8D gy .

-Jochn B. Parkinson
Chief of Hydrodynemics Division
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TABLE T.- SIMMARY OF RESUITS OF DITCHING TESTS TN CAIM WATES IN LANGIZY TAWK HO: 2
mAr’é-mmmmmmn-ﬁmmuvm
CONDITIONS OF SYMULATED DAMAGE WITHOUT A EYDROFLAP .
[A11 valvss are full scale
Groes walght - 25,730 pomid]
Attitude of thruat line
(2eg) 13 3
#Dermpe condition ?.‘: ) Epeed | Max [Run |RBemarka [Speed | Max |EBun |Bemarks Speed | Max | Run | Remarka
&
BRI v | s
2! . , 128 ] 1. 1 IS 133 .9 st
Undamaged 55 o {513 :.l,_ o ||| n 18 |ez2 {8 ] aa
53 g |29 | 8 5t
0 23 | =~ 5 .5 136 | —- T 4
3 3 |m || 2 |3 o s e B2V &
- . -— 3
e ol feo] s # %2
NEEBEEEHE
——— 2 a- ] — 1 —— 2
1,2,3,45, g 1 188 ® lgg — L :1
55 106 | --- 13 4, 19 { —- L a4 20 | ---| 2 4
0 18 -1 3 132 § - 5
e3 " ‘2 1% | —} 3 s
1,2,3,%,5,8 23 132 —— 3 st
55 10k -— '3 b 18 —— 1 & 119 — L3 ad)
53 1ng — b st
0 18 | -— 15 132 —-
8 25 4 & 13% — g st
55 ok | --- | 2 4 18 | --- 81 sk n8 | -—- sd;
o ne |- |17 32 | - b
25 t % 135 — g B dl
5,5.8 25 13h — st
35 m |---|6 a; ns —— 61 q ng |~-\ 7 st
a us [~ |s & 132 || 7 (s
3,4,8 25 132 | -—--] 2 4
55 1ol -— L L 19 — S |sb ng -1 2 &
o 116 | - | & & 2 | - T(pk®
3,4 25 © N [ (S P
95 1ok | - | & a4y 18 | --- &| b ug | -1 5 a,
o] ng ——— & st
\ <] ne |- | &% 4 132 | ==~ 2 Pb
— Q
5 2(5’ 1% P 132 — 1 T ab
55 LT e I & 1B | --- L3 -7 ne -\ 7 s
o 118 | --- b 132 | --- Tisb
e 132 | ---| & 4y
z,3,4,5,6,7,8 o5 13 | —)] 6 t
55 -7 | ew | || 6]l & ue | - e

*Dama e ceu;diunn: enoh mmibar under this hesding. iha.ca.es s part which vas removed to aimisle damAgs.

1. All-purpose nose door.

2. Noge-vheel dcors.

3. Bomb-bay doors.

k. Lower turret service door.
5. Main landing-gear doors.

6. Af% end of nacelles.

T. Undersixface of fuseliges from station

8. Lower turret.

#eolum headings are oxplained as followss
8 Speed in milse per how'.
M::.d Average maximmm lengitudipal gscalsration in multiples of the acceleration of gravivr.
Run Tength of landing run in mmitiples of the length of the
Reparks FKotationa under this heading have the following msaning:

. Ran deeply.

4y . Dived violently-

315 (aft end of boch bay) Lo lower turret.

NATIONAL ADVISORY
COMMITTEE FOR AERORAUTICS
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' PABLE II.- SOMNARY OF RESUITS OF DITCRING TESTO TN CAIM WATER TH
LANGIEY TANK WO. 2mA%§-scmmmormm»26 ATRPLANE
VITH THE PROBARIE CONDITION OF DAMAGE STMULATED
[A11. vatues are rull soais)
Attituds of thrust line
(20g) 3 8 3
Gross welght rr ' o
(1v) Configuration Bpeed | Max | Run | Remarks |8peed| Max | Rvn | Remarks | Speed| Mex | Rm | Demavks
(deg)
0 ney -~ s q 12| 65] %
25 : K 1B | -1 % Bt
Without 25 130 | 7.0 g ad
bydroflep 53 109 ol 3] & Jam)--|6] g 183 | e agt
75 13 | | & a,
55-8 9 | -] 3 8 9] | 2 4y 06 | ---| 2 4y
25,730 -
0 m | ~~-1 6 ph 1% § 3.9 | 8 b
Vith 2 W | k9| 8 D
hydroflap 5% m — 8 ? 123 o a ? 123 oy 9 ?
5%-8 99 | —~-1 & ) 9| 13 P 126 ]| --- | 6 L]
0 130 | s.0] 6 4 4 | bo )9 b
0 13 | 5.%] 7 ? W k2] 9 st
Withont 25 2 § Lol 7 s
fiydroflap 5% m (b3l s 4 123 | -~ |10 ab 125 [ wb ] 6 b
oot "5 115 { 5.7 6 Y 123 {42 | 8 nt 15 | 3.9 8 st
30,
' o 1% |33] 7] v W6 | 54 |12 | »
With 25 w6 | 3.8 |12 Y
hydroflap 5 ns | ka1l 6 ph 22 | 3.8 |0 ) 1% }3.9) 8 Yo

'n.np: A 8" after the angle of flap deflestion indicates that the gap betwesn the wing and the deflaoted Tlap wan sealed +o reduce
landing spedd.

tte NATIONAL ADVISORY

. COMM FOR AERONAUTICS
¥ colmm hoadings ave explained an follova: IVTEE

Speed Speed in milea yar hour .
Max Average maxiwm longitudinal doceleration in mmltiples of the acceleration of gravity.
Bun Length of lending rvn {n multiples of the length of the alyplame.
Remarks Notations wnder this hesding have the following wesning:
b Ran daapl"-
43 Dived violently.
p Porpoised.
s Skipped.
t Turned sharply.

1T



TARIR ITT.- SUMMARY OF RESULTS OF DITCHING TESTS IN CALM
' AND ROTKH WATER MATR ¥ROM AN OUTDOOR OATAFLLY
WITE A ﬁ-scm! MODEL OF 'THE ARMY A-26 ATRPLANE
VITH TEE PROBAELE CONDTTNON OF DAMACE SIMULATED
[A11 values are full soals
Groos weight - 25,730 poumds,
Landing attitule - 8°
Flap deflection - 55°
Alrspeed -~ 99 miles per howr]
Cendition
of Oalm Perpendicvular Parallel
goavay waves wavena
»
Ground . Ground Wave Gromd Wave
Gontigmratl epesd Mar, | Remarka apasd Max helght Remarks spoed holght Remarks
Vithout A1 a [ I B i 1o 3 4
hyﬁmﬂﬂp 68 —_— 6 6-2
P
hydroflap 1k 3 t
* _ NATIONAL ADVISORY
Coluan headings are explained as fnllowa: COMMITTEE FOR AERONAUTICS
Gromd spesd CGromnd speed in miles par hour.
Max Average maxismm longitndinal deceleration in mmltiples of the ascelaration of gravity.
Wave height Wave height from tromgh to crest in feet
Romarkn Notations under thie heading hawe the following mesning:
b Ran deeply. )

d) Dived viclently.
" dy Divad elightly.

P Porpolsod.

t Twmned scharply.

82d.T "ON INH VOVN
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(a) BSide view.

Figure 1,- Photograph of a Tlé_

scale ditching model of the Army A-26 airplane,

NATIONAL ADVISORY COMMITTEE FOR AERONMITICS
LANSLEY MEUORIAL ACRONAUTICAL LABORATORY — LANZLIY FIELD. ¥A
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(b) Front view.
Flgure 1,~ Continued,

NATIONAL ADYIBORY COMMITTEE FOR AZROMAUTIC
LANGLEY MEMORIAL AERONALUTICAL LABORATORY — LANGLEY FIELD. VA

qT 314



e a8 [ I]]

e o0& & v
* 9 o s

. ¢ : : .
hse oo "

s
MAaCa

Ll 21303

(e} 'I'nree-quarter view,
Figure 1.- Concluded,

NATIOMAL ADVEBORY COMMITYEE FOR AERONAUTICS
LANSLEY MEMORIAL AEROMAUTIGAL LABCRATONY - LAWGLEY FIELD, VA.
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NACA RM No. L7B28 Fig. 2

Figure 2.~ Ditching model showing sections removed to simulate the
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various conditions of damage.

NATIONAL ADVISORY COMMITTEE FORN AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LASORATORY — LANGLEY FIFIn va

List of Parts

All-purpose nose door.

Nose-wheel doors.

Bomb-bay doors.

Lower turret-service dcor.

Main landing-gear doors.

Aft end of nacelles. -

Undersurface of fuselage from Sta. 315 (aft end of bomb-
bay}) to lower turret.

Lower turret.
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Figure 2.- Ditching model showing sections removed to simulate the
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various conditions of damage.

NATIONAL ADVISORY COMMTTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERQNAUTICAL LABORATORY — LANGLFY FIFID VA

List of Parts

All-purpose nose door.
Nose-wheel doors.
Bomb-bay doors.

.Lower turret-service door.

Main landing-gear doors.

Aft end of nacelles.,

Undersurface of fuselage from Sta. 315 (aft end
bay) to lower turret.

Lower turret.

of bomb-



Figure 3.- Ditching model with probable condition of damage simulated and with
all-purpose nose door braced opened to form a hydroflap.

NATIONAL ADVISORY COMMITIEE FOR AFRONAUTICS
LANGLEY MEMORIAL ACRONAUIICAL LAGORATORY — LANGLEY FIELD. VA,
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Brackets of Jg Aluminum

Nut ¢ Bolt to adjust driction

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Section A-A

Figure 4.- Friction hinge for scale-strength flaps
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(a) Typical violent dive; ground speed, 78 mph; oncoming waves 2 feet high,

Figure 5,- Photographs at 0.433 second time interval of A-26 model ditching, Attitude of
thrust line, 89; flap deflection, 55°; normal gross weight.

NATIONAL ADVISORY GOMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTIGAL LABORATORY ~ LANGLEY FIFtD va
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(b) Typical porpoising run obtained with hydroflap; ground speed, 100 mph; calm water.
Figure 5.~ Continued.

MATIONAL ADWISORY GOMMITTEE FOR AEROMALTICE
LANGLEY MEMORIAL AERONAUTIGAL LABORATORY — LANGLEY FIFID vA
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ming waves

ground speed, 78 mph; onco

2 feet high,

(c) Sharp turn caused by wing-low landing,

Concluded,

Figurs b.-

NATIONAL ADVISORY COMMTTEE FOR ACRONAUTICS
LANGLEY MEWORWML ACRONAUTIGAL LABCRATORY ~ LAMELEY PIELD, YA,

Fig. be
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