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DITCHING TESTS WITH A l / l6-sIZE MODEL OF THE NAVY 

XP2V-l AIRPLANE AT THE LANGLEY 

TANK NO. 2 MONORAIL 

By Lloyd J. Fisher and Robert P. Tarshis 

SUMMARY 

Tests were made with a l/l6-size dynamically similar model of 
the Navy XP2V--l airplane to study its performance 'l-lhen ditched. Tee 
model was ditched in calm w'ater at the Langley tank no. 2 monorail. 

Various landing attitudes, speeds} and conditions of damage 
were simulated. The performance of the model was determined and 
recorded from visual obser vations, by recording time histories of the 
longitudinal decelerations, and by taking motion pictures of the 
ditching~. 

From the results of the ' tests with .the model the following con­
clusions were drawn: 

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

2. Extensive d8..!llage will occur in a ditching and the e,irplane 
probably will dive Violently after a run of about 2 fuselage lengths. 
Maximum longitudinal decelerations up to about 413 will be encountered. 

3. If a trapezoidal hydroflap 4 feet by 2 feet by 1 foot is 
attached to the airPlane at station 192.1.~, diving will be prevented 
and the aiJ:'plfu"le 1'7111 probably porpoise in a run of about 4 fuselage 
lengths with a maximum longitudinal deceleration of less than 3.5g. 
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INTRODUCTION 

Tosts were made to determine the probable ditching perfonmance of 
the Navy XP2V-l airplane and. to determine the best way to ditch the 
airplane. The investigation ·Has requested by the Bureau of Aeronautics, 
Navy Department in a letter dated April 6, 1945, Aer-E-23-WSD and 
was made in calm. '·Tater at the Langley funk no. 2 monorail. 

APPARATUS AND PROCUDERE 

Description of Model 

A three-yi6Yl' drawing of the Navy XP2V-l airplane is given in 
figure 1. A l/l6-size dyn~ically similar model with a wing span of 
6.25 feet aI:'.d with a fuselage length of 4.'72 feet was used in the 
tests. Photographs of the illodel are shmm in figure 2. The type 
of construction used on the model was similar to that described in 
reference 1. Data on the full-scale airplane were obtained from the 
Lockheed Aircraft Corpor ation. 

Test Hethods and Equipment 

A photograph of the Langley t ank 00. 2 I:lonorai.l. is shown in 
figure 3. In d5.tching tests at the Llo::lOrail, the model is attached 
to a small carriage that runs on a sinsle overheB,d rail and is 
accelerated to the desired speed by a rubber shock cord •. The 
carriage is stopped abyv_ptly when it reaches the desired speed; and 
~he model is 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 observation and 
by a high-speed motion-picture camera. . The longitudinal decelerations 
are measured by a time-history accelerometer placed in the model near 
the pilotts cockpit. 

Test Condi tiona 

(All values given refer to the full~scale airplane) 

G~.9ss wei8~~.- The normal gross weight of It-5,OOO pounds was 
simulated in the test. 
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Location of the denter of gravity.- The center of gravity was 
10catecCat 29.3 percent of the menn aerodynamic chord and 3.1 inches 
above the thrust Hne. 

Atti tude.- Attitude YTas measured vTi th respect to the fuselage 
referenc;Iine w!:lich is the attltude of the thrust line plus 3 degrees. 
The model -was d::' tched at 100, 60, and 20 attitudes. 'l'he a-l:;titiud.e 
1s 10° when the main wheels and the tail skId touch the ground. This 
1s near the stall angle. 'rhe attitude is 20 vThen the main wheels and 
the r.08e wheel touch the grounQ . The 60 attitude is an intermediate 
attitude and is approximately the normal landing attitude. 

J;.~_~di_~e......~eB:.!"- The tests simulated Qitching \'1i th the landing 
gear retracted o 

Flaps 0 '-- Tests ,vere macle with the flaps up and full-doWDo The 
flaps, vThen e~:t.endecl, \\Tere f'b:,ed at scale strength as shown in 
figure l~. '1.')'::l.s strength was based on an ultillate loading normal to 
the undersur:r(;,~c e of the 1'.1.<-19 of J.eO pounds ;Jer s quare foot. · 

.C...Qncl:i,. t:t2n o:L~iri~_~EL_t~Q~!3.E1~.g~ 0-- Structural strengths of the 
bottom of the fuselaGe aIlll of the doors on t:-,e under 8id.e of t~1.e 

airpla:Qe are 2.S foll':.Ms ~ 

Doors 
:Nose-wheel d.00rs, lb/ sq ft • . ••• 
Mair_·'tiheel (LOO~S~ Ib/sq, ft •••• 
Bomb-lKiY doors) Ib / s q ft . " • • 
Rear entrance ciool', Ib!sq ft • • • • 

. . . . . 
. • • 0 

o •• ' 

• . • . • . • . • 150 
• • 0 • • • • • • 150 

• • • • • 100 
· • . • . . . . . 70 

Fuselage 
Stations 
Stations 
Stations 

55 to 274., Ib/sq ft ••••••••••• 
8 . / • 100 

4 4· to 764) Tb i sq ft. • • • • • • • • • • • 
764 to 942, Ib/sq ft •••••••••••• 

• • . • 70 
• • • • 120 

These values are probably l ess than the water pressures that 101'111 
occur on the bottom of the airplane in a ditching. Sir~ce the under­
side of the fuselage is very "Teak a:r..d will probably fail in so::ne 
parts, a recta."1gular section from station 50() to station 558, 48 inches 
',dde, and. a trD,pezoida l section from station 6h4 to 754, 56 inches 
wide at station 64)~ ancl. L~8 inches wide at station 754 "Tere made so 
that they could be removed to Simulate their failure. The radar 
turret O!1 the underside of the fus elage \'laS also considered "Teak 
enough to be torn away in a ditching. 

The model was tested at the fol1ov11ng conditions of simulated 
dame.ge: 

(a) No ~amage (fig. 2). 
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(b) Nose-·wheel doors, main-wheel (loors J radar turret J 

bomb-bay doors, rear entrance door and bro sect:Lons of the fuselage 
aft of the bomb·-bay doors removed to simulate their failure 
(fig. 5 and 6). This is the probable condition of damage. 

(c) Same as condition (b) above but vlth the nose-wheel doors 
in plac e and a trapezoidal hydrofle.p 4 feet by 2 feet by 1 foot set 
at 300 to the fuselage reference line placed at the for~ard edge of 
the nose-wheel door, stat/ion 114 (fig::;. 6 8<rld '7). 

(d) Same as condi.t10n (c) above but ,\>1i th the hydroflap moved 
back to the aft pq,rt of the nose-iTfleel doors, station 1.92.4 
(figs. 6 and 7). 

RESULTS AND DISCUSSION 

A summary of the results of the tests is presented j.n table I. 
The symbols used in the table are clefineo_ ao follows: 

violent dive - a dive iil which the ,\ings ~ ',::e S1.(J:-Fer?~8d and the 
a"1g1e 'bdt'deen the 'o;at.er surface ancl the fusel':l.ge reference line 
is grea;:.er than 150 

d2 slig!l.t d.ive - a dive L? ,,-hiGh the w:i_Dgs a re not com:rletely sub­
J!lt,rged and the cvngl8 betY2en the water surface and the 
fuselage reference line is less than 150 

h smooth run _ .. a run in '-Thich there is no apparent oscillatio:q 
about any axis aIld cluring which the model settles in the water 
as the fonmrcl ,v810::;i ty decreases 

p porpoising - an una.ulaUng motion about the t.~fNrers e axi s in 
which some :part of the model is ahrays in contact with the 
water 

s skipping - an undulating motion abou.t the transverse axis in 
'''hich the model 'clears the ''later com.pleteJy 

Photographs showing the characteristics behav:ors of the model 
aX'e shown in figures 8 and 9. 

rrypical time histories of longl tuclinal decelerations are given 
in figures 10 to 13-
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Effect of Attitude and Slmulated Damage 

The model made a smooth run when ditched with no damage simulated. 
The landj.ng attitude had little ~ffect on the d1tching characteristics 
except that at the 20 attitude there was a tendency for the model to 
trim up after striking the water. The lengths of runs and the maximum 
decelerations were about the same at all three attitudes tested. 
Figure 10 shows the time-·history deceleration curves for tests with 
no darn age simulated, with the flaps up and also full· down. The hump 
at the beginning of each cur-ve was caused by the initial contact of 
the model i'li th the vlater. The model generally made a smooth run 
after the initial contact but the hump in the curves of figure 10(0) 
at about 1.2.seconds and :figure 10(-e) at about 0.4 second occU.lI'red 
during a porpoising motion. . 

When faiJ_ure of the nose-I'Theel doors, main-vlheel doors, radar 
turrent, bo:ro.b- oay doors, r ear entrance door, and tifO sections of the 
bottom of the fuselage was simulated, the model dived violently after 
a run of about 2 fuselage lengths (fig. 8). The length of run 
remained about the Sfu"U.e for all three landing attitud.es, however, 
the maximum deceleration increaseu. as the attltude decreased. 
F:l~..lre 11 sho'>TS tlo.e-·!listo:':'J deceleration cu.rres ot,t.: ined lLt..'.dng 
dives caus6d 1)~f damaf!,9 to t he bottom oi' the f iFla le.ge, 'l'be :) ul'Gial 
cO:1.tact produce c:l. the hump [l.t the beginning of 8i1,ch c'.lT.'ve o The 
int tial decelerations are 16.~~ger than those S:~!T;'i1 til 'f1g11:re 10, 
beca.use in t!1is case damage vle.S p:resent c::.t tb.:J time of contact. 
In an actual alrpl&ne the i:·1itls.1 d.eceleratiol'! could be expected to 
be somewhat less since d.8J£la~e vlould not occur until after the contact. 
The dive developed soon after contact and that part of the curves 
of figures :U(a), ('b)) and (c) from about Oc5 8eGC'nd to about 
3.0 seconds vlaS obtained d1..~:'C'ing the dtve. 

Since for either condition of damage tested there is little 
difference in ditching behavior caused by landing attitude, the 
normal landing attitude 18 recommended for a ditchin8 because it 
appears best not to change normal proce'dure unless a 8ubstant;!.al 
improvement in behavior can be assure~. 

Effect of Flaps 

The flaps usually failed and had little hydrodynamic effect on 
the ditching characterlstics of ·the model. Hovlever, the 'lower af~ 
speeds obtained. Ivi th the use of flaps would be advantageouoS in a 
ditching. 
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EffeGt of· Ditching Aid. 

When the hydrofl~p was at~ached at the aft part of the nose­
wheel do.ors{sta. 192.4, full scale) and failure of the main-wnf;el 

. doors, radar turret, bomb- bay doors, rear entrance door and. two 
sections of the fuselage aft of the bomb-bay doors was s~ulated, 
the diving usually caused by this damage was prevented. The model 
porpoised soon after it first contacted the wat-er and then made a 
smooth straight run (fig. 9). Figure 12 shows the time-history 
deceleration curves for the tests of this l~droflap installation. 
The first hump in each .curve was caused by the initial contact. It 
should be noted that the hydroflap influences the initial con.:tact 
only in the 2° attitude landing because at 60 end 100 .the hydroflap 
does not touch the water until after the rear part of the fuselage 
has struck. Figure l2(c) shows a marked decrease in initial decelera­
tion as compared with figure ll(c) where no hydroflap was used. 
With the hydroflap installation, the model porpoised and the hump 
that begins in the curves of figures 12(a) and (b) at about 1 second 
and figure l2(c) at about 2 seconds was caused by the nose going 
deeF into the water during the porpoising motion. 

Although the ditching behavior at all three landing attitudes 
was about the same when the hydroflap prevented diving, the 10° 
attitude ~andings resulted in the highest maximum decelerations 'and 
the shortest rUns,and the 20 attitude landings resulted in the lowest 
maximum decelerations and the longest runs. However, the average 
decelerations were better at 100 and 60 than at 20 (see fig. 12) 

. and there is a greater possibility of damage to the fuselage bottom 
in a landing at 2° than ip a higher attitude landing due to the 
increa.sed speed at the lower attitude. Therefore, the normal landing 
attitUde is recommended .for a ditching if a hydroflap is added. 
This is the same attitude recommended for a ditching without a 
hydroflap. 

The location of'the hydroflap is critical because when the 
hydro flap was attached at the forward edge of the nose-wheel doors 
(eta. 114, full scaie) it did not stop the diving caused by damage. 
Figure 13 shows the time-history deceleration curves for the tests 
with the hydroflap installation that did not prevent diving. The 
initial landing impact resulted in the usual hump at the beginning 
of each curve. The model then made one skip and dived at the end of 
the skip. . That part of the curves of figures 13,{a) and: {b) f:rClIll 
.about 0,5 second to about 2.8 seconds shows the deceJ.erat1ons and 
their duration in the dive. 
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CONCLUSIONS 

From the results of the tests with a 1/16-s1ze model of the 
Navy XP2V-l airplane the following conclusions w'ere drmm: 

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

2. Extensive damage "Till occur in a d,itching and the airplane 
probably will dive violently after a run of' about 2 fuselage lengths. 
Maximum longitudinal decelerations up to about 413 will 'be encountered. 

3. If a trapezoidal hydroflap 4 feet by 2 feet by 1 foot is 
attachecl to the airplane at station 192.4 diving will be prevented 
and the airplane wiIl probably porpoise in a run of about l~ fuselage 
lengths ",i th a maximum longitudinal deceleration of less than 3.513. 

Langley Memorial Aeronautical ~3.boratory 
National Advisory Committee for Aeronaut:tcs 

Langley Field, Va. 

Approved: (', . .\:/ 1 . --i ~: I·n 
. , 

.John B. Parkinson 
Chief ,of Hydrodynamics Division 

BUB 

i 
/ 

/ 
, . 

,' , I 

Lloyd J ~ Fisher Jr. ' 
Mechanical Engineer 

Robert P. Tarshis 
Mechanical Engineer 

:' ) 
, jr . 
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TRBLE I - Summorlj of results of dItching tests 
In calm water /AJlth a 1/16 - sIze model of 

the Navy XP2V-l aIrplane at the 
Lonrev Tanir No.2 MQnorOJ I. _ 

Gross v..;EIght 45,000 pounds J 
All values are full scale 

~/+ude fuseloge. 
reference Ime, deg /0 6 2 

........... .speed, Imots 71 102 78 121 89 
ConditIOn ~ 

of 0) >< § ~ >< c:: -S:::' >< § ~ >< § -l:::::: ;.( c:: ~ 

damage Flap t, E:: ~ ::J ~ 
C) t: ~ E C) ::J t: 

(2) Setting ~ ct: ct ~ CJ::: z: CJ::: CJ::: ct: Q::: z: ct: Q: 

(AJ. 
Up 1.4 7 h 2.0 9 h 

full d00Jn 2.0 4 h 2.0 4 h 2.0 5 lin 
(8) full down 3.3 I d, 4.0 2 d, 5.9 2 d, 

(C) Full down 4.3 I sd, 4.0 2 sd, 

( DJ full d00Jn 4.0 3 ph 3.5 4 ph 2.9 6 ph 

(fJ Column headmqs are explamed as follows: 
!1ox - The maximum deceleratIon In mUltiples of the 

acceleratIon of gravity 
Run - Length of run In multiples of the length of 

the Olrplane 
Rmtc - NotatIons under this heading hove the 

follOWing meomng: 
<j- dived vlo/enthj s- shipped 
h - ran smoothly u- trImmed up 
p - porpoised 

NATIONAL ADVISORY . (Z) ConddlOn of damaqc 
R - no damage simulated 

COMMITTEE FOR AERONAUTICS 

B - nose-wheel door; mam-J..Jheel doors, bomb-boy doors 
rear entrance door, rador turret and two sections of 
the fuselage aft of the bomb -boLj doors removed to 
simulate their failure 

C - some as "B"o bove but wdh the nose-wheel door In 
and with a h()droflop 4ft blj 2ft. by 1 ft at the forward edge 
of the nose- wheel door 

D - same as condl hon ''e'' obove but with the hf,Jdrofiap 
moved to the oft end of the nose-wheel door 

~ 
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NATIONAL ADVISORY 
COMMITTEE FOA AERONAUTICS 

Rgum / .- Three-view drowing of the 
Na~ XP2V-/ airplane. 



(a) Front view. 

Figure 2. - Photograph of the model with no damage simulated. 
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(b) Side view. 

Figure 2. - Continued. 
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(c) Three-quarter bottom view. 

Figure 2. - Concluded. 
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NACA RM No. L7A10 Fig. 3 

Figure 3. - Photograph of the Langley tank No. 2 monorail. 
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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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Fig. 6 

Nose-wheel doors 

Radar turref 

2B7 

l1oln-whee/ 
doors 

444 

Bomb-boy dOQrs 

Rear entrance 
door 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

All d/menslons In 
Inches, rull sIze 

flqure 6. - Orow;nq s!;owlnq tne /oco/;ons OT 
components removed 10 slmulote 
theIr rOllure. 
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All d/menslons 
in /nch@s 
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Fig. 7 
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Figure 7 . - Drawing S/JrMliIg locutions ond size of 
,f,gdrofIQP· . 



(a) Attitude 100
. Speed 71 knots. 

.. .. .- --• •• •• ••• •• • ••••• •• • • •• • ••• •• • ••• • •• •••••• •••• •• 

~ 
o 
~ 

~ 
~ . 
I:-i 
S; 
...... 
o 

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 sections of the fuselage aft of the 
bomb-bay doors. All values are full scale. 

t-:Ij 
NATIONAL AOVISORY COMMITTEE FOR AERONAUTICS 

LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGLFY FIFI n vo 

..... 
OQ . 
CD 
~ 



(b) Attitude 6°. Speed 78 knots. 

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

Figure 8. - Concluded. 

NATIONAL ADVISORY COMMITT(( FOR AERONAUTICS 

LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGLEY FIELD. VA 

.. .. .. .. .. • •• •• ••• •• •• •• •• • •• . . .. ... .. • •••• •• •••••• •••• •• 

~ o 
tl> 

~ 
~ 
~ 

~ 
....... 
o 

f-:rj 
~. 

(JCl . 
CD 
(;) 



(a) Attitude 100
• Speed 71 knots. 
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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 sections of the fuselage aft of the bomb-bay 
doors. A hydrofiap 4 feet by 2 feet by 1 foot was attached at station 192.4. All f:rj 
values p..re full scale. 
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(b) Attitude 6°. Speed 78 knots. 

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

Figure 9. - Concluded. 
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