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DITGHING TESTS 

TANK NO. 2 MONORAIL 

By Lloyd J. Fisher and Robert P. T a r s h i s  . . .  . .  
. .  
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SUMMARY 

Tests were made wLth a l / l & l z e  dynsmically similar model of 
t h e  Navy XPZV-1 airplane to study ite perfont;ance when ditched. !Eo 
model was ditched In calm water at the Langleg. tamk no. 2 monorail. 

Various Lsnding attitudes, speede, and conditione of damage 
were simulated. The performano0 of the node1 w w  detenained an& 
recorded fmm visual O b B ~ ? . ' V & t i O m ,  by recordil?g t ime h i s t o r f e e  of the 
longitudin&l bdebI ' a t i6 i8 ,  aria by taking motion pictures of the 
ditchlngs . 

2. . i 

From the results of the tests  with the m o d e l  t he  foU0wing'con- 
c l w l o n s  were dram: 

1. The airplane should be ditched at the normal Landing attitude. 
The f b p s  ehould be f'ulu extaneLed to obtain the loweet possible 
landing speed. 

2. Ektensive damage will o c c w  in a ditchiq and the a i r p a  
probably w i l l  dive violently after a run of about 2 fuselage lengths. 
Maximan longitudinal decelerations up to about hg will be encountered. 

3. If a trapezoidal hydroflap 4 feet by 2 feet  by I foot is 
attached to the  afrplane at etation 192.4, diving will be prevented 
and the airplane will probably porpoise in a m n  of about 4 fbelage 
lengths xith a maximum langttudinal deceleration of leis- than 3.58. 
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Desoriptioa of Model 

A three-view dxawing of the Navy XPZV-1 airplane l e  given In 
figure 1. A l / l&lze dynamically similar model with a wing span of 
6.25 feet arrd with a fuselage length of 4.72 feet wae used in the 
teets . Photographs of the model are shown in figure 2+ The tspe 
of oonstruction wed on the m o b 1  was similar to that deecribed In 
reference 1. 'Data on the f'ull-scale airplane wem obtahed from the 
Lockheed Aircraft Corporation, 

A photograph of the Langley tank ao. 2 monorai3. l a  eham in 
figure 3. In ditohing tests  at the monorail, t h e  model ie attached 
to a small carriage that rune on a elngle overhead rail snb ie 
accelerated to the deaired epeed by a rubber shook cord. The 
carriage is stopped abruptly when It reachee the deeired epee&, snd 
&he model I s  catapulted into the air. The model then glides freely 
anto the water. 

The teet pmcedure i e  smlar to that described in reference 1. 
The performance of the model I s  recorded from visual obiemation aad 
bF a bi@+epeed motion-picture camem. The longitudinal decelerations 
are memured by a time-historg etcoelemeter placed in the model pear 
the pilot*e oockpit. 

Test Conditione 

n 
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Location of the d a t e r  of ev i tYD-  The center of gravity was 
loaatsd- at 29.3 percent of the mean e t s w n a m Z c  chord. and 3.1 inches 
above t h e  th rua t  line. 

Attitude.-  Attitude was measured with respect t o  the ALselage 
reference line' which is the attitude of the %st iine Lplus.. 3 degrees. 
The model was ditched at 100, 60, and 20 at t i tudes.  The a%ti%ude 
is lGo when the main wheels and the tail sldd touch the ground, Thie 
is near the eta11 angle. The a t t i t ude  is @ w h e n  the main wheel8 and 
the m8e wheel touch  the ground. The 60 a t t i t ude  is an intermediate 
a t t i t ude  and 1s approximately the normal Landfng attitude. 

2 n d i w  Gear.- The . t e e t s  simulated & i t c h i n g  with the landfng 
gear r e t r a o  ted, 

F l a p  .- Tee- were made w i t h  the  flaps up and full-down, The 
flaps, w b n  extended, were  fixad a t - s c a l e  strength as ehown in 
figure 4. "hie strength was b a e d  on azlulticlate loading normal to 
the undersurface of ?he f l a p  of 180 pounds per square foot. 

.-. - 
These value8 are prcbablg lese than the water preasures that will 

occur on the  botton of the afrplane i n  a di tohing .  Since the undelr- 
s ide of the fueelage ie very weak and will probably fail  in ~ o m e  
parts, 8 rec-r section from station 3 0  t o  station 5583 48 bches 
wide, and a t m p e z o i b l  sect ion 'fram station 644 t o  734; 56 inches 
wide a t  a t a t ion  644 and 48 inches wide at  s t a t i o n  754 were made BO 
that they ctou3.d be removed t o  sfmulate their failure, The radar 
turret 02 the undereide of the fueelage was also o m i d e r e d  weak 
enough t o  be torn away i n  a ditching. 

The model wa8 tested at the following conditiom of simulated 
d.am$e : 
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(b) Nose-heel doom, main+rheel doors, radar tu r re t ,  
bomb-bay doors, rear entmnce door and two sections of the fuselaae 
aft  of the barbbay doora removed t o  simulate their f a i lu re  
(fig. 5 and 6 )  , Thie is the probable  condition of damage, 

(c) Same aa condition (b) above but with the nose-wheel doors 
in place and a trapezoidal hydroflap 4 feet by 2 feet by 1 foot s e t  
at SO0 to the fuselage reference l ine p b e d  at the forward edge of 
t h e  noee-wheel door, etathon 114 (figs. 6 and 7). 

(d) Game a8 condition (c 1 above but with the hydrof lap 
back to the af-t pert of the nose-wheel doors, etation 192.4 
(figs. 6 and 7). 

RESULTS AND MSWSION 

moved 

A eummary of the resu l te  of the . t ea ts  ie presented in table I. 
The Symbol8 used in the table are defined BB follows : 

h smooth rtlll - a run in vhlch there is no apparent osc iJht ioq 
about any a x l e  and during which the model settles in the water 
aa the fomar&'velcclty decreasea 

p porpolleing - an uridulatiq motion about the t v r e m e  ax5s fn 
which ~ o m e  part of the model is  always in contact with the 
water 

s skipping - &n undulating motion about the traneveree axla in 
which the model clears the water c c q l e t e l y  

Photographs ahowing the  charaCteriStiC6 bohaviors of the model 
are shown in f f g u r e a  8 end 9 .  

Typical time hiatorlee of longltu8inal deceleratione are  given 
in figures 10 to 13,  
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Effeclt  of Attitude and Simulated DameLge 

The model mgtde a smooth rrrm when ditched  with no damage simulated. 
The landing attitxde had l i t t l e   e f f e o t  on the  ditching  oharacteriatics 
except that at  the 2O a t t i t ude  there wa8 a tendency f o r  the model to 
trim up after striking the water. The lengths of rum and the maximum 
deceleratione were about the same at  all three a t t i t udes  tested. 
figure 10 Show8 the time-history deceleration G U T V ~ S  for tests with 
no damage simulated, with the flaps up and a l so  fun- d m .  The hump 
at the beginning of each curve w a s  ccsused by the initial contact of 
the model with the water. The model generally made 8 m o t h  ru~l 
after t h e   i n i t i a l  oontac t but the hump i n  the curves of figure lO(c ) 
at  aboutL1.2 second8 eLnd figure lO(e.) at about 0.4 eecond oocumd,  
during a porpoising motion. 

When f a i lu re  of the n o s w h e e l  doom, mirk-wheel doom, radar 
turrent, bamb-bay doora;, re= entrance door, and two sections of the 
bottom of the fuselage was simulated, the model dived violently after 
a run of about 2 fuselage lengthe (fig. 8) . The length of run 
remained about the same f o r  a l l  three landing a t t i tudes ,  however, 
the maximum deceleration inoreaaed &E the a t t f tude  decreaeed. 
Figure 11 shows tS.%-sto.?y  deoelerat ion cur-rea obteined during 
dives oaueed by damage to the bottam of the fu4elage. The initial 
contact produced the hump at  the beginning of ewh CU~VB. The 
initial decelerations are lai-ger than those e=1’3w11 i n  figure 10, 
because i n  this case damage TT&B preeent at  th3  time of contact. 
I n  an actual   a i rplane the C d i t i a l  decelemtion could be expected t o  
be somewhat Lees since dfmage would not  occur until after t h e  contaut. 
The dive developed soon after oontaat and that part of the  curve8 
of figure8 Il{a), {B) ,  and (c frmt abaut cl *!j secclnd t o  ribmat.. : 
3.0 second8 ‘wa8 obtained dvrtng the dive. .. . . 

S h o e  for e i the r  condition of t e e t e d  there is little 
dlfferenoe i n  d i t ch ing  behavior caused by landing attitude, the 
normal landing attitude i s  rmommended for a ditching.because it 
appear8 best  not to change nonnal procedure unlese a subs tan t ia l  
improvement i n  behavior o m  be asrrurd. 

Effect of Flaps 
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Frcan the results of the teste with a l / l&ize  madel of the 
Navy XP2V-1 airplane the follawlng conclusions were dram: 

1. The airplane should be ditched at the norms1 landing attitude. 
The flaps should b8 fu l ly  extended to obtain the  lowest poesible 
landing spsed. 

2. Extensive damage w f U  oocur in a ditohing and the airplane 
probably will dive  violently after a run of about 2 fuselage lengths. 
Maxhnxn longitudinal deoelerationsll up to about hg will be encountered. 

3. If a trapezoidal hydroflap 4 feet by 2 feet  by 1 foot ie 
attached to the a i rp lane  at station 192.4 divlng will be prevented 
and the airplane will probably porpoise in a r u ~  of about 4 fuselage 
lengths with a maximum longitudinal deceleration of less than 3.56. 

L l ~ s  J, Fishes  3r. ' 

Mechanical Engineer 

tohn B. Barkineon 
Chlef of Eydrodynamius Dfvieion 



a 

1. Fisher, Lloyd J., and Steiner, Margaret P.: Ditchlng Teste w f t h  
a 1/1251ze Mohl of the Amy Ei-26 Airplane in NACX TRnk 
No. 2 and on an Outdoor Catapult. W A  MR, Amy Air FO~COB,  
Aug. 15, 1944. 
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NATIONAL ADVISORY 
COMMITTEE FOR AEROHAUTICS 

R - no domage smulcrfed 
8- nose-wheel door; mamwheel doors,bamb-boy d0w.s 

reor entrance door, radar turret and f w o  secfrons of 
fk fuseluge oft  of the bomb -bay doors removed to 
smulate thew furlure 

C - some as'B'bbove but wrth the nose-wheel door /n 
om wrfh a hydroflap 4 f f  by 2 f t  by I f t  of the forward edge 
of fhe nose-wheel door 

s D - s a m e  u s  condt tmn'Cnobove buf wrth the hydroflop 
moved to the oft end of the nosewheel dmt- 
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(a) Front view. 

w e  2.- Photograph of the model with no damage simulated. 
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(c) Threequarter bottom view. 

I?igure 2.- concluded. 
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Figure 3. - Photograph of the Langley tank No. 2 monorail. 

HATrOHU AOVISMIY COUUlTTEE FOR LERONAIJTICS 

LbNGLZY M E W R I A L  AERONAUTGAL L A S O R A m Y  - LArXiLEY FIELO V d  
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Flgure 5.- Photograph of the model with the nose-wheel doors, radar turret, bomb-hay 
h r s ,  &-wheel doors, rear entrance hatch and the two sections of the fuselage 
a f t  of the bomb;bay doors removed to simulate their failure. 
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(a) Attitude 10'. Speed 71 knots. 

Flgure 8.- Photographs at 0.5 second intervals of a d i W g  OP the model with flaps f u l l  
down with simulated failure of the nosewheel door, radar turret, bomb-bay doors, 
&-wheel doors, rear entrance door and two sectlons of the fuselage aft of the 
bomb-bay doors. A l l  values are full scale. 
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I @) Attitude 6'. Speed 78 hots. 
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FYgure 8.- Contlrmed. 
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(c)  Attitude 2'. Speed 88 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 
fu l l  down with simulated failure d the radar turret, bomb-bay doors, main-wheel 
doors, rear entrance door and two sections of the fuselage a f t  of the bomb-bay 
doors, A hydroflap 4 feet by 2 feet by 1 foot was attached at station 182.4. All  
values pre full scale. wrmu m1y11.r c(ynvs~  mm A L ~ L U I I C I  

unan ~ W U L  u n w u r m L  ~ l d n w m ~  - uwcl FIELD. v)i 
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b) Attitude 8'. Speed 78 knots. 

Figure 9.- Continued. 
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(c) Attitude 2’. Speed 89 h o t s .  

Figure 9.- Concluded. 3 
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NACA R,M No. L7A10 Fig. 13 


