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SUMMARY 

Tests were made of a &scale dynamically similar model of the Lock- 
18 

heed Constellation  airplane t o  investigate i t s  ditching  chasacterietics 
and proper  ditching  technique.  Scale-strength  bottoms were used t o  
reproduce  probable damage t o  the fuselage. ' The model was landed in  calm 
water at the Langley tank no. 2 monorail. Various landing  attitudes, 
speeds, and fuselage  configurations were slrmxlated. 

The behavior of the model was determined from visual  observations, 
by  recording  the  longitudinal  decelerations, and by taking motion pictures 
of the  ditchings. Data are  presented i n  tabular form, sequence  photo- 
graphs, and time-history deceleration  curves. 

It was concluded that the airplane should be  ditched a t  a medium 
nose-high  landing a t t i tude  with the  landing  flaps f u l l  down. The air- 
plane will probably make a deep run with heavy spray and may even Uve 
sl ight ly .  The fuselage wLll be damaged and leak substant ia l ly   but   in  
calm water  probably will not flood rapidly. Maximum longitudinal  decele- 
rations in a calm-water ditching will be about kg. 

Model tests were made t o  determine the probable  ditching  character- 
i s t i c s  and the- proper  ditching  technique f o r  the LocEheed Constellation 
airplane. The model was designed so that ei ther  a re la t ive ly  r ig id  o r  
an approximately  scale-strength bottom could be used. The t e s t s  were 
made i n  calm water at the Langley task no. 2 monorail. Design information 
regarding  the  airplane was furnished by the Lockheed Aircraft  Corporation. 
A three-view drawing of the airplane is shown in   f igure  1. 
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Descripticm of Model 

The 1 - s c a l e  model had a w h g  span of 6.84 feet, a fuselage l e n g t h  
la 

of 5 . q  fee t ,  and a gross weight of 14.5 pounds. Photographs of t he  
model are  shown in figure 2,. The model was canatructed  principally of 
balea wood w i t h  spruce at  points of concentrated stress. Internal ball-t  
was wed t o  obtain scale w e i g h t  and maments of iner t ia .  

The landFng f laps  were installed so tha t  they couI.1 be held in the 
down position8 a t  approximately scale strength. A calibrated string was 
fastened between a w a  bracket and a correspmdlng f l a p  br,scket so that 
loads on the flap  greater  than t h e  s c a l e   d e a i s  load would came the 
s t r i n g  t o  break and t he  en t i r e   f l ap   t o  be torn away. Jnformation  obtained 
from Locmeed A i r c r a f t  Corporation  indicated  that if  the f laps  fa i l ed  
they would be  completely torn from the w l q .  

The strength of the fuselage below the f l o o r  as estimated by the 
manufacturer is given in figuxe 3 .  From t h i s  Information it was aasumed 
that Khe wheel doors would be cnmpletely torn away Fn a ditching and 
t h a t  khe fuselage below the floor, except the eecticm between the wFng 
b e w ,  would be damaged. AccordFngly , the bottam of the model below the 
f l o o r  was made removable and scale-strength  replacements for t b e  b o t t m  
were developed. One of these scale-strength bottama installed on the 
model is shown in figure 4. The scale-strength bottoms were made of 
balsa  r iba and stringers and were covered w i t h  thin doped paper. !They 
were desi ed and t es ted   to  f a i l  under a uniformlg distributed  load 
of 8 p s i  T full-scale) A scale-strength bottam in  the load-teeting 
apparatus is shown in figure 5 .  The loading of the t e s t   b o t t m  waa 
accmplished by increasing t he  a i r  pressure imfde  the test chamber, the 
pressure  being  applied t o  the outside of the test bottam. The pressure 
requtred to came failure WBB measured by the mancaneter shown on the 
r igh t  i n  figure 5 .  

Test Methods and E q u i m n t  

The model was ditched by catapulting it f r o a n  the carriage a the 
Langley tank no. 2 monorail so that it was free t o  glide m t o  the water. 
It was Launched a t  scale speed and the desired landing att i tude,  and the 
control surfacee were s e t  so  that   the   a t t i tude did not chdnge appreciably 
In f l i gh t .  The behavior was detelmined f r o m  visual observation, motion- 
picture  records, and t h e - h i s t o m  accelerometer  recorda  (longitudinal). 
The accelerometer had a natural frequency  of about 17 cycles  per second 
and was damped t o  about 65 percent of c r i t i c a l  damping. The reading 

accuracy of  the instrument was about +&. 
-2 
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Test  Conditione 
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weidt -- The w e i g h t  corresponded t o  a grose weight of 84,500 p-. 

Center of wvity.- The l o n g i t u d h a l  location of' the center of 
grav-ity was 25 percent of the mean aerodynamic Chordj the ver t i ca l  
location was 23-04 lnchea above the  thrust  lins of the, Fnboard en@nes. 

Land- att i tude.-   Atti tude is the angle between the fuselage 
reference line and t h e  water surface. Three land- a t t i tudes  were 
bves t tga ted j  EO (near s t a l l ) ,  go ( intermeaate) ,  a d  40 (near three- 
wheel s t a t i c   a t t i t u d e ) .  

Flaps.-  Tests yere made wf-th the f laps up, 63 percent down, and 
ful l  down. When down the f laps  were attached a t  a scale strengtb 
corresponding t o  an ultima.t;e loading on the flaps of 2 p s i -  

Land- speed.- The l a n E F n g  speck are l is ted in table I. They were 
cnmputed using l i f t  curveB and the previouely chosen values of weight, 
a t t i tude,  and flap setting. 

Lan- Rear- -  A l l  tes ts  simulate  ditching6 with the landing gear 
retracted.  

Conditions of damage-- The follarlng fuselage configuratiom were 
inns tigated: 

(a) No -e. 

(b)  Simulated'failure of the wheel doors and a scale-strength bottom 
from stations 333 t o  508 and stat ions 622 t o  lorn.  

b deep run - a run in which t h e  rnodel kavels through the water 
par t ia l ly  submerged exhibit- a tendency to dive a l though  the 
a t t i tude  remaim near l eve l  
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h amooth rm - a run in which there is no appamnt  oscillation  about 
any axis and during which the model se t t les   in to   the  water aa 
the  forward velocity  decreases. 

p porpoising - an undulating  motion  about the transverse axis  in 
which same part of the model is always in contact with the water 

8 skipping - an undulating motion  about the transverse axis i n  which 
the model c l e w s  the water cam;pletely 

u trimmsd up - the attitude  increases immediately after contact w i t h  
the water 

Tgpical damage sustained by the scale-strength bottoms is shown in 
figures 6 and 7. Figures 8 and 9 present  longitudinal  deceleration curves 
a B  influenced by f l ap   s e t t i ng  and landing att i tude.  Sequence photograph 
of dltchings a t  three different  attitubs are shown in figure 10. 

Effect of Damage 

When the model was tes ted w i t h  a scale-strength bottom, some damage 
a l m s  occurred. In general, bottom damage caused  the land- t o  
be shorter and the decelerations to be  higher than for similar test c m d i -  
tfona  without damage. In 8me casea smooth runs were changed t o  porpoising 
runs or  deep r u m  and deep were changed to  dives when decmage occurred. 
In other  cases  there was l i t t l e  d i f feknce  in motion due ta damage. 
(See table I and f ig s .  6 and 7.) For  certaln test conditiom, the 
behavior of the model was characterized by two different type runs. When 
scale-strength b o t t m  were wed, these different  type were  accompanied 
by d i f f e r e n t   m a n t a  of w e .  Figure 6(a) shows t h e  amount of damage 
that occurred in a porpoising run  and figure  6(b) s h o - ,  the damage tha t  
occurred in a deep run, both a t  t h e  same landing a t t i tude  and f l ap  
setting. Figures 6 and 7 (a) show the damage euetained Fn 12' landings 
with varioua f lap  set t ings.  The most severe damage occurred when the 
f laps  were full up, probably due t o  the higher landing speed. The damage 
sustaued III l and ings  a t  X o ,  go, and 4O attitubs w i t h  f laps  fd1 down 
is shown In figure 7. In each  case  the damage was slight even though the 
motions of the model varied from a deep run t o  et dive. 

On the basis of  damage sustained by the scale-strength  bottom it 
can be  expected t h a t  Fn-a calm-water ditching the fwelage w i l l  be 
damaged and leak substantiaUy  but probably w i l l  not  flood  excessively 
fast.  Since  the  airplane is a low-wing type,  the w i n g  should provide 
enough  buoyanoy t o  float the airglane f a i r l y  high in the water. 
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The landlng flaps w e r e  80 located and of such strength that the* 
set t ing  affected the ditching  behavior of the model. G e n e r a l l y ,  mooth 
runs resulted when the f laps  were up and deep runa w i t h  occasional 
s l igh t  dives resulted when the f laps  were down. when full'down, the 
inboard f l aps  usuallg f a i l ed  after producfng a slight nose-doun motion. 
The outboard f laps  generally did not  T a i l .  The flaps,  when 60 percent 
dam,  did no t .  f a i l  and  produced greater nose-down pitching than did the 
full-down flaps. Figure 8 gives time his tor ies  of decelerations f o r  
~~IIu~@;E at  Eo a t t i t ude  with t he  u n w e d  model flaps up, &I percent 
a m ,  and f u l l  down. 

The use of f l a p  caused the dltchbg motions t o  be s a n e w h a t  worse 
than those obtained with f laps  up. However, the behavior w i t h  f laps  . 
down is not  prohibitive. Full flaps make possTble a substantial  decrease 
in forward  speed and thus lessen the  possibi l i ty  of excessive w e  
(see f ig s .  6(b) and 7(a)). Comequently, it is probably best  that the 
flaps be full down In a ditching. 

m f e c t  of Landing Attitude 

The ef fec t  of a t t i tude  was most apparent in the b v e ~ t i g a -  

s (the decelerationa were highest and the motions were most 
t ion  of the d a m a g e d  model. The 4 O  a t t i t ude  produced the most severe 

aid the l2O a t t i tude  produced the least severe ditching (see 
table I). There was l i t t l e  difference In the ditchings a t  I 2 O  and go 
except that the decelerations were lower in a z0 ". m e  l a n m g  
a t t i tude  dfd not have as much ef fec t  an the model when ditched with-a 
scale-strength  b0tta.u. with f laps  f a  down, the '12O a t t t tude  resulted 
in the smoothest run, the go at t i tude  resul ted Fn the lowest  decelerations, 
and the 4' a t t i t u b   r e s u l t e d  in t he  moet eevere r u n  (see table I and 
f igs .  9 and 10) . The lmdinge were usually accmpnied  by heavy spray 
(see f i g .  10). . 

Since the 4' a t t i t uae  ten& t o  be t he  moat severe and. a~ there is 
l i t t l e  t o  choose frcan between the 9' and Eo attitudes, a medium nose- 
high a t t i tude  is recammended f o r  ditc-. In a calm-water landing the 
airplane w i l l  probably mike a deep run with 8 madhunn deceleration of 
about .kg. 

IRrm the resu l t s  of the model t e s t s  the' f o l l m .  conclusians m e  
made : 
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1. The Lockheed Constellation should be ditched at 8 medium nose- 
high  attitude. The landlng flaps should be full down. 

2. The airplane w i l l  probably make a deep run wlth hsavy spray and 
may even dive slightly. 

3 .  The fuselage w i l l  be damaged and leak eu3stantially but in calm 
water it probably will not f lood rapidly. 

-3kxImm longitudinal deceleratione Fn a calm-water ditching w i l l  
be about k g .  

Langley Aeronautical Laborakozy 
National Advisoq C a m i t t e e  f o r  Aeronautics 

Langley Field, Va. 
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Figure 1.- Three-view d r a w i n g  of the Lockheed Cormtellation airplane. 
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(a) Frat view. 

Flgure 2.- Model of the Conatellation. 
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(a) Side view. 

Figure 2, - Continued. 
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Figure 3 .  - Estimated etrength d fuselage helm f loor .  
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smooth run 
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Time, sec 

deep run 
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Figure 8. - Longitudinal deceleration8 at  .U0 landing a t t i tude  w i t h  no 
damage sirmrlated. All values are full scale. 
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i k  I deep , run 
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Landing attitude, l2O; 
landing speed, 85 mph. 
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s l i g h t  dive 
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Figure 9.- Longitudinal  decelerations  with scale-skength bottom 
inetalled and flaps full d m .  All values are full sca le .  
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