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NATIONAL ADVISOIIY COl4MlTTEE: FOR AEX03AUTICS 

f o r  the 

Bureau of A e ~ o ; ~ u t i c s ,  Navy Department 

?ED NO. 3ACA 2 362 

By E l q d  J, Fisher and 'Edward T, Hoff1~a11 

smuwi 

Tests xith a & ~ n m i c a l l y  ~1irnt2.a~ mdeS of the N&ty XP&f-1 a f r -  
plane were made t o  cietem~ine %he best wdg t c i  land the air;?-e in 
c a b  asla roc& mter, t o  determilze its gr6Sa'bl.e ditchiatg perfumnce,  

t o  Cet;e-le prec.tic~,b.Le xed il'icatlons wh-ic~ could 'be i ~ c o q o r a t e d  
13 the desSga of the ai-hae t l~a t  ~ ~ ~ u l d  improve its ditch%ng cbrizc- 
t e r l n t i c s  , T"te resul t s  were 03taine2 'by mkPng v i a ~ ~ 3 .  o%servatfons, 
'by recording laqgit.~di.naCI. deceiemtions, and "by ta1:iz.g moticn 
pictures of the landings. 

T2e foilowing conclusloas ware reeched fron the resu l t s  of' the 
t e s t s  x 

I. The aimlane  shou16 be dttched a t  an a t t i tude  of 7'' wfith the 
f lap5 fu1Q deflected a.cd the w h g s  3ate~a12y level ,  The d i tchi~ig  
should "J =r?,a at aa l ight  a weight as p ~ a a i b l e .  

2 ,  In rmgh water, the a i q l ~ n e  shoill& be di 3ched pa ra l l e l  t o  
Yne wve  cmsts, u;nless v g q  stroag wiTlCis exist ,  i n  which case the 
bxiJ.ug ahouL& be made in to  the %rind. 

3. Trnpoiafrz~ r a w  or  sJ.i&t dit-es w i l l  pro'ba%ly occur i n  c a b  
o r  rough water xnisaa the t a i l  of tne a i q b n e  l a  trlp2ed by a w e  
cresL, If tiiis hapgem a vfolent dive d1"L occur, 

4. A lqydrof'sap fnstall,ation on t h i s  afxy-e ~3.11 reduce 
deceler*aP.ti~ns 8n.d prevent daiviag except when the a i q b a e  1s ditched 
pe~gesd i cak~r  t o  waves. 
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The t e s t s  were conducted i n  Langley tank no. 2 and on an outdoor 
catarpu2.t t o  determine the best way t o  land the Ravy XPkd-1 airplane 
i n  c a ? ~  and rough water, t o  deterraine i ts  probable ditching per- 
fomxice, a& t o  determine pmcti.c%tble nodiPicationt~ which coirld be 
incoqomted  i n  the design of the  airplizne tha t  wouid imrove i ts  
ditching character is t ics .  These t e e t s  were requested 'by the Sureau 
of Aero~lautics, Raavy Department, ia t h e i r  l e t t e r  of Novain'oer 22, 1944, 
Aer-% -23 -PAL. 

Test Methods &nd Equipnzent 

The apparatus and t e s t  procedure were similar t o  t-hat described 
i n  reference 1. 

Description of Model 

1 A ---scale dynamic model of the XPbM-I, snow in f i g m e s  1 t o  3, 
18 

was used i n  tne t e s t s .  The type of construction used in building 
the nodel was similar t o  that-  described i n  reference 2 .  The model 
nad a wing span of 6 ,3  fee t  and an over-all  length of 4.6 f e e t .  

A slat was added t o  the leading edge of the wing t o  increase 
the s t a l l  angle t o  ayproxililate'q tha t  of the  ful l -scale  airplane. 
Scale strengtn f laps  were obtain@& with f r i c t i o n  hinges as shown i n  
f igure 4. Failure of the fws was aixulated by the f l aps  rotat ing 
on t h e i r  f r i c t i o n  hiilges which, were adjusted t o  obtain the required 
scale  noment . 

Test Conditioas 

(.All values given r e fe r  t o  the fu l l - sca le  airplane) 

Gross ---..-, w e s t .  - The noael m a  tested at weights corresponding 
t o  55,000 pounds-(b~ab bay fue l  tanks empty) 83,000 pounds 
(normal gross veiglit) . 

Location of center o f ~ r a p i t 1 . -  The center of gravity was -- -. ."X . . -- -- 
located a t  22.4 popearPt"e of the illean aerodynamic chord and 0 .? inches 
above the t ' h ~ d s t  l ine .  
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Attitucie of t;nmst l ine.-  m e  model was tested a t  a t t i t udes  
c-.-arrU.-- - 

of lo, '7') ad 13'. The lo a t t i t u d e  i~l the three-wheel posit ion 
and the 3.3" a t t i t u d e  is  near the  staiX angle. The 7' a t t i t ude  is 
a.n i a temedia te  petting. Tze attitu6.e angPe was neas-ared 'between 
the t'nx8.t; line and the m t e r  surface. 

F."tap deflection,-  Tests were mde with the f laps  se t  a t  oO, .----.- --."-...."-- 
20°, and 40O a t  rrcizle strength. 

- L~~n9ing a~eeC.- T:ne ~pesd-a used ara l i s t e d  i n  tables  I and IT. 
..-.."I_ -------..- 

The f:>seds vere such t'mt the model was airboxTd.e wi5hi.a f 10 knots 
of the landing apeed caZcuhted f r o n t h e  power-off I i f z  curves t M t  
were obtaiaeli from the Gle:nii L. Ya~.i;in Soapany. 

Conaltiona of simulatssrj. 0amge.- The model tras tes ted  a t  the --".,-..' m-.. --..-- *-.---% .- 
followiag conditioas of s i n u a t e d  ii.anag3: 

(a) Vadaimged ( f ig .  1) 

(b) BomS-bay doors removed t o  s i m l a t e  t h e i r  f a i lu re  ( f ig .  2) 

( c) Bonl1)wdier ' a win.d-o;m, ncee -wheel doors, f orwiard entrance 
hatch, bad'~-bay doors, mCar koucixg, uiidereurfsce of fuselage from 
a f t  ezld of b m S  5ay t o  slat i .on 630, rear e.~tra;1ce lititch, mdoma, 
aad J e t  propulsion ia.tR;ke covers removed t o  eimuLate tnei? f a i lu re .  
(see f i g .  3(aj ..) This is the probable condition of damage. 

.- 
id) Damage the same as (5)  , but with tkre navigator' s escape 

ha-tch b~acect open t o  f o m  a hybrcf Lap. Vhen the 'x~ydroflap tms 
h ~ a c e a  opm at 3 ~ '  t o  the thrus t  1-ine, t h i s  conditioa. of b m g e  
was deaigmted 6-30; w3en 'byaced o p s ~  a t  45", the desigimtlor~ 
was a-45. 

(e) D m g e  the sane as (c) , but with the navigator's escape 
hatch brace3 open t o  Tom a hjrdrcf Lap a-0' (e-30) o r  45' (e-45) 
with the 'c!i%ct. l i u e  ( f ig .  3(b)) 

Conilition of seaway,- The conilitions of water surface used were: .---.---- .-.-------- 
(a) Calm water 

(b) Vave c r s s t s  pa ra l l e l  t o  the f l i g h t  path, height approxi- 
m a t e b  3 t o  6 fee t ,  leakjth appro::imatea 60 t o  EO f e e t  

(c) Weve cres ts  perpe:adicubr t o  the f?-ig3t path, height 
apgro:cim~bely 3 fee t ,  l e ~ ~ g c n  approximately 60 f ee t  . 
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Surm~lries cf .the r e su l t s  of the t e s t s  a r e  presented in 
tables  I and 11. 

The symbols used i n  defining the ditching be3avior of the 
model az*e E ~ E  '70120~s s 

b daep YIZI - m d e l  t-zaveled through the water pa r t i a l ly  sub- 
mergeu exhi'biting a tende_zcy t o  dive, although the 
a t t i t uhe  of ths model was nearly level. 

v i o l e ~ t  dive - a dZve in  which the nose of the nodel sub- 
r;tergs& a a  far as the ~iAlg anti the angle between the 
water surface =d the t h m s t  l i ne  was greater t h a  15' 

&2 s l i g h t  & i ~ e  - a dive i n  which t h e  iiooe of the model sub- 
mergsd a s  f a r  as the  canopy the angle between the 
water surface and the  thrilwt l i n e  waa i e s s  thaa 15' 

h sinoath YWX - a run in  which there was no ap;?arent o s c i l b t i o n  
a3omt an7 axis  duriag tv'kich 'cue model. s e t t l ed  into the 
water as tlie .?orxm?i velocity decreased 

P porpo l~ fag  - an undulating motion about the tmm3~et-rre a x f ~  
i n  w:?io?i ssae par t  of the amlei was always i n  contact 
with the water surface 

t ~ ~ h r p  t u ~ n  - a violent angular motiosr about a v e r t i ~ a l  
axis, usually caased %jr cme wing t i p  digging in to  the 
water 

Ykotogmphs showing tke c h a r a c t e r i ~ t  i c  behavior of t'ne model 
a r e  ehoidi i n  figv.res 5 an& 6. 

Tigures 7 and 8 glve - tmicai  time h i s to r i e s  of longl tudiml  
dece le~atSom.  Ff ga-it 7 shows CeceLer&ti~as o'otained. a%- the  7 O  a t t i -  
tude with -chs proba3l.e c~x~df t5.m of dan'tge simulated (with and. with- 
ou-t a kyd...oSlap) . Wlen ths hydroflap m e  nst uaed, the ~ 9 h e E  e i the r  
porpoise& o r  mde @Xight dives. 3igure '((a) &.ows the difference 
in d e c ~ l s ~ a t i o n s  betweea these two types of mx~. Figure 7Cb) shows 
how tize 4ydro;Plap dzcreaasd .tile d e c e l e r a b i o ~ . ~ .  Figure 8 shows 
deceleratloas o3tained a t  the lo at t i tude  with f a i lu re  of the bomb- 
bay doors s i u u h t e d .  The worst ditching behavior was oq9tained a t  
thf s cosAitf on. 
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General Behavior 

When the model ws ditched i n  a dainaged condition with no 
ditching aid,  e i the r  violent or s l igh t  divea usualLy occurred a t  
tke lo at t i tude,  s l igh t  dives o r  porpoising rune a t  the 7 O  attltedde, 
an& 83i&t diapes or  8 h a q  turns at  the i3O at t i t t tde.  When no d-ge 
wets sfno-kited, ~mooth m e  were 05taiiled a-t the and 23O atti t trdes 
while porpoising runs anti s l igh t  dives occurred at  the 7' a t t i t u a e ,  
W1en a hydroflap was u~ed, porpoisis~g occurred a t  a l l  a t t i t udes  and 
conditioas tes ted  except when the model was ditched perpendicubr 
t o  waves. When the model was ditched perpendicular t o  waves, diving 
occurred even though a hydroflap was used. 

Effect  of Attitude . 

The model frequently dived a t  each a t t i t u d e  tes ted  es rce~t  when. 
ditched i~ %he mdas;laged condition o r  when ditched In  oalm water 
with a 3.y&of.lap i a s t a l l ed .  When da~nage was simulated, the  moat 
eevers behavior was at  the lo at t i tude  sad the l eas t  severe behavior 
a t  the 7 O  a t t i t ude .  It i a  recommended tha t  'the airplane be ditched 
a t  the 7O a t t i t nde . .  

Effect  of Flap Deflection 

DefZec t i~a  of: the f l a p a  from, the 0° t o  the' 20' o r  the b0 posi%ion 
did not change the type of ditching behavior or  vary the average 
length of hnding  rmn more than 1 o r  2 fuselage lengths, Tha average 
rna:xim& decelera%ions, however, were n o t i c e ~ b l y  decreased by deflect ing 
the  f laps t o  40°. 

The 40' flap poaition should be used. i n  a ditching t o  -take 
advantage of tile s"Jower landing ~lpeed-s a d  the lower decelemtiona 
ar'f orded 

Effeck of Weight 

Vaqyi~g the load had veyy l i t t l e  effect on behavior, "DuC the 
airplane sliould be ditchetZ at  a l i gh t  weight t o  take advantage of 
the  slower speed thug afforded eo poaaibly lessen the d a ~ ~ g e  
caused by the i n i t i a l  Impact. 



COEFIDEWTIAL MACA RM No. L7C03 

Effect of a Wing-Ldw landgng 

During the t e s t s  a nmfDer of landings were inadvertently made 
i n  which the  wix~gs were not l a t e ra l ly  level.  When t h i s  occurred 
the lower wing t i p  dug in to  the water causing a violent turn  with 
an  abrupt stop. High longitudinal decelerations were usually 
obtained i n  t h i s  type of laxding, Lateral  decelerations were a l s o  
obtained f o r  a few laxidings. The 1atera"Lecelerrztions meaeused 
were approximtely 28. 

Effect  of Simulated Damage 

I n  general, the character is t ic  ditching behavior f o r  this model 
varied inconsistent2y from porpoising runs t o  s l igh t  dives (f ig .  5)  
regardless of the s i m l a t e d  &anage. Yowever, removal of the bomb- 
bay doors tended t o  promote violent dives ( f ig .  6) whereas, the 
ucndmged aodel ten&ed t o  make smooth mas. The most violent  dives 
t h a t  occurre& in the t e s t s  were obtained when the model me ditched 
a t  the lo at t i tude  with the bomb-'bay doors removed. 

I n  thg t e s t s  i n  calm water, when the navigator's escape hatch 
was braced open at  e i the r  30' o r  4 5 O  t o  the thrus t  l i n e  t o  fomn a 
hydroflap, aL1 diving was prevented and porpoising runs with lower 
dece le~a t ions  were obtained. (see f i g .  7 .) The decelerations 
obtained when using the 30' hydroflap were lower than those obtained 
when using the 4 5 O  h~dro f l ap .  (see ta'ale I.) From t h i s  table  it 
can a l so  be seen tha t  t e s t s  at  condition (d) were made only at  
the  lo at t i tude .  The purpoee of the t e s t s  at  t n i s  damage condition 
was t o  see i f  the hydraflap wosld prevent the most violent dives 
obtained in the t e s t s .  (see condiition (b) , lo at t i tude  .) 

Both the 30' as?d the 45' hydroflaps accomplish t h e i r  purpose, 
but the 30' hydrof lap i s  recornended because sf the lower decel- 
erat ions obtained with t h i s  se t t ing .  

Effect  of S e a ~ a y  

The wave height obtained f o r  a given scale  wind velocity a t  
the outdoor catapult was s m l l e r  than the corresponding wave height 
i n  the open sea f o r  the saae win3 velocity.  Consequently, i n  the  
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ditching t e s t s ,  the wave Bei@ts a r e  lower than they should be t o  
correspond t o  the grow& speeds a t  which the modex h n d s .  S t  is 
poss5b:ie +then, t h a t  the ditching behavior obtained a t  the catapult, 
In  rough water, may be somewhat optimistic.  

Whea ditched psraLiel t o  the wave crests,  porpoising runs were 
03taine2:. m e n  ditched perpendfcuLar t o  the wave crests ,  s l i gh t  
divcs were us-aailjr o%ta+lned. Yioleat dives occurred wfien the t a i l  
of the moGel h i t  %he leeward s i b  of a wave near the c re s t .  It 
s h o ~ l d  be zoted tha t  when the model was ditched perpendicular t o  
the wave crests ,  siig3t dives were obtaiaed even w2en the hydro-. 
f l ap  wan used. This, hcwover, w a s  .the only ooadltion i n  which 
dives were o'bta-ined with the b d r o f l z p .  

The ~ i r y l a n e  shonld general-ky 'be ditched. p a r a l l e l  t o  the waves 
t o  prevent d i v i ; ? ~ .  However, if v e ~ y  strong winds exist, it i s  
pr0-9&%13 tha t  the d i f f i c u h i a s  of' miixztaining l a t e r a l  control w i l l  
be so greet t ha t  it w i l l  be d e s i r s - ~ i e  t o  land Into the wind regard- 
l e s s  of t l ~ e  wave direct ion,  

.The following conclusions were reached from the r e su l t s  of 
the tests:: 

1. The airplane should he Citched. a t  aan a t t i t ude  of 7" with 
the fhjs r"u;ly deflected and tke wings l a t e r a i q  level .  The 
ditching shouid l;e made a t  as l i g h t  a weight as possible. 

2 .  I n  rough water the airplane ahocld be ditched p a r a l l e l  t o  
the wava cresks, mless very strong win38 exis-ts, i n  which case 
the landtag shotilrl be mile into the wind. 

3. Po~pois ing  runs o r  s l igh t  dives w i l l  pro5ably occur i n  
c a h  o r  rou& water unless the t a i l  of the ai-plane i s  tripped 
by a wave c res t .  I f  t h i s  happens a violent, dive w i l l  occur. 
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4. A hydroflap ins t a l l a t ion  on t h i s  airplane w i l l  reduce 
deceleratiozts 2nd prevent diving except when the, airplane i s  
ditc3.ed perpendfcuhr t o  waves. 

MechEnicrzl Engineer 

E&ard L . Eof f m n  
Aercnautical &lgineer 
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V J O ~ L I  B . P s i n s o n  
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Laagley 'i'a~ik No 2 aild on an Outdoor Catapult. NACA MH No. L5L07, 
39liS. 

2. Fisher, Lloyd J., &ad Steiner,  Margaret F,: Ditching Tests with 
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a -"--Size Model of the Amy B-26 A i r p l a ~ ~ e  i n  NA'JA Tank No, 2 5.2 
and on an Outitocr Catapuit . N.%A MR, Aug. 15, 1944. 
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8. 

(1) Dsnags condition: 
a. Rb danage s h l a t e d .  

CONFIDENTIAL NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

b. Bomb-bay doom mmvbd t o  e h l a t e  the i r  failure. 
c. Bonbmlier'a uindov~, mae-wheel doors, front entrance hatch, kmb-bw doors, radar homing, rmbemwface 

of iriselage from aft end of b d  'bay t o  station 680, rear eatranee hatch, radom, and jet propulsion 
intake covere rmmved t o  alnulate the i r  failure. 

d. Damage the he as  (b), but the n e v l ~ t o r ' s  escape hatch was braced open t o  f o w  a hydroflap a t  30°(d-30) 
or  45O(d-45) with the thrust l h e .  

e. IXursge the he a s  (c), but the navigator's escape hatch was braced open t o  form a hydroflap a t  30~(e-30) 
or  45"(e-45) with the thrust &e. 

(2) Column hBbdiTLB. a re  e~plalned a s  fonolll~t 
Knots - S p e d  in h o t s .  
Run - length of landing nm i n  multiples of the length of the airplane. 
Dee. - Marhum longlhrdlnsl deceleration in multiples of the accelerstion of glavity. 
R ~ r m r k a  - Rotatiam under th i s  heading have the following meaning: 

b Ran deeply. 
dl Dived violently. 

Dived s l l@tly.  
h Rsn amoothly , 
p Porpoised. 
t Turned sharply . 

NATIONAL -OW 
c- FUR AERONAUTICS 



TABIE 11.- SUMMARY OF XESUlE3 OF TESTS IN CAW AND ROUGH W A m  MADE FROM AN 

OUTDOOR CATAPULT WITH A 'SCAIE MODEL OF THE NAVY XPbM-1 AIRPIANE 
18 

A l l  values are f u l l  scale: 
Gross weight - 55,000 pounds 
Landing att:l.ude - 70 
Flap deflection - 40' i 

CONFlDENTl AL 
I 

(1) Dama~e condition: 
CONFIDENTIAL 

c. Bombardier's windqis, nose-wheel doors, front  entraflce hatch, bomb-bay doors, radar housing, 
undersurface of fuselage from a f t  of bomb bay t o  stat ion 683, rear entrance hatch, radome, 
and jet  propulsion intake covere removed t o  e lmla t e  the i r  fai lure.  

e-30. Damage the same a s  condition c, but the navl@tor's escape hatch was braced open a t  30' with 
the thrust l ine  t o  form a hydroflap. 

(2) Column headings are explained a s  followe: 
Airspeed - Airspeed ifi  knots. 
~ r o & d  speed -  round speed i n  knots. 
Wave height - Wave height in feet .  
Renaarke - Notations under th i s  heading have the following meaning: 

d l  Dived violently. 
d2 Dived slightly. 
p Porpoised. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

NATIONAL ADVISORY 
C O h f M l V B  FOR AERONAUTICS 
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(a)  Side view. 

Figure 1.- Photograph of a A-scale  ditching model of the Navy XP41dI-1 airplane. 
18 
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LANGLEY MEMORIAL AERONAUTICAL LABORATOR> - LANGLEV FIELD. VA 
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Sect~on 4 - A  B r a c ~ e t ~  06 '/52 brass-Y - 

NATIONAL ADVISORY 
COMMITTEE FOR AEROUAUTICS 

l.19 CONFIDENTIAL 

F/gure 4. - Ty,aco/ f r rc t~on hrnge for sca/e-strenqtn f/aps. 
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(a) Porpoising run obtained without hydroflap, speed 89.4 knots. 

Figure 5.- Photographs at 0.531 second time interval of XP4M-1 model ditching. Attitude of 
thrust line, 7'; flaps deflected 40'; gross weight 55P00 pounds, probable condition of 
damage simulated. (All values a re  full scale. ) 

'4 
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(b) Slight dive obtained without hydroflap; speed 89.4 knots. 

Figure 5. - Continued. 
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