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STJMMARY 

Investigatione of the  effect  of hull length-beam r a t i o  on the 
hydrodpamic characterist ics of f-lng boats have been  extended to  
Include a length-beam ra t io  of 20. This hull of length-beam r a t i o  
of 20 was designed t o  meet advanced requfrements f o r  increased speed 
and  increased range fo r  flying-boat  deeigm. The resu l t s  3btained 
for  the hull  having a length-beam r a t i o  of 20 are  conpard with those 
f o r  the hull  having a length-beam r a t i o  of 15. 

The range- of stable center-of-gravi*  position of the hull having  a 
length-beam r a t i o  of 2O-was less thas that f o r  the length-beam r a t i o  

was er ra t ic  and smill disturbances of the water  eurface were likely t o  
came the model to porpoiae. The U n U n g  s t a b i l i t y  was appraximtely 
the same as that f o r  the length-beam rat io  09 15. Esrtending lmgth- 
beam ratio from 15 t o  20 resulted in the  elimiration 2f hesvy apmy 
enter-  the  propellers  although  the heavy spray striking the f laps  did 
not differ  greatly beween the two length-beam r a t i o s .  

- of 15. The behavior of the model havfng the hu l l  length-bemu r a t i o  of 20 

- 

aten- length-beam r a t i o  from 15 t o  x) lmproved slightly the 
take-off  behavior In waves. Durhg lanalngs in waves, the nraxinun 
vert-1 acceleration was 5 . 2  or  40 percent 186s than that obtained with 
the  length-beam r a t i o  of 15. The increase in length-beam r a t i o  frm 15 
to 20 reduced the motions fn trim and r i s e   a s  w e l l  as the luaxfmum t r i m  
and r i s e  but had l i t t l e   e f f e c t  on the nrascfmum angular accelerations. 

The general program of aerodynamic and hydr0d;rllamic research on 
hul l  .length-beam r a t io  of fly- boats has been extended t o  Fnc1ud.e 
the  effect  of an increase in  length-bm r a t l o  from 15 t a  20. The hull 
of length-beam ratio of 20 is one of a related  series w f t h  different 
length-beam ratios designed to have 13imila.r reeistance and spray 
characteristics f o r  the same gross weight and +a be physically intsr- 
changeable on the seaplane deaign. All the h u l h  have the same 
length2-beam product an&, therefore, became longer and narrower ae  the 
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length-beam r a t i o  is increased. Increasing the length-beam ratio ' 

from 15 to 20 resulted tn a 9-percent  reduction tn volume and a 16-percent 
reduction in frantal &rea. .) 

W 

The wind-tunnel investigation of thla hull (reference 1) has sham 
that an increase in length-beam ratio from 15 to 20 resulted in 0- a 
small decrease in mlninmn drag  coefficient. The m.infmtrm aerodynamic 
drag of the hull  with a length-berun ratio of 15, on the other hand, 
was 29 percent lese than the drag of the hull  w i t h  the conventional 
length-beam ratio of 6 (reference 2) . 

The seaplane aseumed for the evaluation of the Bydmdymmic 
characterietics i e  a twin-engFne propeller-driven flying b=t having 
a design gross load of 75,000 pomxkt, a ~ i n g  loading of 41.1 pounds per 
square foot, a power loading of 11.5 $0- per brake horeeparer for 
take-off, and, f o r  the length-beam ratio of 20, a gross load coefficlent 
of 10.7. The bydroQma&c qualities  (reference 3) det- in the 
Investigation were longitudinal stability during take-off and Landing, 
spray chsracteristics, and take-off perfornance in amooth wat3r, and take- 
off  and la&ing behavior in' uave8. These  qualities were determFned frm 
tee-ts of a - L i z e  parer& dpmnic model in m e y  -tank no. 1 and are 

cnmperrd with the same qaities of the eeaplane having a hull  length- 
beam ratio of 15 as presented in references 4 and 5.  

10 

SYMBOLS 

W 

a 

7 

'e 

40 

vertical  acceleration, g units . 

horizmtal velocity  (carriage speed), feet  per second 

specific weight of water (63.4 f o r  them tests, usually 
taken as 64 f o r  sea water), pounds per cubic foot 

angular acceleration,  radians per second per aegond 

flight-path angle, d e p e e r  

elevator deflection, degreers 

gross load, pounds 
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T trlm (angle between f orebody keel a t  step and horizontal), 
degrees 

The form, size, and relative  locations of the %erodynamic aurfaces 
were the s a m  as those of the d e a i s  havlng h-m langth-beam ra t ioe  of 6 
and 15 (reference 4) . The model having a hull lengf;h-beam r a t io  af 20 
vas designated Langley tank mdel 239. Photographs and h u l l  lines of 
the mdel, and general arrangement of the fly- b a t  are given in 
figures 1, 2, and 3, respectively. For comrpariscm, photographs of the 
mods1 and general arrangemant of the flying boat having a h u l l  length- 
beam r a t io  of 15 are ahown in figures 1 and 3, respective-.  Offsets 
of the h u l l  are given in reference 1. Pertinent  characteristics and 
dimensions of the flying boats with hull length-beam r a t io s  of 15 
and 20 are given in table I. Additianel information regarding dhenslons 
and CharaCteYiF3tiC8 may be found in references I and 2. The length used 
f o r  determining the length-beam r a t i o  is the distance from the forward 
perpendlculm to  the stempost. 

The hul l  had the same depth of etep, position of the step relative 
t o  the mean aerodynamic chord, pximum height of hull, r a t i o  of forebody 
to  a f t e r b o a  length, and length -beam product as  that used for the hull 
w i t h  the length-beam r a t i o  of 15. (See reference 4 ) The fa i r ing  aft 
of the sternpost  (reference 1) was anttted =can the tank model and a 
s l i g h t  modificaticm was made to the aides of the afterbody above the 
chine. These changes would have a negligible affect an the hydrodynamic 
characteristics 

' The model ma powered with three-blade metal  propellers  driven by 
two variable-frequency rr1.0t0re. Slate were attached t o  the leadlng edge 
of the w i n g  in order t o  delay t;he stall t o  an  angle of attack more nearly 
equal t o  that of the full-eize f l y i n g  boat. 

The investigation was made in Langley tank no. 1, which is described 
in reference 6. The setup of the model an the to- carriage and the 
testing apparatus are shown 9n figure 4.. The apparatus was the aame a8 
tha t  used f o r  the tests of other modeLs in this eeriee  (references 4 
and 5 ) .  The model was free to  trim about the pivot, which was located 
a t  the center of gravity and was f ree   to  move vert ical ly  but was 
restrained l a t e m y  and fn r o ~  and, yaw. 5 order t o  measure excess 
thrust, the .taKing gear wa8 canneck& t o  a sprlng balance which lheasured 
the longitudinal force. For ,the self-propelled  teste in waves, the 
model had approairrvltely 2 f e e t  of fore-and-aft freedom dth respect t o  
the towing c a r r i a p  in order t o  absorb the longitudinal accelerations 
fntroduced by the  impcta . 
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A n  accelermeter mounted  on the towing e&ff of the model measured 
the vertical  accelerations. TKO acceleraneters were used t o  measure 
the angular accelerations. 

. .  

Effective-thrust and aerodpmmlc l i f t  and pitching-maaaent data f o r  
the mdel  havfng a hull length-beam ra t io  of  15 are preeented in r e fe r  
ence 4 and are applicable t o  Langley tank model 239. 

The hydrodynamic qualities in smooth water and In mcnm-fna waves 
were dotermined a t  the deaign gross load corresponding t o  75,000 pound, 
except for the spray Fnvestigation in which the gross loads corresponded 
t o  l o a h  fra about 50,000 pounds to 95,000 pinmds. The f h p s  were  
deflected 20° for all the hydrodynamic tests .  All data are presented 
as ftiU"0ize d u e s  with the exception of t h e . . d l a t ~ ~  &. table I1 which are 
pertinent model data talcen directly fram the recorde. 

Trim l imits  of stability.- The t r i m  l imit6 of s tab i l i ty  were 
detemln8d a t  canstant speeds by use of the mathode described in refer- 
ence 7 .  In order t o .  obtain  eufficient  control mrsment to trim the m o d e l  
to the trim limits, the lower limit was determined a t  forvard poeitiorm 
of the center of  gravity and the upper t r f m  Urnits were detemhed a t  
after positians of the center, of gravity. 

Center-of-gravity l a t a  of s tab i l i ty  .- The center-of-gravit;p limits 
of s tab i l i ty  were determined by making accelerated rune t o  take-off epeed 
with fixed  elevators, full  thrust, and a constant rate of acceleration 
of 1 Toot per second pelx second. Prim, rise of the center of gravity, 
and amplitude  of porpoielng were cont inuou~i ly  recorded during the acceler- 
3ted run. Zero rise wag set w i t h  the s tep just touching the water surface 
a t  zero trim. A sufficient number of center-of-gravity posi~icw and 
elevator  deflectians we% investigated t o  cover thc a d  o p e r a t a  range 
and t o  define the cenksr-of-gravitg limits of s tab i l i ty .  

Landing stabil i ty.-  .The Landing s t a b i l i t y  was Investigated by 
trlnuuing the model in the a i r  t o  the desired landing trlm a t  a speed 
elightly above flying a p e d  and then decelerating the towing carriage a t  
a uniform r a t e  of 2 feet per second per secondj t h i s  technique allowed 
the model t o  glide onto the water and simulate an actual landing. The 
elevator  deflecttan was not changed after the desired landlq trim was 
attained. The dfstance betwean the center of gravity and the water 
surface waa held cazlfltant at 20 inches in order t o  minimize the  tendency 
of the trim t o  change caused by ground effect  on. the aerodynamic moments 
durhg the approach t o  the water eurface. The contact trims and 'behavior 
on landing were observed. visually, and trim and riee were cantinuously 
recorded throughout the -ding run. The Landinge were made with one- 
half take-off thrust and with the center of gravTty located a t  32-percont 
mean aerndpam3.c chord. 

I 
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Spray characteristics.- The epee& a t  which l i gh t  loose spray and 
the speeds a t  which heavy bUater  sprag entered the propellers o r  s " w k  
the flaps were determined for gross loads f r o m  a li&tly loaded t o  a 
heavily  overloaded  candftion. 

Excese th-ruat.- m e  excess thrust (thrust  available for acceleratian) 
was d e t e b d   a t   c m t a n t  speeds f o r  several fixed sett ings of the 
elevators The center of gravity XBB located a t  =-percent mean aero- 
-C chord. 

Taq- and "off behavior in waves .- !&e ming behavior in 
waves was investigated with full. t&mt up to hump speed at a forward 
r a t e  of acceleration of 1 foot p r  s e c a d  per second. The --off 
behavior wae investigated w i t h  full thruet up to take-off  speed a t  a 
forward r a t e  of acceleration of appmxhatelg 3.3 f e e t  per second per 
second. C c r ~ l e t e  tfms histor ies  of the taxi and We-off rum w e r e  
recorded. 

b d h g  behavior in waves = -  The landing behavior in waves was 
.investigated a t  the 8- deceleration used In the investigation of the 
smooth-water landing stability. Prior . k s t ~  in rough water have Shawn 
tha t  landing trfm had little effect  on either the wria t ion  of trim 
during the landing runout or  the man-lrmrm acceleratians. All landFngs . 
were consequently made a t  a t r i m  of approximate* 8'. In order t o  
provide suPf fcient  clearance for landhgs in waves, the distance between 
the  center of gravity and the water  surface wa8 ap-groxhately 40 Fnches. 
For all landings the model was held in trim by the elec-t;rically  actuated 
trim brake dur ing the initial landing approach, and the elevators were 
eet  t o  give the proper trimmkg rumens upon contact with the watsr 
This procedure -a used to  overcome the tendency of the trim to change 
caused by ground effect  on the aemdymmlc moments during the approach 
t o  the water surface. The land3ng behavior was observed visually, and 
a time h i s t o r y  was cmtinuousu recorded t t r o m o u t  the lanaikg run. 
The time history included recordings of trim, r b e ,  fore-and-aft position, 
vertical  accelerations, angular azceleratiom, wav-e profiles, and speed. 
The landings were made wfth the thruet adjusted 80 tha t  the model wa8 
approximately 8 f ree  body during the i n i t i a l  Landing and .the high-epeed 
portion of the lamling runout. 

. Win lhi ts  of stabil i ty.-  The t r im lhib of s t ab i l i t y  are compared 
Fn figure 5 w i t h  thoee for the hull w i t h  a length-beam r a t i o  of 15. The 
upper Lkit, increasing trim, and the upper Limit, decreasing trim, were 
spproldmately the 8- f o r  both length-beam r a t i o s .  The lower limit for  
the hull having a lengtkf-beam r a t i o  of 20 was shifted t o  higher speeds 
in the  intermediate  planing-epeed range- This ahi f t  decreased the range 



6 NACA FU4 L9GO5 

of etable tr im between the lower limit and the upper llml-t, increasing 
trim, over the  speed range where larer lhit porpoiEilng generally OCCUTB 
dur ing  take-off When even al ight  polpolsing occurred, the trim was more 
likely t o  penetrate both t h e  l m r  and upper t r im limite because of the 
resultant narrm range of etable trim, and the tendency t o  polpoise, 
therefom, was mre pmounced f o r  the length-beam r a t i o  of 20 than f o r  
the length-beam ratio of 15. 

Center-of-gravity 1imi-b of s tabi l i ty . -  Representative trim tracks 
for length-beam r a t io  of 20 are presented in figure 6(a) f o r  sever& 
positione of the centar of gravity and elevator deflectians C a n m b l e  
trim tracke far length-beam r a t i o  of 15 are presented in figure 6(b) 
The mn-a-llmlm amplitude8 of pcrrpoklng -that occurred during take-off are 
plotted against position of the center of, gravity in  flgure 7 .  The 
maximzrm amplitude is defined the difference between t he  mm3mum and 
minimum trim d u r i n g  the greatest porpoieing cycle that occurred during 
the take-off. 

The plot of marLmum amplitude of porpoieing againat  po8iti.m of the 
Center af gravity of the length-beam ratio of 26 i e  eimilar t o  that  of 
the lmgth-beam ra t io  of 15. W i t h  both length-beam ratioB,  the amplitude 
of larer-limit porpoising Fncreaeed rapidly w i t h  forward movement of the 
center of  gravity. A t  after positions of the center of gravity the 
amplitude of uppr-llmit porpoising never exseeded approxhmtely 2.50 for 
either length-beam ra t io .  

For a given elevator  deflection, the pSactical   center-of-pvity 
Ulnit is wually deflned a8 that  position of the  center of gravitg at 
which the.  amplitude of porpoiehg beCat1~8 2O. A plo t  of elevator 
deflection agalnst center-of-gravity posi t ion at which the maximum 
amplikde of porpoising wae 2 O  U presented in figure 8. W i t h  the 
length-beam r a t i o  of 20, the range of stable  center-of-gravity position 
wa8 slightly lees than that f o r  t h e  length-beam r a t i o  of 15. The behavior 
of the model having the hull length-beam ratio of 20 was erratic, however, 
and small diBt~rbanCe8 of the water surface. were 1ibly t o  came the 
model to porpoise 

The hull having the length-bean ratio of 20 did not skip on contact 
a t  any Landing t r i m  (bo t o  l 3 O )  and it may be cmauded that the depth 
of ~ t e p  of 20.1 percent beam provided  adequate ventilation. Porpoising 
during the Landing runout -8 encountered at contact t r i m s  above 9-3O. 
The landing s t a b i l i t y  f o r  the length-beam r a t i o  of 20 wa8 approximately 
the same a8 that f o r  the length-beam ratio of 3-5. 
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Sprag Characteristics 

4 The range of speed over which-qray  entered the popel lera  and 
struck the flaps is plotbed  agalmt gross load in figure 1l for both 
hulls.  A t  the desi@ gross load, only U&t spray entered the propellers 
fo r  the hull   wi th  the length-beam r a t i o  of 20 5 gross load waa 
increased a p p m m t e u  20 percent (90,000 pouna~) before the b l i s t e r  
sprag  entering the propellers was equivalent to the spray frm the hull 
w i t h  the length-beam r a t i o  of 15 at the design gross load (75,000 p o w ) .  
Bl is ter  spray struck We f lap8 a t  a sl ight ly  l m r  gross load w i t h  the 
length-beam r a t i o  of 20 than w i t h  the length-beam r a t i o  of 15. At the 
design gross load, however, heavy spray striking the flaps a d  not  dfffer 
great ly  between the hulLs having length-beam ratios of 20 and 15. The 
quant i ty  of spray striking the tail surfaces during landings 88 well a8 
the range over. which this spray occurred was lees for the higher length- 
beam ra t io .  

. .  

Take-Of f Perfomwnce 

Abbreviated tests bf the model with the hul l  length-beam r a t io  of 20 
indicatsd no appreciable change in excee8 thruet available fo r  t ab -o f f  
when compared with the exces8 thruet obtained for the hul l  of length-beam 
r a t i o  of 15- The over-all take-off prf 'ommce 05 the two hulls, there- 
fore, would' not  differ great ly .  

Taxying and --Off Behavior Fn Waves - 
The results of the Fnvestf@tion of the t a x y h g  behavior in wave8 

are  q u a l L t a t i v e ,  but several pohts are of interest. Although the -h.h 
cycles w e r e  large in &-foot waves? the bow ahowed no tendency to dig In. 
Observations indicated, however, that a decreaae in forebody -length would 
not be advisable. 

Tracings of Qpical  recards of take-offs in traves f o r  both d e l 8  
m e  sham in figme 12. The oscil lations 3 n  trim and r i ee  at low Speed8 
were large  but did not appear t o  be dangerous. A t  higher speeds the 
oscillaticrna became  mall as the hull planed o n r  the wave create and 
relatively stable tab-offs were made. "he maximum t rFm and the maxfmum 
osci l la t ian Fn trim were reduced f o r  the length-beam ra t io  of 20 when 
cmpared with those for the length-beam ra t io  of  15. The rise cycle8 
f o r  the higher length-beam " r a t i o  hull were also sl ight ly  amaller. 

Landing Behavior in Waves 

Pertinent data obtalne& from the recorda made durFng the landhg 
investigaticm in waves are presehted in table 11. The sinking speeds for 
the i n i t i a l  landfng approach ranged from 170 to- 280 f e e t  per minute (0.9 
t o  1.5 fps ,  model s i z e )  and were mll compared w i t h  the einking epeeds 
a t  the maximum vertical  accelerations The sink- speeds associated 



with the maxLmm vertical  accelerations for the hull of lengt;h-beam ratio 
of 20 ranged frcm 300 t o  810 feet per minute (1.6 to 4.3 fpe, model s i z e )  . 
The sinking speedEI aseociated with the m R m  vertical  accelerations 
for tple hull  w i t h  the length-beam r a t i o  of 15 ranged frcan 195 t o  1070 f ee t  
per minute (reference 5 )  W i t h  the  reduction in  the ma- e h k i n g  
speed, a 1-r maximum vertical  acceleration would be eqec ted  for the 
higher length-beam r a t io  hul l .  

Vertical  accelerations.- The variaticms of mRY-lmum vertical  acceler- 
aticm with wBve kmgth are sham Fn figure 1 3  A peak was apparently 
reached in the maximum vertical  acoeleratlone a t  wan lengths near 185 feet. 
The peak maxhnmvertical  acceleration of approximately 5.58 f o r  the hull 
having a length-beam r a t i o  af 20 about 40 percent  lese than the peak 
maxirmnn vertical  acceleration for tha hull having  a l e - b e a m  ra t io  
of 15. The peak accelerations occurred a t  approxlmtely the same wave 
length for both h u e  

The position of on a Wave for the initial Impact, ae well 
as  subsequent lmpacb  during the landing runout, m e  not under the control 
of t h e  operator, and thia  lack of control  accounts for the scat ter  of the 
t e s t  data. The envelope8 of the data indicate the mRY-lrmrm probable 
acceleration8 that would be obtained for the  range of wave length8 
invelstigated. 

Angular acce1eratims.- Maxfmum angular acceleration8 are  p l o t t e d  
against wave length in figure 14. A peak apparently was reached in the 
&hum positive-acceleration8 (baw rotated upmrd)~ a t  the Bhorter wave 
lengths. A t  the longest wave length inveetigated., the accaleratians 
were reduced about 70 percent below the acceleration a t  the apparent peak. 

The negative angular acceleration8  occurred when a bow-dm  rotation 
was induced during landing an the sternpost The mRx.fmm negative 
acceleration8 also occurred a t  the  shorter wave lengthe. 

An increase in length-beam r a t i o  from 15 t o  20 had little effect 
on the maxtmm an- accebra t ima 

Motions in trim and r i s e  .- The- mA*imrrm and minimum trim and r i s e  
a t  the cycle w i t h  p a t e s t  amplitude of osciUatian that occurred during 
the high-speed portion of the landing  runout are  plotted  agatnat wave 
length In figure 15 The variation of maximm and mFnimum trim and rim 
over the entire range of wave lengths w a ~ l  mall. 

The increase in langth-beam r a t io  fram 15 ta 20 resulted i n  an 
appreciable  reduction in the maximum amplitude of.  oscillation in both 
trim and r i s e .  The oscil lation Fn trim w a ~  reduced approximately 
15 percent and the  oacilLation in r i s e  n e a r l ~  25 percent. The increase 
in  length-beam ratio a l s o  reduced the maxFmum t r i m  2' and the maximum 
rise approximate- 6 f ee t ,  . .  
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s m  Chart 

9 

The hydrodynamic qual i t ies  of a fly- boat with a low-drag 
hul l  having .a length-beam r a t i o  of 20, as determined by parered- 
dynamic-model tes ts ,   are  surnmxrized -'figure 16.  his chart  gives 
an over-all  picture of t4e hydr-c characterletics in terms of 
full-scale operational parameters and is therefore useful for cnmpari- 
sone with similar data regarding other sea@anes for which operatfng 
experience is available. 

The results of an investitgation t o  determine the effect of an 
increase in hull  length-beam ratio from 15 t o  20 led t o  the following 
conclusions : 

1. The range of stable  center-of-gravity  poeition waa less than 
that f o r  the length-beam ra t io  of 15. The behavior of the model having 
the hull length-beam r a t i o  of 20 was erratfc and small disturbances of 
the water  surface were Iikel~ to came the mdel to porpoise. 

2. The landing stability waa appmalrrwtely the same as  that for the 
length-beam ratio- of 1-5 

3 -  Extending length-beam ratio from 15 to 20 resulted in the 
eUm.lnation of h e a q  sprag entering the propellers although the heavy 
spray s t r l k F n g  the flaps did not d i f f e r  greatly between the two length- 
beam ratios - 

5 .  During landings Fn waves, the maximum vertical  acceleration 
w a ~  5.3g or  40 percent b a a  than that obtained w i t h  t he  length-beam 
r a t i o  of 13. The increase in length-beam r a t i o  fram 15 t o  20 reduced 
the motionE in t r i m  and r i s e  8.8 well 88 the maximum trim and rise but 
had l i t t l e   e f f e c t  on the maxinun angular acceleratiom-. 

Langley-Aeronautical Labomto- 
national Advlsory Committee for Aeronautics 

Langley A h ?  Force B w e ,  Va. 
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General: 

Deslgn gross Load, lb . . . . . . . . . . . . . . .  
Qross load coefficient, Ca, I . . . . . . . . . .  
W i n g  area, sq ft . . . . . . . . . . . . . . . . .  
Take-off horkepower 

Power hading, ~ b / h p  . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  wing  Loaalng, lb/iaq ft 

Hull: . . .  

hfaxbnmbeam, ft . . . . . . . . . . . . . . . . .  
Length: 

Forebcdy, bar to atep, ft . . . . . . . . . . .  
Afterbody, step to sternpoet, ft . . . . . . . .  
Afterbody length-beam ra t io  . . . . . . . . . .  
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. . . .  
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Angle of farebody ked, to baae >e, deg . I . . .  Depth at keel, percent beam 
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Angle of dead rim of forebody: 

. . . . . . . . . .  

Ex!2luding chine flare, deg . . . . . .  .- . . . .  
hludingChlneflare.deg . . .  rn . . .  I * . .  

Angle of dead r i s e  of afterb&y, deg . . . . . .  -, 

c- 2 =20 

55 -5 I E:? 

20 
16.5 
20 

W i n g :  
span, ft . . . . . . . . . . . . . . . . . . . . . .  
man W-C chard (Y.A . c . ) : 

139 -7 
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span. ft . . . . . . . . . . . . . . . . . . . . .  43 . 0 

Length f m . 2 5  “AX m of to 
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1 Clearance above b e l ,  ft . . . . . . . . . . . . .  
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3 
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8 -3 
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43 .a 
-4 

3 .20 
-7 

49 -5 
L9 -0 

2 
3 

I6 -5 
2 
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(a) Length-beam r a t io ,  20. 

Flguxe 1.- bbdels having hull lengbh-beam r ak ios  of 20 and 15. 
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Flgura 3.- General arrangmmt. 
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(a) Setup of model on towing apparatus. 
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Figure 5 .- Trim limits of stability, 
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Bigure 8.- Variation of cenbr-of-gravity  limits of stability with 
elevator deflection. 2? amplitude of porpoising. 
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Figure 10.- Variation of maximum and minimum 
trim and rise with trim at contact during 
landings in smooth water. 
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Figure 15.- Variation of maxirmm and minimun trim and r ise  with wave length. 
Rave height, 4 feet. 
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