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fo r  the 

By Robert F. Havens 

Tests of a powered m c  model of the Columbia XJL-1 
aughibian we+ made in Langley tank no. 1 to  determine the 
hydrodynamic  stabflit3 asld spray characterietics of the basic hull  
ssd t o  investigate the effects of modifications on these character- 
istics. Modificatiane to the forebody chine fkre, the step, and 
the afterbody, and an increase  in the angle of incidence of the 
wing were included ih the teat program. 

The seaworthiness and spray characteristics were studied From 
simulated taxi rima in amoth  and rough water. The trfn limits 
of stabilfty, the range of stable positions of the  center of 
gmvity f o r  take-opf, and the landing stability we-- detgrmined in 
Bmooth water. The aerodymmic Iff%, pitching moment, and thrust 
were determined at apeeds up to take-off speed. 

Tests of a 1/5.5-scale powered ayIlEimic model of the Columbia XJL-1 
amphibian were made in Langley tanlr no., I to determine the -0- 
dpamic stability and spray characteristics of t h e  baefc hull, and 
to investigate  m&ifica.t;ions t h a t  might_5lnprove its performance 
on t he  water. 

The investigation lncludod teets  of the final design submitted 
by Columbia Aircraft Corporetion and tests of the madel with modified 
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chine flare on the f orebody, with steps 'of &ff erent depth and 
plan fom,  with several type8 of afte,rbodies, and with the m e  
of incidence of the wing increased. The.seaworthiness and sprw 
characterist ics of the model In rough water were observed during 
simulated  taJti-runs a t  speeds below hump speed. Testa were mde 
i n  mooth water t o  determine the a-pm characteristics,  the  trim 
limits of stability, the range of etable positions of the center 
of gravity for take-off, end the fanding stebil'ity . The aero- 
s-c lift, pitching wzaent, axid thrust  were determino8 R t  
speeds up to take-off speed. 

These t e a t s  were roqueeted by the Bur6au of Aeronautics, Haw 
Department, in o l e t t e r  t o  the Canrmittee dated June 9, 1944, 
Aer-E-23-F&, C 154.44. 

Ei part of the   t es t s  WPS Ob8emed by Measrs. G. D. Evans and 
M. Iauridsen of Columbia Aircraft Corporation. The t e s t s  were 
macle from December 1944, through May 1943. 

The basic model, furnished by the Colmibia :Arcraft  Corporation, 
wae designated ~asl@;leg tmk model 208. ~ h o  general arrangEanene 
of the basic model and the body plan of t he  hull are shown in 
figures 1 and respc t ive ly .  A photogmph of the model is given 
Sn figure 3 . The principal dfmensfone of the basic model end of 
the Pull-size ai.rplano are  presented in tablo 1. The angles of 
t he  f orebody. ruld afterbody keels, the angles of incidence of the 
wing and the stabilizer are meawed r e h t i v e  to the bwe l i n e ,  
which is  paralI.el'to the thrust  line. Trim waa measured between the 
straight. portion of the f orebody keel a d  t k e  f ree-water M a c e .  

In order t o  facilitate changes in  t h e  form of hull and in the 
position and depth of step, the hull WES constructed Fn four 
8 ectio- a8 ahown ;Zn fi@;ure 2. Five pr inc ipd  forcbodies and 
nine principal afterbodies were tested. All forobodies had a keel 
angle of -50. The plating which projects from the forebody chines 
of the fuU-eize airplane wae sfmulated from the bow t o  ths step 
on forebo.dies I and 11. On f orebodies 111, IV, and V, it extended 
from the ,bow to  station 210 For convenience, this  simulated 
plating 3s.neglected in'most of the sketches of the configumtlons 
other  than t he  basic model. The principal'forebodies are described 
a0 follows: 

. Forebody I: The baeic:  forebody had 3 dead r i s e  at the 
step of 20° excludfng c u e  flare, and l3.5O including - chfne 

. 



3 

flare. The chine flare hEtd a consteat down angle of 20° 
fmn tbe bow to  the step (fig. 2). 

Forebody IV: T’hl.8 forebody was the same &a forebody III, 
except that the bottan had no chine flare f r a  statim 210 
to the step (fig. 5 )  . 
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Afterbody IV: . Forward of' s ta t ion  315 the angl.8 of dead 
rise of afterbody IV was maintained at a constank mi& of 
29.5O (figs. 7 and 8). The keel angle, the position of r;he 
stempost, and the shape aft of s ta t ion  315 were the stme 
.as those of afterbody I. 

Afterbody V: This afterbody was the 88me as afterbody IV, 
except that the keel angle m a  11.3°. To form a9teY;body V, 
afterbody IV w a s  rotated about a horizontal axis throu@ the 
iritersectirm of the keel and the etempost, 

Afterbody VI: This afterbody had a keel angle of l0.g0 
and a constant dead r i s e  of 25'. The keel at  the sternpost 
w&8 0.9 inches lower f o r  afterbody VI than f o r  afterbody I 
(fig. 4) 

Afterbody VII: From s ta t ion  300 forward to s ta t ion  233 
(step at  chine),  the  bottom of afterbody VI1 wasowarped by 
decreasing the b a d  rise linearly from 29O t o  18 (fig. 7). 
All othsr dFmen8ions were the eane as those of afterbody I. 

.A$terbody V S I X :  Thfs afterbody had a keel angle of 
11.3' and a constant dead r i s e  of 20'. ~ h o  position of the 
sternpost W&EI the aame aa that af afterbody I (fig. 6). 

h e r b o d y  IX: This afterbody w m  the same as afterbody 
VI11 except that the length wa8 increased 5 Inches by adding 
a section aft of the original stempost. The chine6 of the 
added esction wore straight lines tangent to   the  chSnes of 
a9terboQ VI11 (fig. 10 1 . 
The model nu@era and descriptions of modifications wing 

these principal f orebody and afterbody forms a r e  given i n  table 11. 
Sketch08 of t h e  various rnohfficationa are givon in  figurea 1 
through 18, as indicated in teblo 11. Ths angle of incidence of 
t h e  w i n g  was 40 (.relative t o  the thrust l i n e )  for modela a%, 
208N, and 208P. For all other models including the baeic model, 
the angle of wlng incidence was 0'. Tho stabilizer w s  set  at an 
angle of -2O ( re lat ive to the thrust line). Early, tn the tests, 
the  area of the  e tabi l izor  m a  increased 27.5 percent by adding 
panels to  the t ipa  of t h o  0rigin.d tail, as shown In f igwe 1. 
The added suL-face had the 80.ae a,irPoil section as the original 
tail. Sla ta  were attached to the  leading edge of tim wfng to 
delay tho stall and Increase the m&3cs11Luzll l i f t  cosfficiont. 

The power plant consisted, of two . 2 -horsepower altem.!ting 
c&snt induction motors mounted in tendem with the sWts Joined 
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Brief t e s t s '  w e r e  made wlth the moclel free t o  trim in the air 
to   invest igete  the.aerodyaamic longitudFnal  stability. 

Spray Characteris tics 

Obsematlon of the spray characterist ics of several of the 
modifications  In smooth water were supplemented by still pbotographs 
and mtian pictures. For the t e s t s  i n  rough water, model ZK%l 
was accelerated slowly through waves, to s j d a t e  taxiing at speed8 
below h a p  speed. The propeller thrust- appmxlmated that requrea 
for self-propulsion. Tests were made in wave8 (length-to-height 
r a t i o  of 20) OS three sizes: 

I I 
I 13 

1 6$- 
I 6 

3 

1 

The variation of trim with speed w f t h  determined By t o w t ~  
the model with fixed-elevator settings at  an acceleration of 

'approxinately I foot per second per secona to take-off. k-ta 
were obtained with elevator deflection# f ram Oo to -30° and with 
the  center of gravity a t  positions from 22 t o  44 percent of the 
mean aeroQnmnic chord. The effecta of load, power, and f lap  
se t t ing  were also investigated. From these data, the maximwn 
ampli-t;Ude of porpoiaing, the hump trim, and take-off character- 
fB%iCs of t h e  model were obkined. 

L8,ndAnga were made by trinnning the model i n  the air  t o '  the 
dt38ired landing trim and decelerating the towing carriage a t  about 
2 f e e t  per second per second. Landings of all motllficatians 
having a wing incidence of Oo were made wlth the flaps deflected 60' and the propeller' turn- a t  2750 rpan. Landings of model 208M, 
208N, and 208p, w i t h  .a wing incidence of bo, were made wim the - . .  

.. 
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f laps  deflected 45' and a propeller speed of 27% rpm. The ef fec t  
of position of the center of gravity 8nd gram load was d&ermfn€?d 
for the basic model only. 

7 

Aeradynamfc Tests 

The variatfan of effectfve thrust and a i r  drag with speed is 
plotted i n  figure 19. The resu l t s  show that the khrust of model 208, 
with a propeller epeed of 3500 ~pm, waa in close agreement with 
the required. emle thrust (Columbia Afrcraft  Corporation,  Report 33-20] 
at 8peeds f r o m  l6 t o  60 fee t   per  second. The power abeorbed by the 
propeller when twlnlng at 5500 r p m  FIBS d e s i w t e d  &a take-off power. 

The variation of aerodynamic lift and pitching moment with 
epeed for  the basic model is shown in figure 20. The aerodynamic 
lift and pitching-moment coefffcients of t he  olodel with the basic 
and the increased tall area are given in figures 21 t h r o u a  23. 
The aercdynamic lift coefficients with t h e  increased angle of wiw 
incidence is p lo t t ed ' i n  figure 2.4. The coeff2cients are of the 
standard WlCA form, based howevei-, OIL carr iage a g e d  which .is'about 
95 percent of true air speed, Reeulte of. the force- tes te ,  and the 
tes$s =de free to  trh i n  *he air &owed t h a t :  

. .  

1. Lese 1st was developed with flap, ;et at 60' than at 30°. 

2. The effect of a&i& take-off gower wae t o  increaee t p  

. .  

. .  . .- . 

lift csf f ic ient  by about 20 percent at .a trim pf 10 
arid . .  a'speed.of55O.feet per second. . .  

3. The basic m&l w a s  lmgitudfnally un8tabl0 at speeds 
.. near 50 f e e t  pel- second, with the center of gravity at 

36 percent mesa aerodynamic chord, flaps se t  at 60°, 
ssld t h e  propaller turning at 2750 rpm. Under the same 
conditians, the m&l wfth the iacmoasod etabilizer 
area was stable.  A t  trime above 12 and below 4 *, hmver, 
small changee in elevator deflection caused. appreciable 
changes in a t t l tude  and resulted fn a tendency to over 
control the model. 
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Photographs showing, the spray  characteristics of the h e i c  

model at  a gross  load.of 77.4 pounds (13,000 lb, full size)  with 
teke-off power and the center of gravity a t  26-percent mean 
aerodynamic  chord are given in  f .i @res 25 and 26. No spras Imke 
over the bow 8.t low speeds,  and  only light spray  entered  the  propeller 
a t  speeds n e w  8 feet  per  second. (11 knots f i n l l  size) . Spmy wet 
the  flaps  moderately  within  the range of speeds from 13.5 t o  22.5 feet 
per second (19 t o  31.3 h o t ,  full size) .  Before striking  the flaps, 
the waLer which emerged from the bottom of the forebody was broken up 
in to  large drops by the combined action of.the chine flare and tEe 
slipstream. With the  elevators  deflected -30°, some spray h i t  ' 

t he   t i p s  of the  horizontal tail at  apeeds from 17 t o  25 feet per 
second and the  outboard  ends of the f l ape  a t  speeds from.28 t o  .34 f e e t  
per second. 

Motion pictures and observations of the  taxi ing  tes ts  of 
model 208EQ in m & . u a t e r  showed that   the  %ow dld not submorge in 
any of .the  wave^. Some water from the.  6.5-wch waves broke over 
the bow at  speeds n ar 5 feet per  second. When the mdel contacted 
t h e   c r e ~ t s  of the $-inch f and. l3-inch wave8 at  speeds  near 8 f ee t  
per second, a moderate amount of water was forced from undsr the chinee 
into  the  propeller. The chine flare was effective in dispersing the 
water t o  each  side of the hu l l  when contact was made d t h  wave cresta 
at--speeds  htghor  then 10 fee t   per  second. . . 

% 

. 
. The spray characteristiag c 8  most of the modificatlona were not 

6ppreciably  different from those of the basic model. Modiflcationa 
lmving hump trfm higher than  the.hump t r l m  of the  basic model 
generally had inferior  spray  chamcteristics.  Increasing  the angle 
of incidence of the nix (model 2djM) lowered the   t ra i l ing  
edge 0.93 inch (5.1 inches, full s ize )  and increased s l ight ly  the 
amount of spray which vet the  f h p s .  The f l a p s  of model were 
wet w i t h i r a  range of speeds from 13.5 t o  18.5 feet   per  second. Thfs 
range was l e a s  extensive than the range for  the  baeic model, inasmuch 
8 8  the method of reducing  the  chine f l a r e  a t  the  step produced a 
lower spray b l i e t e r   a t  speeds higher than l8.5 fee t   per  socond. This 
effect  was also noted during testB of models 208-5 and 201~A-l. The 
apray .on the   f l aps  of both model 20% (with  the  chine  flaro  faded  out 
Just  ahead  of the step) and model 208-7 (without  chine f l a r e   a t   t h e  
step) was heavier then that of the  basic model. 
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EydrOaynamic S t a b i l i t y  Teets 

Representative data, obtalned Wing  investigatfon of the' 
take -cff s t a b i l i t y ,  a r e  given' in  figures 27 .through 4-6. The model 
nzrnber, gross load, flap  deflection, amount of poker, and position 
of the  center. ' d p  gravity are indicated on the figures. ~ e s t e  of 
the model with and without the increaaed e tab i l izer  ares showed 
no ef fec ts  on the hydrodynamic characterist ics.  No d i s t h c t i o n  
is made, therafore, betwoen modifications  with Bifferent sizes 
Of the StabiuZer. 

9 

Trim l M t a  of s t ab i l i t y .  - The trim limfts of the  b a s k  m o d e l  
m e  shown fn figures 27 asld 28.. I n  adait ion t o  the lower and upper 
trim l imi ts  of s t ab i l i t y   t he re  %'&e a region of i n s t ab i l i t y  extending 
f rm the upper llmit at Fntmmediate planing epeeds t o   t h e  lower 
l fmit  a t  higher planing ape&. Porposieing in this IntermedTate 
region was e r r a t i c  (sametimes requiring a dhturbance f o r  activation) 
and w a s  charecterlzed by rapid ewes in %rim wTth l i t t le change 
in rise. The mpli tude of Fntermediate porpoishg generally 
increased  -.the intermediate region approached t h e  upper Iimft. 
Ths upper limf$e were d i f f i c u l t  t o  def fne at  the' Juncture with 
the intermdiate region of pompoilsing. The,modeS f reqmnt ly  
ccmmnced uppar limit porpoiairg at this juncture when the amplitude 
of inteY;medfate porpoiaing WEB sufficient to   t r im ,  the model above the 
upper limit. The position of the l m r  limit w a s  Irdefinfte 
at spoeds above 32.5 feet  per aecond. If t he  m o d e l  w a s  disturbed, 
lower limit porpoialng occurred lo t o  1.5O above the  lower limit 
obtained without. dieturbgsce. D u r i n g  lmr limit porpofsing at low 
trims, the f ombody chines were wet as far forward E ~ B  the  plane of 
t k e  propeller. The flow of water frm under the  fa rebdy appeared to 
be 6isturbed Irregularly by the chine flare. 

Porpoising in the intermediate region of i m t a b f l i t y  occurred 
in varying degrees far all configurations tested, except models 
20eti0, 20&, and XI&. This type of  porpoieing  occurred while the 
effierbcdy wae wet heavily by jets of water which emerged f'rm the 
step &8 8h0m in f i p  29. .. . 

The wetting of the a5terbody was accentuated by the slipstrean, 
bcreases  in the load on the w a t e r ,  asd decreases fn the clearance 
of the  afterbody. f r o m  the w&e of the farebody. The ef fec ts  of 
load Elnd the application &.power cgn be seen by canparing  the 
curves given in figures r( sna 28. In general, the  extent of the 
intermediate region was .2ncressed by increming  the load on the 
water and by applying.power. The ef fec t  of Increasing the w i n g  
incidence was similar 'to t b  e f fec t  of a decrease in groaa load, 
as &am in flgure 30. The extent of the region of Fntermediate 
porpoising was reduced by pr0@33ElsiV8ly changing the plan farm 
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of t h e  step from 45O - vee to 300 - vee, 200 - pee, and t m s v e r s e ,  
while  the  depth of step at  the keel was held constant (models 208, 
-A, m, and &C; f i g  a. 27 and 31). It shea %e notea 
that. the greatest  reduction wa9 obtained  .ylth  the  transverse  step, 
model 208C. Inasmuch as the afterbody of modo1 2- was raiaed 
0.54 inch 'above the  position of the  afterboc~iee of models 208, 
208A, 208B t o  permit installation of the  transverse  step, tho 
effecxs of both plan farm and afterbody  clearance were incluned 
fn r e su l t s  oF t ee t s  of model 208C. Results of tests of other 
configurations that had an afterbody clearance (above the wake 
from the forebody)  greater than that of tha  basic model showed 
that afterbody clearance was the m e t  significant hu l l  parameter 
affecting the regton of intermediate  porpoising. The effec-i; of 
different  amounts of afterbody clearance on the trim limits and the 
intermedfate t ype  of poqoieing is  shown by a comparison of 
figures 27 32, and 33 (mohele 208, 2083, a d  208F) and by f igure 34 
(mot~ele &E b a  rnm - la, 

The re&ita,'bf t e e t a  of model 208-8 ahomd tha t  wfth the W e  
of dead rise'of the  basic afterbody Increased behind the steg, 
the m@on of ir-termedtate pmpoising ma ,&lminieked slightly. 
Decreasing the dead r i s e  beh-lnd the s tep  to form a ahallow vee step 
(model 2 0 8 L )  'lowered the upper limit, decreasing trim, r k m l y  to 
the lowe2 limit, but did not affect  the other limits o r  the 
%n-t;errusdiate 'regi'on of  instability. 

, !Die addition. of chine flare to the aftsrbo6y increased the 
aql i tude  of ' the intermediate ty-p of porpoising as ehown by a 
cnmpari.aon of f igure 27 (model 2081 and figure 35 (model 208-2). 
A n  increase of 5 inches (27 .s inches, Pull, - s i ze )  fn the length 
of t h e  afterbody of model 208N lowered the upper trim limit but 
had no s¶.gnif.tlcant e f fec t  on the intermediate region of instability. 

We-o f f  whbf1iQ.- The variation ,of trim of the basic model 
with speed is  shown i n  figures 36 and 37 .for gross loads of 60.5 porn& 

Fron figure 36 it cm be seen that with take-off power, the model 
trimned down d t e r  the t rue  hmp (a t  a speed of about 15 fpo) and 
then suddenlg trirraned up to e second hump. A t  the liat load, the 
second hunzp waa generally hi&er than tho t rue  hump. Motion 
pictures of the basic model and ,of the model wt,th the wiq rmovad 
(model 208F-3) show tkt .the .ragid Increme in t r im.   to  the second 
hump was accompanied by the elevation of the forebody chines 
above the surface of tho later and EL sudaon wsttlng of tho chines 
an& bottom of the afteybqdy. Without powor, the model showed only 
a slight tendency t o  trim t o  a second hump. Coqmison of figure 36 
with figure 37 shows that tha effectiveness of tho elevators jn 
trfrraning the model waa graater wlth power than  without power. 

(10, 164 p O U n d S ,  Size) Wd "7.4 p O U 3 l d S  ( l3 ,W POUndS,  full E i Z B ) .  

- 
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The abrupt c-9 Fn trfm g9ter the true hump w a ~  eUminated 
when the chine flare forward of the step mi3 decreased according 
to t he  lines of mode l  20&. m e  effect of decreasing the chine 
flare is shown in figure l!O (nodels 208G and 208G-12). It cen be 
88812 that the trim at either of the two: humps was unaffected by 
the chine flare, but that the trim between the humps was rrtised 
when the chine flare was reduced. 

A conatant & h e  f h r e  of doxn 6O (moCel XI&) did not eliminate 
the change 2n trim after the huap, but .did groducct an appreciable 
decrease In the ampl i tude  and rapi&ty af the trfm change -compared 
w€ th  that of the basic model. 
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( m o d s 1  208F) stable take  -offs could be made with  the  center of 
gravity in a greater range of positions  than for. the  basic model. 

Al-thc;~@ t h e  results of tests without fw afterkdy (morlel 208D, 
fig. 42) shoved conclusively that increased afterbody c l e a r m e  
was desirable for the elimfnation of intermediate porpoisfna, mod.els 
having a f t e r b d i e s  w i t h  a clearance greater then tha t  of the  baaic 
model (such as models 2082, 2Q&, 20&, 2€18;H-13, ana 20&) gave 
extremely  high hmp trims and mray characterist ics inferior t o  
those, of tho baalc model. Several modifications which incorporated 
mema of changing t h e  flow of water and air over the  Lfterbodg 
without  changing the  poaition of the forebody or afterborly were 
not  satisfactory ae a substi tute for rais3bg the afterbdy. The 
addition of hydrodynamic spoilers at t5e afi; end of t h e  dterbcdy 
(model  208-9) incremed  tho  amplitude of intermediate porpoising. 
The sane spoflers behind  the s b p  (model 208-10) had no effect  on 
the  variation of trin during take-off.  Longitudinal  steps on the  
'Porebody ( m o d e l  m&:-11) raised the hum3 trw a& increased.  the 
hump speed but had no appreciable  effect on the intermediate 
poqoislng. Longftudipal s t r i p s  on the af te rbdy  (model a8H-14) 
had no effect  on the hydrodymrnic s tn3 i l i ty .  The addition of 
a hook on the  forebody of mcdel 208H at tile s tep  (model 2Om-15) 
lowered tho  trim tracks a t  Epee& bexona t h e  h a p  and eliminated 
the i n t e m a i a t e  porpoising at trim0 from 8' t o  go, as shown in 
figure 43. Use of a hook of t h i e  type would require  that  the step 
be move& forward t o  avoid porpo2slng at forward positions of the 
center of graflty. 

Results of tests w i t h  an angle of afterbody keel of 11.5' 
(models 2081 and 2 0 8 J )  are gi7en i n  figure 44. The r e a d t s  
show that some Intermediate  porpoising was encountered a t  trims 
above 7O. S3milar resu l t s  were  obtained from t e s t e  of models 208N 
and 2 0 .  

A cmparison of the resu l t s  of the  take-off  testa of %he model 
w i t h  an incmaeed angle of w i n g  lncfdence (model 20%) wfth  the 
results obtained from the baslc model showed that  increasing  the 
nlng bcidence by 4' decreased the extent of the regfon of in-ber- 
mediato porpoising,lowered the get-away speed, and had no appreciable 
effect  on the change i n  trim t o  a second hmp. The resu l t s  of 
typical take-off s of mcdel 20& a m  given in figure- 45. The ~aximm 
amplitude of gorpoieinq:  ottalned during take-offs of model 208M 
with flap  deflection of 0 , 30°', and 45' is shown in  figure 46. 
Comparison' of f i g m  46 (mcdel 2 0 8 ~ )  wi-ta figure. 39 (model 208) 
show8 that  increasing  the =le of incidence  shifted aft the range 
of stable  positlorn fo r  the center of gravity. Increasing the 
w e  of f lap   se t t ing  from 0' t o  45' decreased s l igh t ly  t h e  extent 
of the region of intermediate porpoising and shifted a,ft the r w  
of &able positions of the center of gravity. - 

.- 
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In general, the Landfng c h m c t e r i a t i c s  of t he  noWicnt ion8 
which had vee ateps of greater depth than the step of the basic 
model were superior t o  the landing characterist ics of the ba8iC 
model. Nod$ @E, with an afterbody having a constant dead-riee 
angle of x) , eldpped lightly throughout the range of trlms inves- 
t igated f rom 2.50 t o  15O. Modelg 208E, 208G, mE€, 2081, 2083, 
and 208K landed stably at all trlms Fnveatigated frm 4O, to 13 
w i t h  the center of gravity at  &-percent mean aerodynamic chord. 

The landLng3 made w i t h  model 238C were generally simflar to 
the landings obtained with th3 basic model. Model 208F landed 
stably at  trha from k0 t o  15 with the center of gravi ty  a t  
24-percent mean aerodgnamic chord, tu* skfpped once at all trims 
investigated fram bo to 13' with the center of gravity at 36-pmmt 
mean aerodyriamic chard. 

Model 208L, with %he dead rise  of the afterbody decreased 
jU8t behind the gt"p to gfve a very shallow etep, skipped v i o l e n w  
a t  trime above 7 3ut landed etably at trim of 5O aad 6O. Model 
Mode& 208-15, wlth the hook on the step, landed sta31y st trbw 
of , 7.5O, and 12.5O, but trfmmed down raptdly Fnmtedlateu 
a f t e r  contact. A c w e o n  of the results of l m a F n g  tests of 
models 208N and 208F showed that lengthening the afterbody increased 
the number of s k i p  e,f-f;er landing at trime above 6O, but had n3 
effect at  trims below 60. 

Model 20&, with the .m@e of incidence of the wing increased, 
had about the same landing characterietics a8 the baelc model. 



14 

CONCLUSIONS 

The investigation of the mdrodynamic stability and spray 
characterist ics of the basic model showed that: 

1. Tae spray chasacteristics were sa t idac to ry  in both 
smooth and rough water a t  a GOSE load of 77.4 pounds (13,000 pounde, 
fd.1 size). The box showed RO tendency to  submerge while taxiing 
in rough water. 

2. In addition to the upper and lower t3-im lWts of s tabi l i ty ,  
there was a region of l n t e m d i a t e  porpoising which extmded fram 
the upper limit at  intemediate planing speeds t o  the lower limit 
a t  hi& planing speeds. The extent of this intermediate reeon of 
i n s t ab i l i t y  w a s  decreased by decreasing t he  gross load and decreasing 
the amount of power. The lower trim limit of s t a b i l i t y  wa8 difficult 
t o  define a t  high planing speeds due t o  the  disturbance flow 
caused by the forebody  chine flare. 

3 .  The variation of trim with speed waa characterized by the 
f o m t f o n  of a second hump after the trus hmp, and by  porpoising 
which occurred when t h e  trim crossed t he  intelsnediate region of 
ins tab i l i ty .  A t  a gross load of 77.4 pounds, some poryoising 
occurred f o r  d l  elevator  settin@ from Oo t o  -30° and c e n t e ~  of- 
gravity positions frm 22- to 32"pexent of the mean aerodynamic 
chord. A t  gross loads of e i ther  60.5 porn& or 77.4 p u n W  
(10,164 pounb or 13,000 p o u n ~ ~ ,  full size), take-offe could be 
m e  ~fth w1 amplitude of bmr-lwt porpoisfng of lese than 2O, 
with t he  center of gravity a t  24-percent mean aerodynamic chord. 
and the elevator a t  -loo. Upper l m t  porpoising waa not encountered 
w i q  &z1 elevator eet t ing l e a s  than -30° and '&e center of gravity .' 
forward of 32-percent mean aerodynamic  chord. 

4. A5 a gross load of 77.4 pounds, the model landsd stably 
at t r p  from 4' to 70, heaved bring landing a t  trps f ram ' i i  
t o  10 and skipped during landiw a t  trim6 above 10 . At a gross 
load of 60.5 pounds, the model -de& s t a ~ y  st trims from 40 t o . .  . . 
12O. 

ReErults of' tes ta  of seveml modffications showed that: 

1. The amount of epray wetting the flaps was decreased  by 
reducing the chino flare Just ahead of the step f ran down 20° t o  
down 6O. With the el imhat ion of a l l  chine flsre, however, the 
spray on the f laps  was much heavier than with a flare of down 20°. 

. 



* 2- Confi@u?atiorm which had hlgher humg trims also bed less 
satisfactory spray cketmcterietics than the basic model. 

3. The change in trim to a second hmp wac3 eliminated by 
fading out the chbe  flare jutrt forward of the step. 

4. me. extent of the in;t;erzllediate region of US t abf l i ty  
was decreased by changing the p3.rm f o m  of the steg f ram 45O - vee 
t o  transverse while maintaining a constant depth OF etep at the 
keel and b r  -3ncrsaeing the clearance of the afterbody above the 
wake f ram the f orebody. 

5. Configurationo w i t h  less extensive  regions of intermediate 
porpoising than the.basic mdel a l s o  had wider ranges of sta3le 
positions of the center of gravity f o r  take-off. 

6 .  An fncreaere in  t h e  a w e  of wine; incidance decreased 
8light ly  tlle extent of the region of  intermediate i n s t ab i l i t y  and 
shirtad aft the range of stable positions of tha center of gra~lq. 

7. The l a n m g  characteriatice of modifications  having 
vee-ateps of greater depth than the step of the basic model were  
superior to the l.and3.ng~cha~acterietics of the baeic model. 

r. 8. The additions of chine f lare and transverse spoiler steps 
on the afterbody agpavated the porpoising in the intemedfate 
region. 

9. Longitudinal steps on the forebody, longitudinal stztpe 
on the afterkody, a hook on the step, aerodynamic spoilers m the 
sides of the &fter>ody, and an Increase i n  the length of the 
&terbody were ineffective mans of improving the hybrodymmLc 
8 t a b i l i   t y  . 
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W i n g :  
Area, e q f t  . . . . . . . . . . . . . . . .  13.65 
m , f t  . . . . . . . . . . . . . . . . . .  9.1 
Root chord  (section I A C A  4U8)in. . . . . . .  20.0 
TI-p chord (section NACA al2) in. . . 12.0 
Angle of wfng setting, deg 

Reference to  baae line . . . . 0 
Reference to f orebody keel . . . . . .  5.0 

Mean aerodyrumlc chord, M.A.C .. b. . . . .  18 -39 
Aft of bow, in. . . . . . . . . . . .  32.0 LeadLng edge M.A.C. para l le l  to base line . b 

Below thruet line, in. . . 3-27 

12.5 
7.5 

116 .O 
18.0 



. 

.. 
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Wing (continued) : 

Flap sett-, deg 
T a l c - e O f f . . . . . . . . . . . . . .  
Landing . . . . . . . . . . . . . .  

Horizontal tail: 
Span,ft . . . . . . . . . . . . . . . .  
Chord (eection NACA OOl2), f t . . . . . .  
Area, s'abilizer, aq ft . . . . . . . . .  
Area, elevator, sq f t  . . . . . . . . . .  
Angle of e tab i l izer  t o  base line, deg . . T o . c a l A r e a ,  s q f t  . . . . . . . . . . . .  

Vertical tail: 
Total area (section NACA 0012>, sq f t . . 

Propeller: 
B l a d e s . . . . . . . . . . . . . . . . . .  
Diem4ter, f t  . . . . . . . . . . . . . . .  
Blade angle, de@: . . . . . . . . . . . . .  
Take-off power, rpn . . . . . . . . . . .  
Landing power, rp . . . . . . . . . . . . .  
Angle of thrust  lire t o  base =ne, deg . . 
Thrust line above keel at centroid of 

step perpendicular to base U e ,  In. 
Sta t i c  thrust, lb. . . . . . . . . . . . .  

LoadFng condttians: 
BO- @"OS6 load, lb. . . 0 0 =mum dea2@ load, lb. . . . . . . . . .  
Csnter of gravity ' (a-percent M A C ,  ) . . 

Fo-rward of centroid of step p-_?rallel 
t o  s t ra ight   port ion of f orebody 
kee1,fn . . . . . . . . . . . . .  

Above forebody keel perpendicular t o  
straight portion of foreBody keel, Ln. . . . . . . . . . . . . . .  

Average pitching mcment  of iner t ia ,  
alug-ft2 . . . . . . . . . . . . . . .  

%ea, vduee not to B C ~ O .  

Model Full eize 

- 30 
45 

3.64 20 .O 
0.91 5 .o 
2.03 61 3 
1-27, 38.7 
3 03 100 .O 
-2.0 - -2.0 

1.25 38.2 

3 3 
%.94 10.5 

I? .4 208.8 
27.5 4410 

3 -94 2L*7 

13 44 74 .o 

a4.25 19,400 
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NACA RM NO. L6120 

F i g u r e  2 5 . -  Model 208. S p r a y   c h a r a c t e r i s t i c s  in s p e e d   r a n g e  
w h e r e   s p r s y  wets p r o p e l l e r .   T a k e - o f f  power: f l a p s ,  30°: 
g r o s s   l o a d , 7 7 . 4  lb. ( 1 3 , 0 0 0  l b .  full-size); e l e v a t o r , O O .  
7 ,  trim, d e g :  V ,  s p e e d ,   f p s .  



HACA RM NO0 L6120 

Figure 2 6 . -  Model 208. Spray characteristic8 in speed range 
where  spray  wets flaps. Take-off  power;  flaps,3O0; gross  
load, 77.4 Ib. (13,000 lb. full-size). T ,  trim, deg: V, 
speed,  fps; 8e#  e levator deflection, deg. 

"- LAXGLIT  YEYORIAL ABROMAUTICAL LABORATORY - LAXCLST  FIELD,  1 A .  
NATIONAL ADVISORY COYYSYTIS rnn AERONAUTICS 
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7, 8.5 v, 21.2 S,, 23 

Bigure 26.-  Model 208. Concluded.  - IAMOLLT Y X Y O R I A L  AEROAAUTICAL  LABORATORT - L M O L F T  ?IELD, VI. 
l A T I O l A L  ADVT8OP.T COmITpII mOB A I R O ~ A W P I C S  
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F i g u r e  29.- Model   2088-14 .  Flow a r o u n d   a f t e r b o d y .   T a k e - o f f  
power; gross  l o a d ,   7 7 . 4   l b   ( 1 3 , 0 0 0  lb, f u l l - s i z e ) :  flaps, 
3 0 ° ;   s t a b i l i z e r ,  -2O; V, s p e e d ,   f p s :  7, trim, d e g .  



.., . . . . - .. . . . . . . . . . . . . . .. . . . .. . . . . .  . . . . .  . . .. - 

. . . . . . . 



. 
, . . . . . . . 

. . , . . . . .  . -  - . .  . 

_ _  , . . ..  .. 

P x 



. . . . . . .. . . . . . . . . .. - . . . . . . . . . . . .. . .  

... . 



. .  . . . . . . . . . . .  . .  . .  

.. . .  . .. . . .  . .  . . .  . . .  . 

- ' "I 



.. . . . .. . . . . . 
. .. 

. . .  . . . . .   . .  . .  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . -  .... . . .  



-. . . .. 

I 

. .. 

12 

IO 

8 

' 6  

4 

I e '  

0 

10 

8 

6 

4 

e 

IO 20 40 

12 

IO 

4 
6 

' 4  

2 

n 

KI 

0 

6 

+ 
a 

n 

I 

. .  . 





Center of gravity, 
32 percent,M.A.C. 1 

I I .Elevatbr 

Ele vat or 
'lection, 

-0 
" C  
- A 

0 20 30 
Speed, fps NATIONAL ADVISORY z z 

(a) . Gross load, 60.5 pounds.  ITTEE TEE FOR AERONAUTICS z 
0 
3 

z 
P 
c3 
P 

Figure37.- Model Variation of trim with speed. Without power; r 
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N flaps,  30'; stabilizer, -20. H 



. - - . .  .. 
1 

Bevator 
deflectioi ,  deg 
- Q O  

: " + -15 
.-A 40 

I 

I 

. . . .  



. I . - 
Second hmp-, -Upper limit (increasing Wim) 

.. . . . .. .. . .  . .. 
" I 



. .. 



Model 2XG-12 (basic chine f lare)  

NACA RM NO. ~ 6 1 2 0  

Fi 

gravity, =-percent mean a e r o d y m i c  chord; flaps, go; 
stabilizer, -20. 
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..e. N A C A  RH No. L6120 

C. G. 3 percent M . A  C. 

V 

0 10 23 3 40 3 
Speed, fps 

Figure 42 .- Model X>SD (Afterbody removed) . Variation of trim 
with  speed. Gross load, 77.4 lb; take-off power; flaps, 3Oo; 
stabilizer, -9. 
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Model 208H Elevator 

Figure43.- Models 23dH and mH-15.. Variation of trim with speed. 
Center of gravity,  28 percent M.A.C.; gross load 77.4 lb; 

take-off power; f l a p s  Po; stabilizer -20. 
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Speed, f p s  NATIONAL ADVISORY 

COClHlTTEE FOR AERONAUTICS 

Figure4Lt.- Models 208 I and 233 J. var ia t ion  of trim with Speed; 
Gross load, 77.4 lb; take-off power; center of  gravity, 

2t3 percent M.A .C.; flaps, 3'; s t a b i l i z e r ,  -9. 
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FigureLt5.- Model =EM. Variation of trim with speed. Center 
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