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TECHNICAL NOTE NO. 1853 

EFFECT OF INCREASE I N  AFTERBODY LENGTH ON THE 

HYDRODYNAMIC QUALITIES OF A FLYING-BOAT 

HULL OF HIGH LENGTH-BEAM RATIO 

By Walter J. &pryan and Eugene Po Clement 

An investigation has been made t o  determine the e f fec ts  of increased 
afterbody length on the hydrodynamic qual i t ies  of a model of a flying 
boat with a hu l l  having a basic length-beam r a t i o  of 15. 
afterbody length was increased from 6.37 t o  9.24 beams s o  that the 
sternpost of the extended afterbody almost coincided with the t i p  of 
the  t a i l  extension. 
weight of 75,000 pounds, a gross-load coefficient of 5.88, a wing losding 
of 41.1 pounds per square foot, and a power loading f o r  take-off of 
11.5 pounds per brake horsepower. 

The basic 

The f lying boat was assumed t o  have a design gross 

The s table  range of trim between the upper and lower tr im limits of 
s t ab i l i t y  was greater f o r  the extended afterbody a t  low and intermediate 
speeds, because of the lower hump of the lower trim l i m i t  and the 
v i r tua l  elimination of the upper l i m i t  a t  these speeds, and was sl ight ly  
l e s s  f o r  the extended afterbody a t  high speeds. 
constant elevator deflection, the range of center-of-gravity position 
f o r  satisfactory s t ab i l i t y  was increased by the model with the extended 
afterbody. 
ra t ion i n  smooth water was satisfactory.  The spray entering the 
propellers was heavier f o r  the extended afterbody but the spray 
s t r ik ing  the f laps  w a s  l ighter .  
t a i l  surfaces of the basic afterbody w a s  almost completely eliminated 
with the extended afterbody. The maximum trim osci l la t ions encountered 
by the h u l l  with the extended afterbody, during landings i n  waves 4 feet 
high, were of several  degrees lower amplitude than those with the 'basic 
afterbody. 
and 8.6 radians per second per second were approximately 35 percent and 
30 percent lower, respectively, than those f o r  the basic hul l .  
maximum rise above the w a t e r  during these rough-water landings was 
considerably lowered by the extended afterbody. 

For take-off a t  

The landing s t ab i l i t y  of the extended-afterbody conf'igu- 

The heavy spray s t r ik ing  the horizontal 

The m x i m u m  ver t ica l  and angular accelerations of 5.6g 

The 
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INTRODUCTION 
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The results of wind-tunnel i n v e s t i ~ t i o n s  of a series of related 
hul l s  of varying length-beam r a t i o  (reference 1) showed tha t  the 
minimum aeroaynamic drag, with wing interference included, of a h u l l  
with the high length-beam r a t i o  of 15 was 29 percent l e s s  than tha t  of 
a hu l l  with the more conventional length-beam r a t i o  of 6 .  Furthermore, 
resu l t s  of tank tests have shown tha t  appreciable reductions in  
ver t ica l  accelerations during landings i n  waves were obtained by in- 
creasing the length-beam r a t i o  from 6 t o  15 (reference 2).  

An increase i n  afterbody length would be expected t o  reduce the 
amplitude of the trim osci l la t ion experienced during landings in waves 
and thereby reduce both the ver t ica l  motions and result ing accelerations. 
I n  an e f fo r t  t o  obtain fur ther  improvement i n  the  rough-water behavior 
of the hu l l  with a high length-beam rat io ,  the investigxtion described 
in  references 2 and 3 was therefore extended t o  include tests of a long 
afterbody on the hu l l  having a basic length-beam r a t i o  of 15. 

1 
10 

The nodel w a s  assumed t o  be a --size powered dynamic model 

of a twin-engine propeller-driven flying boat having a gross weight 
of 75,000 pounds (gross-load coefficient, Cb = 3.88), a wing loading 

Of 41.1 pounds per square foot, and power loading f o r  take-off 
of 11.5 pounds per brake horsepower. 
were the t r i m  l i m i t s  of s tah i l i ty ,  the range of position of the centerof 
gravity f o r  take-off, the landing s tab i l i ty ,  the spray characterist ics,  
the  excess thrust f o r  take-off, and the impact accelerations and 
behavior during landings i n  wave8 4 f e e t  high . ( f u l l  s i z e ) .  
of the seaplane having an extended afterbody are compared with the same 
qual i t i es  of the seaplane having the basic afterbody as presented i n  
references 2 and 3. 

The character is t ics  determined 

The qual i t ies  

SYMBOLS 

gross-load coefficient (Ao/wb 3 ) % 
a0 gross load, pounds 

b maximum beam of hull ,  feet 

63 

nV vert ical  accelerstion, g units 

acceleration due t o  Gavi ty  (32.2), feet per second per second 
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a angular acceleration, radians per second per second 

W specific w e i g h t  of water (63.4 f o r  these tests), pounds per 
cubic foot 

v carriage speed (approx. 95 percent of airspeed), f ee t  per 
secona 

c&iiMng speed, feet per second vv 

Y fl ight-path angle, degrees 

’e elevator deflection, degrees 

T trim (angle between forebody keel a t  step and horizontal), 
degrees 

landing trim, degrees L 7 

MODEL 

‘ *  
With the exception of the afterbody bottom, the model was the same 

a s  tha t  having a basic length-beam r a t i o  of 15 (Langley tank model 224) 
described i n  reference 3. The extended afterbody, which had a length 
of 9.24 beams as compared with 6.37 beams f o r  the basic afterbody, was 
derived by a 45-percent increase in  s ta t ion  spacing of the basic a f t e r -  
body; however, the angle of afterbody keel was the same. With the in- 
creased afterbody length, the sternpost almost coincided with the t i p  of 
the t a i l  extension. 

A n  increase i n  afterbody length generally requires an increase i n  
depth of s tep f o r  a constant sternpost angle f o r  similar landing 
s t ab i l i t y .  
t o  24 percent of the beam, and the sternpost angle was 6 . 9 O  f o r  the two 
afterbodies. This procedure appeared t o  be in  agreement w i t h  the 
reasoning applied i n  the analysis of landing s t ab i l i t y  presented i n  
reference 4 f o r  hu l l s  of low and intermediate length-beam ra t ios .  
difference i n  depth of s tep used and the minimum tha t  would be required 
f o r  sat isfactory landing characterist ics is believed t o  be small, and 
t h i s  difference, therefore, would not have an appreciable effect  on the 
hydrodynamic characterist ics.  
bos t  with the extended afterbody (Langley tank model 221~1) is  sham 
i n  figure 1. 

The depth of step was therefore increased from 16.5 

The 

The general arrangement of the f l y i q  
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APPARA!rLJS AND E I I o c m s  
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The apparatus and procedures were the same as used i n  reference 3 
so that  the r e s u l t s  with the extended and basic afterbodies were d i rec t ly  
comparable. 

Langley tank no. 1 is described i n  reference 5 .  The setup of the 
model and towing gear is shown i n  figure 2. 
about a pivot which coincided w i t h  i ts center of gravity. A r o l l e r  cage 
and rectangular towing staff provided freedom in rise but res t ra ined the 
model i n  r o l l  and yaw. 
the model was provided by mounting this  r o l l e r  cage on horizontal  tracka. 
With the thrust adjusted so t h a t  the  resul tant  horizontal  force was 
zero, the model was actual ly  lmded in  a self-propelled condition fre'e 
of the fore-and-aft stops. Contact of the  model with the water was 
e lec t r i ca l ly  recorded through the we of contacts b u i l t  i n to  the  planing 
bottom a t  the sternpost, step, and bow. 

The model was free t o  trim 

Limited fore-and-aft movement (approx. 2 f t )  of 

The hydrodynamic qzlalities were determined at a design gross load 
corresponding t o  75,000 pounds, except f o r  the spray investigation i n  
which the gross loads corresponded t o  loads from 60,000 t o  80,000 pounds. 
With the exception of the lariding tests, which were made at half thrust, 
the  hydrodynamic qua l i t i es  were determined. with fu l l  thrust. The f l aps  
were deflected 20' f o r  a l l  the  t e s t s .  
fu l l - s i ze  units and a l l  the data, w i t h  the exception of t ab le  I, a re  
presented as fu l l - s i ze  values. 
landing records of the model and are included f o r  detai led study and f o r  
comparison w i t h  similar data i n  reference 2. 

The r e su l t s  have been converted t o  

Data i n  tab le  I were obtained from the 

Procedures f o r  determining the trim limits of s t ab i l i t y ,  center-of- 
gravity limits of s t ab i l i t y ,  landing s t ab i l i t y ,  spray characterist ics,  
and excess t h r u s t  a r e  described i n  references 3 and 6. The t r i m  limits 
were determined at forward and a f t e r  positions of the center of gravity 
and a r e  therefore completely defined f o r  take-off at  the design gross 
load. 
acceleration of 1 foot  per second per second. 

The center-of-gravity limlts of s t a b i l i t y  were determined a t  an 

The landings, both i n  smooth water and i n  waves, were made a t  a 
deceleration of 2 feet per second per second and w i t h  the center of 
gravity a t  32 percent mean aerodynamic chord. For a l l  landings the 
mofiel was held i n  trim by the e l ec t r i ca l ly  actuated t r im brake during 
the i n i t i a l  landing approach, and the elevators were s e t  t o  give the 
proper trimnine; moments upon contact w i t h  the water. This procedure 
was used t o  overcome the tendency of the trim t o  change caused by ground 
ef fec t  on the  aerodynamic moments during the approa$ch t o  the water sur- 
face.  The rough-water landings were made i n  oncoming waves 4 f e e t  high 
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(full size) of lengths from 130 t o  360 f ee t  (full size),  and at an 
i n i t i a l  trim of approximately 8O. 
i t y ,  sinking speed, ver t ica l  and angular accelerations, and trim were 
determined for  the instant of first impact and f o r  the subsequent im- 
pacts which produced the maxiaum vert ical  and angular accelerations. 

Flight-path angle, horizontal veloc- 

The spray investigation was conducted with the center of gravity 
at 32 percent mean aerodynamic chord. 
were made during constant-speed runs. 
the models f ree  t o  Brim with constant elevator deflection of -loo. 

The spray diagrams and pictures 
Spray photographs were taken with 

R E W S  AND DISCUSSION 

Longitudlaal Stabi l i ty  

Trim limits of s tabi l i ty . -  The trim limits of s t ab i l i t y  f o r  the 
model with the extended afterbody are  compared with those f o r  the model 
with the basic afterbody i n  figure 3. The increase in afterbody length 
decreased the low-speed peak of the lower trim l imit  and lowered both 
branches of the upper l imi t  at  high speeds. 
moment was not great enough t o  trim the model t o  the upper trim l i m i t  a t  
speeds below 65 miles per hour. For practical  operation, the upper trim 
l i m i t  may therefore be considered as not existing below t h i s  speed. 
Above 65 miles per hour the range of stable trim was sl ight ly  less f o r  
the hu l l  with the extended afterbody. 

The available aerodynamic 

Center-of-gravity l imits of stabil i ty.-  Trim tracks f o r  typical 
take-offs f o r  the hu l l  with the extended afterbody are presented i n  
figure 4(a) f o r  several positions of the center of gravity and elevator 
deflections. Comparable trim tracks f o r  the hu l l  w i t h  the basic a f te r -  
body are  presented i n  figure 4(b). 
maximum amplitudes of porpoising tha t  occurred during take-off were de- 
termined and are  plotted against center-of-gravity position i n  figure 5 .  
The maximum amplitude is  defined as the difference between the maximum 
a d  minimum trims during the greatest porpoising cycle tha t  occurred 
during the take-off 

From these and similar data, the 

The maximum amplitudes f o r  the long afterbody are  compared in 
figure 6 with those fo r  the basic afterbody. With the extended af ter-  
body, the r a t e  of increase i n  amplitude of lower-limit porpoising with 
forward movement of the center of gravity was l ess  than tha t  with the 
basic afterbody. 
amplitude of upper-limit porpoising f o r  the extended afterbody did not 
exceed 1". This s m a l l  amplitude was attributed t o  the effectiveness of 
the extended afterbody i n  damping the oscil lation in trim. 
amplitude of upper-limit porpoising for the basic afterbody was 
about 2.5'. 

A t  a f t e r  positions of the center of gravity the 

The greatest 
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For a given elevator deflection, the practibal center-of-gravity 
l i m i t  is usually defined as tha t  position of the center of gravity a t  
which the amplitude of porpoising becomes 2'. A plot of elevator de- 
f lect ion against center-of-gravity position at which the maximum ampli- 
tude of porpoising was 2' is presented in  figure 7 .  The forward center- 
of-gravity limit f o r  the extended afterbody was only s l ight ly  forward of 
tha t  f o r  the basic afterbody) therefore, an increase i n  afterbody length 
did not appreciably change the step position required f o r  s t ab i l i t y  
during take-off at forward positions of the center of gravity. 
maximwn amplitude of upper-limit porpoising f o r  the extended afterbody 
was lo, no after l imit  existed within the range of center-of-gravity 
position tested. The hu l l  with the extended af'terbody was therefore 
s l ight ly  more stable during take-off at  after positions of the center of 
gravity than the hu l l  with the basic afterbody. 

Since the 

Landing s tabi l i ty . -  Several typical tims his tor ies  of trw, speed, 
and r i s e  during landings in  smooth water of the mdels  with the extended 
and basic afterbodies are  presented i n  figure 8. 
were used t o  determine the maximum and mininrum values of the tr im and 
r i s e  of the flying boat at the greatest cycles of oscil lation during the 
landing run as shown in figure 9. 

The time histories 

The depth of step used with each of the afterbodies was adequate t o  
The hu l l  with the extended afterbody encountered some prevent skipping. 

lower-limit porpoising during almost a l l  the landings. 
afterbody had s l ight ly  greater tr lm and rise amplitudes f o r  landing 
trims up t o  about loo. 
afterbody was effective in damping the trim oscil lations and both the 
trim and r i s e  amplitudes were less  f o r  the extended afterbody than f o r  
the basic afterbody. 

The extended 

A t  landing trims above loo, however, the longer 

Spray Chaza c t  e r i  s t i c s  

The range of speed over which spray entered the propellers and 
struck the f laps  is plotted against gross load in figure 20. The speed 
ranges over which spray entered the propellers were almost the same f o r  
both afterbodies. 
heavy b l i s t e r  spray striking the propellers was greater f o r  the extended 
afterbody. 
figure l lwh ich  show tha t  the propeller spray was heavier f o r  the model 
with the extended afterbody. 
f ac t  that the trim of the hu l l  with the extended afterbody w a s  almost 2' 
lower than the trim of the h u l l  with the basic afterbody f o r  t h i s  region 
of the take-off run. 

Observations indicated, however, tha t  the volume of 

These observations are substantiated by the photographs of 

The heavier spray was attributed t o  the 

Lengthening the afterbody greatly reduced the amount of spray 
s t r iking the flaps.  No b l i s t e r  spray struck the f laps  a t  the design 
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gross load, as indicated in figure 10. 
conparable f o r  both afterbodies, as shown in the photographs of 

Loose spray on the f laps  was 

figure E. 

During take-off (full thrust)  the horizontal ta i l  surfaces were 
relat ively clear of spray. 
the heavy spray fromthe forebody striking the tai l  of the hu l l  with the 
basic afterbody was almbst completely eliminated with the extended 
afterbody, as can be seen in the photographs of figure 13. 

During landings (one-half take-off thrwt), 

Excess Thrus t  fo r  Take-Off 

Brief tests with the extended afterbody indicated no appreciable 
changes i n  excess thrust  available f o r  take-off when c o n w e d  with the 
excess thrust obtained with the basic afterbody. 
indicated that  the increase i n  afterbody length caused no significant 
change i n  take-off time and distance. 

These tests therefore 

Landin- in Waves 

The resul ts  of the landings in waves are presented as  model-size 
values i n  table I, which contains a l l  the pertinent information re- 
garding the initial impact and the subsequent impacts producing the 
maximum ver t ica l  and angular accelerations. 
water landings the model bounced clear of the water a f t e r  the initial 
contact, and a ser ies  of impcts  of vaxying magnitude then took place 
with the ma- ver t ica l  and angular acceleratiom occurring during 
these subsequent Fmpacts 

During each of the rough- 

The maximum ver t ica l  and angular accelerations are  plotted against 
wave length i n  figure 14. 
f o r  the hu l l  with the extended afterbody during landings i n  waves 4 f ee t  
high was about 35 percent less  than the maximum ver t ical  acceleratfon 
f o r  the hu l l  with the basic afterbody. The maximwn angular acceleration 
of 8.6 radians per second per second encountered by the hu l l  with the 
extended afterbody was 30 percent less  than the maximum angular 
acceleration encountered by the hu l l  with the basic afterbody. 
peak of the maximum impact accelerations occurred in waves a p p r o x l t e l y  
190 f e e t  long for both afterbodies. 
1% f ee t  the ver t ica l  and angular accelerations were decreased. 
maxinnun negative angular acceleration encountered during these landings 
was approximately 4 radians per second per second. These accelerations 
are also plotted in figure 14. 

The maximum vert ical  acceleration of 5.6g 

The 

For waves shorter or longer than 
The 

The maximum and m i n i m m  values of the trim and r i s e  of the flying 
boat a t  the greatest cycle of oscil lation during each land.ing i n  waves 
are plotted agahmt wave length i n  figure 15. The maxiTIlum and minimum 
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trims attained were 14' and Oo, respectively, f o r  the hu l l  with the ex- 
tended afterbody, compared with the maximum and minimum trims of 20° 
and 2O, respectively, f o r  the hu l l  with the basic afterbody. A t  no 
trims did the bow of the hu l l  w i t h  e i ther  afterbody tend t o  dig in. 
maximum r i s e  was approximately 10 f ee t  comped with a maximum r i s e  of 
approximately 19 feet f o r  the hu l l  with the basic afterbody. 
minirmun r i s e  of the hulls with the extended and basic a f te rboaes  was 
approximately the same. The maximum trim oscillat;ions and r i s e  cycles 
therefore were reduced by extending the afterbody of' the hu l l  having a 
high length-beam rat io .  

The 

The 

S-y Chart 

The hydrodynamic quali t ies i n  smooth water of a flying 
boat with a hu l l  of high length-beam r a t i o  and having an extended 
afterbody, as determined by the powered dynamic model tes ts ,  are 
summarized in figure 16. 
hydrodynamic characteristics i n  t e r n  of full-scale operational pa- 
rameters and is therefore useful f o r  comparisons with similar data 
regarding other seaplanes f o r  which operating experience is available. 

This chart gives an over-all picture of the 

CONCLUSIONS 

The effects of an increase in  the length of the afterbody 
( f r o m  6.37 t o  9.24 beams) on the hydrodynamic quali t ies of a flying 
boat with basic length-beam ra t io  of 15 are  as follows: 

1. The stable range of trim between the upper and lower trim limits 
of s t ab i l i t y  was greater for the extended afterbody at low and inter-  
mediate speeds, because of the lower hump of the lower trim l i m i t  and 
the v i r tua l  ellmination of the upper l lmit  at these speeds, and was 
sl ight ly  less  f o r  the extended afterbody at  high speeds. 

2. The center-of-gravity l imits of s t ab i l i t y  were Fmproved by the 
extended afterbody. This improvement was attributed chiefly t o  the 
effectiveness of the increased bow-down moments of the extended afterbody 
in  llmiting the maximum amplitude of upper-limit porpoising during 
take-off t o  1'. 

3 .  The landing s t ab i l i t y  in  smooth water was satisfactory f o r  the 
extended afterbody. 
amplitudes f o r  the extended afterbody were greater than fo r  the basic 
afterbody; however, at contact trims above IDo the trim and r i s e  am- 
plitudes were lower. 

A t  contact trims below IDo the trim and rise 
' 

4. The spray s t r iking the propellers was heavier with the extended 
afterbody but the spray striking the f laps  was l ighter .  The heavy spray 
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s t r ik ing  the horizontal  t a i l  of the  h u l l  with the‘bas ic  afterbody was almost 
completely eUminated with the  extended afterbody 

5.  The mximum ver t i ca l  and angular accelerations, encountered 
during rough-water landings, were reduced approximately 35 percent 
and 30 percent, respectively, t o  5.6g and 8.6 radians per second per 
second by use of the  extended afterbody. 

6. During landings in waves the  maximum trims at ta ined during the 
high-speed portion of the runout were several  degrees lower than those of 
t he  basic afterbody. The minimum trims were a l s o  s l i gh t ly  lower, but 
there  was no tendency f o r  the  bow. t o  d ig  in .  
water was considerably less f o r  the h u l l  with the  extended afterbody. 

The maximum rise above the  
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TABLE I 

DATA OBTAINED DURING LANDINGS IN WAVES OF LANGLEY TANK MODEL 2241 

@I1 values are model she-,  
wave height = 0.4 foot for a l l  landing4 

- 
"I 
deg 

7.6 
7.7 
7.7 
7.7 
8.2 
8.2 
8.3 
8.2 
8.2 
7.7 
8.2 
7.8 
7.7 
8.0 
7.8 
8.1 
7.8 
8.0 
7.2 
7.8 

- 

5;:: 
8.1 
7.7 
8.0 
7.6 
8.1 
8.2 
8.0 
7.9 
7.9 
8.0 
8.2 
8.1 
7.7 
6.6 
8.0 
7.9 
8.2 
7.7 
7.9 
8.5 
8.0 

7.8 
8.0 
7.5 
8.5 - 

- 
vv 
fPS 1 

0.99 

1.Y 
89 

.95 
79 

1.15 
1.06 

- 

.74 
-96 
.94 

1.06 
88 

.94 
1.08 
l r l  

.7d 
1.13 

* 69 
1.20 

96 
1.26 
1.01 

96 
91 

* 97 
-97 
77 

1.02 
1.06 

96 
1 3 4  
1.24 
1.06 
1.94 
1.00 
1.B 
1.03 
1.09 

-96 
95 

1.01 
1.14 
1"lb 
1.22 

1.06 
irG 
- 

- 9 

IPS) 

38.2 

38.3 
38.0 
37.9 
38.5 
38.0 
37.4 
36.7 
37.6 
36.5 
37.2 
37.0 
37.5 
37.0 
36.3 
37.2 
37.1 

v 

- 

36.2 
36.6 
37.0 
36.6 
36.8 
37.4 
36.8 

37.6 
38.3 
37.9 
37.8 
37.4 
37.2 
37.0 
36 
37.0 
36.9 
37.1 
38.1 
37.5 
37.5 
37.9 
36.9 
36.6 

37.2 

36.0 

35.8 
37.0 
$2:; 
7 

. impact I - 
7 

deg : - 
;:! 
?:4 

2:: 

a:: 

$2 a:: 
2:; 

5.4 

4.6 
3.9 
5.0 

4.4 
6.4 
4.4 
5.6 
5.0 

4.7 
6.5 
4.1 
5.1 
5.7 
3.9 
3.5 

9.5 

2.6 
5.0 
1.3 
5-2 
3.2 
2.8 
5.6 
5.9 
.0.1 

9.4 
.1.0 
3.3 
2.7 

.5 
3.0 
5.7 
8.0 
4.9 
7.4 

6.8 

g: 3 
2:; 

;:2 

2:: 
kil 
- 

vv 
i p s  1 

1.79 
1.39 
1.16 
1-96 
1.24 
1.77 
1.65 
1.90 
1.31 
2.78 
1.63 
2.21 
1.74 
1.70 
2.26 
1.90 
2.60 
2.04 
2.20 
1.84 
2.09 
3.02 

- 

2.55 
2 9  
2.82 
2 . 9  
2.32 
2.28 

2:oQ 

2:D 

2:;: 

2.37 
3.26 
2.67 
2.11 
2.70 

3.35 
3.07 
1.84 
3.94 
3.68 
3.37 
3.00 
3.88 
3.w 
3.27 
3.36 
3. 9 
3.58 
2.24 
2.89 
2.18 
3.52 
2.87 
2.65 
2.42 

2.53. 
;:%I 
- 

E 

fPs 1 
V - 

23. 
3:; 
25.0 
3 . 4  
25.2 
33.3 
25.0 
34.0 
23- 
31.g 
25.0 
26.0 
32.0 
32.l 
30. 
a2:a 
2; 
32.5 
33.9 
25.0 
26.0 
30.5 
29.6 

25.5 
29.0 
30.2 
3.5 
29.9 
25.7 
29.5 
26.6 
3.2 
25.1 
3.7 
32.1 
25.2 
3 . 0  
30.0 
31.7 
24.5 
30.6 
32.1 

26.3 
25.3 
35. 
29.0 

27.2 

:;:?I 

3:3 
32.9 
30.1 - 

$3 
2 3  
2:: 

2:d 

5.3 
4.3 
6.7 
4.6 

4.8 
5.0 
6.9 
4.5 
4.3 
6.2 

5.8 
6-9 
9.5 
6.0 

2:: 

2:: 
7.2 
7.0 
6.1 
7.0 
7.3 
5.5 
7.5 7*a 
k 0  

z:; 
z.:: 

3.6 
5.7 
4.1 
7.5 

4.7 

4.8 

n 
"v 
(9) 

4.0 

- 
- 
2:; 
a:e 2.7 

4.0 
3.8 
2.5 

3. 

?6 
2.0 
5.0 
4.1 

2:; 
3.2 

3*il 3. 
3- 2 
4.1 
4.0 
3.2 

ir i 
I?:: 
4.5 
4.8 
4.8 
4.2 
5.1 
3.8 
3.1 
4.3 
2.1 
4.0 
5-0 
2.4 

3.2 
2.6 
3.4 
3.0 
2.1 
3-6 
4.3 
2.3 
3.0 
2.6 
2.0 
1.4 
1.9 
1.6 
2.0 
1.9 
1.8 
1.5 

z:03 

- 

44 

52 
66 
8 

8 :; 
2; 

% 
2 
8 
3 
E 

@ 
66 

81 

70 
55 
66 
82 
70 
62 
71 
77 
49 
66 
50 
54 
57 

69 
59 

-11 

-15 
57 

48 
43 

6555 

z; 
6603 
3 

:i 
20 
10 

14 
14 
10 

aMaximwn angular acceleration resul ted from model planing on waves rather than d i r ec t ly  from an 

b Impact fo r  maximum angular acceleration. 

impact - 
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Figure 1.- General arrangement. 
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(a) Setup of model on towing apparatus. 

(b) Details of fore-and-aft gear. 

Figure 2 .- Model and tcwing atus. 
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16 A T N  

. Elevator deflection, 6, deg 

-p --- 
12 

LI 

0 a3 0 P 0 

Speed, mph Speed, D Q P ~  
c.g. 2+ percent M.A.C. 

c.g., p percent M.A.C. 

Speed, DQPh 
percent M.A.C. 

(b) Basic afterbody. 

Figure 4.- Variation of trim with speed during take-off. 
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8 (a) Lower-limit po;Poising. 

2 

0 

Center of gravity, percent M,A,C, 

Figure 5.- Winnnn amplitude of porpoising 
(b) Upper-limit porpoising. 

at different positions of center of gravity. 
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A f t  e rbo dy 
EMended 

NACA TN No. 1853 

(a) Lower-limit porpoising. 

(b) Upper-limit porpoising. 

Figure 6 .- Comparison *of m a x i m  amplitude 
of porpoising between extended and basic 
afterbodies. 
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0 Btep in 
a step out 
.A Sternpost i n  

Time, sec 

y o 0  

-2 

M 
d 
$.r 
I 2  

- 
Time, sec 

Time, sec 

0 2 u 6 10 
Time, sec 

2 4 6 
Time , sec 

Time, sec 

tal Extended afterbody. (b) Basic after-. 
Kjxz&7 

Figure 8 .- Variation of trim, rise, and ageed with time during landings 
in smooth water. 
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Trim at contact, deg 

A f t  erbody 
Extended 
Basic ----- 
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3.7 

* , ..“d.. 

(a) Extended afterbody. (b) Basic afterbody, 

Figure 11.- Spray in propellers during take-off. 
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V = 28,O mph; z = 4.5' 

V = 32.3 mph; z = 4.50 V = 36,Q mph; 1; = 5.0° 

( a )  Extended af terbody.  

0 V = 38.8 mph; 1; = 8.7 'd E 41.0 mph; ?; 9.4' 

0 V = 43.1 mph; % = 9.9 V = 45.3 mph; z = 10.50 

(b) Basic af terbody,  Ti$ziy7 

Figure 12 e - Spray  on f l a p s  during take-off .  
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(a) Extended afterbody, (b) Basic afterbody, 

F i g u r e  15.- Spray on tail surfaces dur ing  a typical l a n d i n g ;  
contact trim, approximately 90. 
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Afterbody 

29 

---_ 

Wave length, ft 

Figure14.- Variation of maximum positive and negative angular and maximum 
vertical accelerations with wave length, for landings in waves 4 feet 
high. 
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Basic ---- 
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Figure 15.- Variation of maximum and minimum trim ;and rise with wave length, 
for landings in waves Lc feet high. 
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