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Powered models of three different  f lying boats were landed i n  
oncoming waves of vesious helghts and lengths. The resul t ing motions 
and accelerations were recorded t o  survey the effects  of varying the 
t r i m  a t  landing, the deceleration a f t e r  landing, and the s ize of the 
waves. One of the models had an ~musual iy long afterbody. 

The data f o r  1andi.ngw with normal r a t e s  of deceleration indicated 
tha t  the most severe motions and accel-erations were l i k e l y  t o  occur 
a t  some period of tlie landin@ run subsequent t o  the i n i t i a l  impact. 
Landings mads a t  abnormally low trim led  t o  unusually severe bounces 
during the runout. The l e a s t  severe Landings occurred a f t e r  a s t a l l  
landing when the model was rapidly decelerated a t  about 0.4g i n  a 
simulation of the proposed use of braking devices. The severi ty  of 
the landings increased with wave height and was  a t  a maximum when 
the wave length was of the order of from one and one-half t o  twice 
the over -all length of the model. 

The models with afterbodies of moderate length frequently bounced 
c lear  of the water into a s t a l l ed  a-ttZtuQe a t  speeds below f ly ing  
speed. The model with the long afterbody had l e s s  tendency t o  
bounce from the waves and consequently showed l e s s  severe accelerations 
during the landing run than the models with moderate lengths of 
afterbody. 

The development of techniques employing powered models t h a t  a re  
dynamically similar t o  the fu l l - s i ze  seaplane has been a s ignif icant  
advancement of tank tes t ing  i n  recent years. The powered models 
have been used extensively t o  simulate take-offs and landings f o r  
investigating s t s b i l l t y  and spray character is t ics  i n  calm water. 



The purpose of the present investigation was to survey, by 
corresponding methods, the landizng characteristics of three 
different flying boats in waves. The characteristics of special 
interest were the vertical and angular motions and accelerations 
of the airplane that occu during landings in oncoming waves. 

Models of three different designs of large Navy flying boats 
were tested in rough water representing, Tor the full-size airplanes, 
waves of various sizes up to about Gco feet in length and 6 feet in 
height.' The types of wave ranged from a short chop to the equivalent 
of a long ground swell. All landings were made with one-half full 
power and with the elevator fixed throughout the landing run. 

A few preliminary trials indica.ted that low-trim landlrgs 
imposed excessive loalls and motions on the model. Most of the m s ,  
therefore, were made in a m m e r  tiiat simulated a, near-stall landing 
from a low altitude. The range of sinking speeds during the landing 
approach correeponded t o  current practice in piloting. 

The scope of the investigation differs from, but is related to, 
the experimental investigations being carried out in the Laagley 
impact basin. The landing tests In the Langley t d e  no. 1 provide 
a means of obtaining the vertical and angular notions and acceler- 
ations of a complete dynamic model throughout the entire landing 
run* Study can be made of the conditions leading to or resulting 
from any impact which is considered cpitical. !the tests in the 
Langley impact basin have been directed more toward a carefully 
controlled investigation of pressures and loads encountered during 
a single .mact.that may occur a t  arg part of the mznout. 

The requirements for rough -water take -off s and landings are an 
important part of the design specifications for ocean-going flying 
boats. The requirements for one proposed design as outlined by the 
Bureau of Aeronautics were: 

?For rtlaxl.mxm use . . . . . . .it [the airplane] must 
be able to operate from forward areas without any 
mare protection than the lee of a, small island. . . . . . .and if tactical considerations require open- 
sea operations, then the airplane must be able to 
disregard almcst any weather." 



NACA RM No. ~ 6 ~ 1 3  3 

The problem of designing an airplane capable of f u l f i l l i n g  such 
requirements has been complicated by the lack of adequate data  on 
the behavior i n  rough water. Parts  of the problem t h a t  a re  most 
amenable t o  tank tes t ing  are  those re la t ing  t o  spray, accelerations, 
.and dynamic s tabi l - i ty  and control during false-off and landing. The 
accelerations and the longitudinal dynamic s t a b i l i t y  while landing 
were considered t o  be of immediate - a t e r e s t  and are  the only phases 
of the problem included i n  the present paper, 

Specific problam tha t  arose i n  p l w i n g  the t e s t s  were the 
choice of pi lot ing technique t o  be employed, the choice of sea 
conditions tha t  should be s im~la ted ,  asld the select ion of criteriorns 
t o  evaluate the character is t ics  of n part icular  design. 

In select ing a sui"cab1e piloting technique f o r  the models, 
c o n s i d e ~ ~ t i o n  was given t o  the r e s u l t s  of recent t e s t s  by the 
Coast Gnard  snowing tha t  down-swell and along-swell landings were 
generally l e s s  severe than landings in to  the waves (reference 1 )  
It appeared from those resulks and from conversat~ons with personnel 
of the Bureau of Aeronautics tha t  down-swell or along -swell 
techniques may a t  present be considered out of the ordinary and 
l ike ly  t o  be p a c t i c e d  only by highly sk i l led  p i lo t s .  Since the 
waves appear t o  have %he nost  severe e f fec t  when they a re  encountered 
head-on, and i n  view of the high probabili ty tha t  some landings of 
the fu l l - s i ze  airplane w i l l  be made in to  the waves, it was considered 
unnecessary f o r  the present purpose t o  make t e s t  runs of the model 
i n  any direct ion except in to  the waves. 

It was conciuded. i n  reference 1 tha t  the most sat isfactory 
landing would consist  of the slowest possible approach with the 
airplane i n  a s t a l l ed  a t t i t ude .  Manipulation of the cor~trols  during 
the landing run, althov.gh declared beneficial ,  w a s  recommended only 
f o r  p i l o t s  sk i l led  i n  rough-water operation. The average p i l o t  was 
advised t o  maintain a nose-high attti.tu&e during the runout. This 
procedure justif'ied the technique used in  the greater p a r t  of the 
present t e s t s j t b t  i s , tha tof  landing at; high t r i m s  a maintaining 
the elevators of' the aodel fixed a f t e r  t r i i n g  the model. f o r  the 
i n i t i a l  contact. 

In the select ion of s izes  of waves t o  be used i n  the t e s t s ,  a 
simple wave pattern tha t  could be ccnsistently reproduced appeared 
preferable t o  conplex patterns YnaZ; predominate i n  the sea. However, 
some of the degeneyetive c:im:acS,erlstics of ocean waves a re  a l so  t o  
be found i n  waves i n  t l ~ e  iowrirg basin. The i r r e g u l a ~ i t i e s  i n  the 
waves i n  the tenk are  particu1arl:r noticeable a t  the shorter wave 
lengths. The selection of waves f o r  the model t e s t e  was consequently 
affected by the character is t ics  of the wave maker and by the 



character is t ics  of wave motion i n  the tank. S t  appeared Best t o  
choose a scheaule of se t t ings  f o r  the wme maker t h a t  would insure 
easy repe t i t ion  of a par t icular  wave pat tern and t o  accept the 
necessmy approximations in specifying +be height and length of 
the resul t ing wavee. This appoach appeared sufte.ble i n  view 
of t h e  sta-tristlcal aspects b o a  of specifying ocean waves and of 
predicting +he portions of a wave t r a i n  tha t  w i l l  be involved i n  
various phases of the l a d i n g .  

In evaluating the Qr~lrzmic e t a b i l i t y  character is t ics  of a seaplane 
In rougb water, consideration was given t o  the conventionally used 
cr i te r ions  f o r  purpoising and skipping and t o  the aerodynamic 
s t a b i l i t ~  durislg the rebomds from the waves. Preliminary t es ts  
of the nods1 aa~d a review of records of f l i g h t  t e s t s  indicated 
stroxyaly tha t  the violence of the motion of a seaplane in  rough 
water precluaed the goss ib i l i ty  of e s b b l i s h i r g  trin L i m i t &  of  
st~.3.;l:ity o r  of aef in i ix  s table  rungee of the center of gravity 
In  t l ~ e  -way t ha t  i s  oxt?imxlly applicable f o r  calm water. Waves of 
the s izec $hat are of interelsf prcduce osci l la t ions in  tr%m and 
r i s e  tha t  majr be s u f f l c l e ~ t l y  great  t o  cause the seaplane t o  
bounce aloar  of the w a t r ; r  and 6~lecend. again a t  an uncontrolLed andl 
d m g s r o ~ ~ s  s t t ! . t~~Ie .  In  three dif  f w e n t  lm-dlngs, described i n  
ref ersace 1, damga reaulted msn the airltlane dropped in to  the 
water af t a r  a bo mce l%i~ dmage accul're& at t ha t  stage of the 
mu-ou:t .&ere the air;plafie did not have suf f ic ien t  a p e d  f o r  good 
control.  

In the present t e s t s ,  the e f f ec t  of the waves on the t r i m  and 
r i s e  a:~$eacced t o  b3 of more in t e res t  thm ihe usual porpoising, and 
the t e s t  px'cgram tms piern,sd .to provide time h i s to r i e s  of the trim 
and rise duriag the lancing run. 

Measurements of ve r t i ca l  accelerations a re  of first importance 
i n  any iga~era l  investigation of r o u ~ b  -watsr opera ti^^ uad consider6bls 
infom5tion has been obtained i n  t i c  pa.bt froai f l i z h t  tos-bs and 
f r o 3  t e s t s  i n  the Langley ;ripact bagin. fl sustnir"l'3d prograni ha8 
been caz-rjad out by Kle Buy-eau of A6ron~u'i;ics t o  establ ish structural 
specificatfons Pqr vgr t ica l  acceierntlons. The need f o r  s i n i l a r  
specf f icat ions for mg%lar accol.eratic~ns has been recagnj.zed, but 
the ayra-ildble &a.-La have been insuff icient .  I n  *he present t e s t s ,  
v e r t i c s l  accel-crs.tsions .i.:el4Et record&. , and angular accelerations were 
derived f.~om a .tillze his tory of the trim. 
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MODELS 

Landing t e s t s  were made of three models of four-engine f ly ing  
1 boats . Langley tank model. 206 is a - -size model of a preliminmy 
11 

design t h a t  waa developed by the ADR section of the Bureau of 

Aeronautics. Model 164 -3 i s  a % -size model of the Martin JRM-1 

flying boat, and model 164% is-the same as 1-645, except tha t  the 
afterbody was aodified t o  increzse i ts  length from 3.10 t o  5-34 times 
the bean. General arrangements of the models a re  shown i n  f igures  1 
t o  3. Additional de ta i l s  a r e  l i s t e d  i n  tables 1 and 2 .  

L w l e ~  tank_no. 1.- Reference 2 describes Lag ley  tank no. 1, 
and reference 3 describes the type of powered model and towing gear 
used. A sketch of the model and t e s t  appbatus  together with a 
photograph of the model landing i n  waves i s  given i n  f igure k . The 
water i n  the tank was about 7 f e e t  deep f o r  the present t e s t a .  That 
depth was selected t o  allow su f f i c i en t  immersion of 'the wave maker 
fo r  the e f f i c i en t  generation of waves. The l a n d - a s  were made i n  a 
section of the tank where the e f f ec t  of aerodp-amic ramming was 
ins  ignif i cmt .  

Lave maker. - The wave w k e r  is a s ~ ~ i n g i n g  plate  hinged a t  the 
bottom and. driven by a connecting rod a t  the top of the plate .  The 
to-and-fro motions generate waves t h a t  t rave l  Prom the north end of 
the %ads through the t e a t  section and in to  an area where they are  
dissipated by wave suppressors and a beach. The desired height and 
length of waves a re  obtained by a sui table  combination of stroke and 
frequency of the plate .  The usual practice i s  t o  send out a limited 
t r a i n  of waves tha t  w i l l  a r r ive  i n  the t e s t  section and be f u l l y  
developed when a t e s t  run i s  t o  be made. Between t e s t  runs, the 
wave maker Is id l e  to  permit d iss ipa t i sn  of primary and ref lected 
waves . 

The waves i n  the tar& depart from a. uniform trochoidal pat tern 
by mounts tha t  depend upon the wave length and -the distance from 
the wave maker. FIwe 5 includes faired tracings of typical  time 
h is tor ies  of the water leve l  f o r  three d i f fe rent  wave lengths a t  a 
s t a t ion  i n  the t e s t  section of the tank. Figure 6 shows the 
approximate operating liaits of the wave machine a t  "che 7-foot water 
level .  The shorter waves a re  seen t o  be l e s s  regular than the longer 
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waves. The i r r egu lmi ty  necessitates r a the r  a rb i t r a ry  designations 
of the height.  In specifying the heights of ocean waves, it is 
convenient t o  use the ma;rrimm hei@t t h a t  may be observed i n  a 
appreciable in te rva l  and t o  disregard the smaller heights tha t  occur 
in areas of interference. On tha t  basis, the height of the waves 
i n  the cross-hatched area of i r regular  waves on f igure 6 was the 
maximum height recorded i n  ths  t r a i n .  For example, the height of 
the wave t r a i n  i n  p a r t  (a,) of f igure 5 was designated as 2 Inches. 
The height of waves occurring i n  the w e a  of regular waves on figure 6, 
where i n t e r f h n c e  was not pxedoml.nant, was measured as the average 
wave height. For example, the height of the wave t r a i n  of ,par t  (b) 
of figure 5 was designated as 3.5 inches and t h a t  of pa r t  (c )  a s  
4.75 inches. 

Instrumentation. - Fl gure 4 shows 'tho arringement of instruments 
on the model an& on the Sowing gear. A n  accelerometer was fastened 
t o  the s t a f f  of the model t o  meaaure vertical. accelerations.  This 
accelerometer is a variable-induc-t;ELnce uni t  t ha t  i s  used with 
al ternat ing-cwrent  ca r r i e r  equipnent. The accelerometer has a 
na tura l  frequency of about 70 cycles per second and i s  magnetically 
damped to  abot~t  0.7 of +the crit ica.1 value. CalibraSion of the 
accelerometer showed tha t  i ts response t o  sinusoidal displacements 
i s  almost unaffected by frequency up t o  about 20 cycles per second. 
A t  higher f requencie~  the recorded peak accelerations were lower than 
the ac tua l  peaks by an mount tha t  increased. with frequency. A t  
50 cycles per second the recorded peak was about 0.8 the applied 
value. Errors introduced by the c a r r i e r  and recording apparatus, 
together with a l l  other e r rors  exce t t h a t  of response time, a re  
believed t o  be within f2.0 percent, % .Bg (where g i s  the 
acceleration of gravity, 32 f e e t  per second per second). 

Sl ide wire pick-ups wore used t o  record the trin, r i s e ,  and 
fore-and-aft posit ion of the model, Each s l ide  wire pick-up is a 
p a r t  of an e l ec t r i ca l  brikqe c i r c u i t  which is believed t o  have 
the following over -all  accuracy : 

Trim, degree . . . . . . . . . . . . . . . . . . . . . .  t 1 
. . . . .  Rise, inch . . . . . . . . . . . . . . . . . .  tO.25 

Fore and a f t ,  inch . . . . . . . . . . . . . . . . . . . .  -LO .25 

Contact with a wave c r e s t  was recorded when the water completed 
an e l ec t r i ca l  c i r c u i t  through two metal f o i l s  supported on a s t r u t  
from the tokdw carriage. A l l  data were recordqd on a multielernent 
oscillograph. The er ror  introduced by .the recording; elements of 
the osc illograph is negligible.  
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Test runs of the model simulated a power-on landing with one- 
half full power and with the elevator set to cbtain a predetermined 
trim st initial contac"cith the water. The fore-and-aft freedom of 
the towing gear allowed the model to check in waves, so that with a 
suitable carriage deceleration, the model was almost Ssee of 
longituaiml restraint durlng the most severe part of the runout. 
For most of the tests, the carriage was decelerated at about Oblg, 
which is representative of normal full-size conditions. In a few 
tests, the carriage was decelerated more rapl.dly about 0.kg - to 
represent a landing with additional braking that could be obtained 
from water brakes or reversed propellers. 

Landings were made at different trims ranging f r o m  about 2' up 
to m d  including the angle of stall. Prelininrzry landings at 
trims below So resulted in severe rebounds that appeared to 
endanger the models and subsequent landings were generally limited 
to trim of about 8' and higher . 

The following measurements, which are defined on figure 7, 
were m a e  from records of the la;ndiAng runs: 

Trim, at first contact with the water 
Sinking speed immediately preceding initial inpact 
Sinking speed immediatelly preceding the impact which 

produced the maximum verticak acceleration 
The vertical acceleration "chat occurred on the initial 

impac "c 
The maximum vertical acceleration, the maxinum trim, 

and the maxiurn change in trim and rise that 
occurred at any time during the runout 

Vertical acceleration was assumed to be zero with tihe model in 
level flight before landing. 

Records from the wave-crest indicator p~ovided a rough basis 
for correlating the position of the model relative to the awrface 
of the waves. The records of wave crests were also of use as a rough 
check on the wave conditions that prevailed during each run. 

Maximum positive angular accelerations were obtained for a 
liraited number of runs by graphical differentiation of the trim records. 
Each of the final values is the average of two or more differentiations. 
These data are necessarily less accurate than the data on vertical 
accelerationes and are useful only as a basis for qualitative 
c ompari sons . 
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Figure 7 is a copy of a typical record of a landing in waves 
at a deceleration of about 0. lg and at a trim of 6.5'. Of particular 
significance is the record of vertical accelerations showing that 
the initial impact (1.46) was less severe than several of the 
succeeding ones. The most severe impact (4.0g) occurred after the 
model had traveled 150 feet (1650 feet, f a 1  size). Preceding 
that impact, the model bounced off the water at a trim near the 
stall and landed ag~in at a 1 ow trim. Figure 8 is a. trace of a 
record of one of four landings that were made in waves at a 
deceleration of approximately 0.4g. On all four landings the first 
impact was the most severe of any during the Landing run. All other 
data included in the present paper except that given on figure 8 
were obtained with a landing deceleration. of 0.l.g. 

A typical landing is illustrated with sketches in figure 9 to 
show the approximate position of the model relative to the wave 
at various periods during the landing runout. The mndel bounced off 
the water twice and then received the maximum impact near the ninth 
wave crest. The trim preceding the severe impact decreased rapidly 
from above the stall to 7 .lo at maximum impact. 

The variation of vertical acceleration with landing trim and 
with sinking speed is shown in figwes 10 and 11, respectively. 
Separate plots are mde for the initial impact and the impact that 
produced aaximwn vertical acceleration. Figure 12 illustrates by 
bar charts the statistical. aspect of the general problem by showing 
the number of landlngs as a function of the vertical acceleration 
encountered during a series of landings that were made under 
approximately the same conditions. Measurements of acceleration are 
mange& in groups separated by increments of lg. 

Data for landings of model 206 are arranged in figure 13 to show 
the effect of wave length on the maximums that occurred in vertical 
acceleration, trim, change in trim, and chaage in vertical position 
during each landing that was made In two heights of waves. A11 test 
points w e  shown regardless of landing trim. Figuses 14 and 3-5 
include similar data on maximum acceleration and mxinnxm trim for 
models 164-5 and L64-~, respectively. The maximum angular 
accelerations computed. from records of' landings of models 164-J 
and 164 -L are given in figure 16. Figure 17 shows the effect of 
increasing the length of the afterbody of model 164 by a comparison 
of the upper envelopes of the data of figure 14 (b ) and f igwe 15 (b ) . 
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DISCWSIOM 

Landina t r i m . -  The r e su l t s  of the t e s t s  show tha t  there was 
no appreciable e f fec t  of landing t r i m  on e i the r  the variation of 
t r i m  during the landing rwn or  the maximum ve r t i ca l  acceleration, 
f o r  a l l  l a n d i ~  trims above 4'. Figure 10 shows approximtely the 
same sca t t e r  of data f o r  a l l  landing trims, both f o r  the time of 
i n i t i a l  contact and the time of the m a x i m  accelerations,  The few 
landings tha t  were made a t  an i n i t i a l  t r i m  of 4' or  l e s s  were 
considered hazardous, Snasmuch a s  they resul ted i n  a greater  
varia.tion of t r i m  =d more severe impacts than landings a t  higher 
trims. 

As a role,  the impact which caused the mtxximum ver t i ca l  
acceleration occurred during the landing run a f t e r  several contacts 
had been made with the water. (see fig. 9.) The r e su l t s  of the t e s t s  
a l so  show tha t  model-s 206 and 164-3' often at ta ined a s t a l l ed  
att i- tude a f t e r  bouncing clear  of the water a t  apeeds below the 
s t a l l .  Frequently the most severe impacts followed large rebounds 
from the wEiter. (see f i g .  9 .  ) These r e su l t s  generally agree with 
the conditions experienced by the Coast Guard and described i n  
reference 1. 

For landings i n  waves shorter  than 1 model length, a limited 
range of lanaing t r i m s  was determined (4' t o  8') withln which 
landings could be made with considerably l e s s  change i n  t r i m  duxing 
the f i r s t  part of the run than f o r  lan2i.ings a t  trims above 8O.  For 
land3.ngs within t h i s  range of t r i m ,  the models con-Lac-Led approximately 
s i x  wave cres ts  with only a small change i n  t r i m  and then proceeded 
t o  follow the general pattern obtained f o r  landings a t  t r i m s  above 8 . 
Imsmuch as  the maximum acceleration usually occurred a t  a point 
i n  the landing run where th i s  general trira pat tern was being followed, 
the e f f ec t  of landing t r i m  on maximum acceleration ms negligible f o r  
waves shorter than 1 mods1 length. 

1 The r e su l t s  of t e s t s  of a---size model of the Martin JRM-1 
30 

f ly ing  boat i n  waves having a length equal t o  1 model l e q t h  o r  
l e s s  a r e  included i n  reference 4. Those r e su l t s  indicate tha t  the 
landings with a minimum varitztion i n  t r i m  were obtained a t  an 
approach t r i m  ofoyO. '&'he value of 5' l i e s  within the range of 
approach t r i m  (4 to  8 ) which was  found i n  the present t e s t s  t o  
give the l e a s t  variation of t r i m  i n  waves of comparable s i ze  during 
landings. Values of the mxirrm impact loads obtained i n  the present 
t e s t s  and those of reference 4 a re  not d i rec t ly  comparable because 
of differences i n  the models and i n  t e s t i A x  tecYaiques, 
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sink in^ meed.- The apparently random vaziation of ve r t i ca l  
acceleration with sinking speed, shown i n  f igure 11, i l l u s t r a t e s  
the strong influence of other vmiables besides sinking speed i n  
determining the maximum ve r t l ca l  acceleration tha t  w i l l  occur 
upon contact with the water. The r e su l t s  show tha t  a sinking 
speed as low a s  0.5 f e e t  per second -(1.2 f e e t  per second, f u l l  s i ze )  
gave the same value of maximum ver t i ca l  acceleration as a sinking 
speed of 4.5 f e e t  per second (10.6 f e e t  per second, f u l l  s i z e ) .  
A detailed investigation of any one imgact should, of course, take 
in to  account the trira, the f l ight-path angle of the seaplane, and 
the wave profi le ,  but i n  the present investigation of en t i r e  landing 
runs it was not possible to  control or measure a l l  these variables 
with suf f ic ien t  accuracy to  allow quantitative comparison with 
theories of impact. 

S t a t i s t i c a l  aspects.-  The conditions f u r  the f i r s t  impact of a 
landing run are  rnore wider t5e control of the pl.lot than those of 
subsequent impacts. The severity of the subsequent impacts is not 
predictable except as a probabili ty.  

In t e s t s  of model 206 a large number of m s  were made f o r  one 
landing condition t o  estimate the number of landings tha t  should 
be made t o  i.nwxre tha t  an impact near the m a x i m  severi ty  would 
be obtained. That mmber cannot be precisely defined but  a rou* 
value i s  obtainable from figure 12(f )  where data axe shown f o r  as 
many as 27 la,ndings i n  waves 1:. 4 inches high by 15 f e e t  long. One 
of the runs resulted i n  a peak of 6.dg and 6 run% resul ted i n  
a peak of 5.58. The ,-owest peak recorded i n  the 27 runs was 
about 2.7g. For the present survey of the problem it appeared that  
10 landing runs i n  one type of wave would give an adequate 
dis t r ibut ion.  For t e s t s  t ha t  included a systematic se r i e s  of 
d i f fe rent  lengths and heights it apgemed t h a t  4 lanai% runs i n  
one part icular  configuration of weaves would provide suf f ic ien t  data 
t o  establ ish defini te  trends i f  the sca t t e r  between the values of 
maximwn acceleration obtained was not wide. For exapl-e, the 
ve r t i ca l  accelerations plotted i n  f igure 13 show umi stakrzble trends 
t h a t  depend upon the t o t a l  nwnber of t e s t  points ra ther  than upon 
the more limited numbers f o r  any one wave length. 

Wave s i ze .  - The data presented In figures 13 t o  16 show tha t  the 
maxiawn accelerations, both ve r t i ca l  m d  angular, increased with wave 
height. m e  maximmi t r i m  increased only slightljr with wave hei&t.  
Maximum vertf c a l  and angular acceleration, maximum t r i m ,  ad maximum 
change i n  t r i m  and r i s e  at ta ined the greatest  values a t  wave lengths 
from 15 t o  20 f e e t  or wave lengths of the order of from one and one- 
half  t o  twice the over-all  length o f  the m d e l .  
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This ef fec t  of wave length i s  t o  be expected from consideration 
of the inf'luence of g l i b  path and wave slope on an individual 
impact. For a given t r i m  an& glide path, the i q a c t  is greater f o r  
the greater wave slope proviaed the wave is suff icient ly long t o  
permit the seaplane t o  land on the up-sloping face of one wave 
without simultaneous disturbance from neighboring waves . Although 
consideration of the irregular character is t ics  of the waves having 
a length equal t o  1 hul l  l e q t h  or  less  precludes an exact comparison 
of data obtained from tea ts  i n  short waves with data from t e s t s  i n  
longer waves, it appears tha t  the shorter waves afford the afterbody 
a greater opportunity t o  c ~ n t a c t  the water and t o  l imi t  the t r i m  and 
height of bounce. Such ci l imitation on the violence of bouncing is 
i n s t m e n t a l  i n  producing smaller maximm ver t ica l  accelerations. 

Rate of acceleration.- The ra te  of deceleration a f t e r  landing 
affects  the number and height of bounces and thareby influences the 
probability that ,  awing the landing run, the seaplane will receive 
an impact which is more severe than the i n i t i a l  impact. This 
influence is shown by comgaring figure 7 which is a record of a 
landing with 0.18 deceleration and figure 8 which is a record of a 
landing a rapid deceleration of 0.4g, such as  might be obtrzined 
with a braking device. The rapid loss  of speed with the f a s t  
deceleration prevented any appreciable bouncing. With t h i s  
l imitation on bouncing, no ver t ica l  acceleration occurred during 
the landing run which was greater than the acceleratton a t  i n i t i a 1  
impact. The values of the vort ical  acce1exatio.m a t  i n i t i a l  imgact 
f o r  landings a t  the fast deceleration were higher than the 
accelerations a t  i n i t i a l  impact f o r  XaJnding~l a t  0.lg and only 
s l ight ly  lower than the maximum ver t ica l  accelerations f o r  landing6 
a t  O.lg. The present data are not considered an accurate survey of 
the acceleration tha t  is  required. or is practical,  but they do show 
tha t  a aecelera tbn  of %he order of 0.4g would yepresent a significant 
advantage over lower decelerations. 

&enath of afterb&.- The two models with moderate lengths of 
afterbody, models 164-5 and 206, had about the sane landing charac- 
t e r i s t i c s .  The model .i~.j..tn the extremely long afterbody, model 1 6 4 - ~ ,  
however, had significantly loves maxinum t r i m s  and ver t ica l  acceler- 
a t f  ons t1hw did  mo2.els 1 6 4 " ~  and 206. The ef fec t  of length of 
afterbody on maxtII:un ver t ica l  acceleration and maximum t r i m  is 
shown ir- figwe 17. A coxtgarison of figures t6(a)  and 16(b) 
indicates tha t  the maximum angular accelerations obtained with the 
long af%er't;ody were less than those obtained with the moderate 
afterbod-ye One evident reason f o r  the desirable ef fec ts  of the 
long afterbody is the pitching res t ra in t  imposed by the increased 
moment arm of the planing area near the sternpost. Observations of 
the models showed clearly the influence of t h i s  r e s t r a in t  i n  l imiting 
the maximum t r i m  and thereby the height of the bouncing tha t  occurred 
during the landing run. 
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S w e s t i o n s  f o r  future work.- I n  future model t e s t s  i n  waves it 
would be desirable t o  employ a re l iab le  angular accelerometer, or 
i f  a sui table  instrument should not be available, ~ynchronized records 
of separate ve r t i ca l  izccelerometers should be obtained. The 
influence of loads imposed by angular accelerations on loca l  loadings 
of the s t ructure is suf f ic ien t ly  great  t o  just i fy a much more 
thorough investigation of these accelerations than can be eas i ly  done 
by graphical integrations. 

Analysis of the data w i l l  be great ly  f a c i l i t a t e d  by records of 
the wave profi les  obtained i n  a way t o  define the contour of the 
water surface i n  the regionwhsrethe landing occurs. 

The following conclusions can be drawn from the r e su l t s  of t e s t s  
of three powered dynamic models landed with fixed elevators i n  oncoming 
waves a t  a deceleration of about 0 . lg .  These conclueions shauld be 
useful f o r  guidance u n t i l  fur ther  investigation of the s t a t i s t i c a l  
aspects of the problem can be directed toward more quantitative 
conclusions. 

1. Landing trim can be considered t o  have no appreciable 
inf'luence on the maximum ver t i ca l  acceleration o r  var iat ion of t r i m  
during landing, except a t  trims below 4'. Landings a t  trim 
below 4' l ed  t o  unusually severe bounces. I n  waves shorter  than 1 model 
length, the variation of trim was  comparatively small during the 
f irst  art of the landing run a f t e r  landings a t  trims i n  the range 8 from 4 t o  80. 

2 .  I n  landings made under the t e s t  conditions, the maximum 
ver t i ca l  acceleration f o r  a given wave condition w i l l  usually occur 
during some impact subsequent t o  the i n i t i a l  impact. 

3.  The severity of a rough-water landing increases with wave 
height and is a function of wave length. The most severe landings 
f o r  a l l  wave heights tested occurred a t  wave lengths within the 
range from 15 t o  20 f e e t  or  from one and one-half t o  twice the over- 
a l l  length of the model. 

4. Two models with afterbodies of a length typical  of current 
design frequently at ta ined a s t a l l ed  a t t i t ude  a f t e r  bouncing c l ea r  
of the water a t  speeds below the s t a l l .  The highest trims were 
at ta ined i n  waves having a length of from 15 t o  20 f e e t .  (about 183 
t o  240 fee t ,  f u l l  s i z e ) .  
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5 .  An increase i n  the length of the afterbody of a model 
from 3.1 beams to  5 34 beams reduced the magzitude of the maximum 
ve r t i ca l  acceleration t o  a great  extent and the maximum angular 
acceleration t o  a lesser  extent i n  a l l  wave s izes  used f o r  the 
t e s t s .  The t r i m  of the model. ~ 5 t h  the long afterbody was 
cons is tentl-y lower throughout the landing run. 

6. With an increase i n  the landing deceleration t o  0 .kg, a 
value which rnighe be obtainable thro'igh the use of a "water brake'' 
o r  reversed pitch propellers, the rapid los s  of speed prevented 
any appreciable bouncing mid no ve r t i ca l  acceleration occurred 
during the runout which tms greater  than the acceleration a% 
i n i t i a l  impact. The maximum ver t i ca l  accelerakions were of the 
same magnitude f o r  landings with decelerations of 0.1~ and 0 -46 
but occurred a t  different  perlods of the 1-mdirg rvn. 

Langley Memorial Aeronautical Laboratory 
National Ad.visory Comi.ttee f o r  Aeronautics 

1,angley Field,  Va . 
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TABLE 1 

DIIvETJSIONS AND PARTICULARS OF MODECL 206 

H u l l  : . . . . . . . . . . . . . . . . .  Beam a t  chine a t  step. i n  1.4.74 
Maximum beam a t  chine. i n  . . . . . . . . . . . . . . . . .  15-56 
Length of forebody (bow t o  centrold of step).  i n  . . . . .  55.75 
Length of aftexbody (centroid of s tep t o  s t e rn  post). i n  . 47.35 . . . . . . . . . . . . . . . . . . . .  Length over ell. In 127.21 

. . . . . . . . . . . . . . . . . . . .  Plan form of s tep 45' vee . . . . . . . . . . . . . . .  Point of step t o  centroid. i n  4.91 
. . . . . . . . . . . . . . . . .  Depth of s tep a t  keel. i n  1.23 

Depth cf s tep a t  centroid. i n  . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  chine f l a r e ) .  deg 25 
Anglo of forebody keel. deg . . . . . . . . . . . . . . .  0 

. . . . . . . . . . . . . . .  Angle of a.f terbody keel. deg 8.3 

Wing : . . . . . . . . . . . . . . . . . . . . . .  Area. sq f t  
. . . . . . . . . . . . . . . . . . . . . . . .  S p a 2  i n  

. . . . . . . . . . . . . . . . . . . . .  Root chord. i n  . . . . . . . . . . . . . . . . . . . . . .  Tip chord. i n  
. . . . . . . . . . . . . . . . . . . . .  Root section 
. . . . . . . . . . . . . . . . . . . . .  Tip section 

Angle of incidence root  chord: deg . . . . . . . . . . . .  
Angle of incidence t i p  chord. deg . . . . . . . . . . .  
Leading-edge root chord to  keel. i n  . . . . . . . . . . .  
Trailing-edge root chord to  keel. i n  . . . . .  . .  . .  
hiean aerodynamic chord. M.A.C. 

1.ength.i.n . . . . . . . . . . . . . . . . . . . . . .  
Leading edge t o  leading edge of wing. i n  . . . . . . .  
Leading edge a f t  of bow. i n  . . . . . . . . . . . . . .  
Leading edge f o ~ r ~ .  xd of point of step. i n  . . . . . . .  

. 21.70 

. 1-75 . 70 

. 26.62 

. 8.82 
4420 NACA 
4412 NACA 

4.5 
1.2 

. 17.18 

. 15.09 





NACA RM No. ~ 6 L 1 3  

i 

TAE JRM-1 FLYING BOAT - NACA i'4XlBL 164S 

Hull : . . . . . . .  Beam, maximum, in.  
. . . .  Length of Torebody, in .  . . . .  Length of afterbody, in .  

Lengkh of t a i l  extension, In.  . . . . . .  Length, over-all ,  i n .  . . .  . Depth of s tep at keel, i n .  
Angle of forebody keel, deg . . 
Angle of 8Pterbody keel,  deg . . 

. . . .  Angle between keels, deg 
Angle of deal! r i s e  a t  step, heg . . . .  Excluding chine f l a r e  

. . . .  Includ.ing chine flare 

Wing : 
. . . . . . . . . . . . . .  Area, sq f t  

Span , in .  . . . . . . . . . . . . . . .  
Root chord (section IJACA 23020), f t  , , 
Tip chord (section NACA 23Ol2), f t  . . .  
Angle of wing se t t ing  t o  base l ine,  deg. 
Mean aerodynaniic chord, M.A.C., i n .  . .  
Leading -edge 14 .A. C . 

Aft of bow, in.  . . . . . . . . . . .  
Above base l ine,  i n .  . . . . . . . . .  

Horizontal t a i l  surfaces: 
Span, in .  . . . . . . . . . . . . . . .  
Leading edge a t  root  

Aft of bow, in .  . . . . . . . . . . .  
Abovo base l ine?  in .  . . . . . . . . .  

Area, s tab i l izer ,  sq ft . . . . . . . .  
Area, elevator, sq f t  . . . . . . . , .  
Total area, sq f t  . . . . . . . , . . .  
Angle of s t ab i l i ze r  t o  base l ine ,  deg . 
Dihedral, deg . . . . . . . . . . . . .  

Model Full size 

NATIONAL ADVISORY 
COMMITTEE FOR AXROMAUTICS 
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TmIB 2 - Concluded 

PRINCIPAL DLWNSIONS OF& -.FULL-SIZF: MODEL OF TBE 

f JRM-I l?LYING BOAT - NACA MODEL 16U - Concluded 

Model Ful l  s ize 

Propellers: 
Nmnber . . . . . . . . . . . . . . . . . .  4 4 
Blades . . . . . . . . . . . . . . . . . .  3 4 
Diameter, i n .  . . . . . . . . . . . . . .  16.67 200 
Blade angle, deg . * . . . . . . . . . . .  13 
Idling, rpm . . . . . . . . . . . . . . .  1000 

. . . . . . . . . . . . .  Ful l  power, rpm 4000 
Angle of thrust  l i ne  t o  baee l ine ,  deg . . 5.5 5 - 5  
Center l ine,  inboard propellers, above . . . . . . . . . . . . .  base lin.e, in .  21.2 254.5 

Loading conditions: 
Normal gross ioad, l b  . . . . . . . . . .  82 -5  lbj,000 
Center of gra,vity 

Forward s tep  (32 percent M .A .C . ) . in. . 3.74 45 
Above base l ine,  in .  . . . . .  . . .  814.75 162 

' P Pitching moment of ine r t i a ,  slugyft  . . .  7,s ~ , ~ O O , O O O  

a ~ e n t e r  of ~ r a v i t j :  was raised 1.25 inches so tha t  model 
could be balanced. 

Nfi.TI0N.U- ADnSOBY 
C O M i v l I m  FOR AE!3ONRWICS 
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NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 
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NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Figure 2.- Ivlodel 164L. 1112-size model of  m!-1. 
( A l l  d inensions i n  inches.) 
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NATIONAL ADVISORY 

Figure 3.- Model 16LI.L. 1112-size modal of JRM-1 with COMMITTEE FOP AERONAUTICS 

long afterboay. (All dimensions i n  inches4 
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(a) Model and t e s t  apparatus. 1 - r i s e  inclicator; 
2 - fore-axil-aft i nd ica to r ;  3 - trim indica tor ;  

4 - v e r t i c a l  accelrjro~rieter; 5 - wave-crest 
indica tor ;  6 - tolsring gea r  
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( a ) .  Wave length,  3.5 f t ;  designated wave height ,  2.0 in.  

al * I V  
(b). Wave length, 9.4 f t ;  designated wave height ,  3.5 in .  S 

2 

1 

0 

-1 

-2 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS T i m e ,  seconds 

( c ) .  Wave length,  24.0 f t ;  designated wave height ,  4.75 in.  

Figure 5.- Tracings of typ ica l  wave records showing var ia t ion  o r  height In th ree  d i f f e r  
wave t r a i n s .  



Wave length, ft 

Figure 6 , -  Approximate opera t ing  l i m i t s  of wave machine a t  7-foot 
water l e v e l .  ' NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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Figure 8 - Model 16W. Tracl of a ,  t y  i c a l  recora taken whlie landing In  rough water a t  a h l  II r a t e  of deceleration. Gros load, 
93.9 peunds (165 000 p o u n d s ~ u l l - s i z e ~ ;  nave, k.k lnches hign and 11 f e e t  10%. (k.k f e e t  hlgfj and 1 3  f e e t  long, full-sieey; 
approxlinate deceieraf,lon, 13 f e e t  per second per second. NATIONAL ADVISORY - .  

COMMITTEE FOR AERONAUTICS 
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1 Carr iage speed I 
I I . ", I 

0 al of I 
I I I I I I I 

1.0 2.0 3.0 4.0 Time.  sec 

0 5 0  100 Distance,  f t  

1ST WAVE CREST 

--.. 
4TH WAVE CREST 6TH WAVE CREST 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 

7TH WAVE CREST 9TH WAVE CREST 

7.17.5"; a .0.2 g 7.7.1"; a .7.0 g 

Figure 9 .- Model 206.  Time histories' of acceleration, trim, rise, and speed dur~ng a landing run. 
(Numbers above illustrations of models refer  to points noted on graph of t r i m . )  
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'. Landing trim, dog 

( a )  Acceleration a t  i n i t i a l  Impact 
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0 2 4 6 8 10 12 14 

Landing trim, deg 
NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 

(b)   la xi mum acce lera t ion  that occurred during landing run 

Figure 10.- Model 206. Variation of v e r t i c a l  acce lera t ion  wi tn  landing 
t r i m  during lanaings i n  waves 4.4 Inches nigh (4.0 Zeet, Zul l - s ize) .  
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Sinking speed, f p s  

(a) Acceleration at initial impact 

Sinking speed, fps NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

(b) Maximum acceleration that occurred during landing run 

~ i g u r e  11.- Model 1645. Variation of vertical acceleration with sinking 
speed during landings in waves 6.6-incnes high (6.6-ft full-size). 
(The sinking speed is that prsceding contact with the w a t e r & )  
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Fig. 12b 
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Wave length, ft 7', , 
8 

4 

0 
0 8 0 8 0 8 0 t3 0 8 0 8 

Vertlcal acceleration, g 
(1)Wave height, 2.2 in. 

Vertical acceleration, g 
(2) Wave height, 4.4 in. 

Wave length, ft 

0 8 0 8 0 8 0 8 0 8 0 8 
Vertical acceleration, g 

NATIONAL ADVISORY 
(3)~ave height, 6.6 in. ~ M M l l l E E  FOQ 011RONAIJTICS 

(d)  Model 16W. Maximum acceleration that occurred during landing run 
Figure 12. - Continued. 
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Wave length, f t  

Figure 14,- Model P64J. Variation of maximum v e r t i c a l  acce lera t ion  
and maximum t r i m  with wave length, 
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0 10 20 30 40 50 60 

Wave length, ft 

Wave length, ft 

(b) Wave height 6.6 inches (6.6 feet, full-size) 

Figure 14.- Model 164J. Concluded. 
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Wave length,  f t  

Wave length,  f t 

( a )  Wave hgight  4.4 inchss (4.4 f e e t ,  f u l l - s i z e )  

Figure 15.- Model 164L. Va r i a t i on  of maximum v e r t i c a l  a c c e l e r a t i o n  
and maximum trim w i t h  wave length .  
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Wave length,  f t  

Wave length,  ft 

( b )  Wave height  6.6 inches (6.6 f e e t ,  f u l l - s i z e )  ' 

Figure 15 .- Model 164L. Concluded. 
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Wave lengtn, f t .  (1/12-size model) 

Wzve length, f t .  ( fu l l - s i ze )  

( a )  Model 1 6 4 ~  

Wave length,  f ~ .  (1/12-size mcciel) 
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Fig. 17 . NACA RM No. L6L13 

Wave length, ft 

Rave l e n g t h ,  f t  NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Figure 17.- ?JodePs 164.T and li4Le E f f e c t  o f  length o f  aftcrbodg sn - .. t r . 3 ~  :rrlm s r e ~ t i c a i  aecel .~?:~?~; t! 2 2  :rqd zax: r.i>y trim. Wave h . e g h *  r, 
4nchec  ( 5 . 6  feet full-slze), 




