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SUMMARY

Powered models of three different flying boats were landed in
oncoming waves of verious heights and lengths. The resulting motions
and accelerations were recorded to survey the effects of varying the
trim at landing, the deceleration after landing, and the size of the
waves. One of the models had an unusually long afterbody.

The data for landings with normal rates of deceleration indicated
that the most severe motions and accelerations were likely to occur
at some period of the landing run subsequent to the initial impact.
Landings made at abnormally low trims led to unusually severe bounces
during the runout. The least severe landings occurred after a stall
landing when the model was rapidly decelerated at about O.4g in a
gimnlation of the proposed use of braking devices. The severity of
the landings increased with wave height and was at a maximum when
the wave length was of the order of from one and one-half to twice
the over-all length of the model.

The models with afterbodles of moderate length frequently bounced
clear of the wabter into a stalled attitude at gpeeds below flying
speed. The model with the long afterbody had less tendency to
bounce from the waves and consequently showed less severe accelerations
during the landing run than the models with moderate lengths of
afterbody.

INTRODUCTION

" The development of techniques employing powered models that are
dynamically similar to the full-size seaplane has been & significant
advancement of tank testing in recent years. The powered models
have been used extensively to simulste takeroffs and landings for
investigating stabllity and spray characteristics in calm water.
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The purpose of the present investigation was to survey, by
corresponding methods, the landing characteristice of three
different flying boate in waves. The characteristics of special
interest were the vertical and angular motions and accelerations
of the airplane that occur during landings in oncoming waves.

Models of three different designs of large Navy flying boats
were tested in rough water representing, for the full-size airplanes,
waves of various sizes up to about 600 feet in length and 6 feat in
height. The types of wave ranged from a short chop to the equivalent
of & long ground swell. All landings were made with one-half full
power and with the elevator fixed throughout the landing run.

A few preliminary trisls indicated that low-trim landings
imposed excessive loads and motions on the model. Most of the runs,
therefore, were made in a menner that simulated a near-stall landing
from a low altitude. The range of sinking speeds during the landing
approach corresponded to current practice in piloting.

The scope of the investigation differs from, but is related to,
the experimental investigations being carried out in the Langley
impact basin. The landing tests in the Langley tank no. 1 provide
a means of obtalning the vertical and angular motions 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 1s considered ciiticel. The tests in the
Langley impact basin have been directed more toward a carefully
controlled investigation of pressures and loads encountered during
a single impact. that may occur at any part of the runout.

PROBLEM

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

"For maximum use . . . . . . .it [the airplane] must
be able to operate from forward areas without any
more protection than the lee of a small island.

.and if tactical considerations require open-
sea operations, then the airplane must be able to
disregard slmest any weather.
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The problem of designing an airplane capable of fulfilling such
requirements has been complicated by the lack of adequate data on
the behavior in rough water. Paris of the problem that are most
amenable to tank testing are those relating to spray, accelerations,
and dynamic stability and control during take-off and landing. The
accelerations and the longltudinal dynamic gtability while landing
were considered to be of immediate interest and are the only phases
of the problem included in the present paper.

Specific problems that arose in planning the tests were the
choice of piloting technique to be employed, the cholce of sea
conditions that should be simulated, and the selection of criterions
to evaluate the characteristics of a particular design.

In selecting a suitable piloting technique for the models,
consideration was given to the results of recent tests by the
Coast Guard showing that downrswell and along-swell landings were
generally less severe than landings into the waves (reference 1).
It appeared from those results and from conversations with personnel
of the Bureau of Aeronautics that down-swell or along-swell
techniques may at present be considered out of the ordinary and
likely to be practiced only by highly skilled pilots. Since the
waves appear to have the most severe effect when they are encountered
head-on, and in view of the high probability that some landings of
the full-size airplane will be made into the waves, it was considered
unnecessary for the present purpose to make test runs of the model
in any direction except into the waves.

It was concluded in reference 1 that the most satisfactory
landing would consist of the slowest possible approach with the
airplane in a stalled attitude. Manipulation of the controls during
the landing run, although declared beneficial, was recommended only
for pliots skilled in rough-water operation. The average pilot was
advised to maintain a nose-high attitude during the runout. This
procedure justified the technique used in the greater part of the
Present tests;that is,thatof landing at high trims and meintaining
the elevators of the model fixed after trimming the model for the
- inltial contact.

In the selection of sizes of waves to be used in the tests a
simple wave pattern that could be consistently reproduced appeared
preferable to complex patterns that predominate in the sea. However,
some of the degenerative cnarac,erlutlcs of ocean waves are also to
be found in waves in the towing basin. The irregularities in the
waves in the tank are particularly noticeable at the shorter wave
lengths. The selection of waves for the model tests was consequently
affected by the characteristics of the wave maker and by the
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characteristics of wave motion in the tank. It appeared best to
choose a schedule of settings for the wave maker that would insure
easy repetition of a particular weve patiern and to accept the
necessary approximations in sp601fying the height and length of
the resulting waves. This approach appeared suiteble in view

of the statistical aspects both of specifying ocean waves and of
predicting the portions of & wave train that will be involved in
various phases of the landing.

In evalvating the dynamic stability characteristics of a seaplane
in rough water, consideration was given to the conventionally used
criterions for porpoising and skipping and to the aerodynamic
stability during the rebounds from the waves. Preliminary tests
of the model and a review of records of flight tests indicated
gtrongly that the violence of the motion of a seaplane in rough
water precluded the possibility of establishing trim limits of
stebility or of defining staeble renges of the center of gravity
in the way that is ordinarily =applicable for calm water. Waves of
the gizes that are of interest prcduce oscillations in trim and
rise that may be sufficiently great to cause the seaplane to
bounce clear of the water and decend again at an uvncontrolled and
dangsrous attitude. In tares different landings, described in
reference 1, damags resulted when the airplane dropped'into‘the
water alfter a bowmce. This drmage occwirad at thet stage of the
runout where the airplane did not have sufficient zpeed for good
control.

In the present tests, the effect of the waves on the trim and
rige appeared to be of more interest than the usual ‘porpoising, and
the test program was plenned to provide time histories of the trim
and rise during the landing run.

Measurements of vertical accelerations are of first importance
in any genergl investigation of rough-water operation and congiderable
information has been obtained in the past from flight tests and
from tests in the Lengley immact bacin. A sustained program has
been carried out by the Buveau of Aeronautics to establish structural
specifications for vertical accelerations. The nesd for similar
specifications for angular accelerations has been recognized, but
the avallable date have been insufficient. In the present tests,
vertical accelerations werve recorded, and angular acceleratlons were
derived from a time history of the trlm
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MODELS

Landing tests were made of thres models of four-engine flying
boats. Langley tank model 206 iszafi-size model of a preliminary
design that was developed by the ADR section of the Bureau of

Aeronautics. Model 16L-J is a*%v~51ze model of the Martin JRM-1

flying boat, and model 16L4-l, is the same as 16L4-J, except that the
afterbody was modified to increase its length from 3.10 to 5.34 times
the beam. QGeneral arrangements of the models are shown in figures 1
to 3. Additional details are listed in tebles 1 and 2.

APPARATUS

Langley tank no. 1.~ Reference 2 describes Langley tank no. 1,
and reference 3 describes the type of powered model and towing gear
used. A sketch of the model and test apparatus together with a
photograph of the model lending in waves is given in figure 4. The
water in the tank wag about 7 feet deep for the present tests. That
depth was gselected to allow sufficient immersion of the wave meker
for the efficient generation of waves. The landings were made in a
gection of the tank where the effect of aerodynamic rammlng was
insignificant.

Wave maker.- The wave maker 1sg a swinging plate hinged at the
bottom and driven by a comnecting rod at the top of the plate. The
to-and -fro motions generate waves that travel from the north end of
the tank through the test section and into an area where they are
dissipated by wave suppressors and a beach. The desired height and
length of waves are obtained by a suitable combination of stroke and
frequency of the plate. The usual practice is to send out a limited
train of waves that will arrive in the test section and be fully
developed when & test run is to be made. Between test runs, the
wave maeker is idle to permit dissipation of primary and reflected
waves.

The waves in the tank depart from a uniform trochoidal pattern
by emounts that depend upon the wave length and the distance from
the wave maker. Figure 5 includes faived tracings of typical time
histories of the water level for three different wave lengths at a
gtation in the test section of the tank. Figure 6 shows the
approximate operating limits of the wave machine at the T-foot water
level. The shorter waves are seen to be less regular than the longer
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waves. The irregularity necessitates rather arbitrary designations
of the height. In specifying the heights of ocean waves, it is
convenient to use the maximum height that may be observed in an
appreciable interval and to disregard the smaller heights that occur
in areas of interference. On that basis, the height of the waves

in the cross-hatched area of irregular waves on figure 6 wes the
maximum height recorded in ths train. For example, the height of
the wave train in part (s) of figure 5 was designated as 2 inches.
The height of waves occurring in the area of regular waves on figure 6,
where interference was not predominant, was measured as the average
wave height. For example, the height of the wave train of part (b)
of figure 5 was designated as 3.5 inches and that of part (c) as
4.75 inches. _

Instrumentation. - Figure 4 shows the arrangement of instruments
on the model and on the towing gear. An accelerometer was fastened
to the staff of the model to measure vertical accelerations. This
accelerometer is a variable-inductance unit that 1s used with
alternating~current carrier equipment. The accelerometer has a
natural frequency of about 70 cycles per second and is magnetically
damped to about 0.7 of the critical value. ' Calidbration of the
accelerometer showed that its response to sinusoldal displacewments
is almost unaffected by frequency up to about 20 cycles per second.
At higher frequencies the recorded peak accelerations were lower than
the actual peaks by an amount that increased with freguency. At
50 cycles per second the recorded peak was about 0.8 the applied
value. Errors introduced by the carrier and recording apparatus,
together with all other errors excagt that of response time, are
believed to be within %10 percent, T0.2g (where g ic the
acceleration of gravity, 32 feet per second per second).

Slide wire pick-ups were used to record the trim, rise, and
fore-and-aft position of the model. Each slide wire pick-up is a
part of an electrical bridge circult which is believed to have
the following over-all accuracy:

Trim, degree . . R e e e e e e e e e e e e e 1
Rise, inch e e a e e e e e e e e e e e e e e e e 10.25
Fore eand aft, inch . . . . . . . . . . . v v . v v+ .. . tT0.25

- Contact with a wave crest was recorded when the water completed
an electrical circuit through two metal folls supported on a strut
from the towlng carriage. All data were recorded on a multielement
oscillograph. The error introduced by the recording elements of
the oscillograph is negligible.
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METHOD

Test runs of the model simmnlated & power=-on landing with one-
half full power and with the elevator set to cbtain a predetermined
trim at initial contact with the water. The fore-and-aft freedom of
the towing gear allowed the model to check in waves, so that with a
sultable carriage deceleration, the model was almost free of
longitudinal restraint during the most severe part of the runout.
For most of the tests, the carriage was decelerated at about 0.lg,
which is representatlve of normal full-size conditions. In a few
tests, the carriage was dece*erated more rapidly - about 0.4g - to
represent a landing with additional breking that could be obtained
from water brakes or reversed propellers.

Landings were mwade at different trims ranging from about 2° up
to and includlng the angle of stall. Preliminary landings at
trims below 4° resulted in severe rebounds that appeared to
endanger the models and subsequent landings were generally limited
to trims of about 8° and higher.

The following measurements, which are defined on figure 7,
were made from records of the landing runs:

Trim, at first contact with the water

Sinking speed immediately preceding initisl impact

Sinking speed immediately preceding the impact which
produced the meximum vertical acceleration

The vertical acceleration that occurred on the initial
impact

The meximum vertical acceleration, the maximum trim
and the maximum change in trim and rise that.
occurred at any time during the runout

Vertical acceleratlon was azsunmed to be zero with the model in
level flight before landing.

~ Records from the wave-crest indicator provided a rough basis
for correlating the position of the model relative to the surface
of the waves. The records of wave crests were also of use as a rough
check oni the wave conditions .that prevailed during each runm.

Maximum positive angular accelerations were obtained for a
limited number of runs by gravhical 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
accelerations and are useful only as a basis for qualitative
comparisons.
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RESULTS

Figure T is & copy of a typical record of a landing in waves .
at a deceleration of sbout 0.1lg and at a trim of 6.5°. Of particular
-significance is the record of vertical accelerations showing that
the initial impact (1.4g) was less severe than several of the ‘
succeeding ones. The most severe impact (4.0g) occurred after the
model hed traveled 150 feet (1650 feet, full size). Preceding
that impact, the model bounced off the water at a trim near the
stall and landed agein at a low trim. Figure 8 is a trace of a
record of one of four landings that were made in waves at a
deceleration of approximestely O.4kg. On all four landings the first
impact was the most severe of any during the landing run. All other
date included in the present paper except that given on figure 8
were obtained with a landing deceleration of 0.lg.

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 model 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 7.1° at maximum impact.

The variation of vertical acceleration with landing trim and .
with sinking speed is shown in figures 10 and 11, respectively. -
Separate plots are made for the initial impact and the impact that
produced maximum vertical acceleration. Figure 12 illustrates by
bar charts the statistical aspect of the general problem by showing.
the number of landings 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
arranged in groups separated by increments of lg.

Date for lendings 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 change in vertical position
during each landing that was made in two heights of waves. All test:
points are shown regardless of landing trim. Figures 14 and 15 )
include similar data on meximum acceleration and maximum trim for
models 164-J and 164-L, respectively. The maximum asngular
accelerations computed from records of landings of models l6h~J
and 1641 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 figure 15(b).
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DISCUSSION

Landing trim.- The results of the tests show that there was
no appreciable sffect of landing trim on either the variation of
trim during the landing run or the maximum vertical acceleration,
for all landing trims above 5. Figure 10 shows approximately the
same scatter of data for all landing trims, both for the time of
initial contact and the time of the maximum accelerations. The few
landings that were mede at an initial trim of 4° or less were
considered hazardous, inasmuch as they resulted in a greater
variation of ftrim and more severe impacts than landings at higher
trims. .

Ag a rule, the impact which cauged the maximum vertical
acceleration occurred during the landing run after several contacts
had been made with the water. (See fig. %) The results of the tests
also show that models 206 and 16k-J often attained a stalled
attitude after bouncing clear of the water at speeds below the
stall. - Frequently the most severe impacts followed large rebounds
from the water. (See fig. 9.) = These results generally agree with
the conditions experienced by the Coast Guard and described in
reference 1.

For 1and1ngs in waves shorter than 1 model length, a limited
range of landing trims was determined (4° to 8°) w1thin which
landings could be made with considerably less change in trim during
the first part of the run than for landings at trims above 8°. For
landings within this range of trim, the models contacted approximately
8ix wave crests with only a small chenge in trim and then proceeded
to follow the general pattern obtained for landings at trims ebove 8 .
Inesmuch as the maximum acceleration usually occurred at & point
in the landing run where this general trim pattern was being followed,
the effect of landing trim on maximum accelefatlon was negllgible for
waves shorter than 1 model length. : :

‘The vesults of tests of a—;g -size model of the Martin JRM-1

flying boat in waves having a length equal to 1 model length or

less are included in reference 4. Those results indicate that the
landings with a minlmnm variation 1n trim were obtained at an
approach trim of 5 The value of 5 lies within the range of
approach trim (4° to 8°) which was found in.the present tests to

give the least variation of trim in waves of comparable size during
landings. Values of the maximum impact loads obtained in the present
tests and those of reference 4 are not directly comparable because

of differences in the models and in testing techniques.
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Sinking speed.- The apparently random variation of vertical
acceleration with sinking speed, shown in figure 11, illustrates
the strong influence of other variables besides sinking speed in
determining the maximum vertical acceleration that will occur
upon contact with the water. The results show that a sinking
speed as low as 0.5 feet per second (1.2 feet per second, full size)
gave the game value of maximum vertical acceleration as a sinking
speed of 4.5 feet per second (10.6 feet per second, full size).

A detailed investigation of any one impact should, of course, teke
into account the trim, the flight-path angle of the seaplane, and
the wave profile, but in the present investigation of entire landing
runs it was not possible to control or measure all these variables
with sufficient accuracy to allow quantitative comparison with
theories of impact.

Statistical agpects.- The conditions for the first impact of a
landing run are umore under the control of the pilot then those of
subsequent impacts. The severity of the subsequent impacts is not
predictable except as a probability.

In tests of model 206 a large number of runs were made for one
landing condition to estimate the number of landinge that should
be made to insure that an impact near the maximum geverity would
be obtained. That nmumber cannot be precisely defined but a rough
value is obtainable from figure 12(f) where data are shown for as
many as 27 lasndings in waves 4.l inches high by 15 feet long. One
of the runs resulted in a peak of 6.8g and 6 runs resulted in
a peak of 5.5g. The lowest peak recorded in the 27 runs was
about 2.5g. For the present survey of the problem it appeared that
10 landing runs in one type of wave would give an adequate
distribution. TFor tests that included a systematic series of
different lengths and heights it appeared that 4 landing runs in
one perticular configuration of waves would provide sufficient data
to establish definite trends if the scatter between the valuss of
maximum acceleration obtained was not wide. For example, the
vertical accelerations plotted in figure 13 show unmistekable trends
that depend upon the total number of test points rather then upon
the more limited numbers for any one wave length.

Wave gize.- The data presented in figures 13 to 16 show that the
maximum sccelerations, both vertical and angular, increased with wave
height. The maximum trim increased only slightly with wave height.
Meximum vertical and angular acceleration, maximum trim, and maximum
change in trim and rise attained the greatest values at wave lengths
from 15 to 20 feet or wave lengths of the order of from one and one-
half to twice the over-all length of the wmodel.
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This effect of wave length is to be expected from consideration
of the influence of glide path and wave slope on an individual
impact. For a given trim and glide path, the impact is greater for
the greater wave slope provided the wave is sufficiently long to
permit the seaplane to land on the up-sloping face of one wave
without simultaneous disturbance from neighboring waves. Although
consideration of the irregular characteristics of the waves having
a length equal to 1 hull length or less precludes an exact comparison
of data obtained from tests in short waves with data from tests in
longer waves, 1t appears that the shorter waves afford the afterbody
a greater opportunity to contact the water and to limit the trim and
height of bounce. BSuch & limitation on the violence of bouncing is
instrumental in producing smaller masximum vertical accelerations.

Rate of acceleration.- The rate of deceleration after landing
affects the number and height of bounces and thereby influences the
probability that, during the landing run, the seaplane will receive
an impact which is more severe than the initial impact. This
influence is shown by compering figure 7 which is a record of a
lending with 0.1g deceleration and figure 8 which is a record of a
landing with a rapid deceleration of O.4g, such as might be obtained
with & braking device. The rapid loss of speed with the fast
deceleration prevented any appreciable bouncing. With this .
limitation on bouncing, no vertical acceleration occurred during
the landing run which was greater than the acceleration at initial
impact. The values of the vertical accelerations at initial impact
for landings at the fast deceleration were higher than the
accelerations at initial impact for landings at 0.1lg eand only
slightly lower than the maximum vertical accelerations for landings
~at 0.1g. The present data are not considered an accurate survey of
 the deceleration that is required or is practical, but they do show

that & deceleration of the order of 0.hg would represent a significant
advantage over lower decelerations. v

Length of afterbody.- The two models with moderate lengths of
afterbody, models 164-J and 206, had about the same landing charac-
teristics. The model with the extremeWy long afterbody, model 164-L,
however, had significantly lower maximm trims and vertical acceler-
ations than d4id models 164-J and 206. The effect of length of
afterbody on maximum vertical acceleration and maximum trim is
shown in figure 17. A comparison of figures 16(a) and 16(b)
indicates that the maximum angular accelerations obtained with the
long afterbody were less than those obtained with the moderate
afterbody. One evident reason for the desirable effects of the
long afterbody is the pitching restraint imposed by the increesed
moment arm of the planing ares near the sternpost. Observations of
the models showed clearly the influence of this restraint in limiting
the maximum trim and thereby the height of the bouncing that occurred
during the landing run.
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Suggestions for future work.- In future model tests in waves it
would be desirable to employ a reliable angular accelerometer, or
if a suitable instrument should not be available, synchronized records
of separate vertlcal accelerometers should be obtained. The
influence of loads imposed by angular sccelsrations on local loadings
-of the structure is sufficlently great to Justify a much more
thorough investigation of these accelerations than can be easily done
by graphical integrations.

Analysis of the data will be greatly facilitated by records of
the wave profiles obtained in a way to define the contour of the
water surface in the region where the landing occurs.

CONCLUSIONS

The following conclusions can be drawn from the results of tests
of three powered dynamic models landed with fixed elevators in oncoming
waves at a deceleration of about 0.lg. These conclusions should be
useful for guidance until further investigation of the statistical
aspects of the problem can be directed toward more quantitative
conclusions.

1. ILanding trim can be considered to have no appreciable
influence on the maximum vertical acceleration or variation of trim
during 1anding, except at trims below 4°. Landings at trims
below 4° led to umusually severe bounces. In waves shorter than 1 model
length, the variation of trim was comparatively small during the
firsthgart of the landing run after landings at trims in the range
from .

2. 1In lendings made under the test conditions, the maximum
vertical acceleration for a given wave condition will usually occur
during some impact subsequent to the initial impact.

3. The severity of a rough-water landing increases with wave
height and is a function of wave length. The most severe landings
for all wave heights tested occurred at wave lengths within the
range from 15 to 20 feet or from one and one-half to twice the over-
all length of the model.

L. Two models with afterbodies of a length typical of current
design frequently attained & stalled attitude after bouncing clear
of the water at speeds below the stall. The highest trims were
attained in waves having a length of from 15 to 20 feet. (about 180
to 240 feet, full size).
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5. An increase in the length of the afterbody of a model
from 3.1 beams to 5.34 beams reduced the magnitude of the wmaximum
vertical acceleration to a great extent and the maximum angular
acceleration to a lesser extent in all wave sizes used for the
tests. The trim of the model with the long afterbody was
consistently lower throughout the landing rum.

6. With an incresse in the landing deceleration to 0.lg, a
value vhich might be obtainable through the use of a 'water brake"
or reversed pitch propellers, the rapid loss of speed prevented
any appreciable bouncing and no vertical acceleration occurred
during the runout which was greater than the acceleration at
initial impact. The maximum vertical accelerations were of the
same magnitude for landings with decelerations of 0.lg and O.kg
but occurred at different periocds of the landing run.

Larigley Memorial Aeronautical Laboratory
National Advisory Cormittee for Aeromautics
Langley Field, Va. '
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TABLE 1

DIMENSTONS AND PARTICULARS OF MODEL 206

Hull:

Beam at chine at step, in. b7k
Maximum beam at chine, in. . 15.56
Length of forebody (bow to centro:d of step) . 55.75
Length of afterbody (centr01d of step to stern post), in. 47.55
Length over all, in. 125.2l
Plan form of step e L L
Point of step to centroid, in. . . . . « « . .+ . . .. . 4.o1
Depth of step at keel, in. . . . . ) 1.23
Depth of step at centroid, in. . . 1.33
Angle of dead rise of forebody (eyclvding chiae

flare), deg .o . 25
Angle of dead rise of afterbody at step (excluding

chine flare), deg - . - - c 25
Angle of forebody keel, deg . 0
Angle of afterbody keel, deg . 8.3

Wing:

Area, sq ft 21.70
Span, IM. .« . o v e e e e e e e e e e e e e e e e 175.70
Root chord, in. 26.62
Tip chord, 0. « & « « o v v e e e e e e e e e e e e 8.82
Root Section + + « v« v o 4 e e e e e+ . . . . o« . . 4420 NACA
Tip section . . . e e e e e e e e . kb2 NACA
Angle of incidence root chord deg e e e e e e by
Angle of incidence tip chord, deg . . . 1.2
Leading-edge root chord to keel, in. 17.18
Trailing-edge root chord to keel, in. 15.09
Mean aerodynamic chord M.A.C.

Length, in. . . 16.03

Leading edge to leadlng edge of w1ng, in. 2.60

Leading edge aft of bow, in. . - L6 .54

Leading edge forward of p01nt of step, in. 14.12

NATTONAL. ADVISCRY
COMMITTEE FOR AERCNAUTICS
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TABLE 2
PRINCIPAL DIMENSIONS OF“%E*FULL-SIZE MODEL OF
THE JRM-1 FLYING BOAT - NACA MODEL, 164J
Model Full size
Hull:
Beam, maximum, in. . « « .« + . o« . o . 13.50 162
Length of forebody, in. . . . . . . . 48.16 578
Length of afterbody, in. . . . . . . . 41.87 C 5025
Length of tail extension, in. . . 30.29 T363.5
Length, over-all, in. . . . . . . . 120.32 1Ly
- Depth of step at keel, in. . 0.62 7.5
Angle of forebody keel, deg . . 2.0 2.0
Angle of afterbody keel, deg . 5.0 5.0
Angle between keels, deg . . 7.0 7.0
Angle of dead rise at step, deg
Excluding chine flare 20.0 20.0
Including chine flare . . . . . 4.7 b7
Wing: :

- Area, sq ft . . . . . . . 25.58"° 3683
Span in. . . 200.0 2400
Root chord (sectlon NACA 23020) ft .. 2.33 28.0
Tip chord (section NACA 23012), ft . . . 0.78 9.3
Angle of wing setting to base lins, deg. 5.5 5.5
Mean aerodynamic chord, M.A.C., in. 20.12 2414
Leading-edge M.A.C.

Aft of bow, in. « . « 4 . . . 37.98 L55.7

Above base line, in. . . . . . , . 20.22 2h2.6

Horizontal taill surfaces:

Span, in. . . 61.67 740
Leading edge at root

Aft of bow, in. 102.2 1225

Above base line, in. e e . 25.0 300
Area, stabilizer, sq ft e e 3.0k 438.4
Area elevator, sq ft . . . . . . . . 2.77 384.6
Total area, sq ft . . . . c e e 5.71 823.00
Angle of stabilizer to base llne, deg 3.0 3.0
Dihedral, deg - + « + « 4 + 4 4 . . 8.0 8.0

NATIONAL. ADVISORY
COMMITTEE FOR AERONAUTICS



NACA RM No. L6L13

TABLE 2 -~ Concluded

17

PRINCIPAL DIMENSIONS OFTégﬁFULL~SIZE MODEL OF THE

JRM~) FLYING BOAT - NACA MODEL 164T ~ Concluded

Propellers:

NUmber « o » ¢ ¢« v o s 4 v e e e e

Blades . « + . e v 4 e e w0 4 e e

Diameter, in. . . « « « « ¢+ o v . .

Blade angle, deg . -

Idling, rpm

Full power, rpm . . .

Angle of thrust line to base llne deg .

Center line, inboard propellers, abov
base line, in. . . « « v o o . o L .

Loading conditions:
Normal gross load, 1b
Center of gravity
Forward step (32 percent M.A.C.).
Above base line, in. . . .
Pitching moment of inertia, slug*fte .

Model

h

16. 67

13
1000
LOoo

5.5
21.2

&.5
3.7k

aik.75

7.8

Full size

200

5.5
254.5

145,000

L5
162
1,500,000

8Center of gravity was raised 1.25 inches so that model

could be balanced.

NATTONAI. ADVISORY
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NACA RM No. L6L13 Fig. 1
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Fig. 2

‘ NACA RM No. L6L13
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 2.- Model 164L, 1/12-size model of JRM-1.
{All dimensions in inches.)



NACA RM No. L6L13 ~ Fig.
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Figure 3.- Model 164L. 1/12-size model of JRM-1 with COMMITTEE FOR AERONAUTICS
long afterbody. (All dimensions in inches)



NACA RM No. L6L13 Fig. 4

{a) Model and test apparatus. 1 - rise indicator;
2 -~ fore-and~aft indicator; 3 - trim indicator;
Y4 - vertical acceleromnster; 5 - wave-crest
indicator; 6 - towing gear

(b} Model landing in waves
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NACA RM No, L6L13 Fig. 5

Wave helight, in.
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(a). Wave length, 3.5 ft; designated wave height, 2.0 In.
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(c). Wave length, 24.0 ft; designated wave height, 4.75 in.
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Figure 6.- Approximate operating limits of wave machine at 7-foot
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Figure 7. - Model 206,  Photograph of a typical record made while landing in rough water. Gross load, 78,1 pounds (105,000 pounds,
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Vertical acceleration at
first impact, also

maximum vertical accel-
eration, 3.4 g.
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Run

Model 164J, JRM-1

no.
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1] W B
I Greatest change in rise,
ise \% Ar, 2.4 in.,
"'§ .
| \ |
ér L
L ‘ a )
. r
Sinking speed at impact, - 2.83 ft/sec
< dt
l Wave-crest
— Trough — indic —
\ / \ / \ / \ / \ Crest [~ indicator
Reference line
.t LJ . -y i W r =, - g
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¢ 10 fu
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~_ - \ ]
\ \
Z \_/————~—/' ]
i t' i s ry
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Figure §.~ Model 164J, Tracing of a typical record taken while landing in rough water at a hiﬁh rate of deceleration, GrOsi_load,

93,9 pounds (165
approximate dece

1

eration,

000 pounds_ITull-size); wave,
13 feet per second per second.

4.4 inches hign and iL feet long. (4.4 feet hig
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NACA RM No. L6L13 Fig. 9
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

"9TH WAVE GREST
T,7F;, a,70 g

7TH WAVE CREST

T,075: 0,02 ¢ ‘
Figure 9 .-Model 206. Time histories’ of acceleration,trim,rise, and speed during a landing run.
(Numbers above illustrations of models refer to points noted on graph of trim.)



Fig. 10 < NACA RM No. L6L13
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(b) Maximum acceleration that occurred during landing run

Figure 10.- Model 206. Variation of vertical acceleration witn landing
trim during landings in waves 4.4 inches nigh (4.0 teet, tull-size).



NACA RM No, 1L.6L13 . Fig. 11
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(b) Maximum acceleration that occurred during landing run
Figure 11.- Model 164J. Variation of vertical acceleration with sinking

speed during landings in waves 6.6-incnes high {6.6-ft full-slze).
(The sinking speed 1is that preceding contact with the water.)
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Acceleration at initial impact

Figure 12~ Number of landings_in which the indicated initial and maximum vertical

accelerations were encountered.
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(b) Model 164L. Maximum acceleration that occurred during landing run.

Figure 12,- Continued,
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(c)Model 164J.  Acceleration at initial impact
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(d) Model 164J. Maximum acceleration that occurred during landing run
Figure 12 .- Continued.
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(f) Model 206, Maximum acceleration that occurred during landing run
Figure 12.- Concluded.
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Fig. 13 . NACA RM No., L6L13
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Figure 13~ Model 206. Variation of maximum trim, vertical acceleration, and
change in trim and rise with wave length.



NACA RM No. L6L13 Fig. 14a
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Fig. 14b
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NACA RM No. L6L13 Fig. 16a
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Fig. 17 : NACA RM No. L6L13
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Filgure 17.- Models 1645 and 1641, Effect of length of afterbody on
maximum vertical accelerstion and maximun trim. Wave height 6.5
inches (5.6 Teet full-size).





