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By Robtert F. Havens
SUMMARY

Tests of & powered dynamic model of the Columbie XJL-1
amphibian were made in ILangley tank no. 1 to determine the
hydrodynamic stability and spray characteristics of the basic hull
aend to investligate the effects of modifications on these character-
istics. Modifications to the forebody chine flers, the astep, and
the afterbody, and an increase in the angle of incidence of the
wing were included in the tegt program.

The seaworthiness and spray characteristics were studied from
simlated taxl runs in smooth and rough water. The trim limits
of stability, the range of gtable positions of the center of
gravity for take-off, and the landing stabllity were determined in
smooth water. The asrodynamic 1ift, pitching moment, and thrust
were determined at speeds up to take-off apeed.

INTROTUCTION

Tests of a 1/5.5-scele powsred dynsmic model of the Columbie XJL-1

amphibian were made in lLangley tank no. 1 to determine the hydro-~
dynamic stabllity and spray cheracteriastics of the besic hull, and
to investigate modifications that might improve its perfozma.nce
on the water.

The investigation included tests of the final design submitted
by Columble Alrcreft Corporation and tests of the model with modified
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chine flare on the forebody, with steps of different depth and
plan form, with several types of afterbodies, and with the angle
of incidence of the wing increased. The seaworthiness and spray
characteristics of the model in rough water were cbserved during
simileted taxi-runs at speeds below hump speed. Tests were made
in smooth water to determine the spray characteristics, the trim
limits of stability, the range of stable positlons of the center
of gravity for take-off, end the }anding stebility, The aero-
synenlic 1ift, pltching mnment, and thrust were determined at
apeeds up to take-off speed.

These tests were requested by the Bureau of Aeronautics, Navy
Department, in n letter to the Committee dated June 9, 194k,
Aer-E-23-FAL, C 1shid,

£ part of the tests wem oObserved by Measrs. G. D, Evans and
M. Lauridsen of Columbia Alrcraft Corporation. The tests were
made from December 194k, through Mey 1945.

IESCRIPTION OF MOIEL

The basic model, furnished by the Columbila Aircraft Corporation,
wag designated La.ngley tank model 208, The genersl arrangement
of the baslc model and the body plan of the hull are shown in
figures 1 and 2, respectively. 4 photograph of the model is given
in figure 3. The principal dimensions of the basic model and of
the full-size airplane are presented in table 1. The angles of
the forebody. and afterbody keels, the angles of incldence of the
wing and the stgbllizer are measured relative to the base line
which 1s parallel to the thrust linse. Trim was measured between the
straight portion of the forebody keel and the free-water surface.

In order to facilitate changes ln the form of hull amnd in the
position and depth of step, the hull was construcied in four
sectlons a8 shown in figure 2. Five principal forchodies and
nine principal afterbodies were tested. All forebodies had o kesl
angle of ~5°, The plating which projects Prom the forebody chines
of the full-size airplane was simlated from the bow to the step
on forebodles I and ITI. On forebodies III, IV, and V, it extended
from the .bow to station 210, For convenience, this simulated
Plating is neglected in most of the sketches of the configurations
other than the basic model. The principal forebodies are described
a8 follows:

--Forebody I: The baslc forebody hed a dead rise at the
step of 200 excluding chine flare, and 13.5° including chine
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flare. The chine flare had a constant down angle of 20°
fron the bow to the step (fig. 2).

Forebody II: This forebody was identilcal-~to forebody .I
from the bow to station 160. From station 160 to ‘the step,
the angle of chine flare and the line of tangemcy of the
flare with the planing bottom wns varied as shown in figure 4.
The dea.d rise at the step was 20° excluding chine flare, and
17. 5 including chine flare.

Forebody ITI: This forecbody wae identical with forebody I
from the bow to_station 210. F.om station 210 to the step,
the angle of flare had a constant angle of 0° with the same
line of tangency as forebody I. This change In flsre produced
a discontimuity in the chine at station 210 (fig. 5)}. The
dead rise at the step was 20° excluding chine flare, and 17.25°
including chine flare.

Forebody IV: This forebody wes the seme as forebody III,
except that the bottom had no chine flare from siation 210
to the step (fig. 5).

Forebody V: This forebody was the same as forebody I
forwerd of station 185. From station 185 to station 210,
the flare gradually decreased from down 20° to down 6°,

From vtatlon 210 to the sgtep,s constant down-flere of 6°
wag maintalned ag shown in figure 6. The d.eu.d. rise at the -
step was 20° excluding chine flare and 16.5°, including
chine flare,

Afterbody I: The basic afterbody (fig. 2) had a warped
bottom with a maximum engle of dead rise of 29.5° at approximately
gtation 315. The varletion of the angle of dead rise with
station location for afterbody I and five other afterbodies
is plotted in figure 7. The keel angls of afterbody I wus
12.5° and the sternpost was at station hh2.

Afterbody IX: This afterbody was tho same as &fter'body I,
except that the keel angle was 13.5°. To form afterbody 11,
afterbody I was rotated about a horizontal axis through the
:g(mint og the step and the Bternposat was raised 0.5T7 inches

fig. 5

Afterbody ITI: Forward of station 300 the dead rise of
afterbody IIT was maintained at a constant angle of 29°
(figs. 5 and 7). The keel a.ngle, the position of the sternpost,
and the shape of the hull aft of station 300 were the same
as those of afterbody IT.
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Afterbody IV: - Forward of station 315 the angle of dead
rise of afterbody IV was mainteined at a constent angle of
29.5° (figs. 7 and 8). The keel angle, the position of the
gternpost, and the shape aft of station 315 were the same
.a8 those of afterbody I.

Afterbody V: This afterbody was the seame as afterbody IV,
except that the keel angle was 11.5°. To form afterbody V,
afterbody IV was rotated about a horizontal axis through the
intersection of the keel and the stermpost.

Afterbody VI: This afterbody had a keel angle of 10, 5
and a constant dead rise of 25°, The keel at the sternpost
?as 0.9 inches lower for afterhody VI than for afterbody I

Pig. 4).

Afterbody VII: TFrom station 300 forward to station 233
(step at chine), the bottom of afterbody VII was _warped by
decreasing the dead rise linearly from 29° to 18° (fig. 7).
All other dimensions were the seme as those of afterbody I.

oéftefbody VIII: This afterbody had a keel angle of
11.3° end a constant dead rise of 20°., The position of the
sternpost was the same as that of afterbody I (fig. 6).

Afterbody IX: This afterbody was the same as afterbody
VIII except that the length was increased 5 inchea by adding
a gection aft of the orlglnal sternpost. The chlnes of the
added mectlon were straight lines tangent to the chines of
afterbody VIII (fig. 10).

The model mumbers and descriptions of modifications using
these principal forebody and afterbody forms are given in table II.
Sketches of the various modifications are given in figures 1
through 18, as indicated in teble II. The angle of incidence of
the wing was 4° (relative to the thrust line) for models 208M,
208N, and 208P., For all other models including the basic model
the angle of wing incidence wes 0°. The stebillizer wus set at an
angle of -2° (relative to the thrust line). Early in the tests,
the area of the stebllizer was increased 27.5 percent by adding
panels to the tips of the originsl tail, as shown in figure 1.
The added surface had the seme airfoil section as the original
tail. Slate were attached to the leading sdge of the wing to
delay the ataell and increase the maximum 1ift cosfficient.

. The power plant consisted. of two - 2 -horsepower alternating
current induction motors mounted in tandem with the shafts Joined
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by a flexible coupling. This power plant turned a thiee-blade
propeller having a dismeter of 1.94 feet and a blade angle of
14° ot 0.75 radius.

The pitching moment of inertia. of the ballasted model was
determined by swinging the model as a compound pend:ulum. The
rasu_lte are as follows: . .

[}

Center of. gravity L 'Hoﬁen% of 'inertia

(percent M.A.C.) . (slug-ft )
o .
w T e

APPARATUS AND PROCEIURE. - .

Apparatus " '

The towing carrisge and tenk are described in reference 1.
The test apparatus was essentially the same as that described in /
reference 2, ezcent that the model-was towed under the main carriage.
For the tests in rough water, fore-and-aft fresdom relative to
the towing carriage was obtplned by the. use of the apparatus
described in reference 3.

‘Aerodynamic Tests < . - -

The effective thrust of the model was datermined with fla.ps
at 0° and the thrust ling parallel o, and .21 inches gbove. the
surface of the water,  During the tests to.determine thrust, the
lowest point of the forebody keeal.wae approzimately 1 inch a'bove
the water. For the tests to determine 1lift and pitching moment, . -
the model was raised so that the stermpest Just .cleared the water .
at & trim of 16°, The serodynomic 1ift and pitching moment were
determined for the following conditions: .

Angle of wing | Stabilizer ares .;Fla.ps " {Propellsr Center.of moment
incidence (percent basic) {dsg) (xpm) (percent M.A.C.)
(d—eg) . . ' . . e
0 00 o, 30 60 0 " o
0 00 i 30 | 5500 - -2k
o] 127.5 R 60| 2750 ' 36
0 127.5 ‘ © 30 | 5500 36..
y 127.5 "J - 30| 5500 Méments not
- neasured
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Brief tests were made with the model free to trim in the air
to investigete the aerodynemic¢ longitudinal stability.

Spray Characteristics

Observation of the spray characteristics of several of the
modifications in smooth water were supplemented by still photographs
and motion pictures. For the tests in rough water, model
was accelerated slowly through waves, to simulate taxiing at speeds
below hump speed. The propeller thrust spproximated that required
for self-propulsion. Tests were made in waves (length-to-helght
ratlio of 20) of thres sizes:

Height, model size Helght, full size
(in.) (£+)
13 6
1
65 3
% 1

Hydrodynamic Stabllity Tests

The trim limits of stabllity were determined for the grester
part of the tests with a flap deflection of 30°, take-off power
(550()) rpm), end a gross load of T7.4 pounds (13,000 pounds full
glze).

The veriatlon of trim with speed with determined by towlng
_the model with fixed-elevator settings at an acceleration of
epproximately 1 foot per second per second to take-off. Data
were obtained with elevator deflections from 0° to -30° and with
the center of gravity at positions from 22 to 4l percent of the
mean aerodynamic chord. The effects of load, power, and flap
getting were also investigated. From thess data, the maximum
amplitude of porpoising, the hump trim, and teke-off character-
iatics of the model werse cbtalned.

Landings were made by trimming the model in the air to the
deslired landing trim and decelerating the towing carriage at sbout
2 feet per second per second. ZLandings of all modifications
having a wing incldence of 0° were made with the flaps deflected
60° and the propeller turning at 2750 rpm. Landings of model 208M,
208N, and 208P, with.a wing incidence of 4°, were made with the
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flaps deflected 45° and & propeller speed of 2750 rpm. The effect
of position of the center of gravity and gross load was determined
for the basic model only.

RESULTS AND DISCUSSION
Aerodynamic Tests

The variation of effective thrust end alr drag with speed is
Dplotted in figure 19. The results show that the thrust of model 208,
with a propeller speed of 5500 rpm, was in close agreement with
the required scale thrust (Columbia Aircraft Corporation, Report E-20)
at speeds from 16 to 60 feet per second. The power abaorbsd by the
propeller when turning at 5500 rpm was designated as take-off power.

The veriation of aserodynamic 1lift and pitching moment with
gpeed for the basic model is ghown in figure 20. The aerodynamic
1ift and pitching-moment coefficients of the model with the basic
end the increased tail area are glven in figures 21 through 23.

The asrodynamic 1lift coefficients with the increased angle of wing
incidence is plotted in figure 2k. The coefficients ars of the
standard NACA form, based however, on carriage speed which ls about
95 percent of true air speed, Results of the force- tests and the
tests mede free to trim in the air ghowed that:

1. Less 1ift was developed with flaps set at 60° than at 30°.

2. .The effect of applying take-off ,power was to increase tge
' 1lift coefficient 'by ebout 20 percent at .a trim of 10
and a speed.of 50.feet per second. .

3. The ‘ba.sic model was longitudinally wunstable at speeds

. near 50 feet per second, with the center of gravity ab
36 percent mesn aerodynamic chord, flape set at 60°,
and the propeller bvurning at 2750 rpm. Under the same
conditions, the model with the increased. sta'bilizer
area was stable. At trims sbove 12° and below 4° , however,
small changes 1n elevator deflection caused e.ppreciable
changes In attitude and resulted in a tendency to over
control the model.

4. The increase in wing incidence fram 0° to 4° (model 2084)
increased the 1ift at all trime investigated.
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Spray Characteristics

Photographs showing the ampray charecteristics of the basic
model at & gross load.of T7.4 pounds (13,000 1b, full size) with
toke-off power and the center of gravity at 26-percent meen
serodynamic chord are glven in figures 25 snd 26. No sprey broke
over the bow at low gpeeds, and only light spray entered the propeller
at speeds neer 8 feet per second.(1ll knots full size). Spray wet
the flaps moderately within the range of speeds from 13.5 to 22.5 feet
per second (19 to 31.5 ¥not, full size). Before striking the flaps,
the water which emsrged from the bottom of the forebody was broken up
into large drops by the combined action of. the chine flare and the
slipstreem. With the elevators deflected -30°, some spray hit '
the tips of the horizontal tell at speeds from 17 to 25 feet per
gecond and the outboard ends of the flaps at speeds from 28 to 34 feet
per second. N : .

Motion pictures and obgervetions of the taxiing tests of
model 208M in rough.water showed thet the bow did not submerge in
sny of the waves. Some water from the 6.5-inch waves broke over
the bow at speefis near 5 feet per sscond. When the model contacted
the crests of the 6z-inch and 13-inch waves at speeds near 8 feet
per second, a moderate amount of water was forced from undsr the chines
into the propeller. The chine flare was effective in dispsrsing the
water to each side of the hull when contact was made wlth wavé cresta
at-agpeeds hlgher then 10 feet per second. .

. - The spray characteristics of most of the modifications were not
appreciably different from those of the basic model. Modifications
heving hump trims higher than the hump trim of the besic model
generally had Inferior spray charscterlatice. Incressing the angle
of incidence of the wing (model 208M) lowered the trailing
edge 0.93 inch (5.1 inches, full size) and increased slightly the
amount of spray which wet the flaps. The flapa of model 208N were
wet within a range of speeds from 13.5 to 18.5 feet per second. This
range was less extensive then the range for the basic model, inasmuch
&8 the method of reducing the chine flare at the step produced a
lower sprey dlister at speeds higher than 18.5 feet per second. This
effect was also noted during teats of models 208-5 and 20%A-1. The
gpray .on the flaps of both model 2088 (with the chine flere faded out
Just shead of the step) and model 208-7 (without chine flare st the
step) was heavier them that of the basic model.
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Hydrodynamic Stabllity Tests

Representative date, obtained furing investigation of the
teke-cff stabllity, are given in figures 27 ‘through 46, The model
number, gross load, flap deflection, amount of power, and position
of the center of gravity are indicated on the figures. Tests of
the model with and without the increased stabillizer area showed
no effects on the hydrodynamic characteristics. No distinciion
is made, therefore betwoen modifications with different sizes
of +the sta'bilizer.

Trim limits of stsbility.- The trim limitas of the basic model
are shown in figures 27 and 28. In addition to the lower snd upper
trim 1limits of stablllity there was a reglon of instablility extending
from the upper limit st intermedlate planing epeeds to the lower
limit at higher planing apeseds. Parposising in this intermediate
region was erratic (scmetimes requiring a disturbance for activation)
and was charecterized by rapld chsnges In trim with 1ittle change
in rise. The amplitude of intermediete porpoiring generelly
Increased as the intermediate reglon approached the upper limit.

The upper limite were difficult to define at the juncture with

the intermediate region of porpoising. The model frequently
commenced uppsr limit porpolsing at this Juncture when the amplitude
of intermediate porpoising wes sufficilent to trim the model sbove the
upper limit., The position of the lower limlt was indefinite

at speeds above 32.5 feet per second. It the model was digburbed,
lowsr 1limit porpolsing occurrsd 1° to0 1.5° above the lower limit
obtalned without. disturbance. During lower limit porpoising at low
trims, the forebody chines were wet as far forward ag the plane of
the propeller. The flow of water from under the forebody appeared to
be disturbed irregularly by the chine flare.

Porpolsing In the intermediate region of instabllity occurred
in varying degrees for all configurations tested, except models
208D, 208F, end 208K. This type of porpoising occurred. while the
afi:erbody wapg wet heavily by Jets of water which emerged from the
gtep as shown in figure 29. . )

The wetting of the afterbody was accentusted by the slipstreanm,
increases in the load on the water, and decreases In the clearance
of the afterbody. from the weke of the forebody. The sffects of
load and the application of -power can be seen by comparing the
curves given in figures 27 and 28. In general, the extent of the
Intermediate region was Increased by increasing the load on the
vater and by applylng power. The effect of increasing the wing
incidence was similsr to the effect of a decrease in gross load,
ag shown in figure 30. The extent of the reglon of intermediate
porpoising was reduced by progressively changing the plan form
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of the step from 45° - vee to 30° - vee, 20° - vee, and transverse,
while the depth of astep at the keel was held constant (models 208,
2084, 200B, and 208C; figs. 27 and 31). Ti should be nobed

that the greatest rsduction was cobtained with the transverse step,
model 208C, Inasmuch as the afterbody of model 208C was raised
0.54 inch above the position of the afterbodies of models 208,
2084, 208B to permit installation of the transverse step, the
effecte of both plan form and afterbody clearance were included

In results of tests of model 208C. Results of tests of other
configurations that had an afterbody clearance (above the wake
from the forebody) greater than that of the basic model showed
that efterbody clearance was the most significant hull parameter
affecting the region of intermediate porpoising. The effect of
different emounts of afterbody clesrence on the trim limits and the
intermediate type of porpoising is shown by a comparison of

figures 27, 32, and 33 (models 208, 208G, and 208F) and by figure 34
(models 208H and 208H - 13).

The resultd of tests of model £08-8 showed that with tne angle
of dead rise of the bagic afterbody increased behind the step,
the region of intermediate porpolsing was diminished elightly.
Decreasing the dead rise behind the step to form a shallow ves step
(model 208L)  lowered the upper limit, decreasing trim, nearly to
the lower limit, but did not affect the cther limits or the
intermediate region of instebility.

. The addition. of chine flare to the afterbody increased the
amplitude of the Intermediate type of porpoising as shown by a
camparison of figure 27 (model 208) and figure 35 (model 208-2).

An increase of 5 inches (27.5 inches, full size) in the length
of the afterbody of model 208N lowered the upper trim limit but
had no significant effect on the intermedinte reglon of instebility.

Take-off steblllity.- The variatibn_of trim of the baslc model
with speed is shown in figures 36 and 37 for gross loads of 60.5 powmnds
(10, 164 pounds, full size) and T7.4 pounds {13,000 pounds, full sizs).
From figure 36 it can be seen that with teke-off power, the model
trimmed down efter the trus hump (at a spesd of sbout 15 fpz) and
then suddenly trimmed up to & second hump. At the light load, the
second hump was generally higher then the true bump., Motion
pletures of the basic model and of the model with the wing removed
(model 208F-3) show thet -the rapid increasse in trim to the second
hump was accompanied by the elsvation of the forebody chines
ebove the surface of the water and a sudden welting of the chines
and bottom of the afterbody. Without power, the model showed only
a slight tendency to trim to a second hump. Comparison of figure 36
with figure 37 shows that the effectiveness of the elevators in
trimming the model was greater with powsr than without power.




R

k3

FACA RM No. L6T20 T N 11

The relation between the free-to-trim curves and the trim
limits of stebility is shown in figure 38. The model porpoised
when the free-to-trim curvss entesred elither the intermediate
region of instability or the reglons ocutside the trim limitse of
stablillty.

The maximm emplitude of porpolsing that occurred during take-
off of the basic model 15 plotted in figure 39. The effect of
gross load on the maximm emplitude of lower-limlt porpolsing is
ghown to be small, Figure 39 shows that take-offs with an amplitude
of lower-limit porpoising of leass than 2° (which are assumed
gtable) were possible when the center of gravity was s.t 2k-percent
mean aerodynemic chord and the elevator was set at -10°. The
amplitude of porpoising in the intermediste reglon of insta.'bility
was increased when the gross load was increased from 60.5 pounds
to 77.4 pounds, At a gross load of TT7.4 pounds, the model porpolsed
20 in the intermodiaste region of instebility with the center of
gravity at 26-percent mean aercdynemic chord and the elevator set
at -10°, True uppér-limit porpcising was first encountered with
full up-elevators (-300) and the center of gravity. at 32-percemt
mean asrodynamic chord. The mamufacturer expected that positions
of the center of gravity reguired for operation of the full-size
airplane would be from 23.5- to35-percent mean serodynamic chord.

The abrupt change in trim after the true hump was eliminated
vhen the chine flare forward of the step was decreased according
to the lines of model 208G, The effect of decreasing the chine
flare is shown in figure 40 (models 208G and 208G-12). It can be
geen that the trim at either of the two. humps was unaffected by
the chine flare, but that the trim between the hum_ps wag raised
when the chine flare was reduced.

A constant chine flare of down 6° (model 208N) did not eliminate
the change 1in trim after the bump, but .did produce an appreciable
decreage in the emplitude and raplidity of the trim change camparsd
with that of the basic model.

The effect of changing the plan form and the effective
posltion and depth of the step on the maximm amplitude of porpolsing
is shown in figure kl (models 208, 208a, 208B, and 208C). The .
shift in the range of stgble positions for the center of gravity
was nearly the same as the change in position of the centrofd of
the step. Due to the amall smount of intermediate porpoising
obtained with the transverse step (model 208C), stable take-offs
could be made with an elevator setting of -10° with the center of '
gravity as far aft as 35-vercent measn aerodynsmic chord: The réngs’
of stable positions for the center of gravity was greater than t.ha.t
of the basic modsl. Similarly, with a deep transverse step =
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(model 208F) stable take-offs could be mede with the center of
gravity in a greater range of positions than for. the basic model.

Although the results of tests without an afterbody (model 208D,
fig. 42) showed conclusively thet increased afterbody clearance
was desireble for the elimination of intermediate porpoising, models
having afterbodies with a clearance greater then that of the ba8ic
model (such as models 208C, 2088, 208F, 208§-13, and 208K) gave
extremsely high hump trims and spray characteristics inferior to
those of the basic model. Several modifications which incorporated
means of changing the flow of water and alr over the afterbody
without changlng the position of the forebody or sefterboly were
not satisfactory ag a substitute for raising the afterbody. The
addition of hydrodynamic spollers at the aft end of the afterbody
{(model 208-9) increased the amplitude of intermediate porpoising.
The same spoilers benind the step (model 208-10) had no effect on
the variation of trim during take-off. Longitudinal steps on the
Torebody (model 208G-11) raised the hmp trim and increased the
hump speed but had no appreclsble effect on the intermediate
porpoising. Longitudinal strips on the afterbcdy (model 208H-1k)
had no effect on the hydrodynemic stebllity. The addition of
& hook on the forebody of mcdel 208H at the step (model 208H-15)
lowered the trim tracks at speeds beyond the hump and elinminated
the intermediate porpoising et trims from 8° to 9° , a8 shown in
figure 43. TUse of a hook of this type would require that the step
be moved forward to avoid porpoiding at forward positlions of the
center of gra¥iby.

Results of tests with an angle of afterbody keel of 11.5o
(models 208I and 2087) are glven in figure Lk. The resulte
ghow that some Intermediste porpolsing was encountered at trims
above g;. Similar results were obtained from tests of models 208N
and 20dP.

A comparison of the results of the teke-off tests of the model
with an increased angle of wing incidence (model 2084) with the
results cobtained from the basic model showed that increasing the
wing incidence by 4° decreased the extent of the reglon of inter-
mediate porpoising,lowered the get-away speed, and had no appreciable
effect on the change in trim to a second hump. The results of
typical take-offs of model 208M are given in figure 45. The meximum
amplitude of porpolsing obtained during take-offs of model 208M
with flap deflection of 0°, 309, and 45° 1is shown in Figure L6.
Comparison of figure 46 (model 208M) wita figure 39 (model 208)
showa that increasing the angle of incldence shifted aft the range
of stable pogitions for the center of gravlty. Incrsasing the
angle of flap setting from 0° %o 45 decreaged slightly the extent
of the region of intermediate porpoising and shifted aft the range
of stable positions of the center of gravity.
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Landing stebillity.- Results of landing tests of the baslc
model ehowed that, at & gross load of 60.5 pounds (10, 16k pounds,
full size) and with the center of gravity at 2k-percent mean
eerodynamic chord, steble landings could be made at trims fram
4° to 12°, At 8 gross load of T7.4 pounds (13,000 pounds, full
size), lundings made with the center of gravity at 24-and 32-percent
mean serodynamlc chord were stable at trims fram 4° to 7°. At
trims frem 7° to 10°, the model heaved slightly. Above 10°,
the number of skips increased with trim until as many as 5 skips
were obgserved at a trinm of 14°., Control of the basic model in the
alr was extremely difficult with the center of gravity at the aft
positions; a satisfactory landing technlgue could nct be cbtained
unttil the area of the stabilizer wms increased.

] In general, the landing charascteristics of thes modificatlons
which had vee gteps of greater depth than the step of the basic
model were superior to the landing characterlstics of the baslic
model. Model 208N, with an afterbody having a constaent dead-rise
engle of 20°, skipped lightly throughout the range of trims inves-
tigated from 2.5° to 15°. Models 208E, 208G, 208H, 208I, 2087,
and 208K landed stably at all trims investigated fram 40, to 13°
with the center of gravity at 28-percent mean asrodynemic chord.

The landings made with model 208C wers generally similar to
the landings obtained with the basic model. Model 208F landed
stably at trims from 4° to 15° with the center of gravity at
2h-percent mean serodynsmic chord, tut skipped once et all trims
inveatigated from 4° to l3° wilth the center of gravity at 36-percent
mean serodynamic chord.

Model 208L, with the dead rise of the afterbody decreased
Just behind the step to give a very shallow step, skipped violently
at trims sbove 7° but landed stably at trims of 5° and 6°. Model
Model 208-15, with the hook on the step, landed stably at trims
of k~, 7.5% end 12.5°, but trimmed down rapidly immediately
after contact. A comparison of the results of landing tests of
models 208N and 208P showed that lengthening the afterbody ilncreased
the number of ekips efter landing at trims above 6°, but had no
effect at trims below 6°,

Model 208M, with the angle of incldence of the wing increased,
had about the same landing cheracteristice as the basic model.
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CONCLUSIONS

The investigation of the hydrodynamic stebllity and spray
characteristics of the basic model showed that:

1. The spray characteristice were satisfactory in both
smooth and rough water at a gross load of 77.4t pounds (13,000 pounds,
full size). The bow showed no tendency to submerge while taxiing
in rough water. : :

2. In eddition to the upper and lower trim limits of stablllty,
there was a region of intermsdiate porpoising which extended from
the upper limit at intermediate planing speeda to the lower 1imit
at high planing speeds., The extent of this Intermediate region of
instabllity was decreased by decreasing the gross load and decreasing
the amount of power. The lower trim limit of stabllity was difficult
to define at high plening speeds due to the dlsturbance in flow
caused by the forsbody chine flare.

3. The variation of trim with speed was characterized by the
formation of a second hump after the itrue hump, and by porpoising
which occurred when the trim crossed the intermediate region of
instability., At a gross load of T77.k pounds, some porpolsing
occurred for all elevator settings from 0° to ~30° and center of-
gravity positions from 22- to 32-percent of the mean aserodynamic
chord. At gross loads of elther 60.5 pounds or T7.4 pounds
(10,164 pounds or 13,000 pounds, full size), teke-offs could be
made with sn amplitude of lower-limit porpolsing of less than 2°,
with the center of gravity at 24-percent mean aercdynamic chord
and the elevator at -10°, Upper limlt porpoising was not encountered
with an elevator setting less than -30° and the center of gravity
forward of 32-percent mean assrodynamic chord.

k. A% a gross load of 77.4 pounds, the model landed stably
at trims from 1O to 7°, heaved during landing at trims from 7°
to 10° and skipped during landing at trims sbove 10°., At a gross
logd of 60.5 pounds, the model landed stably at trims from 4O to -
12+, -

Results of tests of several modifications showed that:
1. The amount of spray wetting the flaps was decreased by
reducing the chine flare Just ahead of the step from down 20° to

down 6°, With the elimination of all chine flare, however, the
gpray on the flaps was much heavier than with a flare of down 20°.

e
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2. Configurstions which hed higher hump trims also hed less
satisfactory spray characteristics than the baslc model.

3. The change in trim to a second hump was eliminated by
fading out the chine flare Just forward of the step.

k. The extent of the intermediate reglon of instability
was decresased by changing the plan form of the step from 45° - vee
to trensverse while malntaining a constant depth of etep at the
keel and by lincroasing the clearance of the afterbody sbove the
wake from the forebody.

5. Configurations with less extensive reglons of intermedlate
porpoising than the basic model alsc had wider ranges of stapnle
positions of the center of gravity for take-off.

6. An increase in the angle of wing incldence decreased
slightly the extent of the region of intermediate instability and
shifted aft the renge of stable positions of the center of gravity.

T. The lending characteriastlce of modifications having
vee-ateps of greater depth than the step of the basic model were
superior to the landing characteristics of the basic model.

8. The additions of chine flare and transverse spoiler steps
on the afterbody aggravated the porpolsing in the lntermediate
region.

9. Longltudinal steps on the forebody, longltudinal sitrips
on the afterbody, a hook on the step, asrodynamic spollers aon the
gldes of the afterbody, and en increase in the length of the
af’terbody were ineffective means of improving the hydrodynamic
stability.
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TABLE I

AND FULL-SIZE COLUMBIA XJL-1 ATRPLANE

Hull: Model
Beam, including plating projecting from
CAiNOB, IMe o « o « = = o » s v « o o » « 1384
Lenguths parallel to siraight portion of
forebody keel, in,
Forebody, bow to controid of step . . . 41,69
Afterbody, centroid of step to :
Btempost.............36.27
Tail extension, sternpost to
trailing edge of rudder .« « « « o o 18.18
Over all, bow to tralling edge of
YUAAOT « o0 » o o o « o s o a v o o o 96,14
Depth of step (plan form 45° vee) in.

-A-‘t keel 8 8 & & 4 & B & & @ © & 8 ¥ & l ulh'
Atl Gentr oid. - [ . ] [ ] L) L . . L - - . L ] 0 593
At Chine ] . - L ] - - L L [ ] - L] ] . L - l - h'll'

Angle of forebody keel relative to base
li‘lle,ﬁ.eg......--.-.-.-..~5.0
- Angle of afterbody keel relstive to base

line,deg.....-....-..g-.la-s
Angle between keelg, G892 <« « s« o « « o o & =
- Angle of dead rise of forebody at step, deg
Excluding chine £1lare « « « o« s & o « s
Including chine flare « « « « « & s » «

Angle of dead rise of afterbody, deg
Step at station 233 e s s s s e n

Maximum, at station 315 « + « « « «

At stornpost .+ 4 « ¢ 4 a4 4 8 s e
Center line of pivot holes below thruat line,

in. e & & & @& > e 4 6 & & € @& P & @ & s @ L] 7

Wing:
.Area.,sq_ft -.-.-o-.-c.o-uo.l3-65
Sp’an’ ft . - . - L) a L] L] - - L] L] * L . L [ 3 L ] 9‘1
Root chord (section NACA 4418)in. . . « . . « 20.0
Tip chord {section NACA 412} in, .« ¢ & & « « 12.0
Angis of wing setiing, deg
N Reference to base 1ine ¢ . ¢« o ¢ « = @ ]
- Reference to forebody keel . « v « o« « 5.0
Mean aerodynamic chord, M.A.C., in, « o « 18.39
Leading edge M,A.C. parallel to base line .o
- Aft Of -bOW’ i-nl L] L] . L] L] L 3 L] * L ] L] L 3 32.0
Below thrust 1line, in. .+ ¢ « s & o & ¢« 327

COMPARISON OF PRINCIPAL DIMENSIONS OF 1/5.5-SCALE DYNAMIC MODEL

Full size

T76.0

k3.0
50 .0
110.0
66.0

0

5.0
10L.17

176.0
18.0

NATTONAL AINISORY COMMITTEE FOR AERONAUTICS
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TABLE I -~ Concluded

COMPARISON OF PRINCIPAL DIMENSIONS OF 1/5.5-SCALE DYNAMIC MOIEL

AND FULL SIZE COLUMBIA XJL-1 AIRPLANE - Concluded

Wing (continued):

Flep setting, deg
Ta}:e Of f . « s e .« = . . L . « s . @
La.nd.ing e 5 & & e 8 & ¢ s & 8 = e »

Horizontal tail:
Spen, ft s s s e« . .
Chord (section NACA 0012), £t
Area, stabilizer, sq ft . . .
Ares, elevator, sq f% . . . .
Tocal Area, 8 ft + + o ¢ o o« &
Angle of stebilizer to base line, deg

« o o =
s & 8 & e
e ®& a a8
* = a2 & e

.« » 2 »

Vertical tail: '
Total area (sectilon NACA 0012), sq £t . .

Propeller:
Blades « 4« o o o o o
Diemster, ft . . . .
Blade angle, deg . .
Take-off power, rpm
Landing power, rpm . . « & =
Angle of thrust lire to base line, deg
Thrust line gbove keel at centroid of
step perpendicular to base line, in. .
Statlc thrust, 1b. ¢« o « ¢ ¢ « o« & & o : &

a & o @
L] - - L] -
L] L] L] . ..
a 8 e 0
L] L] l. .
) . . L4

- L] LA -
e & ® o @
* & e ¢ a @
* [ ] [ ] LI ] L ]

Loading conditions:

Normal gross load, 1Ds « « o « o » ¢ ¢ o =
Maximm design load, 1b. . « . .« s e .
Center of gravity (28-percent M. A C.) o &
Forward of centrold of step persllel

to straight portion of forebody

keel, in. . . . s .
Above forebody keel perpendicular to
gtralght portion of forebody keel,
ino L I 1 * = «. & ¢ 9 @

Average piltching momsnt of inerti&,

Blug-ftQ............-..

&These values not to scale.

Model

. 30
45

Foow
Q0 O\
wEE

PO »
o N

3.94

13.kh
a’h.Eﬁ

Full size

208.8
Lh10

10,164
13, 7 000

2].-7

T4 .0
19,400

RATIONAL, ADVISCRY COMMITTEE FOR AERONAUTICS



TABLE II.— DBSCRIPTION OF MODIFICATIGNS

Model | Forxebody AT terbody | Flgure Remarks

208 I I 1,2,3 Bagic model; 45° -vee step, 0.93 in, deep at centroid.

208-2 I I 1n Chine flare on basic afterbody.

208-5 1 TI 5 45P-vee atep in baslc position, 0.93 in. desp at centreid.

208.6 III IIT 45°.vee step in basic posltion, 1,28 in, deep at centroid.

208- v I1I 5 450.vee atep in baslc position, 1.28 in. desp at centroid.

208 I v 45°_vee step in baslc position, 1.32 in. desp at centroid.

208-9 I Iv 12 Hydrodynamic spoller on afterbody at station 365.

208-10 I v 12 Hydrodynamic spoilsr on afterbody at statlon 3C0.

208 A I T 13 30%.vee step, 1.23 in, deep at centroid. Centroid 1.91 in.
aft of centrold of basic step,

2084~1 I I Chine flare of baslc model filled with moulding clay
éplastilene) to glve 0° angle of flare.

2088 I I 13 20%-ves step, 1.39 in. deep at centrol . Centroid 2.87 im.
af't of centrold of basic atep.

208¢C I I 13 Trapsverse atep, 1,42 in. dsep at distance of 1/3 beam from
keel, Formed by lowering the forebody 0.54 in, perpendic-
uler to baseline, Location, 0,1k in. forward of centrold
of baslc step.

208C-4 I I 15 Asrodynemic spollers on sides of afterbody of modsl 208C,

208D I | - Afterbody removed. k5°-vee, approximately 9 in. deep at
centrold, Model sealed aft of step along parting line
(waterline 95),

2088 I I 14 200-vee mtep, L.42 in. deep at centroid, Formed by lowering
the forebody 0.5k in, perpendicular to baseline,
Centroid 0,14 in, forward of centrois of basic step.

208F 1 I 1% Trensverse step, 2,00 in, deep at dlstance of 1/3 beam from
keel, Formed by lowering forsbody 0.54 in. and raising
aPterbody 0.52 in. perpendicular to baseline, Locaticn
at centrold of basic step.

208F-3 I I Wing removed from model 20&‘.

NATTONAL ADVISCHY

COMMITTEE FOR AFRONAUTICS




TABLE TI,~ TESCRIPTION OF MODIFICATIONS - ' Concluded

Model Forsbody | Afterbody |Figure Remarks

208G II VI b | 45%vee step, 1,48 in. deep at cemtroid. Positlon of cent-
' roid, seme as besic step,

208G-11 1T VI 16 | Longitudinal steps cn forshody of mndel 208G.

208¢-12 I VI Basic chine flare restored on forebody of modsl 208G,

208H IT v 8 | 45°%vee step, L.4 in. deep at centroid., Position of cent-
roid, seme s basic atep,

2080-13 II v 17 | Afterbedy aft o{ station 300 raiced 4i-in. ,

208H-14 1T I\ Three -b-in. by 1in, aquare strips each eide of keel and
parallel to keel, Spaced at 2 in. intervals from keel,
extending fram station 280 back to intersection with
afterbody chine.

208E-15 II 17 | Hook on forebody of model 208H at the step,

v
2081 I v 9 | 45°-vee gtep, 1.9 in. deep at centrold, Posltion of ocent-
roid same as beslc atep,
v 9 | 30%vee step, 1.9 1n, deep at centroid. Position of cent-
roid same as basic model. '
208K II v 18 | 30°-vee step, 2.3% in, deep at centroid. Position of cdent-
rold same es basic model.
VII 45%vee step, 0.5 in, deep ab centroid, 0.8% in, deep at
chine, Positlon of centrold seme as basic medsel.
I Basic model with engle of incidence of wing changed to 4°
relative to bassline. Rotated about polnt midway be-
tween upper and lowsr surface at 35-percent root chord.

208N v VIIT 6 | 30°-ves step, 1.23 in. deep at controid. Positlon of cent-
rold same-as basic model,

208p v IX | " 10 | Length of afterbody of model 208N increased 5 in.

NATTONAL ADVISCRY
COMMITTEE TOR AERONAUTICS
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Figure 3.- Side view of Model 208.
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T, 1.8 vV, 5.9 T, 4.1 vV, 7.2

T, 5.1 vV, 8.1 T, 5.9 vV, 9.1

Figure 25.~- Model 208. Spray characteristics in speed range
where spray wets propeller. Take-off power; flaps, 309;
gross load,?77.4 1lb. (13,000 1ib. full-size); elevator, 0°,
r, ttrim, deg:; V, speed, fps.

— MATIONAL ADYISORY COMMITTEE FOR ARRONAUTICS
LANGLEY WEMORTAL AFRONAUTICAL LABORATORY - LANGLEY FIRLD, VA,
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1,10.0 V,15.9 sg,0

Figure 26.- Model 208. Spray characteristics in speed range
where spray wets flaps. Take-off power; flaps,30°; gross
load, 77.4 1lb. (13,000 1lb. full-size). 7, trim, deg: V,
speed, fps; 8,, elevator deflection, deg.

— NATIONAL ADVISORY COMMITTEE FOR AKRONAUTICS
LANGLEY MEMORIAL ABRONAUTICAL LABORATORY - LANGLEY PIELD, VA.



901 V, Z).l Se,m T,

Figure 26.- Model 208.

NACA RM No. L6I20

9.8 V, 19.1 54,20

Concluded.

— NATIONAL ADYISORY COMMITTEE FOR ABRONAUTICS
LANGLEY MEMORTAL AERONAUTICAL LABORATORY - LANGLEY FIELD, VA.
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T, 7.0 vV, 35.0 T, 4.0 V, 40.0

Flgure 29.- Model 208H-14. Flow around afterbody. Take-off
power; gross load, 77.4 1lb (13,000 1b, full-size); flaps,
30°; stabilizer, -2°9; V, speed, fps; 7, trim, deg.

- NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

LANGLEY MEMORIAL AEROMAUTICAL LABORATORY — LANGLEY FHELD. VA



NACA RM No.

L&120

il

q

it L b

LI 150

STICPL- I e

HY
334

HeT1HMH
saadbeblags

red
1814

1t

1
it

| HEE

It}
us

St

T
1

SLEES3t] fT 1

DR ETIT




NACA EM No.

L6120




NACA EM No. L6IZ20

NATIONAL ADVISORY

T COMMITTEE FOR AERONAUTICS | |




NACA RM No.

L6120

1
1
4z

[rried

| Xt
83

- LT

38

s ich

3
]

%

3

/

]
LR P'T

Ky

T

ﬂf...

| Fiaure B3, -

-

.....




NACA RM No. L6120

R EAE IR

!

" NATIONAL ADVISORY

] .-.{1 -

17~ COMMITTEE FOR AERONAUTICS -

1

nparibon . of
m‘%ﬂ‘: LL.

A

!jtg

+

b 4

4 1bf K

in1

43

T

in

a) <!

RS- M

PR




. v

.
[ (1] ® [T L IT YY)

" & © e & @ .
« » s e« % *  ese
® asd s o o [ ] *
. s & o ® 08 @
®

*ON WM VOVN

08191




Trim, deg

2

_Canter of gravity,

percent M,A.C,

[

Eleyator

A cllerlec'oion, deg

.

percent

-18

L

¢ 20

30 %o

Bpeed, fps

o % 2,
e 9 a &
: ase : :
aae on L 11 N ]
24 percent | |
Elevator
deflection,
| deg|
—~30
-20
o=l
_}#,5_
1
1o 20 30 4o 50
Elevator
deflaction, deg
32 percent, | | | & [~30 —_—e 0
w —-— X -5
]' e M) _lo
ol oG- —20 - -20
| -iSQ — A :-30
s I— IR
s -1
X%
0
NATIONAL ADVISORY
CONMITTEE FOR ABNAUTICS
10 20 30 Ho 50
Bpeed, fpe

(&} Gross load, 60.5 pounds.
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ool NACA RM No. L6I20
tgeeed Model 208G (decreased chine flare)
veos 14 Elevator
-3 88 deflection,
.l...: 12
10
)
]
° g
g
£ 6
e
L
2
0
Model 208G-12 (basic chine flare)
14 T T 1 —
- NATIONAL ADVISORY
. 19 COMMITTEE FOR AERONAUTICS
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%) L/ | % v) s n
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0 6
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0 0%
0 10 2 30 uo 0
. Speed, fps
. Figure U0.- Models 208G and 208G-12., Variation of trim with
speed. Gross load, 77.4 pounds; take-off power; center of
. gravity, 28-percent mean aerodynamic chord; flaps, 30°;

stabilizer, -2°.
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C. G. 2% pércent M.A.C. N

Elevator
deflection,
Ser deg
A——A =30
O----0 =2
A——A =15
D--—0 =10
X x =5
P ~-0 =0

2 NATIONAL ADVISORY
. * COMMITTEE FOR AERONAUTICS
0 10 2 20 4o 50

Speed, fps

Figure 42 .- Model 208D (Afterbody removed). Variation of trim
with speed. Gross load, 77.4 1lb; take-off power; flaps, 30°;

stabilizer, -2°.
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. Figure43.- Models 208H and 208H-15. Variation of trim with speed.
- Center of gravity, 28 percent M.A.C.; gross load 77.4 1b;
take~off power; flaps 30°; stabilizer -2°.
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(a) Model 208 1 Elevator
deflection,

. Se» 48
ccenes - V“"’V—g)
* =2 = =2 oo
a---A-15
o---a-10

X---X=D
100---0 O

Trim, deg

(b) Model 208 J

Trim, deg

2 0 uo 50
Speed, fps NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 44,- Models 208 1 and 208 J. Variation of trim with speed;
Gross load, 77.4 1lb; take-off power; center of gravity,
2% percent M.A .C.; flaps, 30°; stabilizer, -2°.
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Speed, fps - NATIONAL ADVISORY
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Figure 45,- Model 208M. Variation of trim with speed. Center of ~
gravity, 28 percent M.A.C.; flaps 30°; stabilizer, -2°.
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