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CBARACTERISTICS AND THE PORPOISING STABILITY
OF A DYNAMIC MODEL OF A LONG-RANGE FLYING BOAT

By Norman S§. Land
INTRODUCTION

The tests deseribed in thisg report were mamde on a
1/8-full-eize model of 'a largnr, long-ranga, twin—engine
flying bost in NACA tenk no. 1. The airplane had a wing
loading of 43.9 pounds per square foot and a power loading
of 11,5 pounds per horsapower. Its arrangement was such
that 34.2 percent of the winag area and 56.1 percent of the
horizontal tail area wera inclwded within the fore—and—-aft
projrction of the propeller disks.

The model was fittead with leading—cdgr 8lats to make
the angla of attack for meximum 1ift corfficileont correepond
with that of the alrplane st the low Beynolds nuumber aseo-—
cleted with the tenk teete (3.28 X 10 based on the meen
aerodynamic chord and the get—rway speed of the model)., The
model was equipped with two three—blade metal propellers of
scnle dlarmeter and form, power for whlch was furnished by
two varliable—frequency alternating—curront motors. Suffi-
clent power was avallable to devalop scale thruat with the
propellars,

Thr tests were divided into two parte: (1) acrodynamie
teets to determine the effect of the slipstream and thrust
from the powered propellers on the 1ift and trimming-moment
characteristics, and (2) hydrodynamic tests to determine the
effect of the powered propellers on the range of stable lo—
catione of tha center of gravity.

ATLRODYN&LMIC TESTS

Aerodynemic tests were made by suspending the model
above the water with the trim axls at a helght that sllowed
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a small clearance.of the astern post at a trim of 16°, The
trinm axie was located at the polnt corresponding to the
poeltion of the center of gravity at 26-percent mean amero—
dynemic chord and tha trimming—moment coefficlients were
mensured about this axis. All aerodynamic data were obtained
at a congtant speed of 45 feet per second.

In tank teets of powered models, the effects of power
are assumrd to be approximately simulated by dimensionslly
scaled propellers turning at a epeed that will cause the
propellers to develop scale thrust. In the case of the
present model, the values of thruest assumed and the corre—
spondlng propeller speed, as determlined from a calidbration
of the nodel propellers in a wind tunnel, were ags follows:

Propeller speed
(rpn)

Zaro thrust o « « « ¢+ o t o s s o 3 s o o & »
Ona—-half of scal~ thrust at V=35 fps (model)
FPull statlic thrust o . - ¢« o & o & &
Full thrust at V=60 fpa (model) « e s 4 s e

[ ] [ ] [ ]

[ ] . L ] L ]
>
V]
o
(@]

The curves of aerodynamic 1ift coeffilcient against
trim snd trimuing—monent coefficient given in figure 1
show that the change from gero thrust to one-~half of gcale
thrust has a relatively greater effect on the aerodynamic
charsectoristics than the ckange from one-half of scale
thrust to ful]l thrust. Also, the curves show that the 4i1f-
ferences wetwren the characteristlies with propellers turn-
ing at 4700 rpm and at 5300 rpm are negligible, The last-
mentioned concluesion is slgnificant 1n that continuous
adjustnent of the propeller speed of the model during an
acceleratesd run appcars unneceegary for simulating the vari-
atlon of thrust with speed of the full—slgze propellers,

HYDRODYNAMIC TESTS

Detalls of the test procedure used to determine the
range of stable locations of the center of gravity may be
found in reference 1,

Flgure 2 ehows thr larges dlffarcnce in the stable
ranger between half-—-thrust and full-thrust condltions. For
the hydrodynamic tests, full thrust was represented by a
propeller speed of 5000 rpm. The principal effect of in-
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.creasing the thrust from half (4200 rpam) to full (5000

rpr) 1s to shift both the forward-and the after limits of
gtabllity aft. The after limit i1s moved aft to a much -
lasser degree that the forward limit, : .

Throne effects of power are involved in the location -
of the stable range of the center of gravity. First, Ef_;
the slipstrean over the wing causes an increase in the i“" e

1if+t and a doecreese in the lond on the water. The trim ;|
linits of stabllity are thus raised to higher trins. (Se¢e
reference 1l.) Second, tha thrugt produces a nose—down
poment; this effect 1s probadly the most important in de—
terulning the range of stable locatlons of the center of
gravity. Third, the eglipstrean on the tsll changes the
mnoment produced by the tall and lncreasne th~ ~ffeetive—-
nrge of thn ~levator.,

J.,.'

CONCLUSIOES

1, When the hydrodynewnlc stabllity of & flylng buat
is édetorulined by nrans of teste of p dynsuwle nodel, the
scale thruet shculd, 1f pcsslble, be devrloped by iecns of
operrting proprllere of at lenst apuvroxi.etely ecale dlan—
etor, 9On a nodel of ¢ long-range flying bout of conven—
tional deslgn, largo 1ancreases in wing 1lift anéd tail moment
may be nxpereted to follow the vee uf powered oropellers,
In ndAdltion, the thrust wm.ment considerably chenges the
trine assuned by the flying b.rt. These eoffecte gre-tly
influence the width of the rsi..ge of stable locestions of the
center of gravity.

2. With the preceent methods Jf deter._ining the stabll-
ity of dynamic models, exact sinulaticn of full-size vari-
ation of thrust with spoced is unnecessary.

Langley Memorial Aeronauticel Laboratory,
Natlonal advisory Comnoittee for Aeronautics,
Langley Tield, Ve,
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