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MEMORANDUM REPOR

for the
Bureau of Aéfonautics, Navy ﬁepartmant
T ANK TB.'S OF A 1/8-SIZE DYWAMIC MODSL OF THE
PB2Y-3 AIRPLANE WITH INCREASED POYER -
NACA MODIL 131
By Joe W. Bell and Robert F. Havens
INTRODUCTION
The Consolidated Aircraft Corporation has undertaken the
installation of 1300-horsep ow»r eangines in the PB2Y-3 air-
plane in place of the present 1200-horsepower engines, With
this additional power, the opefation of the alirplane is ex-
pected. to include flizhts at a gross load of 76,000 pounds,
Since earlisr tests of a 1/8-size dynamic model of the PB2Y-3
airplane with simulated jet motors (Peference 1) indicated
that the airplane would be unsg taolc on the water at loads of
76,000 pounds, further tests of the model wsre necessary.

The stebility and spray tests described herein were made

‘to determine the performance of the model on the water when

tested at both the prescent and the projected conditions of

)]

gross load and engine power. The data obtained therefore

cover g range:of operating condltions, such that the pre-
sent performance of the PB2Y-3 sairplene can be dircctly com-
pared with ru”ults of ths modsl tessts. Such a comparison’

affords a basis for the proper intecrpretation of the model data

|



at higher gross weights and assures a more accurate esti—
mate of the performance of the PBZ2Y—-3 airplane when
equipped with the larger engines,

This investigation was part of the work requested by

the Bureau of Aeronautics, Navy Department, on May 5, 1941,

=)
and was conducted during Fsbruary and March 1043, The

Consolidated Aircraft Corporation was represented by

Messrs., E. G. Stout and H, E. Brooke.

DESCRIPTION OF MODEL

| The construction and special features of this model,
designated NACA model 131, are described in reference 2.
Figuré 1 shows the general arrangement of model 131 and
gives important dimensions.

The locations and dimensions of the ventilating
ducts of the model are shown in figure 2. These ducts
were part Qf a ventilation system which had been installed
in the mcdel for.use in earlier tests and were a convenient
approximation to those used on the full-size airplane.

The wing was of normal area and was equipped with
vartlal-span, inboard flaps and leading-edge slats, Each
of the four nacelles housed an alternating~current'induc—
tion motor which was directly connected to -a three-blade
metal propeller, 19%-inches in diameter.

The angular setting of the propeller blades and speed

of rotation which would produce scale take—off thrust were

£
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“determined from the propeller test curvés.givén in_refer~

ence 2, A constant blade anéle of 8° at 0.75 radius was
maintained and the speed of rotation changed to simulate
changes in engine power. The propellers of the model
turned at 6200 rpm to reproduce the scale take—off thrust
of the airplane ecuipped with 1200—horsepower engines and
at 7000 rpm to reproduce the increased take—off thrust
provided by 1800-horsepower engines,

Provision was made on the model for the interchange
of geometrically. similar elevators and elevators having
a 20—percent increase in chord, either of which could
be controlled by means of & control stick mounted on: the
qarriage.

The pitching moment of inertia of model 131, when
balanced with the pivot at 28 percent of the mean aero-—
dynamic chord, was found to be 15,9 slug—feet?. This
value agrees closely with the scale moment of inertia,
15e3 slugmfeete, given in reference 2 for a gross. load

of 76,000 pounds,

APPARATUS AND PROCEDURE

General

n

This investigation was made in NACA tank no. 1

U

(reference 3) and consisted of:
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(1) Aerodynamic tests to develop a configuration of
the aerodynamic surfaces having characteristics comparable
to predetermined wind-—tunnel results.

(2) Hydrodynamic tests to determine the stability

and spray characteristics of the model during accelerated
runs, ' ,
Aerodynamic Tests. .
The aerodynamic tests were made in the usual manner:
with the model pivoted about a point at 25 percent of the
mean aerodynamic chord and suspended just above the water
under the main carriage. The model was towed at a constant 2

speed of approximately U42.5 feet per second, while 1lift

and trimming forces were measured with ring dynamometers.
All data were obtained at the mid-length of the tank,
Power—off tests were mede with the propellers removed
from the model,
Since the airspeed just ahead of the model was 5 per—

cent greater than the speed of the carriage, all tests

simulated normal full-scale operation in a light head
wind., Nevertheless, values of lift and trimming-moment
coefficients were computed from true carriage speed rather

than from true airspeed,
|
\
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Hydrodynamic Tests

These tests were made in the mannér described in ref-
erence U, by towing the model under the main carriage et a
constant rate of scceleration in order to determine thse
variation of trim with speed ét several elevator settings.
The greater part of the tests were made ab &n apoelaration
af 1 foot pser sécond per second, which is the normal
acceleration used.

a8
9

@

Higher accelerations were used during.sevarél sts,

however, to determine the effects of a more rapid take~off
run. The model was towed {rom various positlions of the
éénter of grevity at consecutive accelerétiomé Rl 1y 2y Bad

D

5 feet per second per second.. Records of the variation of

trim with speed were obtained by means of a correlation of
motion plctures of the trim scale readings with records of

distance and time. At the same time motion pictures of the

bow of the“m0581~W3fé taken to show the height and volume of
the bow spray'dﬁriﬁg:differentjaccelerations. These pictures
were made at 6l frames per sscénd when the gross weight of the
model was 1.3 pounds (76,000 pdunds full size) and the pro-
pellers were turning at 7000 rpm,

The motors were turned on during the normel accelerated

runs at a speed of aporoximately 15 feet per second in order

to avoid the destructive effects of spray. Since hump speed
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was about 17.5 feet per second, the effects of power were
aprylisd throughout the critical planing range.
RESULTS AND DISCUSSION
Aeroayna-ic Tests
The asrodynamic characteristics of model 1%1 with several
configurations of the aerodynamic surfaces and diffsrent

amounts of

power

are present

Q.
s
v
-

the figures

listed

UA.-
fellowing tables
{ | i bilizer setiing : .
Figure | Propeller| relative to Hlevator Flap
no. | rpm | base line | chord deflectio
| | (dsz) deg)
~ o _f i et e 1} e o 4 e e e e e e - ,-m.._—.»-—
? 0 ' -3 Normal 20
L o | -3 Normal 40
5 Q { ) Increased 20
; \ o | 2 TSI T 20
6 ( 7000 e —e =0~ = 20
{ 7000 i 2 == dOmm—— Lo
7.0 6200 : -3% Q== - Pl
6200 ; -3 RS (o T Lo
8 {7000 L -3 Y Yo T 20
i 7000 | +5 e 1o
g9 1 0 ? -3 ' Normal | 20
il 0 | -3 ! Increased | 20
| 10 [ﬁ g -3 L mnedOmm— 20
i 6200 ; -3 | ==~do-==-= | 20
{7000 § -3 P == dO=m—= 20 i
Lift end trimming-moment COmfPiPI“H s are referred to
standard alr density, normal wing arcsg, dnd the speed of the

carriage.

Figures 3 and h compare the power-off aerodynanic charac-

teristics of the

finail

cont

iguration of

the model, as

in

+h

tested

o PN oft Ay
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on the water, with wind-tunnel results furnished by the repre-
enﬁatives of the contractor. The elevator effectiveness

of tle tank model with normsl chord elevators arid the sta-

bilizer set at -3° relative to the base line was slightly

greater than the wind-tunnel model, except ‘at stall. Ex-
cellept agree emient 1s shown for the values of the maximum

1lift coefficlents and for the slopes of the 1lift and moment
CUrVes .

20

The effect of changing the stahillzer sétting from -3

w0

to 2° relative to the base line of the model is shown in
figure 5. Results of tests with increased chord elevators
are given in this figure, as well as in figures 6, 7, and 8
which are plots of aerodynamic tests with power. These
elevators had been used on the model during previous tests
under the auxiliary carriage. Since good agreement with
power- o% » Wind-tunnel data was obtained in the present tests
with scale elevators (figs. 3 and l}), the grsater 1ift and
control moﬁent afforded by increased chord elevators (shoWn
in fig. 9) were not considered necessary.

The effects of running propellers on the aerodynamic
cﬁaractefistics'ére shown in figure 10, There are foﬁr
principal effects: (1) greatly increased 1ift, (2) an in-
crcase in the slope of the 1lift curve, (%) increased eleva-
tor effectiveness, and (!l.) decreased static pitching sta-

bility. Figure 10 also gives the results of wind-tunnel




tests with power, in which are included the changes in 1ift
D ’

'3

and trimming moment due to ground effect. This figure shows

discrepancies between tank and

P

wind-tunnel data which do not

o

occur in.the powser-off condition. A comparison of the condi-

tions under which both. tests were made, however, p

counts for these differences.

rtially ac-

m

Tank tests are made at rela-

tively low speeds with scale take-coff thrust, while wind-

tunnel tests are usually made at high speeds in order to dupli-

cate a spvecific steady~-flight condition. Since the moment

caused by thrust and the trimming moment caused by other aero-

dynamlc forces do not vary in the same manner with speed, the

negative increments of trimming

power in tank tests usually are:

=

-moment coefficient caused by

much greater than that resuvlt-

ing from wind-tunnel tests at higher speeds. This is shown

in figure 10 to be the case for

more, ground-effect corrections

curves are subject to ilnaccuracies,

tion must be made of the effects

Because of the possibility

effect corrections together with
coefficient at different speeds,

tion of ftank and wind-tunnel resu

the present tests. Further-

applied to wind-tunnel test
especially when considera-
of slipstream.

cf insccurdccies in ground-

the difference in thrust-moment

the method used for correla-

11t s was the reproduction of

the 1ift and ftrimming-moment coefficient in the power=-off

condition.




§ : | i Limits
Hodel Pull gize | i Max. of
e e : T Variation ampl. steble
Horse- I of trim of perp.| Dos. of
Load Plaps| power Load !with speed|against oty
(1b) {Rpm | (deg) per (1b) | pos. against
| engine ! CeZs load
AR . bt A TR 2 |
L 1l3.01 62000 20 1200 |76,000! 11{a)
140.0{ 62001 20 1200 | 72,000 11{h) tFe S 1.
155.8/ 6200 20 | 1200 {79,000,  1l{c) )
148.017000f 20 | 1300 |76,000! liy(a)
10,0 ! 72,000! 1 (b) 15 16
1?5.8 A 70,000 1i(e) ~
13,0 7000 0, 1800 {76,000 18(2) 19
230,81 i 70,000  18(b)
148,0[7000!° 4O | 1800 |76,000; 20(n) en .
135,43 i 70,000 20(b)
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Hydrodynamlc Tests
The following table is an index to the hydrodynamic
tests made at the normal acceleration and includes a partial

gures in which test results are plotted:

st e - & e S e et e £ 8 1 M g 0 82 S 4 4 e+

Conditions of the test Index to figures

R e e RS i gl ies s eyl B S o e e WA oo o A o it bt s e L e

e

iffect of gross load with normal engine power, flaps 207,

Curves of the variation of trim with speed at all of the gross
loeds tested with normsl power (6200 rpm) are given in figure
b i S In nearly all cases, at aft locations of the center of
gravity with up elevators, the model.took off during divergent
upper~-limit porpoising, " The amplitude of porpoising just
before. take-off at aft positions of the center of .gravity has

been plotted in figure 12, together with the maximum amplitude
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of lower-limit porpoising at forward positions of the center
of gravity. Flgure 13, which is a summary of figures 11 and
12, shows the smell effect increased load had upon the stable

range of the positions of the center of gravity, considering

Moo ~0

the allowable magnitude of porpoising amplitude to be 2°.

1 - ~

The stable range decreased from approximately 5.3-percent
mean ae POJ”MR.LC chord at a gross load of: 70,000 pounds to 5-

percent mean aerodynamic chord at 76,000 pounds when deter-

0° and -20°. The determina-

mined with elevator settings of
tion of the range of stable positions of the center of gravity,
however, depends greatly cn elevator seiting, as 13 ghown in
figure 13.

)

. , . : 5nO
s load with Increased eunsine power, fleps 20°,

Effect of gres 4
The results of accelerated runs with increased powe (7000 ”“n)

at three gross loads are plotted in figures 1l and 15 and sum-
marized in figure 16. A comparison of figure 1l with figure 11
(normal powsr) shows the decreased trim produced by increassd
propeller thrust. The range of stable locations of the center
of gravity shown in figure 16 was L-percent mean aerodynamic
chord at a gross load of 70,000 pounds and 3-percent of the

mean aerodynamic chord at 76,000 pounds.

Effect of increased load and power with flaps at 20°. -
Figure 17 shows that a change in operating conditions from a

gross load of 70,000 pounds with a propeller speed of 6200 rpm
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to a gross load of 76,000 pounds with & propeller speed of
7000 rpm has little effsct on the aft limit bf the center

of gravity (about 38-percent mean aerodynamic chord in

limit from 32-vpepcont

both cases) but moves the forward riean
aerodynamic chord to %5-percent mean aerodynamic chord,
Althﬁugh these limits may not be in exact agreement with those
experienced in the operation of the full-sizs alrplsans, the
change in limits is believed-to be indicative ol the change
that will result from increasing the power and the gross load

of the airplane. The increase in power and gross weight

appears to require a forward movement of the step for sta-
bility at normal positions of the center of gravity.

The bow spray was particularly objectionsble with in-

creased load and power, Water rose vertically ahsad of the
bow until the modsl obtained a speed of about 10 feet por
second (17 knots full size). Large amounts of spray which
entered the inboard propeller disks were thrown to the out-
board propellers and over the wing throughout a speed range

from 12 to 25 knots (full size).

el

Effect of deflection of flaps on stability. - Hydrody-

namic tests were also made %o determine the limi:

4 1O

positions of the centsr of gravity with flaps set at O

o) . el s i A
at MO . Curves of the variation of trim with speed (figs.

18 and 20) are cross-plotted in figures 19 and 21 to show
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maximum amplitude of porpoising at a propelier speed of 7000

[05]

rpm. Figure 22 shows the effect of the deflection of flap

on the range of stable positions of the cenber of grsvity.

i
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A greater change in stebility characterist
(> o

(@)

changing the deflection of the flaps from 0° to 20  than from

. ) . O
20° to 1,.0°, The effect of deflecting the flaps 40 from the

+
5

retracted position was to decrease the range of gstable loca-
tions of the center of gravity by approximately 2.5 percent
of the mean aerodynamic chord and to move the midpoint of the
stable range aft by about 1l3-percent mean acrodynamic G OTEE

@ffect of acceleration on stability and spray, flaps 207, "~ -

An indication of the effect of acceleration on the magnituds

of porpoising and thé formation of bow spray was obtained by .
towing the model at accelerations of 1, 2, and 5 feet per

seconda, with the propellers turning 7000 prom. Plots of the

variation of trim with speed and aceeleration at several

loads and several locations of the center of gravity are given

in figure 23. This figure shows that porpoising occurred

within the same range of speed at all accelerations and that

the frequency of an average porpoilsing cycle. was not greatly

changed by acceleratilon. The variations in acceleration

which occurred during the runs of figure 23 wers due to the

difficulty of control of the speed of the carriage. Cross ' 3

plots of maximum amplitude of porpoilsing against accelsration,
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given 1n figure 2y show that the amplitude of’ orh0181nﬁ weas
5 -

decreased by the use of higher accelerations. In view of
this trend, the inconsistent results obtained in run A end
run B (fig. 23) show that other considerations such as waves
in the ‘tanlk, small deflections of the elevator, small changes
in the balance of the mcdel, and inconsistent application of
power can cause effects large enourh to obscure the effects
of acceleration., It is bslieved, however, that a more
precise but less conservative determination of the stable
limits of the location of the center of gravity would be
obtained by model tests in hich thes averaze full-scale
acceleration was spproximately reprcduced.

Motion pictures of model 131, taken during runs at the
conseoutiveiy higher accelerations of 1, £, and 3 feet per
second per second indlcate that accelerativn hés little
effect on the formation and distribution of spray at a gross
load of 76,000 pounds full scale. Large amounts of spray
entered the propeller disks 1n all cases, but the excessive
spray lasts for a shorter time, of course, with the higher
acceleratlons.

CONCLUDING REMARKS '

Tests of model 131 with propellers turning at 6200 rpm
simulated operation of the PB2Y-3 airplane equipped with
engines of 1200 horsepower, while tests with the propellers

of the model turning at 7200 rpm simulated operabion of a




modified PB2Y-3 alrplane with engines of 1300 horsepower. The
esults of these tests can be sumnapized as follows:

l. The effect of gross load on the range of stable posi-

tions of the center of gravity at both propeller speeds (6200

and 7000 rpm) was small for the gross loads tested. The

range was decreased approximately l-percent mean aerodynamic

D

chord in tests with a flap deflection of 20° by incre

w
0

sing
the load from 70,000 pounds to 76,000 pounds full size.
2. Increased power and load had little effect on the
aft 1imit of stable range of locations of the center of gravity
but moved the forward limit aft about 3 percent. With 20°

flaps, at a gross load of 135.8 pounds (70,000 pounds full

size) and a propeller speed of 6200 rpm, the forward limit ' »
determined with neutral elevators occurred at 32~ percent

mean aerodynamic chord, while the aft limit determined with
O R . 5
-207 elevators occurred at 33-percent mean aerodynamic chord.

At a gross load of 148 pounds (76,000 pounds full size) and a

U3 OC=

Fu

propeller speed of 7000 rpm, the forward and oft lim
curred at 35-percent and 38-percent mean aerodynamic chord
respectively. The posslibllity of low-angle porpoising at
normal positions of the center of gravity is thereby increased
unless the step is moved forward.

5. Deflection of the flaps from 0 to 20° produced a
greater art displacement of the range of stable locations

of the center of gravity than was produced by the deflection .
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of the flaps fronm 20° to MOO, The stable range was decreased
about 2.5=percent mean aerodynaric chord and moved aft 13-
percent mean aerodynamic chord by deflecting the flaps Tron
@2 to L0°.

h. Records taken when the model -was towed at z2ccelera-
tions of approximately 1, 2, and 5 Teat per éeaond.par
second show that the maximum amplitude of porpolising of a
dynamic model is decreassd when the sacceleration durlng take-
it e dnereased., At forwerd locations of the center of
gravity, the maximum amplitude of porpoising obtained at the

el

normal rate of acceleration (1.f20t per second per sacond)
was decreased by as rwuch as L0 percent when test runs were
made at 3 feet per second per second.

5. Hxcessive amounts of water and snpreay came in contact
with the inboard and the outboard propellers at gross loads
of both 70,000 pounds and 76,000 pounds,

acceleration of take-off hed little effsct on the form and




= Ah -

distribution of bow spray. However, the sffects of spray
can be minimized by rapid acceleration through the critical

speed range.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronsasutics,
Langley Field, Va., June 9, 1943
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NACA TANK NO. 1
National Advisory
Committee for Aeronautics

6 | Center of gravity, per&%nt M.A.C.
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= Elevat_ors_,OO e
% \
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u ~-20°
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3 Ay= 148 1b (Z?;OOO 1b full-zize) N )
Acceleration, feet per second per second

Figure 2L.~- Model 131, Variation of maximum amplitude
of ¥orpoising with acceleration for
different positions of the center of
gravity. laps 200, Propeller rpm 7000,




