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TESTS OF A POWERED MODEL IN THE FREE-FLICHT TUNNZL
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By John P. Campbell and Thomas A, Hollingworth

SUMMARY

The effects on stability and control of a pusher pro-
peller behind conventional horizontal and vertical tail
urfaces have been determined in the NACA free-flight tun-
nel by tests of a 1/10-scale model of an NACA submerged-
engine pusher airplane design., The investigation consisted
of flight and balance tests 2t windmilling and high-power
conditions with a partial-span Zap extensible flap extended
and retracted, The effects of changes in vertical-tail area,
horizontal-~tail incidence, and center-of-gravity location were
also determined.

The tests showed that, with a pusher propeller located
behind the tail surfaces, power caused only minor changes in
y ©

ghabhild e dnd econtrelly The windwmilling ‘propeller ‘provided
slight increases in longitudinal and directional stability.
Application of power only slightly affected the longitudinal
stability, increased the directional stability, and necesssiw
tated a small amount of aileron trim. The dihedral effect,
stalling behavior, and rudder trim were not affected by

power,
This particular pusher design with the propeller behind
the tail surfaces 1s counsidered very promising as a means of

eliminating the undesirable slipstream effects of tractor
propellers.

INTRODUCTIOW

The trend toward more powerful engines in single-engine

military airplanes has ceubcu the propeller-slipstream e¢ffects

on stability and control to become increasingly important.



Because these slipstream effects are, on the whole con=-
sidered undesirable, means are being sought to eliminate
them, One apparent solution to the problem is the use of
pusher propellers. Various designs to permit the use of
pusher propellers have been proposed, such as the tail-
less and tailfirst airplanes. The HACA has recently sug-
gested a submerged~engine pusher design with the propeller
directly behind conventional horizontal and vertical tail
surfaces. A 1/10-scale powered model of this design has
been tested in the WACA.free~flight tunnel tc determine
the effect of such a propellsr arrangement on stability
and control characteristics. During the investigation,

a special effort was also made to ovserve any changes

in stability and control that might have been caused by
the short tail length inherent in the design,

APPARATUS AND METHODS

Wind Tunnel

The investigation was carried out in the NACA free~
flight tunnel described in reference 1, Photographs of the
tost section of thc tunncl show models being tested in flight
in figure 1 and on the balance in figure 2.

In the flight tests, the model flies freely in the tun-
nel under the remote conirol of a pilot scated at the bottom
and rear of the tunnel. An operator at the side of the tun~
nel adjusts the airspeed, tunnel angle, and power to the
motor in the model to correspond to the desired flight con-
ditions. After the latoral and longitudinal trim of the
model hes been adjusted for 'the prrticular conditions, tho
stabllity of the model in uncontrolled flight is observed
and the cffectivoness of the controls 1s determined., In
order to supplement the pilotfs observations, moving-picture
records of flights are taken by three cameras mounted at the
top, side, and rear of the tunnel.

The balance tests were run on the free-~flight tunnel
six-component balance, The balance rotates with the model
in yaw so that all forces and moments are measured with
respect to the stability axes.



Model

The 1/10-scale model of tha NACA submerged-engine
pusher airplane desigu used in the tests was constructed
and prepared for the testing bty the WACA. A three-view
drawing of the model is presented as figure 3 and photo-
graphs of the model are shown in figures 4 and 5. The
dimensional characteristics of the airplane as scaled up
from the model values are given in table I.

In =ddition’ to - the vertical tails gpecified for the
airplaone (tails 1 and 2 of fig. 3), a larger vertical teil
(tail 3) was installed on the model for some of the testse
Only the upper vertical tail wag provided with a movable
rudder.,

A simple wire landing gear was installed on the model
as shown in figure 3 to provide sufficient ground angle for
take=off and to atsorb shock 1n landings.

The weizht of the model after finnl preparation and
balancing was about 5,80 pounds, which corresponded to
5800 pounds for the airplane, The center of gravity of
the model was adjusted to 24.2 percent of the mesan aero=
dynamice chord. The moments of inertian of the model corre-
sponded to those of typical modern fighter airplancs as in-
dicated by the ratios of wing sparn to radii of gyration
shown in table I.

Tlectromagnets were installed in the model to provide
abrupt deflections of the ailerons, rudder, and elevator.
The ailerons were deflected with an equal up—and—down move-
ment verying from 12° to +18°, Rudder deflections varying
from £10° to £20° were used in conjunction with the ailerons
to provide propesr coantrol coordination., For longitudinal
control abrupt elevator deflections of %20 or %39 were used,

fhe model was powered by a direct—current, controllabdble-

speed electric moteor rateasd 1/5 horsepower at 15,000 rpm and
geared with a2 ratio of 2.54:1 to a pusher propeller. The
motor was placed forward of the wing and was connected to
the propeller by a 5/16-inch-diameter, hollow, aluminum

C‘

dirive . shaft zbout 18 ianches 1k

An adjustabdle-pitch, two-blade, l1l-inch wood propeller
was used on the model., For all the power tests, the blade
angle at 0.75 radius was set at 24° in order to absorb full

]
power at maximum efficiency with the désircd propeller speed

o 18000 rpm,
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Toest Cowlitions

The power characteristics of the model motor and gear
box unit were determined by Prony broke tests and the chare-
adteristics of the prepeller with various amounts of piteh
were ascertaincd at dynamic pressures of 0, 1,90, and 4.09
pounds per ganare foot. These tests indicnted that o blade
sngle of 8¢  at 0.75 'radius wouléd most nonrly satisfy the
required conditions. For each of the flight and balance
tests the power supplied to the model was adjusted to tho
desired condition by varying the input voltage.

The flight tesis covered a rangze of air speeds from 2
to 50 mileg per hour, which corresponded to 80 to 160 mil
per hour for %he airplane representcd. The power was varied
from windmilling to 0,235 brake horsepower, which was the
maximum obtainable from the motor used in the model. The
thrust developed in the Slight tests was determined from the
difference between the fiight-nath angle, or tunnel angle,
with power on and the angle with propellcr off at the samec
1if% coefficient, The high~power condition in the flight
tests corresponded to adbout 550 brake horgepower for the
airplanc,

5
es

Most of the balence tests werc run at a dyramic pres
sure of 4,09 pounds per square foot, which corresponds to a

velocity of about 40 m114°

g hour under standard sea-level
conditions and to a test Re

(6]
OB O w

vaolds number of about 209,000
based on the mean chord or 0.5483 foot., The high-power tosts

were run at a dynamic pressu: ¢l 1,20 pounds per square foot
in order to represent r:ntar airplane horsepower and there-
by extend the power rua e of the teets., For cach bdalance test,
the power to the model was adjusted to correspond to 1100 brake
horsepowcr for the airplane. This power adjustment was made

by verying the voltage to give the proper valuecs of thrust
coefficient’” T, at each 1ift coefficient. The desired thrust
horsepower (and then the thrust coefficicnt) for cnch lift
coofficiont was computed by multiplyinz the rated airplane
horsepower (1100 bhp) by = propeller efficiency CO“rOSDonding
to the particular 1ift coefficient. Propellar efficicencies

of an airplane with a spoed range similar to that of this
airplanc woerce used in waking those comoutations. The variae
tlons of thrust coefficient, torgque coefficient, and propeller
efficlency with 1ift coefficient are shown in figure 6,
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SYUBCLS

1ift coefficient (L/q8)
drag coefficient (D/qgS)

lateral-force cosfficisnt (Y/qS)

vewing moment >

vawing-moment coefficient < b
qbs

rolling-~moment coefficient (rolllng momené\

gbs /

pitching~moment coefficient

/pitnhingmoment)
\ qe s /

1ift, pounds

drag, pounds

lateral force, pounds

dynamic pressure, pounds psr square foot (%pvz)
average chord, feet

wing arca, square feet

wing span, feet

rate of change of rolling-moment coefficient with
sideslip, per radian

rate of chanze of yanwing~momont coefficient with
side-glip, per radian

angle of sideslip, radians
angle of yaw, degrees
angle of attack of fuselage rasference line, degrees

thrust coefficient <}-JE~—\
ovep2 /
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T thrust, pounds
air density, slugs per cubic foot
v airspeed, feet per second
D ropeller diameter, feet
& 3
Qe torque coefficient ! >
-
\pV“D:"
Q torque, pound-feet
b right aileron deflsction, degrees
T
8 5 elevator deflection with respect to stabilizer chord,
degrees
be) rolling velocity, radians per sccond
pb
;; helix angle generatcd by wing tip in roll, radians
i angle of stabilizer setting, degreces
= & g 8
7 propeller efficiency
C rate of change of rolling-moment coefficient with the
P - . b
helix angle <£—
2V
TESTS AND RESULTS

The stability and control characteristics of the model
were investigated at the windmilling and high-power conditions
and with t he propeller remowved. Tests were made with the
partial-span Zap flap retracted and fully cxtended and with
various combinatiosns of the vertical tails shown in figurc 3.

A few preliminary tests were made to improve the longi=-
tudinal stability of the model with flaps down. During these
tests the center of zravity was moved forward from 24,2 to
18,7 percent of the mean aerodynamic chord and the horizontal-
tail incidence was changed from -5° to 00, Tuft tests were
made to determine the stalling characteristics of the wing
andl honizontal tail,
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Flight tests.~ The longitudinal data obtained in the
flight tests are presented in figure 7 in the form of
elevator deflections required for trim at different 1ift
coefficients. The curves of figure 7 show the effect of
flap deflection and power on longitudinal trim, The ef=-
fectliveness of the ailerons for lateral control was deter-
mined by noting the deflections required for good control
in the tuunel flights and by measuring from moving~picture
records the rolling velocities produced both in abrupt
aileron maneuvers with rudder fixed and in the recoveries
from these maneuvers., The values of pb/2Y obtained in
these tests are presented in table II.

Palance ftests.~- The results of the balance tests are
given in figurec 8 to ll, The curves of figure 8 show the
effects of power aad flaps on the aesrodynamic characteris-
tics of the model, f%he longitudinal data from this figure
are replotted in fisure 9 to show more clearly the effects
of power and finp deflection on loangitudinal stability and
trim, The changes in longitudinal stebility caused by va-
riation of horizontal-tail incidence and center~of-gravity
location are shcwn iu figure 10, The results of balance
tests made to determine the elevator effectiveness are
shown in figure 11, The lateral-stability characteristics
of the model a: affected by power, flaps, and fin area are
given in figures 12 and 13 in the form of rolling-moment,
yawing-moment, and lateral-force coerfficients plotted
against angle of yaw at a 1ift coefficieant of Oe The
slopes of the rolling-mouwent and yawing-moment curves of
figures 12 and 13 are shown in figure 14 on a plot of 016

agairst CnB togetrer with approximate boundaries for

neutral spiral stability (B = O) and for neutral oscilla~
tory stability (B = 0), The effectiveness of the lateral
control as determined by balance tests is shown in figure
15 in the form of rolling-moment and yawing-moment coeffi-
cients plotted against right aileron deflection,

Tufi tests.- The results of tuft tests made to deter-
mine the stalling characteristics of the wing and horizon=-
tal tall are presented in figure 16,



DISCUSSION

Preliminary Tests
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dence of =5C€ to avoid
trim with flapsg aowa. With this

excessive up-elevator travel for
tail incidence,

deflec~

tion of the par ial-upan Zap flap caused the model to be-
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(97

the stability was not
mede even in this maaner,.

The character of this instability
tail stalling, When the horizontal ta
the downwash at low angles of attack w
sufficient to cause the lower surface
This belinf was rubsﬁr‘*ia*fd brr the b
on tie fisor before take-olf. The mod
negaitive angle of 1utock bafore takiag
attitude tl.e nose couid not be drcought
Ko I Lhese ccses the lower aurfac
evident . ully stalled
e

S :
ag 1t appearcua TO

iastead Of It

nade to determine
and of the uppeT

Mhhe tit tests

Hapilicbica-of ¢ue

of the hor tail proved that th-
Tnstttial L () s were correct, The v
presented in lewre 16, indicate thab

the tail wus almost complescly sitallad
of =4° and that the outer porticn was

tall stelling aceounts for the aifficu
flights a%t luft coefficients below 0.8

dition at angles of at
proved longitudinal bchavior of
coefficients. It is realized that

{f.2ghts could be made without using
however,

bslow 0.50,

|
|
|
|
!
|
!
|
|
!
]
|
!
|
|
|
{
!
|
|
|
|
!
|
x
|
|
|
|
|
|
|
|
ndinally stable at 1ift coefficients above >
|
l
sufficient to permit flights to be l
|

[

l

!

!

(

!

!

|

!

|

|

!

tack of 4° 2nd 6Y expla
the model at higher 1ift
the tail stalling of the

elevator
sustained
lly applying alter=~
to prevent the model
moreover,

sugzested a form of i
1l was set at =59,
as believed to De

of ‘the tail to gvall,

ehavinr of the model

el often assumed a

off and from this

up by elevator con-

e of the tailil was

ermittently stalled

the stalling charae-

surfaces

and lower
cesuamptions regard-

esults of these tests,

1he lower >urf“'e of :
at an angle of attack
gtalled at OO. This

|

]

!

1

|

|

|

|

ity ancountered in .;
0% mhe unstalled con- |
ins the im- 1
\

\

\

\

\

]

\

\

1

\

|

|

i



S R

Ty

~
B}

airplane would occur 2t much higher negative angles oif
attack of the tail anéd that the model test results cannot
be used quantitatively dbut may be taken only as an indica=
tion of an unsatisfactory condition that wpuld be encoun=
tered by the airplane if toe great a negative tail ineci-
dence were used.

Changing the horizoatal-tail incidence to 0° elimi-
nated the tail stalling (fig. 16) and made the model lon-
gitudinally stable with flaps down at atl 1ift coefficients
with the 24.2 percent center-of-gravity location. The
flight-test longitudinal-trim curves of figure 7 indicate
that the stability was slightly less for the flaps-down
condition than for the flaps-up condition., No difficulty
was experienced in making flights with flaps down, however,
and the stability wag considered entirely adequate.

8 and 10) show

The results of balance tests (figs.
fleetion,  In fizure
&
é
%

the changes in stability with flap d
10, the unstable pitching~moment slo
coandition with the original tail inc
gravity positiorn explains the inability to obtain flights
at this condition. The manner in which the forward shift
in center~of-gravity rosition increased the stability is
also shown in this Jigure. As indicated by the flight
tests at this condivzion, the stability is positive at the
high 1ift coef: ts but only about neutral at 1ift coef-
ficients below The wrcasunced stabilizing effect
cansed by the to 00 tail incidence is as evident in
the results of 10) as in the flight
tests.

for the flaps-docwn

e
P
idence and center-of-
s

-

Increasing the power caused only a slight change in
the static longitvainal stability for both the flaps-up
and flaps~down coaaihgons, as shown by the curves of fig-
ures 7, 8, and 9, It avpears from the *oMthudzqal trim
data cbtmined in the flight tests (fig. 7) that the statie
stability as indicated by the elevator d.:lecalcns required
€0 trim 2t differens 11fy coeffielents was slightly ine-
creased by power with flaps up and very slightly decreased
by power with flaps down. The balance test results pre-
sented in figures 8 and 9 agree fairly well with the flight
results in this respect and show even smaller changes in
stability with power. fThe windmilling propeller appears
to have provided a slight increase in longitudinal stabil-
3 e fiem alid conditlous.
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Application of power caused opposite changes in longi-
tudinal trim for the flaps-up and flaps-down conditions,
The trim changes were apperent in the flight tests when
successive flights were made at the windmilling and high-
power conditions with a constant elevator setting. Appli~
cation of power caused the trim airspeed to increase with
flaps up and to decrease with flaps dowan. These trim
changes are shown by the curves of figures 7 and 9.

The damping of the phugoid oscillation was satisfac-
tory for all power conditions and appeared to be slightly
better at high power.

Longitudinal Control
&

The longitudinal control appeared to be good in all
respects despite the short tail length of the model and
the nearness of the D“Qpell“f to the horizontal fHail,
Abrupt elevator deflections of only *2° or *3° were re-
qu1rbu to correct for longitudinal disturbances and %o
maneuver the model in the tunnel as desired. Slizhtly
greater elavator de fl ctiong have been required on most

S}
nther models tested in the free-flight tunanel.

I

( appear to be very good. Trim for
peed condition to the stall was obtained without
e elevator travel but a fairly large increase in
movement was required to produce the stall., These
characteristics are considered desirable.

elevator-trim characteristics as indicated by the
at n
-3

A
i |

The balance-~test results in figure 11 show that, with
N
ac,
ds,
up and -0.015 with flaps down. These values divided by

ac : dcC
— B for the corresponding conditions give values of L
of 0,084 with flaps up and 0.177 with flaps down. These

doy . ey . .
values of __&, which are in fairly good agreement with

A

dd g
the flight-test results, indicate adequate elevator effec—
tiveness for the pavblculdr degrees of static stability

power on, the wvalues of

were about -0,013 with flaps

< m) afforded by the 24.2 percent center-of-gravity

location.
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Stalling Characteristics

The behavior of the model at the stall was not notice=-
ably affscted by power and was considered satisfactory at
all conditions of flaps and power.

With the flaps up, the behavior at the stall was not
consistent. At times a definite waruning of the stall was
observed in the form of a slight pitchinz motion, but at
other times the model would roll off to either side at the
stall without warning. The stall was, however, gentle in
all cases and caused no great difficulty.

When the flaps were down, the stalling characteristics
were excellent. Ample warning of the stall was afforded by
a noticeable pitching motion, and the stall itself was evi-
denced by a siow dropping of the model to the floor of the
tunnel. ZEven with the stall sufficiently advanced to cause
this graduval loss of altitude, the allerons were still ef-
fective in picking up a low wing. The results of the tuft
tests shown in figure 16 provide a plausible explanation
for the zood stalling behavior with flaps downs The stall
diagrams indicate that the upper surface of the large par-
tial-span Zap flap and the portion of the wing ahead of it
stall well before the ailerons. The apparent stalling of
the horizontal tail at high angles of attack as indicated
by the tuft tests was actually a form of tail buffeting
and was probably respounsible Ffor the pitching motions that
warned of the stall.

Lateral Stability

Effect of Powsr.- Power provided a noticeable increase
iniddrectional sbtability and a.slight increasse~in dihedral
effects In the flight tests, these stability changes were
evidenced by the smoother, steadier flights obtained with
power on. When, during a single continuous flight, the
power was increased gradually from windmilling to high
power, a definite steadying of the model, especially in
yaw, could be observed. This effect of power, which was
noted in flights with flaps either up or down, was consid-
ered beneficial in improving the flight behavior of the
model,

The spiral stability, which was satisfactory with
power off, did not appear to be affected by nower., With
the flaps up and only the upper vertical tail on, power
definitely improved the oscillatory stability and reduced
the adverse yawing caused by the ailerons.,
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The balance-test resu;*: in figures 12, 13, and 14
substantiate the obgervatidous made in the flight tests in
regard to the effect of power on the lateral-stability
characteristics of the model. The yawing-momeant curves
of figure 12 have greater slopes with power on and, in
addition, the curves are straigihtened out by power at the
higher anles of yaw. This straightening out with power on
suggests that the propeller was acting in such a manaer as
10 delay the stalling of the vertical tails. At the low
angles of yaw, however, the effect of power in increasing

‘the directional stabdility cannoi be credited to the change

in air flow over the tail surfaces beﬂause, 2s shown in
figure 13, most of the increase was obtained with the tails
removed. Neither can the major portion of the increase in
directional stability with power on bhe attributed to the
propeller normal force. The balance tests with tails re-
moved indicated a much larger ilacrease in lateral force in
changing from the propeller-off to the windmilling condition
than in changing from the windmilling to the high-power con-
dition. In this respect the tests agree well with propeller
theory. On the other hand, the increase in directional sta~-
bility (Cp,) provided by the w1ndm1111ng propeller was less
than one-half as great as the unB increase produced by the

application of power. These results indicate that the inflow
to the powered pusher propeller might have affscted the air
flow over the fuselage in such a way as to reduce its unstable
yawiang moment without appreciably changing its side force.

It is iaoteresting to mote in figures 13 and 14 that, with

all tails removed, power proviied enough fin effect to bal-
ance the unstable moment of the wing-and-fuselage combina-
tion and thereby make the model neutrally directionally

stable

The curves of figures 12 and 13 show the slight increase
in dihedral sffect provided by power. The increase appears
to be substantially the same for flaps up or down and is
almost negligible in either case.

The summary of the balance result given in figure 14
indicates the reacons for the flight-test observations re-
garding the effects of power on snlral Qad oscillatory sta-
bidlkatys Inasmuch as power increases both une and —Cle,

it causes a shift on the stability plot (@ to H or 2 to F
approximately parallel to the spiral-stability boundary and
thereby affects the spiral stability very little. The im-
provement in oscillatory stability caused by power with flaps
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up and only the upper vertical tail on is shown graph-
igally in figure 14 by the shift from condition D, near
the oscillatory-stability boundary, to condition I, well
away from that boundary and apparently in o very stabdble
region.

In general, the effects of power on the lateral sta-
bility of this model were considerably less than the ef-
fects of power on the stability of conventional tractor
models tested in the free~flizht tunnel. The changes,
moreover, were in no case detrimental and were 3in sonme
cases definitely beneficial to the flight behavior of the
model., In this respect, this particular pusher design
appears to be complete lr Justified.

Effect of flaps.~ The resunlts of balance tests given
in figure 12 show that flap deflection caused a considerable
reduction in dihedral effect as expected but did not affect
the directional stability, It appaars fizure 14 that
this reduction in dihedral effect should have caused the
model to become spirally unstable.

An analysis of the pb/2V wvalues in table II also
revegle evidence of slight epiral instability with flaps
down, For the flaps~down counditiosn, the values of pb/2av

obtained during rccoveriesg from abrupt ailoron maneuvers
were somewhat lower than the wvaluzs cbtained duriang the
maneuvers themselvas, This reduced aileron ceffectiveness
may be %téken s an indication of gpiral instability, be~
cause the aileron rolling velocity was evidentl)y reinforced
by an unstable rolling in abrupt maneuvers starting from a
wing-level attitude and opposed by the same rolling during
recoveries. Inasmuch as the variaticn of the pb/2V values
with flaps up was the reverse of thot with flaps dowan, the
model is, by the same reasoning, judged to be spirally stable
for the flaps-up conditions

The spiral instability with flaps down was appﬂrently
verye dbiabhty. asino definite indiestions of it .counld be unoted
in- the uncentrolled~flizht tests. At any rate, the condition
was certainly not objectionable and the flight behavior of
the model with flaps dcwn was considered entirely sat

Taseseoardl 't o the question of spiral stability, it should
be pointed out that tests of several models in the free~flight
tunnel have shown that slight spiral iunstability is not objec-
tionable., The rates of spiral divergence with moderate fin
area and only slightly positive dihedral effect are usually

isfactory,
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so small as to cause no difficulty in free-flight tunnel
testse. he pronounced spiral instability usually caused
by negative dihedral effect is, however, considered def~-
initely uandesirable

Effect of vertical-tail area.~ In spita of the short
tail length of the model, adeqLcte directional stadility
was obtained with rglatlvely small vertical tails (tails 1
and, 2 oft £ig. B)e® For all conditions ¢f power and L£Iaps,
no objectionable adverse yawing was noted when ailerons

of the

alone were used for lateral econtrol. The damping
hatieral oscillations was nlso satisfactory.
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: 8 increased 60 perceant by replacing
larger tail of the same aspect ratio
only a slight improvement in the
tics was noted. This improvement was not
ent to Jjustify the increase in areas
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When the tail area was decreased 50 percent by removing
the lower tail, the model retained a small amount of direc-
tional stability. In windmilling-power flights with the
flaps up and with the ailerons usad alone for control, the
small upper tail alone éid not, however, provide enough fin

i
effect to kecep the adverse yawing from becoming excessive,
When the propeller was removed sustained flights with the
‘iﬂql“ tall were almost impossible because of the pronounced
effects of adversc yawing. During a continucd application
of aileron control in flights with propellar off and rudder
fixed, the model would at times yaw adversely to a larsge
? n a

t
ngle, roll against the ailerons, and drop to the floor,
The statility at both the propeller-wiadmilling and propeller-~
oif condltloﬁs was considered unsatisfactory with the single
tall with flaps up. With the flaps down or with power on,
the flight behavior of the model with the single tail was
much 1rprovkd and the adverse yawing was never great enough
tc cause loss of aileron control.

The balance test results in figures 13 and 14 show the

increause in directional stability provided by the small ver-
tical vails., Together the tails inereased CnB by about
0.075, which resulted in a (p value of about 0.055 for
the conplete airplane with power off.

Lateral Control

The lateral control of ths model was not noticeadbly
affected by power, except that a slight .amount of aileron




trim was required to balance propeller torque. For the high-
power condition in the flight tests, a total aileron deflec-
tion of 5° right was required for lateral trim. Power.appar=-
ently did not affect the diractional trim, inasmuch as no
change in rudder setting was necessary in going from wind-
milling power to high power., The rudder control was not
noticeably affected by power despite the proximity of the
propeller to the vartical tails.

On the basis of the abrupt aileron dpilactlons reguired
for satisfactory 'control in.the flight tests, the lateral
control of the model was considered entirely adequate. In
fact, considerably smaller aileron deflections were needed
during the tests than are required for the average model
flown in the free~flight tunnel, It should be pointed out,
however, that the area of these plain ailcrons is 8.8 per—
cent of the wing area, which is somewhat greator than the
average alleron arena of present~day airplanes. A recduction
in this area could probably be made w1tno ut rendering.the
altlerdn control inadequate. SRk ‘

The walues of pb/27 shown in table II are further
proof of the adequacy of the ailéron control of the model,
With the assumed total aileron movement of 45° and the
rudder fixed, the pb/zv values are well above the minimunm
required ‘value of 0,070. . Flap deflection caused a substan—

~tial improvement in the . rolling velocities obtained with thea

ailerons, The slight reduction in aileron effectiveness
during recoveries with flaps down, which has been attributed
to slight spiral instadbility, was not considered serious
inasmuch as the pb/2V was still greater than for any flap=
up condition, It can be seen from the balance results of
figure 15 that a rolling-moment coefficient of about 0,025
was provided by the equal up-and-down aileron deflection of
*£185° that was usod in the tests to defermine the aileron
rolidngivelociticss “A° CI value of O0¢54 for the medel with

flaps up is obtainad by d1v1d1ng this value of 01(0.026) by
the corresponding pb/2V wvaluc (0,048). .

‘Abrupt rudder deflections varying from £10° to #20°
were required for good control coordiantion depending upon
the particular flight condition., The la rrger rudder deflec
tions were used with the larger ailesron defloctions at 1ow
ailrspceds, Thesc rudder deflectisns were only slightly
larger than those ”quirod on the average conventional trac-
tor modwels tested in the ee=flight tunnel, cven though
only thc upper tail of thv model was equipped with a rudder,
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The short tail length of this design does not appear to
necessitate large rudder areas or rudder deflections. 1In
fact, smaller rudder areas and deflections might well De
possible inasmuch as no rudder trim is required for high-
power flight.

With the ailerons fixed, the rudder provided a fair
amount of lateral control with the flaps up. Recovery from
angles of bank as high as 8° or 10° could be accomplished
without excessive change in heading. With the flaps down,
however, the rudder was virtually ineffective in rolling the
model and could not pick up a low wing even at very small
angles of bank,

CONCLUDING REMARKS

The effects of power on the stability and control
characteristics o0f the pusher model with the propeller be-
hind the tail surfaces may be summarized as follows:

l. Longitudinal stability and trim were only slightly
affected by power.

; 2. Power caused a substantial increase in directional
stability but did not appreciadbly change the effective dihe-
dral,

3¢ The stalling characteristics were not affected by
power, s 9

.4, In power-on flights a small amount of aileron trim
was required, but no rudder.trim was necessary. -

5. . The windmilling propeller provided slight iancreases
in_longitu@inal and directional stability.

In spite of the short tail length that was necessary
with this pusher-propeller arrangement, the general flight
behavior of the model was considered excellent. A hori-
zontal tail only slightly larger than normal provided satis-
factory longitudinal stability; ample directional stability
and control. were afforded by vertical tails of normal size,
These tests, therefore, indicated that the use of a short

.tail length did not materially increase the difficulty of

obtaining good stability and control characteristics.
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On the basis of the free-flight tunnel tests, it
appears that the undesirable effects of power on stability
and control can be eliminated by placing a pusher propeller
behind conventional horizontal and vertical tail surfaces.

- Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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TABLE I

DIMENSIONAL CHARACTERISTICS OF

AIRPLANE AS REPRESENTED BY 1/10-SCALZ MODEL

TESTED IN NACA TREE~FLIGHT

Engine:

Bamespower, Tated oo vl e v v Wi el 4
Propeller:
Bt e T R L e a e b e R el
BT 0f Blades « o« 4 vy e w e e
L AL R
Wing:
o R R Tk o M T O J S e
L N T R P S e e
U e o e OO I N T
Airfoil section -
RBoot R R R P . (RS $.0% 1. W e
SRacdoal 'Dreal | . v e M TanialE s i
R e T "1 L 1 - R
Incidence -
B AR ET el & il s e e s
Dihedral break, degrees . o« o « o o o .
15 G T o O VR WL S BT,
Dihedral of outer panel, deETe e s lgile v el
Sweepback, 50 perceant chord line, degrees
HaRe lratlo . 6 v e o % e b e s
Mean aerodynamic chord -
WEmelh, luches ¢ ¢ 5 T o n ol e 4 ' s
Location back of leading edge of root ¢
it S R U SIS g e e S
AN R T T R A
B O, IneBos  y 5 vk e e e e
Wing loading, W/S§, pounds per square foot . .
Center of gravity:
Baclkk of lecading edge of root chord, inches

L oie i Sou RN
Ghiomid e
gyration;

Below reference
Percent of mean
Ratio of wing span to
b/kx{o....o.....o...o

1ine,
aerodynamic
radivusiof

b / k:‘Y' L] L . . . Ld . . . R . . . . . .
b/kZ B

TUNWEL

NACA

67

18

NACA SUBMERGED-INGINE PUSHER

22
39
6,73

y1-116

NACA 67,1-116
NACA 67,1-115
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TABLE I - (Continued)
DIMENSIONAL CEARACTERISTICS OF NACA SUEMERGED-ENGINE PUSHER
- AIRPLANE AS REPRESEINTED BY 1/10-SCALE MODEL
- - TEZSTED IN NACA FREE-FLIGHT TUNNEL
Flaps:
Type -

Zap extensible, partial span
Span -

Feet g LEh el Ll s gl D Tl e e i g 1 L el G g iY b B g T
Percent b 2 & & @ T A e ® e & N ¥ e o o o 43.5
197059t o oo s MESISE R RPN L R 3540

Aileron:

Type -
Plain

Area
Square feeb et % o "6 4 e & % o hue &N IR RS R 20
s e U S ) o B GRS 8.8
Span
Feet N . B AL TIRN | . . . . & n‘ . . . » . . . 1506
ReNgcIomh D S My o BT g S D e SRR E i e e SRR 40

Tails
Horizontal -
Area (includes fuselage) =~

SOt rert felet il e ol S e R R s 54

Percent ¢ o el Caiea FaalaiEoatg ot Sl g raaliati o4
Center of gravity to elevator hiage line, feet 13.5
Incidence, degrees PR R R R e e B 0
SR R VRS SRR S SRR (RO 5 1L i B 13
MR O e, (SqNaTe e OB 1 el el Gt e L el de el dieleie
Above ference line, inches el E A O el e R 13

Tenticlal (tails 1 and 2) =

£
1)

Total area (unot iuncluding

)
&
1
2
Sgquare fe

ML ot b e gy e v A 16 116

l”f,‘l"\)».‘.l'.lt S ° . . . . . . . . . . . . . . . (02

Center of gravity to rudder Linge line, feet. LB 2
il

i & v
Span (e2ch tai b ek Rt o A R Sk
Rgdeer area (tall 1), stuware €288 o v o ol kils Piid7




Figure 1l.- Test section of the NACA free-flight tunnel showing
a model being tested in flight.




Figure 2.- Test section of NACA free-flight tunnel showing
model mounted on a balance.
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Figure 3—Drawng of fy-5cale model of NACA submerged-enpine pusher airplane as tested in the free-flight tunnel.




Figure 4.- Side elevation of 1/10-scale model of NACA submerged-engine pusher airplane
as originally tested in free-flight tunnel with small lower vertical tail
(tail 2) and large upper vertical tail (tail 3).
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Figure 5.- Plan view of 1/10-scale model of NACA submerged-engine pusher airplane as
originally tested in the free-flight tunnel.
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NACA Fig. 6
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NACA Fig. 14
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NACA Fig. 15
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