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SINGLE VERTICAL TAILS OF DIFFERENT SIZI

By Marvin Pitkin
SUMMARY

The effect of direectiorn of proepeller rotation upon
the dynamic lateral-stability characteristics of a twin-
engine airplane model equipped with single vertical tails
of three different sizes has been investigated in the NACA
free-flight tunnel, The effects of flap deflection and
amount of power were zlso studied,

Little effect of power and of direction of propeller
rotation upon lateral stability was observed for the con—
dition of the model with flaps up, The principal effect
of direction of propeller rotation for this condition was
the trim change accompanying the mode of rotation in which
both propellers turned right hand, With flaps deflected,
however, power and mode of propeller rotaiion had a pro—
nounced effect on lateral stability, The mode of propel-
ler rotation in which both bladas moved down in the center
gave the most satisfactory dyramic lateral stability of the
three modes of rotation investigated, The mode—of-rotation
effects observed in these tests were correlated with force

oures

-

and air—-flow—survey data from other s

The most satisfactory lateral—-stability characteris—
tics of the model in flight were eancountered for the model
with large vertical-tail areas,

INTRODUCTI O

The direction of rotation of the propellers on twin—

engine airplanes is becoming of greater importance because




of the increase in engine power and the accompanying
effects on airplane stability., Recent tests (refer—"
ence 1) have shown that, although the direction of pro—
peller rotation has a pronounced effect on both static
longitudinal and lateral stability, no single mode of
#otation was found to give the best results for all con—
ditions, In order to provide more data on the subject
and to determine the effect of mode of propeller rotation
on the actual flight behavior of an airplane model, tests
have been conducted in the NACA free—flight tunnel on a
1/20-scale model of the twin-engine airplane in the meddunm
bomber class represented in reference 1,

Three modes of propeller rotation were investigated
as follows:

(1) Asymmetric propeller rotation, propeller blades
on both engines turning right hand

(2) Outboard propsller
r t

rotation, propeller Dblades on
bocth engines going up nea e

he fuselage
(3) Inboard propeller rotation, propeller blades on
both engines gecing down near the fuselage

In order to isolate the effect of mode of rotation for both
the flaps—up and the flaps—down conditions, three sizes of
vertical tail were employed, which made it possible to place
the model in stability regions in which relatively small
changes in stability could be more readily detected, The
effect of mode of propeller rotation on the gensral flight
characteristics of the model was determined with refercnce
to the effects on lateral stability and control,

APPARATUS AND METHODS

Wind Tunnel

The tests were made in the NACA free—flight tunnel,
a complete description of which will be found in reference
2, Figure 1 is a photograph of the test section of the
tunnel showing a powered model being tested in flight,

In the flight tests, the unrestrained model flies
freely in the tunnel under the remote control of a pilot,
A second operator adjusts the airspeed, tunnel angle, and
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power to the motor in the model to correspond to the
desired flight conditions, After the lateral trim and

the longitudinal trim of the model have been adjusted for
the particular test conditions, the stability of the model
in uncontrolled flight is observed and the effectivensess

of the controls is determined, lotion—picture records of
flights are taken by three cameras mounted at the top, side,
and rear of the tunnel, i

Model .

A three—view drawing of the 1/20~sdale model is pre—
sented in figure 2 and photographs of the model are shown
in figure 3, 4 simple wire landing gear was installed on
the model as shown in-figure 2 to provide sufficient ground
angle for take—off and to absorb shock in landings, Sketches
of the three vertical tails used in the tests are shown in
figure 4, The dimensional characteristics of the airplane
as scaled-up from model values are given 1in the following
table:
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The mass characteristics of the model represented a
full—uc le airplane possessing a wing lcading of €6 pounds
per square foot with the center of graVIt" located at 21
percent of the mean asrocdynamic chord, The full-scale
radii of gyration represented by the model loading are as
follows: ' :

Radius ¢f gy“ation about longitudinal axis, kg, feet 9,36

Radius of gyration about lateral axis, ky, feet. . 11,40
Radius of gyration about normal axis, kg, feet ., . 14,35
Blectromagnetic mechanisms were installed in the model
to provide the abrupt deflections of .the ailerons, rudder,
and -elevator necessary for controlling the model in flight,
The aileron mechanism was adjusted to provide equal up—and—
down movements,varyino from +18°2 to +20°, Rudder deflec—:
tions varying from +6° for the large tail to +13°% for the
small tail were used in conjunction with the ailerons to
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provide proper control coordination, TFor longitudinal
contrpl, abrupt elevator deflections of £39 or #4° were
v.sed, v

The model was powered by a direct—current controllable-
speed electric motor rated 1/8 horsepower at 15,000 rpm,
The motor was located between the wing spars at the center
line of the fuselage and was geared to each propeller at
a ratde ted Gt

Power Conditions

The torque characteristics of the model gearbox unit
were determined by Prony brake tests and the thrust of the
propellers was measured at dyrnamic pressures of 0, 1,9,
and 4,1 pounds per square foot, These tests indicated that,
in order to absorb full model power at maximum efficiency
for the desired propeller speed of 5000 rpm, two different
types of propeller would be required in the tests, Single—
blade, statically balanced propellers having a blade angle
of 40° at the 0,75 radius were reguired for the flaps—up
tests, For the flaps—down tests, however, two—~blade pro—
pellers having a blade angle of 30° at the 0,75 radius
were necessary because of the reduced airspeed,

The thrust developed in the flight tests was deter—
mined from the difference between the flight—path angle
with power on and the angle with propellers off at the
same 1lift coefficient, T™he full—scale torque and thrust
coefficients represented by the model are shown in fig-
ure 5, Based on assumed full-scale values of propeller
efficiency, also shown in figure 5, the model power con-
ditions simulated 3000 full—-scale brake horsepower for the
flaps—up condition and 2370 full-scale brake horsepower for
the flaps—down condition for two engines at sea level,

SYNBOLS

Oy, 1ift coefficient (1lift/q8)

i thrust coefficient for one engine (effective thrust/pV<D*®)

Qe torque coefficient for one engine (torque/pV2D®)

D propeller diameter
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o density of air, slugs per cubic foot

V  free-stream velocity

¥y local velocity

q free—-strean dngmic pressure, pounds per square

(2 v2)
foot \2pV )

a, local dynamic pressure, pounds per square foot

2a¥. *
@)

q,/q ratio of local dynemic pressure at tail to free-

stream dynamic pressure

kX radius of gyration aBout X-axis
kY radius of gyrafion sbout Y—axis
ky radius of gyration about Z-axis
Cn

5 rate of change of yawing-moment coefficient with angle

of sideslip (dirsctional-stability factor), per

radian

S wing area, square feet

TESTS

The lateral stability and control characteristics of
the model were investigated at windmilling and high-power

conditions for three modes of propcller rotation,

All tests

were made with each of three vertical tails and with the
partial—-span slotted flaps retracted and fully deflected,
The £light tests were run at a 1ift coefficient of 0,57
corresponding to a tunnel velocity cf 47 miles per hour for
the flaps—retracted condition and at a 1ift coefficient of

1,0 corresponging to a tunnel velocity of 36 miles

for the flaps—deflected condition,
CRITERIONS

Four criterions were utilized te evaluate the
obtained in the free~flight tests, These results

per hour

results
were based
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on visual observations of the pilot and observer, and on
motion-picture records,

1, Steadiness,— A "steadiness" rating that was con—
cerned chiefly with the over—all smoothness of motion of

the model was assigned each coadition, Flights that had
smooth, gentle, and infrequent deviations from a given
course, controls fixed, were given a high steadiness rating;
whereas violently erratic flights were given a low rating,
Visual observation of extended flights was the only method
employed to obtain this rating,

M Spiral stability,—~ The spiral-stability ratings
of the model were determined by carefully trimming the
model laterally and noting the tendency to diverge in either
direction following a slight change in bank, caused by gusts
or control movement, A definite tendency to diverge was
taken as an indication of spiral instability,

5, Adverse yawing,—~ The adverse—yawing rating is a
function of the aileron yawing-moment characteristics and
the static directional-stablility factor CnB' Inasmuch asg

the aileron—control characteristics were held constant
throughout the tests, the adverse yaw served as a measure

of the static directional—stability characteristics of the
model, Adverse-yawing ratings were obtained by pilot ob—
servations and by motion-picture records of the direction
and amplitude of yawing produced when  only the ailerons were
used to maintain heading,

e Oscillatory directional stability,—~ Ratings of
the oscillatory directional—stability characteristics of
the model with controls fixed were obtained by visual
observation and from motion-picture records of the damp—
ing of yawing oscillations induced by abrupt control de—
flections, Conditions in which oscillations damped out
quickly were accorded high oscillatory—stability ratings,

&

RESULTS AND DISCUSSION

The lateral-stability and control flight ratings are
given in table I for all test conditions, The results for
both the flaps—up and the flaps—down condition are given for
lift coefficients corresponding to approximately 150 percent
of the minimum speed for the particular condition, The 'fhrugt




coefficient for each engine was 0,045 for flaps up and 0, 075
for flaps down, Although this difference in thrust coeffi-
cient probably influenced the comparison of the two flap
conditions, it is believed that the principal differences

in stability noted were due to flap position,

Bffect of Vertical-Tail Area

The effect of decreasing fin area upon the oscilla-
tory directional stability (that is, damping of the vyawing
oscillations) followed the adverse trends normally expected
and is 1llustrated in figure 6, The typical increase in
the period of the lateral oscillations with decrcase in
tail area is clearly evident,

In general, increasing the vertical-tail area de—
creased the spiral stability, as was expected, This re—
duction of stability hed no adverse effect upon the flight
behavior of the model, In fact, increasing the vertical-
tail area led to a marked increase in the steadiness of the
model, Ever though the model possessed a slight degree of
spiral instability in certain cases, flights made with the
larger tails 1 and 2 produced the "grooved" flights desired
by bomber pilots,

The results plotted in figure 7 show the effect cf re-
ducing the fin area upcn the adverse yawing oscillations
caused by alleron application, The customary increase of
adverse yaw with decrease in fin area is clearly brought
out by these data, These results are of general interest
because they illustrate that the appearance of instability
may under certain conditions be brought about by the influ-
ence of controls.

The results of the vertical-tail-area tests followed
expected trends and thus indicated that variation of
vertical-tall area could be utilized to emphasize the ef-
fects of mode of propeller rotation,

Effect of Power

The flight tests showed essentially no effect of power
upon the lateral-stability charscteristics of the model for
the flaps—up condition, (See table I,) For the flaps—down
condition, however, power application resulted in an increase
in adverse yawing, an increase in spiral stability, and a




neticeable Teductiion of oscillatory stebility for all
modes of propeller rotation, A marked reduction in the
directional—stability factor OnB was thus indicated,

A considerable reduction in steadiness accompanied these

0 chan@cs and sizable yawing oscillations were encountered
) ol isia . b , < . .
1 with aileron application for model conditions that, with

flaps retracted, had possessed excellent flight character—
istics, In general, for power—on conditions, the lateral

stability was considerably less with flaps dowan than with

flaps up,

Figure 8 illustrates the adverse effect of power ap—
plication for the flaps—down condition upon the damping
of the lateral oscillations of the model with controls
fizxed even for high initial values of CnB (with verti-

cal tail 1), The adverse effect of power for the flaps—
down condition is also indicated in figures 9 and 10 in
which are presented comparisons of values obtained from

; motion—picture records of the power—on adverse—yawing
curves with the corregponding adverse—yawing curves for
windmilling conditions,

The destabilizing effect of power application upon
the directional—-stability characteristics for flaps—down
flights may be chiefly ascribed to wing-nacelle stability
‘ characteristics, The data contained in reference 1 show
that the unstable moment of the wings and nacelles for
flaps—~down conditions was markedly increased by power
application for all modes of propeller rotation,

td
o

ffeet of Mode of Rotation

Flaps—up,—~ The flight tests showed little effect of
direction of propeller rotation when the flaps were up, A
study of table I reveals that the main effects of direction
of propeller rotation were the out—of—trim changes associ-
ated with the asymmetric mode (both blades turning right
hand), Although neither aileron nor rudder adjustment from
windmilling conditions was required for powered flight for
the symmetric modes, about 6° right aileron and 4° right
rudder were required to trim the model when the asymmetric
mode was employed,

1 Although the stabdility changes with mode of rotation
were small, a distinction between the relative merits of

the various modes of rotation could be made when the smallest
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vertical tail (tail 3) was employed, TFlights made with in—
board rotation (blades coming down near fuselage) showed

the adverse yawing characteristics and the long-period os—
cillations associated with low values of Cnﬁ and indicated
that this mode of rotation had the most detrimental effect
on lateral stability of the three modes investigated, ik
should be observed, however, that this destabilizing effect
of this mode, although distinquishable, was not large and
merely caused a change in the oscillatery flight ratings
from C (poor) to D (unsatisfactory),

Flaps—down,-~ As was the case for the flaps-up condi-
tion, thHe asymmetric mode of rotation was the only mode ob-
served to cause considerable out—of-trim changes with power
application when the flaps were lowered, The sffect of mode
of rotation upon lateral stability, however, was more clearly
discernible for the flaps—down tests and was of much larger
magnitude,

The inboard mode of rotation, which had induced the
least oscillatory directional stadility for flaps—up
flights, gave the most oscillatory directional stability
of the three modes of rotation when flaps were lowered,
Although this effect was largest for flights with tail 3,
for which the power—off stability was least, it was also
noticeable for Tflights in which other tails were used,

Outboard propeller rotation (blades coming up near
fuselage) was responsible for the largest detrimental
change in oscillatory stability with power observed in the
flight tests, Upon application of power the oscillatory-
stability rating with tail 3 was changed from rating 3B
(fair) to rating D (unsatisfsetory), Long-period oscil-
lations further indicative of low directional—-stability
factor OCp were also observed in flights for this conw

dition,

The asymmetric mode, although not responsible for as
large a change in stability as outboard rotation, gave less
directional stability than inboard rotation and led to un—
satisfactory lateral behavior for flights with tail 3, Dur-
ing these flights the model performed a yawing oseillation
of eonstant amplitude, roughly between 0° and 10°, flew yawed
at two trim points, and eventually diverged in yaw to the
extent of completely reversing heading, Motion-picture rec-
ords of the roll and yaw characteristics during a flight at
this condition are presented in figure 11, This figure
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indicates that, because of low inherent directional stabil—
ity, the adverse yawing moment of the ailerons was able to

yaw the model past the point at which it became statically

directionglly unstable,

A possible explanation of the effects of propeller
rotation upon directional—-stability characteristics has
been devised for both flap conditions based on the air-—
flow patterns in the tail plane, Stuper has shown in
reference 3 that the slipstream of a tractor propeller is
split by the wing and is displaced laterally in the direc—
tion of its tangential velccity &nd reunites in a distorted
pattern after leaving the trailing edge of the wing, This
phenomena was verified by Sweberg in reference 4, in which
are presented power—on air-flow surveys in the tail region
of & twin—engine airplane equipped with left—hand propellers,
The results of reference 4 show that the slipstream pattern
behind a propeller and wing is practically independent of
angle of attack or amount of power but is primarily depend—
ent upon flap configuration for its shape, For flaps—up
conditions this slipstream pattern eventually assumes a
roughly elliptic shape after passing ocver the wing and the
velocity regions in the tail plane are symmetrically dis—
tributed behind the projeccted propeller plane, Consequently,
little effect of direction of rotation upon the tail surfaces
is indicated, Deflection of the flaps, aowever' displaces
the slipstream Jjet downward and dlstorts the dvnamlc pressure
distridbution into a kidney—like shape at the tail plane.with
a concentration of high velocities on the down-going side of
the propellers,

In effect then, for inboard rotation, the slipstream
veloclties converge on the tail surfaces wnen flaps are
lowered, whereas for outboard rotation they diverge from
the tail. These data, when correlated with force data from
reference 1, may be used to explain the results of the pres—
ent tests,

The data in reference 1 show that with flaps retracted,
the application of power or the mode of propeller rotation
had 1little effect upon the stability characteristics of the
wing, nacelles, and fuselage, The air—flow data of reference
4 1ndlcatb llttle e fif et ile £ moﬂe of reoetation upon air-flow
patterns at the tail, Relatively little effect of mode of
rotation upon the lateral—stability characteristics of a
twin—engine airplane in the flaps—retracted condition should
be expected, This premice was confirmed by the present tests,
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The force data of reference 1 show that for the flaps—
down condition, however, power causes a large decrease in
the directional—-stability factor CnP faor all modes of

rotation for the wing and nacelles, Any effect of mode of
rotation upon the directiornal stability of the airplane
would therefore be a result of power effects on the fuse-
lage and on the vertical tail, The effect of mode of ro-
tation upon the directional stability due to the fuselage
is not clearly understood at present, Incomplete data in—
dicate that fuselage effects due to mode of propeller ro-—
tation are small and similar in nature to the far larger
effects of the vertical tail surfaces, It is therefore
believed that a satisfactory indication of the effect of
mode of propeller rotation can be obtained by a study of
its effects upon the vertical tail surfaces,.

The slipstream patterns previousgly discussed indi-
cate that, because of the inboard shift of the high-
velocity regions of the stipstream, inboard rotation will
cause an increase in the directional—-stability factor CnB

due to the tail for small through moderately large angles

of yaw, The value of ©Cpg for this condition should reach
a maximum at some moderate angle of yaw, at which point the
vertical tail is partly immersed in the direct slipstream
jet, Por outboard propeller rotation, the vertical tail
will not enter the slipstream jet until a much larger angle
of yaw is reached because of the initial outboard displace—
ment of the slipstream with this propeller mode, The effect
of the asymmetric mode (propellers turning right hand) upon
directional stability would be dependent upon direction of
vyaw and would lead to peak valuecs of Cnﬁ at moderate posi-

tive and at large negative angles of yaw,

The reasoning in the preceding paragraphs appears sub—
stantisdted by existent force data, Figure 12 presents force
data obtained from reference 1 and from unpublished tests
made in the LMAL 7— by 10-foot tunnel for the flaps—down
condition for two twin-engine models tested with three modes
of propeller rotation, The lateral shift of the slipestream
is plainly distinguishable from these data and the variation
of CnB with propeller rotation is as previously discussed,

These force data confirm the previous conclusions drawn here—
in from the tests and from hypothesis as to the advantageous
nature of inboard propeller rotation for normal angles of
yaw, The effect of the asymmetric mode 1s also clearly de~-
fined and is similar to the effect produced by inboard »
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propeller rotation for positive yaw and to the effect of
cutboard propeller rotation for negative yaw,

CONCLUSIONS

following conclusions are based on results of
flight tests of a twin—engine model with single
tails of three different sizes in the free-
unnel, Three modes of propeller rotation were
ated — asymmetric rotation (propellers turning
outboard propeller rotation (propeller blades
going up near the fuselage), and inboard propeller rota-
tion (propeller blades going down near the fuselage).,

cts of power and direction of
ral—-stability characteristics
s deflectad,

1, The greategt effe

=)

e
were encountered with flap

2, With flaps deflected, application of power de—
creased the directional stability for the three modes of

propeller rotation,

3, The asymmetric mode of propeller rotation had a
large effect upon lateral trim, Neither of the two sym—
metrical modes of rotation required control deflections
for trim, whereas the asymmetric mode required approxi=:
mately 6° right aileron and 4° right rudder deflections
for straidcht f£ligzht,

4, Mode of propeller rotation with flaps up had little
effect on the lateral stability although blades coming up
in the center gave the least reduction in oscillatory di-
rectional stability, With flaps down, however, the rota-
tion with blades going down in the center gave the lcast
reduction in this respect,

5, The most satisfactory dynamic lateral flight be-
vior was encountercd with models having large vertical
vils

ot 5
D

o}
°

Langley Mamorial Aeronautical Laboratory,
National Advigory Committee for aseronautics,
Lengley Field, Va,
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TABLE I

15
FLIGHT RATINGS OF TWIN-ENGINE MODEL AS TESTED IN THE FREE~-FLIGHT TUNNEL1
Mode of Propeller Rotation
Ver-~ | Power Outboard propeller Asymmetric propeller Inboard propeller
rotation\_ar_“/ rotation ™ ¥ rotation /7 ¥ ¥
tical Con=-
Spiral| Ad- | Oscll- Spiral| Ad- |Oscil- Spiral| Ad- |[Oscil-
tail di- |Stead-| 8ta- |verse| latory| Stead-| sta- |verse|latory|Stead-| sta- |verse latory
iness| bility zaw- sta- | iness | b1lity( yaw-| sta- [iness |[bility| yaw-| sta-
tion ng | bility| ing(bility ing |bility
Flaps up; Cy = 0.58; IT, = 0.045 per engine
T 2
Wind-
mill- A B A A A B A A A B A A
3t ing
(large)
Full 2
power A B A A A B A A A B A A
Wind-
mill- B B+ B+ B+ B B+ B B+ B B+ B B+
2 ing
(medium)
Full | g B+ B B+ B B+ B | %p+ B B+ B B+
power
Wind-
mill- c B+ Cc Cc Cc B c C= c B c Cc
5 ing
(small)
il B+ c-| ¢ ¢ B+ c- | 2c- D B+ D D
power
Flaps down; Cr, = 1.00; Te = 0.075 per engine
!
Wind- |
mill- A (o] B+ A A c B+ A A c A ! A
1l ing
(large)
Power| g c+ B B+ B c+ B- | 2B+ B+ c+ A A
Wind-
mill- B C+ B B+ B Cc+ B+ B+ B Cc B B+
ing
(medium)
P°;;*‘- B- B B B- B-| B B- | 2B- B c B B
Wind-
mﬁ‘l- c+ B c+ B c+ B c+ c c+ B c+ B
3 in
(sma1l)[—o 1
Power-( p B+ ! D D D B+ D 2p c+ B c c
on i

lFlight ratings:

Rating | Steadiness [Spiral Stabllity |Adverse yawing | Oscillatory stability
A Very steady Stable None Oscillations heavily
flight damped
Steady Oscillatlions moder-
B fl1ght Slightly stable Slight ately damped
i Erratic Large and Oscillations
& flight Slightly unstable troublesome slightly damped
Violently Too excessive Oscillations neutral
D erratic Unstable for contin- or negatively
flight ued flight damped
+ Indicates condition slightly better than letter deslignated
- Indicates condition slightly worse than letter designatead

2prim changes with power
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