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SUMMA!!!! .

Measurements were made in the ?WCA full-scale tunnel
of the pressure distribution over the horizontal tall
surface of a typical pursuit airplane In order to deter-
mine the effects of propeller operation and angle of yaw
on the tall load distribution, Most of the tests were
made with the propeller operating to simulate “climbcon-
dlttons, high-speed dives, and pull-ups to .varlus normal
accelerations for angles of yaw ranging from 108 to -1OO.
Measuretnentswere also made of the distributions of down-
wash angle and dynamic pressure in front of the horizontal
tail and the results have been correlated with the re-
sults of the pressure-distribution tests.

From the results of the tests, it appears that the
most severe asymmetrical loading condition for the hori-
zontal tall will occur during a pull-up from high speed
when appreciable yaw may be developed- It is shown that
the angle of yaw Is the most important f’actorcontributing
to the magnitude of.the tail-load asyqmetry. The magni=
tude of the tall-load asymmetr~ for unaccelerated, unyawed
flight at low speeds and high propeller torque coeffi-
cients was sufficiently small to be of little importance,
The difference In the normal-force coefficients on the
two sides of the horizontal tall surface was dependent
only on the angle of yaw and the power condition and was
essentially independent of the elevator setting or the
magnl”tudeof the tall loa,d.

,,. ,, ..

INTRODUCTION

Numerous structural failures of tbe tail surfaoes of’
military aircraft have recently occurred, especially In
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dives. One of the factors contributing to these fall-
ures 5.sthe asynmmtrlc tail loading that occurs as a re-
sult of slipstream rotation and airplane yaw. It has
been suspected that under certain”conditions this asym-
metric loadhg may cause bending moments on the tail
which are in excbss of those calculated by current design
criterions. Tests were accordingly conducted in the
NACA full-scale tunnel to detemine the distribution of
the load on the horizontal tail surface of a typical pur-
suit airplane under conditions simulating actual fllght,

The tests included pressure measurements over the
horizontal tail of the P-40K airplane and air-flow sur-
veys in front of the tall for various angles of attack
and”angles of yaw. Most of the tests were made with
the propeller operating at coefficients simulating rated
power at an altitude of 10,000 feet for conditions of
both steady and accelerated flight. In addition, some
tests were run with the propeller removed to determine
the effects of propeller operation. A few force tests
were made to determine the variation of the lift with
the angle of attack.of the airplane.

The data presented in this report are quantitative
for the P-40K airplane only; It is believed, however,
that the results should provide a basis for a qualita-
tive evaluation of the effects of power and of yaw on
the tall-load asymmetry of reasonably similar airplanes.
It should also be pointed out that, Inasmuch as the
tests were conducted at low speeds and with relatively
low tail-surface loads, the effects of Mach number and
of elastic deformation are not included in these results.

SYMBOIS

airplane lift coefficient (L/qoSw)

CN tail normal-force coefficient (N/qoS~

ACN difference between normal-force coefflcie ts on
3left and r.lghttall surfaces (CNL - CN

Cn section normal-force coefficient

(
tall section normal force

qoct )
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“torquecoefficient
...... .... ..- ~,,
thrust coefficient

airplane llft

.
!,* 3“

(Q/pvo%s’)

( )

“eff’9ctlve“thrust ~ —.:.-.

pv#l# ~

tall normal force

difference in normal force on left and right
tall surfaces (??L- NR~

. .
airplane load factor, also”propeller rotational
speed

propeller t~rque

pressure coefficient (Ap/qoJ

difference In local static pressure between upper
and lower surfaces of tail

wing area

horizontal-tall area, not including fuselage

tail chord

propeller diameter

lateral distance along tail span measured from
fuselage center line

.()dynamic pressure &@

velocity

propeller advance-diameter ratio

mass density of air

altltude, feet

angle ofattack of+thrust axis.re.latiy@.,.t.ofree,-
stream direction, degrees .

angle of yaw, degrees; positive with left wing
forward

-. ___
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c downwash angle, degrees

“ Ac .ditferencebetween do waeh angles over right.and
left tafl surfaces TR-%,

it angle of stabilizer setting with respect to
thrust axis, degrees; positive with tralllng
edge down

h control-surface
with trailing

P propeller blade

Subscripts:

o free stream

t horizontal tail

deflection, degrees; posltlve
edge down

angle at 0.75 radius, degrees

surfaoe

e elevator

R right side of horizontal tall

L left side of horizontal tail

av average

METHOD9 A?JDTESTS “

The tests were conducted on the Curtiss P-40K, whloh
is a low-wing pursuit airplane weighing 7740 pounds and
equipped with a V-171O-F4R Allison engine rated at
1000 horsepower at an altitude of 10,800 feet. A three- .
view drawhg showing the principal dimens~ons of the air-
plane 1s given In figure 1 and a photograph of the air-
plane mounted in the NACA full-scale tunnel Is given as
figure 2.

For the pressure measurements, flush-type orlflces
were Installed in the upper and lower surfaces of the
horizontal tail at 12 chordwlse stations symmetrically
located across the span. The location and identlflca-
tlon of the orlfIces are given in table ,I and In fig-
ure 3a The cellular construction of the tail surfaces
prevented the Installation of pressure orifices very
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near theleadh.g edge. ~In order to overcome this defi-
-.. . clency a method bqsed on $heoretlcal calculations, which

will be described under ‘Results and Dis-cuss”lon,Uwas

:~ used to obtain the pressure peaks at the leadlng edge of

[

the tail.
;I

The air-flow surveys consisted of downwash-angle
and dynamic-pressure measurements in a vertical plane

,. located 3.8 feet (average .tai.lc~ord)”ahq8d of the
leading edge of the root section”of the horizontal tall.
A rake of 14”steel survey tubes, each capable of meas-

. urfng the local downwash and,sldewash angles and the
! 100al dynamic pressure, was used f!orthese measurements.
i The horizontal tail s~face was in place for all the

air-flow measurements.

All the tests were made at a tunnel airspeed of
approximately 85 miles per hour. The propeller blade
angle, for the power-on tests, was set at 35° at the
0.75 radius and was held const&nt. By choosing this
particular blade angle, It was possible to reproduce “
in the tunnel the torque coefficient of the constant-
speed propeller exactly for all lift coefficients and,
in addition, very nearly to reproduce the thrust coef-
ficient. Figure 4 shows the variation of blade angle
and V/nD with lift coefficient and figure 5 shows
the varlatlon of ~ and Tc with lift coefficient
for the constant-speed propeller and for the propeller
operating at constant blade angle, The variation of
lift coefficient with angle of attack of the airplane
with the propeller removed and with the propeller
operating at rated power at an altitude of 10,000 feet
is shown In figure 6.

b

A summary of the complete test program is given
in table II. The tests with the propeller operating
were made to simulate both level-flight conditions and
pull-ups to various.normal accelerations of the air-
plane. The maneuvers that were reproduced are given
in the last column of table II In terms of airplane
load factor. For the level-flight conditions
(n = 1.00), the elevator angles were set for trim ac-
“cordihg””tbthe results of unpublished flight-test
data. For the accelerated-flight conditions, tests
were made at two or three elevator angles in order to
braoket the probable elevator deflection required to
pull up to the normal acceleration listed. The yaw-
angle range (* = @OO) was chosen to bracket the
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“maxtiumangle of yaw likely to be encountered in the
maneuvers being considered;

. .

RESDIG!SAND DISCUSSION

Chordwise pressure dlstrlbutlons.- Tinepressure
measurements were flrst plotted along the various chord
lines of the horizontal tall surface to obtain the
chordwlse distribution of the tall load. Inasmuch as
there were no orifices very near the leadlng edge of
the tail, the following method was-used to estimate the
leading-edge pressure peaks: The theory of reference 1
shows that for a symmetrical.airfoil a point on the
chordwise distribution curve bears the same relationship
to any other point regardless of the,llft supplied by
the sect~on, provided that the surface has not stalled.
The leading-edge pressure peaks were estimated by a
direct comparlsoh of that portion of the measured dis-
tribution near the leadlng edge with the corresponding
part of the theoretical curve. For all these tests,
the elevator settings were sufficiently small that the
effect of deflecting the elevator on the leading-edge
pressure peaks could be neglected (reference 2).

A few typical chordwlse pressure distributions over .
the tail of the P-40K airplane are shown in the Isometric,
charteof figures 7 to 13. Included In each of these
figures are the corresponding distributions of sectlo.n
normal-force coefficient across the tail span that were
obtained by Integrating the chordwlse pressure distri-
butions. The effects of the slipstream.rotation and
the angle of yaw on the distribution of the tail load
are included In these figures, Comparison of fig- “
ures 7 and 9 shows the effect of the slipstream rotation
on the tall load distribution at a low value of CL .
and Qc; the effect of the slipstream rotation at a high
value of CL and ~ may be obtained by comparing “ .
figures 8 and 10. At a low value of ~, which corre-
sponds to a high-speed or dive condition,”the effect of
propeller operation on the distribution of section
normal-force coefficient Is small. At the high value
of ~ (low-speed climb), propeller operation resulted
in a large Increase in the normal-force coefficient on
the left side of the tail and a correspondingly large
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the normal-force coefficient on the right
tail. Th’eeffect.of’a~le-of.~aw...othehe

tall load distribution is shown in f~gures iO to 13 for
a lift coefficient of 0.820 with rated power applied,
The asymmetries in the tail load distribution due to
yaws even at * = 5°, are very large.

Spanwise dlstrlbutlons of normal-force coefficient.-

normal-force coefficient are given in figures 14 to 20.
Span load distributions, with the propeller removed, at .
three angles of yaw ($ = 0°, 5°, and 10°) are shown In
figures 14 to 16. These tests were made to determine
the effects of yaw on the distribution of tall load and
to serve as a basis for detetiinlng the effects of pro-
pe~l;~ operation. V71ththe propeller removed and
+ the load on the left side of the tail was
higher’than the load on the right side of the tall.
This asymmetry Is eqsentlally Independent of the angle
of attack of the airplane and is probably due to differ-
ences In the airpla~ on the-two sides of the plane of
symmetry and also to a side-flow component of the wlnd-
tunnel air stream. .

Span load distributions with the propeller operating
at rated power at an altitude of 10,000 feet are shown
in figures 17 to 20 for four angles of yaw (* = 0°, 5°,
10°, and -10°) and include lift coefficients bracketing
an airplane velocity range from 150 to 550 miles per
hour- The elevator angles for these tests were set for
trim at the corresponding lift coefficient for unaccel-
erated flight. The small variation with the airplane
lift coefficient of the elevator angle required for trim
Is due to the low degree of longitudinal stability of
the airplane. It is very evident from the figures that
large changes In the distribution of normal-force coef-
ficient along the tail span result from”both propeller
operation and angle of yaw.

The dlstrlbutfon of the load on the horizontal tall
surface under conditions simulating a typical pull-up
from.h$~. s,~.?e~when CL,.=~y~~o:,~,d n = ‘:0,..
(v = 450 mph)”,is given “infigure 21.

.1%0 :y::o~;egiven for two elevator settings (8e =
inasmuch as the exact elevator setting for the maneuver
was not lmown= Although the ma~ltude of the tail load
was changed by elevator deflection, the ~istributlon of

i — .. .-
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the load across the tail span remained substantially the
aameo M general, the effects of propeller oper~tlon
and yaw on the tall load distribution for this case are
dtiilar to the effects measured for the unaccelerated-
fllght conditions.

. .

In order.to estimate the magnitude of the tall loads
and the asymmetry in We”tall load resu~tlng from pro-.
peller operation and yaw, average values for the tall
normal-force coefficient have been computed for each
side of the horizontal tall surface by Integrating span-
wise distributions of cnctm The complete results of
these calculations, whtch are based on free-stream
dynamtc pressure, are given in table III. It Is”pointed
out that the maximum bending moment on the tail for a
particular condition does not depend on the magnitude
of ACN In all cases but depends on the distribution
of the load across the horizontal-tail.span.

Air-flow measuremmts.- Measurements were made of
the downwash angles and he d~namic pressures In front
of the tail in order to correlate the results of the tail
pressure measure~lentswith the geometric pattern of the”
air flow in front of the tail. The tall surfaces were
in place for the air-flow measurements but, inasmuch as
this report 1s primarily concerned with dlfferencqs in
the tall loads and the downwash angles on both sides of
the plane of symmetry of the airplane, it is believed
that the lnclinati~n of the air stream in front of the
tail due to the presence of the tail will have little
effect on the conclusions drawn”from the results of
these measurements.

A few typical examples showing the variation of
downwash angle and dynamic pressure across the tail
span together with the corresponding spanwise distribu-
tion of normal-force coefficient are shown in fllgties22
to 28, The survey.patterns for each of these condi-
tions.are shown In figures 29 to 35, which were plotted
for the same test conditions as the chordwlse pressure
distributions shown in figures 7 to 15. The increase
in downwash angle on the side of the tail behind the
downgoing propeller”blades and the corresponding de-
crease In the downwash on the side of the upgoing pro-
peller blades are evident from examination of figures 29
to 35. Large changes In the downwash angles near the
fuselage were measured when the airplane was yawed with

I
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the propeller operating. Cqmpari.sonof fighrea 25 and.
~“ ““28shows-thelar~e Inorease .ln. the.dowimash. ande on.

the left side of-the horizontal tail-near the ?uselage
due to yawhg the airplane to -1OO. For positive
angles.of yaw, with the propeller operating, the down-
wash angles on the right side of the tall near the
fuselage are decreased andt”he downwash angles near the ~
outboard”sectlon of the rtght”side of the tail are in-
creased from the values obtained at zero yaw. (Compare
figso 25 to 270)

Explanations of the combined effects of the slip-
stream and the yaw angle on the tall load dlstrlbu~ion
are very dlfflcult ow~ng to the complex nature of the
slipstream, especially in yawed”fllght. Some sketches
have been prepared (fig. 36) to show estimated slip-
stream patterns for the various yaw conditions. It IS

hewn that the mean path of the slipstream In yawed
flight will lie some~here between the dlrectlon of ‘the
relative wind and the longitudinal axts of the alrplane~
Studies of the span load distributions and the air-flow .
measurements showed that for a first approximation this
angle may be taken as one-half the angle of yaw, The
oombined effects of power and yaw appear to be critically “
dependent on the direction in which the airplane is
yawed. As the airplane Is yawed In a positive dlrec-
tlon (left wing forward), an increasi ly greater per-

?centage of the right side of the tall which is blanketed
by the fuselage) wtll be immersed in the alr stream af-
fected by the upgoing propeller blades and the combined
effects of power and yaw will tend.to decrease the asym-
metry of the tall load. As the airplane Is yawed in a
negative dlrectl.on,an,lricreasinglygreater.percentage
of the blanketed side of the tail wll.1be Immersed In “
the air stream affected by the do~olng propeller.
blades and the combined effects of power’and yaw will “
tend to increase the asymmetry “ofthe tail load~

In order .toaid In correlating the air-flow s~veys
with the pressure-distributionmeasurements, calcul.a-”
tlons have been made to obtain the ’avera~e downwash
angle and the average dynamic-pressure ratio for each
sidb of’the tall.

“m””value: of “ W% ‘Ve been
weighted accordln~ to the sp”anwlsevariation of’tall
chord and the values of Cav have been weighted ac-
cordhg to the spanwlse va~latlon of tail”chord and
dynamic-preqsure ratio by the formulas .

.,”
.,

. .
. . . . .

. . ,.u —..—.
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The values of q/qo and 6 used”for these calculations

were taken at the intersection of the plane through the
horizontal tall and the survey plane. The results for
all the te”stoondltlons are given In table III together
with the values of the average normal-force coefficients.

Curves have been plotted (fig. 37) that show the
variations In the differences of average downwash over
the right and left tail surfaces wltlnangle of yaw for
various torque coefficients. The slope of the curve
Of A~a~ against * near zero yaw was about 0.8 for
the propeller-removed condition. Propeller operation
at various constant values of ~ had little effect on
this value. The difference in downwash on the two
sides of the horizontal tail at zero yaw was about 6°
greater with the propeller operating at ~ = 0.036
than with the propeller removed.

An analysis has been made to correlate the measured
downwash asymmetry with the asymmetry in normal-force
coefficient. Points plotted in figure 38 show the
variations of ACNav with A~av for all the test con-

ditions and a mean curve has been drawn through the test
points. The values of ACNav given in figure 37 are

based on local dynamic pressure in order that any asym- “
metries due to the differences In dynamic pressure on
both sides of the horizontal tail may be eliminated.
The slope of the curve of
b~av = 00, 1s about 0.02
of the order of magnitude
twisted wing having a low
uniform stream.

AcNav agkinst ACavfi at
per degree. ,This value is
that may be expected for a
aspect ratio and acttig in a

I.
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Tail-1oad asymnetr?.- Calculations have been made....
of “the“difY6r”efi”oe7bert ween--the”.load.cjnthe...righazxlxlthe.
left sides of the horlzbntal tail surface for the
various test conditions. The variation of tail-load
asymmetry with angle of yaw Is shown in’figure 39 at
three lift coefficients for the airplane with the pro-
peller removed. Figure 40 shows the tail-load asym-
metry as a funotion .ofangle of yaw for various steady-
I’llghtIlft”coefficiqnts of the airplane with the
propeller operatzng. The data of figures 39 and,40 have
been replotted in figure 41 to show sepa.ratel~the ef-.
fects of power and of yaw on the tail-load aspmetry.
At CL = 0.066 (v = 550 mph at an altitude of 10,000 ft)
and ~ = 10°, the difference In the load on the right
and left surfaces due only to yaw.was 1000 pounds.
Propeller operation corresponding to steady flight at
this llf’tcoefficient resulted in a tall-load asymmetry
of -650 pounds. The net tall-load asymmetry for this
condition was therefore ~50 pounds. At the same lift
coefficient but ~ = -10 , a net tall-load asymmetry
of about -1400 pounds can be obtained by extrapolating
the curve of figure 38 to $ = -1OO. The combined
effects of power and of yaw, for right-hand propeller
operation, are t-hereforemore severe when the airplane
1s yawed in a negative direction than when the airplane
Is yawed in a positive direction. The magnitude of the
tall-load asymmetry at the high lift coefficients for
unacceleratod fllght was sufficiently small to be of
little consequence.

The asymmetries in the tail load for various,pull-
up maneuvers are shown In figure 42. In~smuch as the
exact elevator deflections for the maneuvers were not
known, the measurements were made for a range of ele-
vator angle, The results show~ ~wever, that the
asymmetry in the tall load is primarily dependent on
the power condition~and the angle.of yaw and Is essen-
tially independent”of the elevator setting or the
magnitude of the tail load.

“It appears that in actual flight the most important
“‘factorcontributing .tpthe magqltude of the.tail-load
as~etry wilI be the a~le’of yavior of’”s”i&?Jsllpdevel-
oped. At high values of CL or low alrplanf3vebc~ties
the tall loads will be small and the effects of power or
yaw on the tall-load asymmetry will be of little conse-
quence. At high velocities when the tail loads may

1;1.— “._—._ . . _. . . . . . . . —-. ._ ---- —.-
-1
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assume considerable proportions,.,theeffects of propeller
operation “onthe tall-load asynmetry will be small
Inasmuch as the propeller torque and thrust coefficients
will be very low. The asymmetry due to yaw at high
velocities, however, may be considerable, especially
during pull-up maneuvers when large angles of sideslip
may be developed. The sideslip developed by an air-
plane during a high-speed pull-up Is prlmarlly due to
the gyroscopic action of the propeller. As a typical
example, during flight tests of the P-40 airplane
(unpublished), the airplane yawed noticeably to the
right in all pull-ups. Calculations showed that, when
the propeller rotational speed was 1140 rpm, as In the
cruishg condition, a pitchhg veloclty of 0.4 radian
per second may result in a yawing moment of about
5000 foot-pounds, which could be.offs~t by a steady
angle of sideslip of approximately 10 at a velocity of
175 miles per hour.

SUMMARY OF RESULTS.

The results of measurements made in the NACA full-
scale tunnel on a typical pursuit airplane to determine
the effects of propeller operation and angle of yaw on
the tail load distribution showed the following:

1. Large differences between the average downwash
angles on the two sides of the horizontal tall surfaces
as a result of propeller operation and yaw were measured.
At zero yaw, the difference between the average downwash
angles on the two sides of the horizontal tall was about
6° greater with the propeller operating at a torque
coefficient of 0.036 than with the propeller removed.
The change in the difference b6tween the average downwaah
angles on the two sides of the tail per degree change in
angle of yaw was about 0.8 for the airplane with propeller
removed.

2. The difference between the average normal-force
coefficients on the two sides of the horizontal tall per
degree difference in the average downwash angle was about
0.02.

3. The results of the tests showed that the most
important factor contributing to the magnitude of the
tail-load asymmetry will be the angle of yaw developed
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,d~ing a pull-up at high speed and with single-rotating....
rlgh”t-handprop-dllerswI1l be most severe..wher&the air-
plane yaws in a negative direction.

4. The net asymmetry of the tail load calculated
for a typical high-speed dive (a speed of’550 ~h) due
to both propeller operation and yaw was -1400 pounds
when the airplane was yawed in a negative dlrectlon
(right wing fo~ard) and was 350 pounds when the air-
plane was yawed in a positive direction.

5. The magnitude of the tall-load asymmetry for
unaocelerated flight at high lift coefficients was suf-
ficiently small to be unimportant.

6. The as~etry in the tall load was essent?.ally
independent of ths elevator setthg or the magnitude of
the tall load.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va.
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NACA Fig. 36
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NACA Fig. 39
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