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SUMMARY

A wind-tunnel investigation has been made to determine the
effects of unsymmetrical horizontal-=tail arraencements on the
power-on static longitudinal stability of & single-engine single~
rotation airplane model. i ‘

Although the tests and analyses showed that extrems asymmetry
in the horizontal tail indicated a weduction in power effects on
longitudinal stability for singzle-engine single-rotation airplanss,
the particular "practical" arrangement tested did not show marked.
improvement. Differences in average downwash bebween the normal
tail arrangement and various other tail arrancements estimsted from
computed values of propeller-glipstream rotation apreed with valuss:
estimated from pitching-moment test data for the flaps-up cendition
(low thrust and torque) and disagreed for the flaps-down condition
(high thrust end torque). This disagreement indicated the necessity
for continuel research to determine the characteristics of the slip-
stream behind various propeller-fuselage-ving combinations. Out-of~
trim lateral forces and moments of the unsymmetricel tail arrange-
mente that were best from consideration of longitudinal stability
were no greater than those of the normal tail arrensement.

TTRODUCTION

The Langley Laboratory of the NACA has undertaken a general
study of the problems of stability and control in power~on flight
for a model of a single-engine fighter-type airplane.

Up to the present time the study has included 2 comparison of
measured and computed oub-of-trim lateral forces and momentes induced
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by the propeller-slipstream action on the vertical tail on single-
engine airplanes (reference 1) and an anslysis of the effects of
engine skew on the rudder and eileron control required in the take-
off and in low-speed power-on flight (unpublished). The study has
also included wind-tunnel tegts and brief analyses of the effects

of unsymmetrical horizontal tails on the power-on static longitudinal
stability of single-engine sincle-rotation airplanes.

The usual power effecte on the static longitudinal stability of
single-engine single-rotation airplanes may be divided into direct
and indirect effects. The direct effects are the Torces and the
moments acting on the propeller and the dowmwash resulting from the
lift force on the propeller; for consbant-power operaticn these
effects are generally destabilizing. The indirect effccte are the
changes in wing and body forces, moments, and downwash and the
changes in tail effoctiveness induced by the increaged dynemic
pressure of the slipstream. The changes in wing and. body forces,
moments, and downwash may te either stabilizing or destabilizing
and the changes in tail effectiveness are usually gtabilizing. An
additional effect for constant-power operation ig that the thrust
and torque vary in such a way a8 to increass the slipstream rotation
with increases in 1lift cosfficient. The side of the airplane on
which the propeller blade is going wp (left eide For right~hand
rotation), therefore, undergoes an increment of upwash that increases
with angle of attack; the opposite side undergoes an increment of
downwash that also increases with angle of attack. For the normal
horizontal tail the effects of slipstream rotation on longitudinal
stability are smell. If +the tail is ungyrmetrical, however, the
glipstream rotation possibly can be utilized to change the effects
of power-on longitudinal stadility. The prosent vaper containg
wind-tunnel test data and analyses made to indicate the ad justment
in over-all power effects that may be expected from the use of
unsymmetrical horizontal tails on single-engine single-rotation
airplanes.

COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard NACA coeffi-
cients of forces and moments. Rolling-moment, yawing-moment, and
pitching-moment coefficicnts are glven about the center~of~gravity
location shown in figure 1 (28.2 percent M.A.C.). The data are
referred to the stability axes, which are a system of axes having
their origin at the center of gravity and in which the Z-axis is in
the plane of symmetry and perpendiculsr to the relstive wind, the
X-axis is in the plane of symmetry and perpendicular to the Z-~axis,
and the Y-axis i3 perpendicular to the plane of symmetry. The
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positive directions of the stabllity axes, of angular displacements
of the airplane and control surfaces, and of hinge moments are shown
in figure 2.

The coefficients and symbols are defined as follows:

Cy, 1ifb coefficient (Lift/qS)
th tail 1ift coefficlent (L [gS)
Cx longitudinal-force coefficient (X/gS)
Cy lateral-force coefficient (Y¥/qS)
c, rolling-mement coefficient (L/gSb)
e pitching-moment coefficient (M/qSc')
Cmt pitching-moment cocfficient provided by tail
Cx yawing-moment coefficient (IV/qSb)
T, effective thrust coefficient based on wing area (Tgrs/[aS)
e /. .0

Qc torque coefficient -

ovp’
V/hD propeller advance-diameter ratio

T eV
0 propulsive efficiency <~9££—)
2mQ

Lift = "Z
X longitudinal force, pounds
W lateral force, pounds
Z vertical force, pounds
L rolling moment, pound-feet

M pitching moment, pound-feet
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yewing moment, pound-feet
1ift of isolated horizontal tail, pounds
propeller effcctive thrugt, pounds

propeller torque, pound-feet

. dvz
free=stream dynamic pressure, pounds per square foot =

effective dynamic presswre at tail, pounds per square foot
wing area (9.40 sq ft on model)

horizontal-tail area, square feet

airfoil section chord, feet

averaze airfoil chord, feet

ving mean aerodynamic chord (M.A.C.) (1.31 £t on model)

rb/z ]
?g 02 ab

Jo ;

horizontal-tall mesn aerodynamic chord.

wing gpan (7.509 £t on modsl)

horizontal-tail span
spanwise station of horizontal tail

pitching-moment coefficient at effectivebtailfoff aerodynamic-
center location (zero~lift intercept of tangent to tail-
off pitching-moment curve)

tail length measured from neutral point to quarter~chord
point of horizontal-tail mean aerodypamic chord.

Stzt
horizontal=tail volume coefficient g—jw
5
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v air velocity, feet per second

D propeller diameter (2.27 ft on model)

n propeller speed, revolutions per second

o) mass density of air, slugs per cubic footb

o anzle of attack of thrust line, degrees

a, angle of attack of horizontal-tail chord, degrees

¥ angle of yaw, degrees

€ average angle of downwash, degrees

it angle of stabilizer with respect to thrust line, positive
when trailing edge is down, degrees

Sp slotted-flap deflection, degrées

5fp plain~flap defloction, degrees

B propeller blade angle at 0.75 radius (15° on model)

g, effective tail-off asrodynamic-center location, percent

wing mean asrodynamic chord

Ny neutral-point location, percent wing mean aerodynamic choxrd
(center~of-gravity location for neutral stability in
trimmed flight) ale

Subscripts:
t - horizontal tail
b trimmed conditions with center of gravity at neutfal point

MODEL AND APPARATUS

Complete Model

The model is a %fscale model of a 37.5~foot-gpan single-engine

single-rotation airpléne. The model has -a 30-percent-chord partial-
span slotted flap with an internally sealed 10-percent-chord plain
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trailing-edge flap, an adjustable stabilizer, and a retractable
landing gear. A sketch of a typical section of the flap arrangement
used for tests of the model in the landing configuration (8, = 37°)

is ghown in figure 3. The general physical characteristics of the
model are given in table I. A three-view drawing and a photograph
showing the medel mounted in the Langley 7= by 1l0=foot tunnel are

ghown in figures 1 and 4, respectively.

The model was equipped with a'three-biade, right-hand rotation
propeller and a 56~horsepower electric motor. More complete descrip-
tions of the power equipment are given in reference 1.

The model configurations referred to herein are as follows:

- B
b
Sf with respect to ©  Landing Cowl
(deg) slotted flap gear flap
(deg)
0 0 Retracted Closed.
37 30 _ Extended Open 15°

Flap deflections were set with the ald of. templets furnished
with the model.

Tail Configurations

In order to obtain relatively extreme indications of the effects
of unsymmetrical horizontal=teil configurations, the model was tested
with no tail, with the normal horizontal tail (fig. 5(a)), with the
right semispan of the normal tail (fig. 5(b)), and with the left
semispan of the normal tail (fig. 5(¢)). An unsymmetrical arrange-
ment that was thought to be a relatively practical one was devised
from two other available horizontal tails having plan forms identical
to the normal tail. This arrangement, shown in figure 5(d) and
referred to in the text as the asymetric tail, has approximately
one~third of the area on the right and two-thirds on the left, and

the total area is about 3 percent greater than that of the normal
tail.

'Changes in ‘stabilizer setting for all the tails were made with
a precision of %0,1° yith the ald of a vernler inclinometer,

!

\
>
|
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TESTS

Test Conditions

The following table summarizes the test conditions for the

various models:

Dynamic Test Alr~ { Tur- !
Model pressure |Reynolds | speed|bulence Langley
(1b/sq £%)| number | (mph)|factor | tunnel
Complete; power off and el AR
flaps=-up power on; 16.37 {1,000,000 €0 1.60 |7- by 10-foot

c' = 1,31 feet

Complete; flaps-down .
power on; 2.21 750,000 60 1.60 {7- by 10-foot
cl'= 1.31 fept

Isolated asymmetric i a, : s LT o
tail; ¢ = 0.66 Poot 16.37 490,000! &0 | 1.60. 47 by 10-foot
Isolated normal tail;

L= by 6-foot
c' = 0.68 foot

13.00 450,000 71 1.93 i it
Isoléted semispan of
normal tail; 15,00 490,000 76 .| 1.93
el = 0068 foot I

= by 6-foot
vertical

Corrections

Complete model.- All data have been corrected for tares caused
by the model support strut. dJet~boundary corrections have been
applied to the anglee of attack, the longitudinal-force coefficients,
and the tall-on pitching-moment coefficients. The corrections were
computed as follows by use of refsrence 2

fa. = 1.065CT,
IR r_‘g‘
ACX = 'O-Ol)?CL

Moy = =774, (229 . 5.126) <§§@{>
JQtIq Gl

All jet-boundary corrections were added to ‘the test data.
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Tail surfaces.=- The data for the isolated normal horizontal
tail were corrected for tares caused by the model support strut.
The data for the asymmetric tail and the semispan of the normal
tail were obtained by tests of tlie tails mounted on the isolated
vertical tail and were approximately corrected for tares by sub-
tracting the data for the vertical tail zlone from the data for the
combinations tested. The Jet-bowndary corrections, computed by
methods eimilar tec those of reference 3, were added to the angles
of attack ag follows:

For the normal tail

For the semigpan of the normal tail
= 045
A(I(‘t = 0 ,’lCL_b
Fof the asymmetric taill

Aoy, = 0210,

Test Procedure for Complete Model

A propeller calibration was mede by measwrins the longitudinal
force of the model with flaps and landing gear vetracted and tail
off at en angle of attack of 0° for a range of propeller speed.
Thrust coefficients were determined from the relation

AL U C-vr e C'V
e — /
2 “propeller operating  “propeller removed

The torque coefficients were computed by use of a calibration of
motor torque as a funchion of minimum current. The results of the
model propeller calibration are presented in fimure 6

All tests of the complete model were made at a dynamic pres-
sure of 16.37 pounds per square foot except power-on tests with flaps
deflected, vhich were moade at a dynamic pressure of ©.21 pounds per
square foot. This difference was necessitated by power limitations
of the model motor.

During the tests the thrust and torque coefficlent varied with
1ift coefficient as shown in figwre 7, and the coefficients used
corresponded to the values of horsepower shown in Figure 8 for
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various medel scales and airplane wing loadinzs. The thrust coeffi-
cilent for the windmilling tests was about ~0.02.

RESULTS AND DISCUSSION

Longitudinal-Stability Test Data

- Neutral points, determined from the stebillzer test data of
figures 9 to 12 by methods outlined in reference L, are presented
in figure 13. Changes in neutral-point location caused by use of
power and flaps are presented in fizures 14 and 15, respectively.
The ghort-dashed parts of the tail=off and semispan normal-tail
curves represent @ region of 1lift wvhere a discontinuity in the -
pitching-moment cwrves exists. The discontinuity appears to be a
rather common characteristic of wings employing low-drag-type air-
folil sections at Reynolds nvmbers as low as those uged in the
present tests, and this discontinuity apparently disappears as the
Reynolds numbers more nearly approach full-scale values.

The tails should be compared on the basis of equal basic effec~

(&

S doy

St 4CLg
tiveness (= —— 1, The right and left -semispans of the normal tail

should be compared, therefore, gince for each semispan e af-==o.oo7.

a"b‘
/5y AL s 40y
S

’ Ly |
The normal tail (-— -~———~=0.0ll> and the asymmetric tail <—-— ey 0.01

a
\LJ dCC_b L

form another peir which may be compared.

The curves of Tigures 13 to 15 .show the reneral trends of the
results obtained in the tests, Dut in order to provide explanations
for these trends a discussion based on the various.longitudinal-~
gstabllity parameters sghown in the following equation is helpfuls:

204 2 C
¥ dqgwa_.<1 Ag£> —me
CLc(, N7 dae C1,
o, = n, b - + . (1)
= Q(qt/q) PG S My ] 1

T, g
—%t_/..c.]-' dCL‘,) CL‘L)
o

)
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This equation is developed and explained in reference 5. The various
parameters have been derived by procedures explained in reference 5
from the stabilizer test data of figures 9 to 12 and the isolated-
tail data of figure 16. TFor the sake of brevity, however, curves

of these parameters are not presented.

For all conditions the glightly greater stability of the model
with the asymmetric tail appears to be caused principally by the
tail-effectiveoness term of equation (1) since the other two terus
are neavly equal for the asymmetric and normal tail arrangements.
This greater tail effectiveness must result from the smaller values
off effective downwash ¢ and variation of downwash with angle of

attack ge for the asymmetric tail arrangement since the basic
: St GCLg | i e
tail effectiveness |[-—— e of the asymmetric tail is slightly
) QL o :
¥V

less than that of the normel tail. For both the propeller-windmilling
and power-on cases, the smaller velues of ¢ and S& are probably
a

a result of the. spanwise variation of dowmwash behind the 2:1 tapered
wing (reference 0) since analyses vresented later show that only
small effects of slipstream rotation are to be expected for the
particular arrangement ussd. :

With Op = 0° and power on, the markedly greater stability of
the model with only the left semisven tail as compared to the model
with only the vricht semispan tail appears to be caused by the tail-
effectiveness term of equation (1) since the other two terms of the
equation are nearly equal for both semispan tail arrangements. This
greater tail effectiveness for the left semispan tail arrangement
results from the smaller values of effective downwesh ¢ and varia-

tion of dovmwash with an;le of attack %5 becavse of the slipstream

rotation. At high 1ift coefficients the difference bebween the
right and left semispan tail effectiveness is slightly reduced,
apparently beceuse of the emaller variation of dynamic-pressure

i £
ratio with trim lift coefficient —ggt'Q) obtained in the deriva-
C1y
tion of the various factors of equation (1) for the left semispan
d{as/a
tail. The reduced value of "éEEf"l is probably cavsed by a lateral
D

shift of the slipstream at high 1ift coefficients. This lateral
displacement of the slipstream is probably a result of the wing
shearing the rotating stream so that the upper part of the slip-
stream is shifted to the right for right-hand-rotation propellers.
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In the power-on flaps~down condition the additicn of a hori-
zontal tail on the model was penerally destabilizing., For this
condition the adverse shift in neubresl point caused by the Cm term

of equation (1) is an important factor in determining meubral-point

' d(qt/q’) . n K 3.1 A
location so that small values of 30: are desirable. A
"Lb
: d(g4/2) ks,
decrease in the value of —EEET~_’ however, also resulte in a
] \ b

decrease in tail effectiveness. This result was particularly
noticeable for the left semispan of the normal tail, and the marked.
d{a/9)
dCLb
the slipstream. For this particular model the final result was

8lightly greater than would be expected from the effects of only
slipstream rotation. For other airplanes so designed as to have

decrease in was probably caused by the lsteral shift in

ac
different values of n_, ——EE, and C, , however, the change
d(a4/a) -l s, o
- caused by the lateral shift of the slipastream might
Iy

produce markedly different resulis.

The curves of figure 14 show a considerably favorable change
in power effects when the left seﬁﬁspan of the uurmu‘ tail is ueed
rather then the right semispen. The "practical asymmetric tail,
however, did not show a marisd improvemsnt when crmparod with the
normal tail. Computations u\.‘ch 1n the gection entitled:
"Longitudinal-~S Jtability COQOuﬁ”tLOﬂD agree with the test data in
showing little improvement for the asymmetric taill despite the
favorable comparison between the right and left semispans of the
normal tail.

Longitudinal-StaEility Computations

For the four tail arrangements, computations were made of the
effects of slipstream rotation on the various lonbltudnnal-staojl¢ty
parameters shown in equation (1). These computations were made in
order to provide a check on the validity of quantitative estimstes
of the adjustment in powsr effects that may be obtained through
utilization of slipstream rotation with unsyrmetrical horizontal-
tail arrangements. The parameters of equation (1) that are primarily



12 NACA TN No. 147k

; Vi e v Pl
affected by such tail arrangements are ag - 2h

. de’ 57 gda. ' g
a(94/q) . 4 ‘ ) iom

and —EE£;-. For the model considered, the two ferms contalning At
are of small importance at low lift coefficients because of the
relatively high location of the horizontal tail. Second~-order

effects such as the changes in the variaticn with CL.b of lgy B

2

(o4
Cme: and CLab cauged by the changes in the neutral-point lopation

were neglected for simplicity, although the effects could be accounted
for by use of & series of successive approximations. The procedurs

used in computing the changes in %5 and n, are given in the
a -

following paragraphs.

Downwagh.- The difference in average downwaesh between the normal
tail arrangement and the various other tall arrvangements with nower on
was estimated from the propeller slipstream characteristics by use of
references 1 and 7 to 9. Downwash due to the slipstream rotabion
on each horizontal tail wma computed from the following equation:

X o) ¥y N
=z [ xfrggd.(.«) ,  (2)
10}

vhere €g 1is the downwash contributed by the slipstream rotation
and Vg 18 the computed angle of twigt in the Propeller glipetream
directly behind. the propeller disk. Values on the left (Llooking
forvard) were negative sgince the propeller contriluted upwash on
the left, and the center lines of the model and the elipstream were
assumed to be coiucident. The increments in dowawash wore obtained
by subtracting €g f{or the various unsymmetrical vails from €g
for the normal tail. A smwall additional difference of 0.02 between
d ; - L ki :
the a;-values for the asymmetric and normal talls, which resulted
(e}

from differences in spanwise location behind the wing, was calcuvlated
from the desi/m charts of reference 6.

The values of the change in downwash dus to horizontal-tail
arrangements and estimated from the rropeller-slipstream character-
istics and from the values obtained from the pitching-moment test
data are compared in fipgure 17. The curves remain failrly parallel
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vhere a discrepancy occurg. The displacenent of the slipstream at

the tail may account for the difference in thne initial values at
low angles of attack.

Computed values of Ae¢ for the flaps~down condition wore much
creater than the values obtaired from ritching-moment test data.
This result was probably csused by the latersl shift in the slip-
atream associated with the high values of thrust and toraus coeffi-
cients occvrring in the flaps~down condition snd which wame necesgarily
neglected in the computations. The shift of the glipetrean (refers
ence 1) would be in such a directlon as o reduce the previously
discussed effects of slipstresm rotation.

The agreement of test and computed. values of A¢ in the flans-up
(low Te' and Q') condition and the disagreement in the flaps=-
down (high T,' and Qg') - condition indicate that more research
is needed in order to determine the actusl charscteristics of the
glipstream behind various propeller~fuselage-wing combinations.

Dynamic-presaure ratio.- Attempts to esbimets the differences
among the effective dynamic-pressure rabios for the various tails
were unsuccessiul. The dynamic-pressure ratios compubed from the
Pitching-moment data presented in fipure 18 indicabed, nowever, that
such effects actually existed.

Neutral points.- The difference in neutral~point location

between the normal and the wsymietrical tail arrangements was com-
puted as follows:

(2) The various terms of equation (1) were obbazined For the
normel tail from the test deta of figures 9 and 16 by
means of procedures outlined in refsrence 5

. de 3 = 4 “
(b) Increments of T, Weve cbtained from figure 17
o

- oL

(¢) Values of the various terms of aquation (1) for the wnsym-
metrical tails were obtained vy adding the increments

W
.

of %5 from step (b) to the bhasic values from step (a)
(8¢ : J i

and by considering the chanzee in tail area and tail

lift-cwrve slope

(d) The resulting values from step (c¢) were inserted in equa=
tion (1) and values of n, were computed
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(e) The increments of n, vere obtained by subtracting the

computed values for the wnsymmetrical tails from the
computed values for the normal tail

The computed. changes in np and the change w_obtained from the

test resulte are compared in figure 19. Agreement between data
obtained by the computations and test data is fairly good at low
angles of attack despite the fact that the computauions neglected

changes In qjq and 'EET“*““ At high angles of attack where

dynamic-pressure effects would be expected to have more irifluence
for the model being coneidered, disagreement exlsts between the
data obtained by computations and the test data.

Lateral and Directional Trim

Lateral-force and moment coefficients for the model tested
with the horizontal-tail configurations at zero yaw are presented
in figure 20. Values for the model with the tail off and power on, -
and valuesg with the normal horizontel tail both wi ndMLl“ir and :
power on are average values from pitch teste wun at 59 yaw. All
other measured values are from pitch tests of the model at zero yaw.
The valuee of rolling-moment coefficient at C; = 0 (model trimmed

longitudinally) were computed from the pitching-moment data of
figures 9 to 12 by the following meang: The out~of~trim pitching-
moment coefficients were converted to tail loads that were assumed
to act at the lateral center of area of the horizontal teil being
congidered; these tail loads were converted to rolling-moment coef=
ficients by multiplying them by the disbance from the center line
of the model to the lateral .center of area of thse tail; and the
resulting incremental rolling-moment coefficients were added to the
measured valves shown in figure 20.

The main fact to be noted is that the unsymmetribal.tail arrange-

ments which are best from consideration of longitudinal stability
provide out-of=trim lateral forces and moments thet ayre no greater
than those provided by the normal tall arrangement.

CONCLUSTIONS

The results of wind-tunnel tests of a single-engine single-
rotation airplane model equipped with various horizontal-tail
arrangements indicated the following conclusions:

|
.
|
5
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1. Although extreme asymmetry In the horizontal tail indicated
a reduction in power effectes on longitudinal stability the particular
"oractical” confisguration tested did not show marked improvement.

2. Differonces in average downwash bstween the normal tail
arrangement and the verious other tail arrvangements estimated from
computed values of propeller-glipstream rotation agreed with values
egtimated from pitching-moment tect data for the flaps-up condition
(low thrust and torque) and disagreed for the flaps~down condition
(high thrust and torque). This disagreement indicated the necessity
for continued resecarch to determine the characteristics of the sglip-
gtream behind various propeller-fuselage-wing combinations.

3. Oub~of=trim lateral forces and moments of the unsymmetrical
taill arranements that were best from consideration of longitudinal
gtability were no greater than those of the normal tail arrangement.

Langley Memorial .Aeronautical Taboratory
National Advisory Committee for Aeronautics
Langley Field, Va., August 13, 1oh7
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TABLE I

MODEL WING AND TATL-SURFACE DATA

Horizontal tail semispan

v
Wing i ot Tarce ert:ﬁal

Area, sq ft 9.40 0.718 1.075 1.494 8).25
Span, ft 7.509 1.36 1.67 1.96 1.335
Aspect ratio 6.00 2.58 2.58 2.58 1.30
Taper ratio 2.00 1.79 1.79 1.79

Dihedral of chord plane, deg

Inboard panel -0.73 0 0 0
Outboard panel 7-15
Sweepback, quarter chord line, deg 0
NACA NACA NACA NACA
sltiais ol ST 17 SEls | SRR GRS
Break section 66(2?;?-216
RACA NACA NACA NACA

affes - B | ot | om0y
®Angle of incidence at root, deg 0

®Angle of incidence at treak, deg 0
©Angle of incidence at tip, deg 0

M.A.Q., Tt 131 0.56 0.68 0.805 1.03
Root chord, ft 1.68 0.69 0.84 0.995 1.35
Theoretical tip chord, £t 0.84 0.39 0.47 0.556 0.59

8Tncludes no dorsal fin area.
alling edge cusp removed.

CAngle of incidence measured with respect to thrust line.
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18 NACA TN No. 1474

Dihedral of chord plane
Inboard panel = -0.73°

OF g s Out board panel=7.75°
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‘.\‘ \ |
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¢ g. location 0.282 ¢’ g [:J COMMITTEE FOR AERONAUTICS
and 0.072c' below ufl
thrust /ime -—\ /‘> _T

!
7502

400 = =1782 25¢,

Figure | .~ Three -view drawing of 5 -scale model
showing normal tail. All dimensions in inches.
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Figure € .- System of axes and control-surface hinge moments

and deflections. Positive values of forces, moments, and
\ angles are indicated by arrows. Positive values of tab
hinge moments and deflections are in the same directions
as the positive values for the control surfaces to which
the tabs are attached.
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Figure 4.- Photograph of the single-engine airplane with normal tail
mounted in the Langley 7- by 10-foot tunnel.
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rigure 5.- Flar view of the horizonral fails rested. Al aumensions i inches.
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represented

forsepower
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NATIONAL ADVISORY |
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Wing /oading , W/

Figure 8 .- Horsepower represented ror various
wing loadings and moage/ Scales .
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(b) &, =0°; power on.

Effect of the normal horizontal tail
on the Jongitudinal characteristics of the
Jingle -engine airplane model.

Longitvdinal-force coefficient, C,
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yre 15.— The effect of unsymmelttical
horizontal tailson the shift in nevirq/-
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—————— Estimated Ffrom propeller
Shpstream coharacteristicr
Estimated from pitching-moment

test data
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Frgure 17 .— Comparison of valves of chornge /77
downwash angle ase que o horizonto/-tail
arrangements of the s/ngle-engine airplane
model. d,=0°; q =16.37 pounds per sguare foot; power on;

£ 7.2 4
N, normal tail’; L ,left semispanof normal tail; R, right
semispan of normal tail ; A,asymmetric tail.
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Frgure /8.- Comparison of values of change In
dynaomic -pressure rotio AQ,/ave to horizontal-
tos) arrangements of the 5/)%/9-9/79'//79 alrplone
model. &y =05 g =16.37 pounds per sguare Toot ; power on;
N,normal tail’; L, leflt semispan of normal tail ; R, right
semispan of normal tail; A, asymmetric lall.
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(b)) Power off

Frgure /19 .- Comparsison of yvalves of chapge /n
computed nevira/-pont jocation ANy ve o
horrzontal-tarl arrangemernts of the "sing/e -

eng/ne airplane rmodel.d,

sguare foot; N,normal tail, L, |

=0°;q =16.37 pounds per
eft semispan of hormal

tail ; R,right semispan of normal tail; A, asymmelric

tail.
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@ &, =37°; power on.

Figure 20.- Concludaed.

(c) 8,=37°; winamilling propeller.






