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SUMMARY

An investigation has been conducted to determine the effects of
vertical-tail location and size on the subsonic aerodynamic characteris-
tics of a model having a triangular wing. The wing had an aspect ratio
of 3, an NACA 0003.5-63 section in the streamwise direction, and plain,
trailing-edge ailerons. The wing was attached to the fuselage in either
a mid or high position and an unswept horizontal tail was located on the
fuselage center line. Two vertical tails were tested which had areas of
26.7 or 20.3 percent of the wing area. Each vertical tail was equipped
with a rudder and had a geometric aspect ratio of 1.5, a taper ratio of
0.16, and 540 of sweepback of the leading edge. Each vertical tail was
tested at two different tail lengths. The wind-tunnel tests were con-
ducted at a Reynolds number of 2.5 million at Mach numbers from 0.25 to

Q.95

The directional stability diminished markedly at high angles of
attack. The directional stability for a given tail volume was greater
for the mid-wing than for the high-wing configuration because of more
favorable wing-tail interference. It was found that the contribution of
the vertical tail to the directional stability of the fuselage-tail com-
bination at zero angle of attack could be estimated from existing methods.
The variation of rudder effectiveness with either angle of attack or
sideslip was small. The ailerons were found to provide adequate lateral
control. Differential deflection of the two halves of the horizontal
tail to provide lateral control was found to be relatively ineffective.

INTRODUCTION

Research has been undertaken in the Ames 12-foot pressure wind
tunnel to investigate the aerodynamic characteristics of an airplane
model having a triangular wing with an aspect ratio of 3. Results of
this investigation pertaining to the effects of horizontal-tail location
and size, the effects of trailing-edge flaps and the effects of proximity
Lolthelground are presented in refexencesiill, 2, and. 3.

lSupersedes recently declassified NACA RM A55Bll by Howard F. Savage
andiBrueccil, Tinling, 1955,
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This report presents results of a part of the investigation conducted
to evaluate the effects of vertical-tail size and location on the lateral
and directional stability. The separate contributions to the directional
and lateral stability of the wing-fuselage combination, of the vertical
and horizontal tails, and of mutual wing-tail interference were evaluated.
The rudder effectiveness and the lateral-control effectiveness of trailing-
edge ailerons and of differential deflection of the horizontal tail were
also measured. The tests were conducted at Mach numbers up to 0.95 at a
Reynolds number of 2.5 million.

NOTATION

Figure 1 shows the sign convention used for presentation of the data.
All controle-surface deflections are measured in a plane perpendicular to
the hinge or pivot line of the control surface. The coefficients and
symbols are defined as follows:

b2
A aspect ratio, 5
b span
c chord
@ mean aerodynamic chord

: A 1ift
Cr, 1ift coefficient, o
Cn pitching-moment coefficient, E}ﬁchlng_moment

A5y Cy
Cy lateral-force coefficient, laterzéwforce
Cn yawing-moment coefficient, Jewrlng moment
qSwbw
Cy rolling-moment coefficient, Lo LR doieht
aSyby

ig incidence of the horizontal tail with respect to the wing

chord plane, deg
(ie)em average incidence of the horizontal taill surfaces, deg
ANt difference between angles of incidence of the horizontal-tail

surfaces, positive to induce positive rolling moment, deg




NACA TN L4OL2 3

SIS R e e

> o g7

Zy

™

AZCI’IB

KCH ﬂ>vh:| a=0°

vertical-tail length, longitudinal distance from moment

wing-tail interference factor,

e
center 0.375 &y to 15

free-stream Mach number

fuselage length
maximum fuselage diameter

fineness ratio,

rolling velocity, radians/sec

free-stream dynamic pressure

Reynolds number based on the wing mean aerodynamic chord
area

free-stream velocity, ft/sec

orthogonal coordinates with origin on the fuselage center
line at 0,375 &y (fig. 1)

perpendicular distance from fuselage center line to

=5

i
AB Ja. = constant

AT,
AB Jo. = constant

ACy
2B Ja

<CYB>fvh 2 (CYB>f

lift-curve slope of vertical tail in combination with horizontal
tail and fuselage, at zero angle of attack; based on vertical-
tail area

constant

angle of attack corrected for tunnel-wall interference, deg
geometric angle of attack, deg

angle of sideslip, deg
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Ny,M,,n, factors used in equations (5), (6), and (7) to agcount for the
effects of angle of attack on the tail contribution to the
stability derivatives of the fuselage-tail combination,

Ty =, =H; = 1.00 when o = 0°

Op rudder deflection, deg

OB, difference between the deflections of the right and left
aileron, positive to induce positive rolling moment, deg

AlCYB wing-fuselage interference factors; that is,
AlCnB < >
A = - -
BaCig 197 <CYB>wf <(}IB>W RIPN
AQCYB increments in stability derivatives caused by wing interference
on the tail effectiveness; that is,
A2CIIB
e A CA R CHN R CHNEI AN
B g B Srevn B e B/fvn B s
Subscripts
W wing
f fuselage
v vertical tail
h horizontal tail
e effective
MODEL

The geometry of the model is shown in figure 2. The wing had an
aspect ratio of 3 and an NACA 0003.5-63 section in the streamwise direc-
tion. Two vertical tails were tested which had areas equal to 20.3 and
26.7 percent of the wing area. Each vertical tail had a geometric aspect
ratio of 1.5, a taper ratio of 0.16, a thickness-chord ratio of 0.035 in
the streamwise direction, and 5&0 of sweepback of the leading edge. Each
vertical tail had a rudder with an area equal to about 10 percent of the
vertical-tail area. An unswept horizontal tail with an area equal to
21.9 percent of the wing area and an aspect ratio of L4 was located on the
fuselage center line. The fuselage was designed to permit the tail to be
placed about 0.45 or 0.60 wing semispans behind the moment center and to
permit the wing to be placed either in a mid or high position. Further
pertinent geometric details are given in table I, and tail lengths,
volumes, heights, and sizes are given in table II.
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During the tests to evaluate the static directional and lateral sta-
bility, the wing was not equipped with ailerons. (See fig. 3.) At the
conclusion of these tests, plain trailing-edge ailerons were installed
which had a total area equal to 6.7 percent of the wing area. The ailerons
were supported by external brackets and were not sealed.

The components of the model were machined from solid steel and were
designed to permit tests of the fuselage alone or in combination with any
of the other model components. Forces and moments were measured with a
four-component strain-gage balance enclosed within the model body. When-
ever six components were desired, it was necessary to rotate the balance
900 about the longitudinal axis of the model and make a second test. The
model was mounted on a bent sting which permitted the model to be tested
through a range of angles of attack at either 0° or -6° of sideslip.

(See fig. 3.) By rolling the model 90° with respect to the sting, tests
could be made through a range of angles of sideslip at either 0° or 6°
angle of attack.

TEST PROCEDURE

Tests were first conducted to establish that the model was symmet -
rical and that the variation of Cy, C,, and C; with angle of sideslip
was approximately linear, With these factors established, further testing
to evaluate the static lateral and directional stability derivatives was
limited to varying the angle of attack at an angle of sideslip of about
~6°. The lateral and directional stability derivatives were then evalu-
ated by simply dividing the measured coefficient by the angle of sideslip.

Tests at zero sideslip were conducted to evaluate the lateral-control
effectiveness of the ailerons and of differential deflection of the two
halves of the horizontal tail. Tests to evaluate the rudder effectiveness
were conducted both with variable sideslip at about 6° angle of attack and
with variable angle of attack with zero sideslip.

The incidence of the horizontal tail was -1.60, except during the
tests to determine its effectiveness as a lateral-control device.

CORRECTIONS TO DATA

The measured angle of attack and angle of sideslip have been cor-
rected for static deflection of the balance and sting. No corrections
were added to the angle of attack to account for the induced effects of
the tunnel walls resulting from 1lift on the model. This correction has
been calculated by the method of reference 4 and is equal to an increase
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in the angle of attack of 0.3 Cp. Corrections to account for the induced
effect of the tunnel walls on the measured lateral force, yawing moment,
rolling moment, and pitching moment were negligible.

The data have been corrected by the method of reference 5 to account
for the effects of constriction due to the tunnel walls. At a Mach number
of 0.90, this correction amounted to an increase of about 1 percent in the
dynamic pressure.

The effect of interference between the model and sting support which
could influence the measured forces and moments, particularly those due
to the horizontal and vertical tails, is not known. It is believed that
the main effect of the sting on the chord force was to alter the pressure
at the base of the model body. Consequently, the pressure at the base of
the model was measured and the chord force adjusted to correspond to a
base pressure equal to free-stream static pressure.

RESULTS

Results are presented in figures 4 and 5 which illustrate that the
forces on the model at zero angle of sideslip were, in general, symmet-
rical with respect to the plane of symmetry for angles of attack less
than about 20°, and that the variation of Cy, Cn, and C; with angle of
sideslip was approximately linear. The capacity of the balance component
used to measure lateral force was large compared to the lateral forces
since the component was designed to measure normal force. As a result,
the accuracy of the lateral-force measurements was limited as is illus-
trated by the scatter in the lateral-force data. Data showing the effect
of sideslip on the lift and pitching moment are presented in figure 6.

The results of the tests to evaluate the static lateral and direc-
tional stability derivatives have been tabulated in table III. Sufficient
data to illustrate the effects of the various components of the model on
the static lateral and directional stability have been presented in
figures 7 through 10, and the effect of tail size, tail length, wing
height, angle of attack, and Mach number are summarized in figures 11
through 17.

The results of tests to evaluate the lateral-control effectiveness
of plain ailerons and of differential deflection of the two halves of the
horizontal tail are presented in figures 18 through 22. Some of the
results of tests to determine the effectiveness of the rudder are pre-
sented in graphical form in figures 23 through 25. The remainder of the
results pertaining to rudder effectiveness can be found in table IV.
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DISCUSSION

Lateral and Directional Stability Characteristics

Method of analysis.- The data obtained during this investigation
permit the static directional and lateral stability for the complete model
configurations to be analyzed in terms of the separate contributions of
the tail and wing-fuselage combination plus an interference factor. This
analysis is similar to that presented in reference 6 except that the
method of testing in the present investigation did not permit evaluation
of the wing-fuselage interference factors AlCYB, Alan, and AlClB'

The static derivatives of the complete model can be expressed as

CHNE (St e + (g + 2255 @)
<an>th = (cnﬁ>wf + <0n5>vh + AoCng (2)

af b ()l el 8
( B wfvh P wf # vh e

It is convenient to rewrite equation (2) in the following form:

<CnB s = <CnB>wf + ('qn + Kn>[<0ng vh:]u, a0 (&)

The contribution of the vertical tail to the lateral and directional
stability of the fuselage-tail combination can be expressed as

<CYB I+ oy <Sv/sw> Ty (5)

<"nﬁ>vh
<Czﬁ>vh = ayh <Sv/sw>[<zv/bw> sin o - <Zv/bw> cos @] M, (7)

where ayy 1is the effective lift-curve slope of the vertical tail in the
presence of the fuselage and horizontal tail when the model is at zero
angle of attack.

avh <Zv/bw><sv/sv> L% (6)
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Complete model.- The data obtained with variable sideslip at an
angle of attack of about 6° (fig. 5) show that the effective dihedral
was positive and that the tall provided directional stability at angles
of sideslip up to at least 14° at Mach numbers up to 0.95. The effect of
sideslip on the 1ift and pitching moment was small. (See fig. 6.)

The effect of wing height on the variation of CYB’ Cnﬁ’ and CZB

with angle of attack for the complete model with the largest tail volume
is shown in figure 7. For either wing height, the directional stability
diminished at the higher angles of attack and the effective dihedral
diminished above an angle of attack of from 2% o uo; depending upon the
Mach number. Moving the wing from the fuselage center line to 0.10 bw/2
above the center line decreased the directional stability and increased
the effective dihedral.

Wing-fuselage combination.- Data obtained with the tail removed are
presented in figure 8. As would be anticipated, the wing-fuselage com-
bination was directionally unstable. A comparison of figures 7 and 8
indicates that the abrupt reduction of the effective dihedral of the com-
plete model between angles of attack of about L4° and 8° was caused by the
wing-fuselage combination. Increasing the wing height increased the
effective dihedral of the wing-fuselage combination at Mach numbers
greater than 0.25 but caused very little change in the directional
stability.

The effect of Mach number on the stability derivatives of the wing-
fuselage combination at an angle of attack of 0° is shown in figure 11.
Increasing the Mach number had no significant effect on either the direc-
tional stability, CnB’ or the lateral-force derivative, CYB' The effective
dihedral, —CZB, for the high wing position increased markedly with Mach
number as did the parameter, BCZB/BG, for either wing position. It should

be emphasized, however, that the dats shown in figure 11 are for an angle
of attack of O° and the variation of Cj, with angle of attack became

nonlinear at angles of attack above about 3° (Eig. 8)-

TFuselage-tail combination.- The lateral and directional stability
charscteristics of the fuselage alone and of the fuselage-tail combination
are shown in figure 9. Data which illustrate the end-plate effect of the
horizontal tail are presented in figure 10.

The contribution of the vertical tail to the lateral and directional
stability of the fuselage-tail combination at zero angle of attack is pre-
sented as a function of Mach number in figure 12. The estimated value of
this contribution calculated from information presented in references 6,

7, 8, and 9 is also shown in figure 12. The calculation is based on deter-
mining the effective aspect ratio of the vertical tail in the presence of
the fuselage from reference 6 and the end-plate effect of the horizontal
tail from reference 8. The lift-curve slope ayh corresponding to the
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resulting aspect ratio was evaluated by the method of reference 7 and cor-
rected for the effects of compressibility by the method of reference 9.

Equations (5), (6), and (7) were then used to calculate <6Yé> N <§n3 %
Vi V.

and <§Z > + This method afforded a reasonable estimation of <§n >
B vh B vh

and <gz > but consistently overestimated (éyﬁ> . Similar agreement
P vh vh

between estimated and experimental results is indicated in reference 10
for a tail assembly different from that tested during the present
investigation.

The factors given in references 6 and 8 for determining the effec-
tive aspect ratio are empirical and were determined from experimental
yawing-moment results with the assumption that the center of pressure of
the vertical-tail load was at &y/4. The effective aspect ratios evalu-
ated from the yawing-moment results of the present investigation agree
well with the values estimated from references 6 and 8. (See fig. ¥

It is apparent, then, that the overestimation of (?YQ) must have been
vh

due to the center of pressure of the vertical-tail load lying behind its
assumed location &,/k.

The effect of angle of attack on the parameters <6YB> and (?nﬁ
vh vh

was evaluated in terms of the factors ny and n,, respectively. These
results, which are presented in figure 14, indicate a reduction in the
contribution of the tail to the directional stability of the fuselage-
tail combination at high angles of attack except at a Mach number of 0.90
where the factor 17, was about 1.0 at angles of attack greater than about
SELE b general, however, the decrease in the factor N, Wwith increasing
angle of attack became more severe with increasing Mach number. At a Mach
number of 0.95, the value of 1, was about 0,70 at an angle of attack of
10°. For a given Mach number, the variation of the factor Ny with angle

of attack was similar to that of My -

A direct evaluation of the factor 1n; from the experimental results

1 Z
is not practical since the value of the expression <?§ sin o - S% cos é)

approaches zero at an angle of attack of between 10° and 18° thereby
yielding meaningless values of 1. (See eq. (7).) It is stated in ref-
erence 6 that the value of N; 1is usually found to be 1.00. The experi-
mental results of the present investigation also indicate this to be
approximately true. This is illustrated in figure 15 where the
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experimental variation of <FZB> with angle of attack is compared with

the variation calculated from equatlon () w1th n; set equal to 1.00. -

Interference between the wing and tail assembly.- The increments in
the lateral and directional stability parameters caused by wing-tail
interference are presented in figure 16. It is convenient to reduce
AQCnB to the factor K,. Because of the limited accuracy of the measure-
ments, a similar treatment of the lateral-force data is not presented.

The factor K, represents the magnitude of wing-tail interference in terms
of the contribution of the tail to the stability of the fuselage-tall
combination at an angle of attack of o°. (See eq. (4).) The variation

of Kp with angle of attack is presented in figure 17. A comparison of
these results with those presented in figure 14 indicates that the factors
Kn and nn are, in general, compensating. For the mid-wing configurations,
the sum of the factors Kp and 7, was between 0.9 and 1.1 at all angles

of attack for all Mach numbers. The value of the factor K, for the high-
wing position was about 0.05 less than the value for the mid-wing position
at an angle of attack of 0°. This difference became greater with increas-
ing angle of attack which accounts for the reduced directional stability
when the wing was in the high position. (See fig. 7.)

The value of the interference factor £2Cyg (fig. 16(c)) was greater
for the high-wing configurations (flagged symbols) than for the mid-wing
configuration at Mach numbers greater than 0.25. It is apparent, then,
that a part of the increase in effective dihedral of the wing-fuselage
combination resulting from moving the wing from the mid to the high posi-
tion was nullified by wing-tail interference. (Compare figs. 7 and 8.)

Lateral-Control Effectiveness

Trailing-edge ailerons.- The effect of aileron deflection on the
longitudinal and lateral characteristics is shown in figure 18. The effect
of aileron deflection on the longitudinal characteristics was negligible.
The ailerons maintained positive effectiveness throughout the 1lift range.
Deflection of the ailerons resulted in a small favorable yawing moment
at the lower 1ift coefficients and in an unfavorable yawing moment at the
higher 1ift coefficients.

Because the horizontal tail had such a large span compared to the
wing span, it would be anticipated that the rolling moment due to aileron
deflection would be altered by the action of the wake on the tail. For
this reason tests were conducted with the tail both on and off. The v
results, which are presented in figure 19, show that the magnitude of
this effect was small.

The effect of Mach number on the aileron effectiveness is illustrated
in figure 21. The effectiveness of the ailerons as indicated by BCI/BAba
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increased by about 40 percent as the Mach number was increased from 0.25
to 0.95. The damping in roll at zero angle of attack was calculated and
an estimate was made of the wing-tip helix angle pb/2V resulting from
20° of total aileron deflection. The low-speed value of the damping in
roll Cip was calculated by the method of reference 11 and corrections

for the effect of compressibility were obtained from reference 9. The
results of these calculations indicated that an aileron deflection A4
of 20° would result in a value of pb/2V of about 0.120 at a Mach number
of 0.25, and about 0.159 at a Mach number of 0.95. It should be noted,
however, that the wing of the model was constructed from solid steel and,
hence, aercelastic effects, which would reduce the effectiveness of the
ailerons with increasing dynamic pressure, were minimized.

Horizontal tail as a lateral-control device.- The effects of differ-
ential deflection of the two halves of the horizontal .tail' are shown in
figures 20 and 22, Differential deflection of the horizontal tail did not
impair its effectiveness as a longitudinal control. However, large dif-
ferential deflections were required to produce a sizable rolling moment.

A large favorable yawing moment accompanied differential deflection of the
horizontal tail, undoubtedly resulting from forces dinduced on the vertical
tail. Calculations for the case of zero sideslip ‘and angle of attack
showed that the wing-tip helix angle pb/2V for 15.9° differential deflec-
tion of the control would be 0.033 at a Mach number of 0.25, and about
0.042 at a Mach number of 0.95. The rolling moment caused by the rudder
deflection required to maintain zero sideslip was not considered in this
calculation. If the larger of the vertical tails were used, this addi-
tional rolling moment at an angle of attack of 0° would increase the
calculated helix angle by about 50 percent.

Rudder Effectiveness

Data are presented in figures 23 and 24 which illustrate the effect
of a rudder deflection of 10° on Cy, Cn, and C;. All the data obtained
with the rudder deflected are presented in table IV. The rudder had
nearly uniform effectiveness for all values of « and B for which data
were obtained. The rudder effectiveness varied only slightly throughout
the test range of Mach numbers. (See fig. 25.)

CONCLUSIONS

The results have been presented of a wind-tunnel investigation to
evaluate the lateral stability and control characteristics of either mid-
wing or high-wing airplane arrangements having a thin triangular wing of
aspect ratio 3. The results indicate the following conclusions:
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1. The contribution of the tail to the directional stablility of the
fuselage-tail combination at zero angle of attack could be predicted with
suffieient accuracy by existing methods.

2. Increasing the angle of attack reduced the directional stability
of a fuselage-tail combination. This reduction became more severe with
increasing Mach number.

3. For the mid-wing configuration, a favorable wing-tail interfer-
ence was sufficient to result in nearly constant directional stability at
angles of attack up to about 14°. For the high-wing configuration, the
wing-tall interference was less favorable, resulting in less directional
stablility for a given tail volume, particularly at the higher angles of
attack.

Lk, The effective dihedral was greater for the high-wing than for
the mid-wing configuration. The effective dihedral diminished in either
case as the angle of attack was increased beyond about 3°.

5. For the solid steel model, for which aeroelastic effects were
small, adequate rolling moments could be developed by the trailing-edge
ailerons. Large differential deflection of the two halves of the hori-
zontal tail was required to produce a relatively small rolling moment.

6. For the ranges of variables covered in this investigation, the
yawing moment resulting from 10° rudder deflection was little affected
by angle of attack, angle of sideslip, or Mach number.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Feb. 11, 1955
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TABLE I.- GEOMETRIC PROPERTIES OF THE MODEL

Wing (leading and trailing edges extended to plane of symmetry)
Aspect Tatio ¢ v« & ¢ ¢ o o o o o o o« o s e o e o o e o o . Sio O
Taper Tatio o o « o o o o o o ¢ o o o o o o o o s o o o o
SECLION. . v =i s = sne The a S W mEs v s w s s @ o os, HAGA ooo3 5- 63

Ufce ptafl o le e aie e s s e e k., 000
Mean aerodynamic chord, ft . . . . « . . . « o o o o o . 1.540
Span,sft s & . D o o E Eel s e R e e pe

Sweepback (leadlng edge) I TR L
Ailerons

Area (each), 8G £H o o « o o o o o o o o o o s o o s o o o o 0.13L4

Chord, Bb « « o o 5o o = & o 5 @ 6w e e e W e e s 0.208

Span, ft . . . - 6 5 04 0 660 0006060000060 0.722
Horizontal tail (leadlng and trailing edges extended to plane of

symmetry )

Aspect ratio . o ¢« ¢ ¢ 4 4 e e 4 e e e e e e e e e e e e e e k.00
Taper TAEI0 ¢ & o o ¢ o o o o o o s o o o s o o o & o o o o 0.33
SECTAON » o o = o o o o o o s s a o s e s e o o o o+ NACA OOO-EL
Pivot line (fraction of root chord) . . . . . . « « « « o « 0.45
Brea, 80 TE o = 5 e s s e 5 el e s s s e e e e e e ke 0.876
Span, ft . . . . - PO 1 £
Sweepback (0.50 chord llne) T 0

Vertical tails (leading and trailing edges extended to fuselage
center line)
Aspect ratio (geometrie) . ¢ ¢ o s ¢ o o o o 0 e s oG os e .o 1.5
Taper T8tI0 + & v o o o ¢ o o o o o s o o o e e e 4 e e e . 0.16
SECtion » + + 4 o e 4 e e e e e e e e e e+« ... NACA 0003.5-6k
Area
Targe, B8 Bt o'« o s o » 5 6w ® e s o s e e a s e s 6w 1.067
Srell, 80 TL o o i e o s e 6 e e @ s e e e e e e e e 0.812
Span
Large, £ « ¢ o & s s.s o o 2 = = o o @ @ e s ® g e e 1.269
Small, Bt . « ¢ o o 5 o 5 o o o 6 e e o s s o6 s 8o e L HLOT
Mean aerodynamic chord
Large, T£ . ¢ ¢ o o o o o o o o o o o s 0 0 s s . e 0.988
Smald, £t,. - .. . . S~ o0 0 0 0B 606G o0 dodaac 0.862
Sweepback (Leading edge) -l T R C I e e B s I B 5k, 0°
Rudder Area
Large, SQ 5 o o o ¢ o o o 4 4 4 e e e e e e e e e e e e 0.1081
Small, 8G FL o ¢ v s o o o e e e e e e e e e e e e e e 0.0845
Fuselage
Fineness ratio
Long fuselage .+ o« v « o o o o o o s o o o o e s e s s e 1250
Short fusSelage . . « » o o o o o o o o o o o o o o o o o o 10.9
Base area, 8 Tt « ¢« ¢ « ¢ ¢ o o o o o o 0 00 0 o0 e e e . 0, 1302
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TABLE I.- GEOMETRIC PROPERTIES OF THE MODEL - Concluded

Fuselage (concluded)

Coordinates® (long fuselage):

Distance from nose, Radius,
alial, At
0 0
5500 .80

10.00 144
1500 1.94
20,00 2.32
25.00 2.60
30.00 2.79
255006 2.90
Lo.00 2.97
Ls.00 2.99
Diibes 3.00
B57.75 3./00
61.75 2.99
65.75 2.90
69.75 2.67
72.00 2,44

lRemovable section from 51.25 to 57.75 inches from nose.

TABLE II.- MOMENT CENTERS, TAIL LENGTHS, AND TAIL VOLUMES

Moment | Tail size, | Tail length, | Tail volume, | Tail height,
centers Sv/Sw Iv/ow IvSy/bySy zv/ow
Q875 81 - 0,267 0. 443 0.118 0.139

267 «599 .160 .139

.203 163 .09k 121

.203 . 620 .126 12
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TABLE III.- LATERAL AND DIRECTIONAL STABILITY DATA

(a) Complete model
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TABLE III,- LATERAL AND DIRECTIONAL STABILITY DATA - Continued
(a) Complete model - Continued
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TABLE III.- LATERAL AND DIRECTIONAL STABILITY DATA - Continued
(a) Complete model - Continued
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TABLE III.- LATERAL AND DIRECTIONAL STABILITY DATA - Continued

(a) Complete model - Concluded
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TABLE III.- LATERAL AND DIRECTIONAL STABILITY DATA - Continued

(b) Wing-fuselage combinations
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Continued

TABLE III.- LATERAL AND DIRECTIONAL STABILITY DATA -

(b) Wing-fuselage combinations - Concluded

LM VOYVRDIO BN
HOOMOVAONOO D TV M

RO EHN AL~
HAHNONNNNONNO ¢

OWHHMAVO MM VWON™
VAV HIN QA HO M RO~ ©

oI AIRMNIN Y
MEHONTTRTCONO N

WNCCATLA>~AN
TEHO M OT RO MY

A LCNVUHO N
WOV OMMNYWY

Q[ 000000 HHOHOO0O0O0 0000HHHHHHOOO0O 00O0HHHHOHHOOOO 00O HHHHHHHHHH OOOHHHHOO OO OO0 vl v
G | OO00000000000C0 00000000000 CO00 0000000000000 0 0000000000000 COCOCO00000s o 0000000000
222222222222 Q22 2292222222999 Q 229Q0QQQQQQQQ2QQ 9Q9QQQRQQRQQQAQQ Q990904000 QQ 00QQQQQQQQ
COO0O0O0000000000C 00000000 COCO00O0 O000O0O00000CO0O 0OOOOOOOOCO0O00 CCOCO000000 0000000006
Bt 900 vt el X (SR EH i S W VS U e A 55 O () R B I S O R U (R O | LU X P IS R W s S W 1 TR Y | R N B P G Gl R
HOONAHNHOHOMWAY CHOVECVAOWNON® OYOMHDONTDHHLOY CVDNVVORHOYHOH OOVOHMNINMNE O D0 VN NN M~
MRIRHO LV DOEDEDAO MMAADINNNONONYDE TMRANHOHHOONUYTO TMMIUVHHOOONTLY LITMRNHHRMTO TMMUHrHEHOS D
o R| AHHHHO00C00000H HHHHHOOO HO W H He o v rd v vf o v of o oo o o A dddddd A g Ao d i ddd e Add e Ao SO
N |[C | 000000000000 C0 000000000000 0C 0000000000000 0 0000000000000 0O0DCO0O0000 00000000 0D
~ Q2222222222022 Q2092Q2QQQRQQAQQEQ 9QQQQRRQRQQRQRQQRQQ QQQQQRQQAQRAQ QQQAQQQQQQq QQQQeQeQQQ
" 000000000000 00 000000000000 00 00000000000 O0O00 0000000000000 OO0O00000000 000006000 O
< —_______-_____________~____.____._—_____._____.____________.___..___________
C OVERARTOAHMNAMN ANVOATAONOCVOARN DAMNOVEOHHNNOOD® ORMEMEFATRWEC MEOVANYITLYE QBN NNQVD® WO
SR C RAAAMMATEIEIIR RMMMMNMOTOVO0LO0 HRRRANMNTIIIITTYE AQNRNRMAMNMTLTTO oA HRRRMMNMN R QRN T T T 0
O [© ©O00000000000 0000000000 0000 00000000000 000 0000000000000 00000000000 00000000 dO
Q Q2QQQQQQQQQQ2Q QQQQRRQRQRQQQQQ QQQRQRQRQRRQRQAQQQQ QQQQQQQRQQQRQQ Q2QQQQQQQQQ QQQQQQQQQQ
o OO0O000000000000 000000000000 00 00000000000 000 OOOOOO00O0O00000 00000000000 00000000 OO
= Ll oty CRIESIEUTE ULt ot St AT RRCRLCAITTAN ) it SAUIRRNIN (1 e TR T, IR P 1 T T T s e i e T i e i o e 7 T g e 1
E

= CMONVDVNV MO AT QEHO>-YOMNOMVONKY FONTOTRANOVDOMMNO FOVOTMHDNO YO VTOVVONNRIYE OO HOMD O
= MOMOCHHHHHON ¢ M QOCAMMAHRCENN HRVATMRORNODOE RHOAVITMNDED | AN THOMMN QAN TOOVW SOV WO
T R| cooOrHHHHHOO OO COHHHHHHHHOOO O0O0OHHHHCHHOOCO OOCOHHMHMHMM | HrH COOHHHHOOOH OO0 HM v v
O | 0c000c0000000090 OO000000000000 0000000000000 OO0O000000D OO O00D0O0C000 000000000
Q2QQQQ00QQQeQQQQ _ODDODDDDDDDDD QQQQQQQQRR2Q2Q QQQQQQRQQQQ | QQ Q99QQQQQQYQYQ QQQQQQQQQQ
0000000950000 0 OO0OOO2TOV0000 0OO0DO0VODOD0IVID 000000 IDID ' OO0 OODI0O0O000D 0020030090
B AN SE R ) T e e UL ERRL ¢ M J R S e e S [ T S ) IR ST I S I R A L R R S R N R G R
M AN HHONRAN ONEOVVCUNEMNOONT QAOATAHMOAROOVHHNN TOHTATTTNTLTHR MHRDOMMOVMDY RN O™ O~ O
Q MHHOCXDEFVVFOO RWHHOOANAAAOYL MANHHOOHOONWYER MAMAHHHOOHHONY MMMAERHHARNTR € MNQ QO O
J | #HHHH00000000H HHHHHHOO000OHHH HerdddHAHdddM A drddddddrddrddd dArdddd A dd A A A 1O O o
0000000000000 000000000000 00 0000000000000 0 0000000000000 00000000000 00000000 OO0
& Q2QQeQ2QQQQQQQQ QQ2QQQQRQRQRQRRQQQQ QQQQQQQRQQQQQAQ QQQQQQQQQQQQQ QYQQQQQQQQQ QQQQQQQeQQQ
=} CO00O0000000000 OOO00CO00000000 COOOOOCOOC00000 COOCO0O0000O000C O0CO0000000 0000000080
L O R T I e S D 1o T A T e [ J I [ 0l T p TR ) i e e e e i e
MOOADON ~-MTOR ONTVONDOSCOWLOSD® MESMCATTONORHN WOONCONRT TN OHMNAONVONNO ~WHMHHADO MY
Q] ARHHHHAR | QAN OCRANRMMNMMIMNTTIIT RQAARMINNMMNTITTE RNMMNTETNTTTEN QURMMMNNNETD HoQQMANN T T
W. 0000000 1000000 00000000000 000 0000000000000 0 0000000000000 00000000000 00000000 D0
2222233 | 222222 222Q2QRQQQ2RQQ0QQ QQQQQRRAQQRRQAQQQ QQQQQQQQQQQQR Q9QQQAQQQQQQ QQQQQRlQQQ
OOCCOO00 1000000 OOCOO0O000000000 0OOCOOOO0OCOOCOO OCO0OCO00000O000 O0OOOCCO00000 OCCOO000 600
R DUy O Ui Ot (8 e WSRO U O GRCH *UIR RS TRl MO IR P T3S0 01 O T TR e T T Y8 e o T s T o e T R e e
Q2 QQQQQQQQeQn 22 Q29QQRQQQQn QQ 999QQQRQRQQY QQ 2QQQQQQQAQQ QQ 28QQQQQQ Qg QQQeeQQ
-] TQONTVEDAORTVE TAROQTVEDAORTVN TROATVEDAONTVN TAONTVEDAONUTO YTAONTOVOLDRON YTRONTOMD NS
L) e A Ao el e -

(] ) L} 13 L} [ i |

"2} o o o L) n

= N Q @ ) ) Q

(=] =] o o o o




NACA TN Loko

22

HAEH AN ANDNS O =D
HOMWLMNHOO O
NHAAHAAAAHOO0OO0 D00
C0O0O0O00OO0OCCOD20
00000000000000
D e Y0 QO G ] i )

HOALWWOVOSHRCMT T OO N
QAT HO OO @ 'O W0
AAAAAAAAHO O OO0
o000 0CO0CcCOCOCCOC
0000000000000
(TR T S A BT S (S it R 2 |

CrHODOUFDANAHNS >~ QND
MEADOTRNARMNEHONOW
NRHAAAAAAAHOOOO
CCcCOoOO0O00O0O0COCCOC
000(0000000000
A it B T o B O T i e

HTANOAS TS AN O
NEHOOTNETMNANO~-0T
NN HAAAHAAAAHO OO
OCO0O000CO0OO0OCO0O0CO
2999999999209
Q000000000200
SO [ VI G JORS TR L A SR TR R

NEHAIIMAT DDA
[ X el A S Ne o R TTo)
ANNVHH A A AN HO
COCcCO000O0000
COO00O00O0C000
| I AR e TN R R |

CHDOWN> DONWD
VAT DO0ND
NAHAAAHAAAHOO
0000000000
0coo000000
(U 0 LG )

VOO WMLeVLNNO> 0N
MM T TT TN
HETLTTETET ST AN
00000000000 D00

00000000000000

VOOV AN O
S~povoeeh e NOC 00
R A B
COCO0O0COO0OCOCO0O

0000000000000

CMAYOOMODONNC
MM EARNHOA T T T
wLLLLLLT T T T TS
OCOCO0OO00O0O000000C

OO00O0O0000OO0O00O00O0

TNV NN
OIS HN WO ®
[ToREoRToRTORTOI S S M ToNTo RYo R oR Vo)
OCCO0CCOO0O0O0O00O0C

0000000000000

OOAMALCOHMNANINO
ODXYOOWMWWLMNOD
[ToRToRTolToRToR S0 A8 - Sk 2
CO0O0 0000000

00000000000

VAT OMOTHO
THEHSNNONO TN D
VOV WIS T TN
OO0 0000000
Q2eQcQQQQQQ
0000000000

MODHEHOONMOVTNHT DDA
AN HNHHAHHAAS 200
LR R R R R e R R R R R ]
00000000000000
RO U U I R I

MeEHOAMMTTMNO T O ©
MAANANRNNNHAO O
Al A A A A
00000000000000
(LI R PR I W E LI

oYM ~AVDRNOO®
TN NN A
LR R R R el el e e R R R R R
O0O0O0O0OO0OO0O000O0O00O0
| ER LI T R (U T R 3 O R B

TOUNOHODWNT DO
UMMM NQHMMN
Arrd A A A A
OO0O0O0OO0O0O0O0OO0OO0OO0O
LIS VY o BRI A SV Y T

[ R o i K Ko Vo X ol ol o)
nNITMNMERHAHD X
ArEHrd A A
OC000000000O
(AR s T st YO s - ST B

S~ ONOMNTW0
TN RHAD
LR R R R R R R R
2QeQQQeQeQ9QQ
0000000000
USRI B I I T |

2]
<
<
o
"
3
Fel
~
>
.
N~
o
o
(@]
"
3z
(2]
A
[
s|s
=
=
S
I
=
S’
S|«
T|o

1, /by

0.203 ,

(c) Fuselage-tail combinations
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(c) Fuselage-tail combinations - Continued
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TABLE ITI.- LATERAL. AND DIRECTIONAL STABILITY DATA - Continued
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TABLE III.- LATERAL AND DIRECTIONAIL STABILITY DATA - Continued
(c) Fuselage-tail combinations - Concluded
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(a)

TABLE IV.- RUDDER EFFECTIVENESS DATA
d-wing, ay = 6.3°

=0.203 , \,/b,=0.620 , 8 =0°
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TABLE IV.- RUDDER EFFECTIVENESS DATA - Continued

(a) Mid-wing, o, 6.3° - Concluded
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TABLE IV.- RUDDER EFFECTIVENESS DATA - Continued
(b) High Wing, oy = 6as?
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TABLE IV.- RUDDER EFFECTIVENESS DATA - Continued

(b) High Wing, ay = 6.3° - Concluded
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B = 0°
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(c)

TABLE IV.- RUDDER EFFECTIVENESS DATA - Concluded
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Figure 1.- The sign convention used in presentation of the data. All force and moment coefficients,
angles, and control-surface deflections shown are positive,
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Additional geometric data
are given in tablesT and I
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Figure 2.- Geometry of the model.
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Figure 10.- The effect of the horizontal tail on the vertical-tail contribution to the lateral
and directional stability characteristics of the fuselage-tail combination.
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Figure 10.- Continued.
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Figure 19.- The effect of the tail

wing model; Adg = lOO, Zv/bw = 0.599,

Sy/Sw = 0.267, B = 0°.
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Figure 20.- The effects of deflection of the horizontal tail surface to provide lateral control on
the aerodynamic characteristics of the high-wing model; Zv/bw = 0.599, Sv/sw = 0.267, B = Q°,
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Figure 23.- The effect of rudder deflection on the lateral stability characteristics of the mid-wing
model; ly/by = 0.599, Sy/Sy = 0.267, B = 0°.
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Figure 24,- The effect of rudder deflection on the stability characteristics of the mid-wing
model; 1y/by = 0,620, Sy/Sy = 0,203, ay x 6.3°.
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Figure 24,- Concluded,
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