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MODEL HAVING A TRIANGULAR
WING OF ASPECT RATIO 3

By Bruce E. Tinling and Armando E. Lopez

SUMMARY

An investigation has been conducted to determine the effects of
horizontal-tail location and size on the longitudinal aerodynamic charac-
teristics of an airplane model having a triangular wing. The wing had
an aspect ratio of 3 and the NACA 0003.5-63 section in the streamwise
direction. Two horizontal tails were tested which had areas of either
16.7 or 21.9 percent of the wing area. Each of the horizontal tails had
an aspect ratio of 4, a taper ratio of 0.33, the NACA OOOL4-64 section,
and no sweepback of the 50-percent-chord line. Tests were conducted with
the horizontal tails located -0.10, O, 0.10, and 0.20 wing semispans
above the chord plane of the wing at longitudinal distances of 1.2 and
1.5 mean aerodynamic chord lengths behind the moment center. The wind-
tunnel tests were conducted at a Reynolds number of 2.5 million at Mach
numbers from 0.25 to 0.95.

It was found that the horizontal tail was destabilizing at moderate
1ift coefficients when located above the plane of the wing. When placed
either in or below the plane of the wing, the horizontal tail was stabi-
lizing throughout the 1ift range. For the balanced condition, the drag
increment due to the tail was less when the tail was placed 0.10 wing
semispan below the wing chord plane than when placed in the wing chord
plane. In general, the drag due to balancing the model decreased with
increases in tail size or length and increased markedly as the Mach
number was increased beyond 0.90.

INTRODUCTION

Triangular wings have been demonstrated to be aerodynamically and
structurally suitable for high-speed interceptor-type airplanes. Numer-
ous data are available on the aerodynamic characteristics of tailless
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triangular-winged airplane configurations with the longitudinal control,
in most cases, being provided by trailing-edge flaps. The use of an
all-movable horizontal tail for longitudinal control has several advan-
tages over the trailing-edge, flap-type controls. Among these are
improved damping in pitch and the possibility of using high-1ift trailing-
edge flaps on the wing to improve the landing and take-off performance.

The present investigation was initiated to study the effects of
longitudinal and vertical location and of size of the horizontal tail
on the static longitudinal characteristics of a model representing an
airplane having a triangular wing with an aspect ratio of 3. The
effects of vertical location of the horizontal tail on the low-speed
characteristics of a similar airplane configuration have been presented
in reference 1, and a study of the downwash behind a triangular wing
having an aspect ratio of 3 by the transonic-bump method has been
presented in reference 2. The tests of the present investigation were
conducted in the Ames 12-foot wind tunnel at Mach numbers up to 0.95
at a Reynolds number of 2.5 million, and at Reynolds numbers of 2.5
and 10 million at a Mach number of 0.25.

NOTATION
A agpect ratio, %;
a normal acceleration
b wing span
Cp drag coefficient, 328

asS

ACDOtail CDtail on - CDtail off’ measured at a = O.and it & O

Cy, 1ift coefficient, Tiit
Cm pitching-moment coefficient about the moment center,
pitching moment
qSt

c wing chord measured parallel to the plane of symmetry

o1

> b/2
wing mean aerodynamic chord, g;\/P - cPay
: o

CONFIDENTIAL



NACA RM A53L15 CONFIDENTIAL 3

i

acceleration due to gravity

incidence of the horizontal tail with respect to the wing chord
plane, deg

tail length, longitudinal distance from the moment center to
the horizontal-tail pivot line

1lift

drag

lift-drag ratio,

free-stream Mach number

. . a
normal acceleration factor, z

free-stream dynamic pressure
Reynolds number, based on the wing mean aerodynamic chord
area of the horizontal tail

wing area

ly S
tail volume,-—E 2t

lateral distance from the plane of syrmetry

vertical distance from the wing chord plane to the hinge axis
of the horizontal tail

angle of attack, deg
effective downwash angle, deg

horizontal-tail pitching-moment effectiveness, measﬁred at a
constant angle of attack

tail-efficiency factor (ratio of the lift-curve slope of the
horizontal tail when mounted on the fuselage in the flow
field of the wing to the theoretical lift-curve slope of
the isolated horizontal tail evaluated by the method of
reference 3)
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MODEL

The triangular wing of the model tested during this investigation
had an aspect ratio of 3 and the NACA 0003.5-63 streamwise section. Two
horizontal tails were tested which had areas of either 16.7 or 21.9
percent of the wing area. ZEach horizontal tail had an aspect ratio of
4, a taper ratio of 0.33, and the NACA 000L-64 streamwise section. The
wing, tail surfaces, and fuselage were machined from solid steel.
Further details of the geometry of components of the model are given
in table I.

As shown in figure 1, both the horizontal tail and the wing could
be placed on or above the fuselage center line. This permitted the
horizontal-tail hinge line to be located at -0.10, 0, 0.10, or 0.20
wing semispans above the wing chord plane. A change in tail length
was obtained by removing a cylindrical portion of the fuselage which
was 6.50 inches in length. The moment center chosen for each combi-
nation of tail size and position and the corresponding tail lengths are
tabulated in table II. As can be noted from table II, the tail sizes
and lengths were chosen so that nearly the same tail volume could be
obtained with either tail length.

The model was supported in the tunnel by a sting as shown in
figure 2. A k-inch-diameter, l4-component, strain-gage balance enclosed
within the model body was used to measure the forces and moments.

CORRECTIONS TO DATA

The data have been corrected for the induced effects of the tunnel
walls resulting from 1ift on the model by the method of reference k.
The magnitudes of the corrections which were added to the measured
values are:

Ao = 0.30 Cp,

ACp = 0.00L45 Cp2
The induced effects of the tunnel walls on both the tail-on and tail-
off pitching moments were calculated and found to be negligible.

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

CONFIDENTIAL



NACA RM A53L15 CONFIDENTIAL 5

The effect of interference between the model and the sting support
which could influence the measured forces and moments, particularly
those due to the horizontal tail, is not known. It is believed that
the main effect of the sting on the drag data 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 drag data were adjusted to correspond
to a base pressure equal to free-stream static pressure.

RESULTS AND DISCUSSION

The results of the wind-tunnel tests pertaining to longitudinal
stability and control are presented in figures 3 through 20, and those
pertaining to drag are presented in figures 21 through 25. It.was
convenient when evaluating the effects of tail size and position on the
longitudinal aerodynamic characteristics to select the moment center
for each configuration to yield the same static margin at some condition.
Since the static longitudinal stability was the smallest at low speed,
the moment center was selected to yield a static margin of 6 percent of
the mean aerodynamic chord (dCp/dCy, = =0.06) at zero 1ift and zero tail
incidence at a Mach number of 0.25. The resulting moment centers for
the various combinations of tail size and location are listed in table
IT.

Longitudinal Stability and Control Characteristics

Tail off.- The tail-off lift and pitching-moment coefficients
measured during tests with the wing in the mid or in the high position
are shown in figure 3. As would be anticipated from: the results
reported in reference 6, displacing the wing had no important effects
on the 1lift or pitching-moment characteristics at moderate 1lift
coefficients.

. The longitudinal static stability of the wing-fuselage combination
decreased as the lift coefficient was increased from about 0.2 to 0.5
at Mach numbers up to 0.90. Additional measurements were made to
determine the Mach number at which this effect was the most severe.
These additional data (fig. 4) indicate this reduction in longitudinal
stability to have been the greatest at Mach numbers from 0.80 to 0.85.

At a Mach number of 0.95, the stability increased markedly as the
1lift coefficient was increased. Since this effect was opposite that
which occurred at a Mach number of 0.90, a large increase in static
margin resulted for moderate 1ift coefficients when the Mach number was
increased from 0.90 to 0.95. This increase in static margin amounted
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to about 13 percent of the mean aerodynamic chord at a 1lift coefficient
of 0.k. (See fig. 3.)

Effect of horizontal-tail position and size.- The contribution of
the horizontal tail to the pitching-moment-curve slope is approximately
equal to

5t )/ 1t at \ _ (dCp/da)aiy de
- <SW><?> l}l< q (dCL/da)tail off <l ) da :‘

The parameters within the brackets were found to have only small
variations with tail size. The following discussion, therefore, is
concerned mostly with the effectv of tail height and tail length. The
effect of tail size has been considered to be merely a geometric factor
by which the control effectiveness and the contribution of the hori-
zontal tail to the longitudinal stability may be varied. The values of

the taii-efficiency factor 1 %F ') and the downwash € were cal-

culated by the method used in reference 7. It is assumed in this
method that the 1lift curve of the horizontal tail is linear. Conse-

quently, € and 11(213 were not calculated for angles of attack for
Q

which the data indicated that the tail might be stalled. The values of
the lift-curve slope of the isolated horizontal tail used in calculat-

dcCy/d

( L/ %) tail and n( EE) were calculated by the
(aCr/da) ¢a11 ofp 4

method of reference 3.

ing the factors

The results in references 1 and 2 indicate the horizontal tail to
be destabilizing for moderate 1ift coefficients when located 0.20 b/2
or 0.40 b/2 above the wing chord plane. The results of the present
investigation (fig. 5) show that this effect, although reduced in
magnitude, also occurred when the tail was 0.10 b/2 above the wing
chord plane and was less severe with the greater tail length. At a
Mach number of 0.95, the destabilizing effect of placing the tail above
the wing chord plane was obscured since the reduction in the stability
contribution of the tail with increasing 1ift coefficient was compen=-
sated by an increase in the stability contribution of the wing-fuselage
combination. (See fig. 3.) As is shown in references 1 and 2, the
adverse effect of increasing the tail height on the longitudinal
stability was caused by differences in the variation of downwash at
the tail with angle of attack. This cause is illustrated in figure 6
where the variations with 1lift coefficient of the tail contribution
to the pitching-moment-curve slope and of the downwash factor

- de are presented.
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It is evident from the data of figures 5 and 6 that the horizontal
tail was stabilizing throughout the 1ift range only when it was in

either of the two lower positions ~Z2_.=0and %2 = -0.10 ). Data

b/2 b/2
obtained to evaluate the longitudinal/stability aéd control character-
istics at Mach numbers of 0.25, 0.60, 0.80, 0.90, 0.93, and 0.95 for
most combinations of tail length and size for each of these tail heights
are presented in figures 7 through 14. The average effective downwash
calculated from these data for each tail location is presented in

figure 15.

Inspection of the data of figures 7 through 14 indicates that the

horizontal tail was effective as a longitudinal control for all
combinations of tail size and position throughout the Mach number range..
At low speed, it was possible to balance the model at a 1ift coefficient
of about 1 with a tail incidence of about -8° for all configurations.
A positive static margin was maintained at all Mach numbers with the
exception of a region of marginal stability at a Mach number of 0.80
for a 1lift coefficient of approximately O.4 for some combinations of
horizontal tail size and location.

The variation with Mach number of the factors contributing to the
longitudinal stability is presented in figure 16. From these data it -
can be seen that the change in de/dCL between Mach numbers of 0.25
and 0.95 was less with the tail on than with the tail off by between
0.02 and 0.04, depending upon the tail size and location. This effect

can be traced to the diminishing value of the factor - %&- with

increasing Mach number. It can also be seen by comparing parts (a) and

(b) of figure 16 that <l - gi) was greater when the tail was in the

lower position (72— = -O.lO).
b/2

As noted previously, the longitudinal stability of the wing-
fuselage combination diminished as the 1ift coefficient was increased
from about 0.2 to 0.5 at Mach numbers up to 0.90. The pitching moment
contributed by the tail when located in or below the wing chord plane
varied with 1ift in a manner which tended to compensate for these
undesirable tail-off characteristics. This is illustrated in figures
17 and 18 where the pitching-moment coefficient caused by the horizontal

(dcr/da) 4a11

tail per unit of tail volume and the factors
(dC/da) 4oy of

and

<l - g—;) have been presented. (The factor n(—cg.i) has not been
aQ

presented since it was found to be invariant with 1lift coefficient.)

CONFIDENTIAL



8 CONFIDENTTAL NACA RM A53L15

The Mach numbers of 0.25, where the static margin at zero lift was the
least, and 0.80, where the tail-off pitching-moment variation tended to
cause instability, have been chosen for this illustration. These data
show that the stability contribution of the tail increased markedly as
the 1ift coefficient was increased beyond about 0.3, particularly for
the greater tail length. This accounts for the improved pitching-moment
characteristics for the larger tail volumes, particularly when the hori-
zontal tail was in the wing chord plane. (Cf. figs. 7(a) with 10(a) and
7(e) with 10(c).) The increased tail contribution to the stability for
1ift coefficients greater than about 0.3 was caused by increases in the
downwash factor <l - and to a lesser extent by decreases in the
da (aCy/do) £a13
wing lift-curve slope as indicated by the variation of

(4Cr,/d0) ta11 off
(See figs. 17(b) and 18(b).) This increase in the stability contribution
was not as great for the tails placed below the wing chord plane as for
those placed in the wing chord plane. (See figs. 17(a) and 18(a).) How-
ever, at a Mach number of 0.80, the static margin at zero 1ift was from

1 to 3 percent greater with the tail in the lower position than with the
tail in the wing chord plane. As a result, the minimum static margin

(at C; %= 0.4) was nearly the same for either of the tail positions at

a Mach number of 0.80. (Cf. figs. 8(c) with 12(c), 9(c) with 13(c),

and 10(c) with 1k(c).) /

Application of data.- The data for the two lower tail positions
were used to calculate the variation of tail incidence with Mach number
for an airplane having a wing loading of 60 lb/ft2 flying at an altitude
of 30,000 feet. The results of these calculations are presented in
figure 19. The variation of tail incidence with speed indicated stick-
fixed longitudinal stability up to a Mach number of about 0.90. However,
with further increase in Mach number, the tail incidence required for
balance became more negative. This apparent loss of longitudinal con-
trol effectiveness, which became more severe with increasing normal
acceleration factor, was caused by increases with Mach number of the
static margin, without corresponding increases of the pitching-moment
effectiveness of the tail. The increase in static margin was caused
by the increase in the stability of the wing-fuselage combination at
moderate lift coefficients. (See fig. 3.)

Effect of Reynolds number.- The results of tests conducted to
evaluate the effects of Reynolds number on the low-speed 1ift and
pitching-moment characteristics are presented in figure 20. A change
in the Reynolds number from 2.5 million to 10 million had no important
effect on the low-speed stability and control characteristics of the
model when the wing and the tail were located on the fuselage center
line. Similar results, not presented herein, were obtained from tests
with the wing in the high position.
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Lift and pitching-moment data presented in reference 6 show the
effects of Reynolds number to be negligible between 3.1 and 4.8 million
at Mach numbers from 0.6 to 0.9 for a wing of the same plan form, but
with a thickness-chord ratio of 3 percent. The 1lift and pitching-
moment data of reference 6 were found to be in excellent agreement with
those of the present investigation when the moment center was selected
to obtain identical static margins at zero lift.

Drag Characteristics

Effect of Reynolds number.- The drag coefficient and the lift-drag
ratios measured during low-speed tests with the wing in the mid position
at Reynolds numbers of 2.5 and 10 million are presented in figure 21.
These data show that the drag due to lift was greater at the lower
Reynolds number. The resulting difference in the maximum lift-drag
ratio was about 12 percent. Similar results were obtained from tests
with the wing in the high position.

Effect of wing position.- The tail-off drag data are summarized in
figures 22 and 23. In figure 22, three measured values of the minimum
drag coefficient for each of the wing positions at each Mach number
have been included to give an indication of the magnitude of the
uncertainty in the measurement of drag coefficient. These data indicate
the average minimum drag with the wing in the high position to have been
slightly lower than with the wing in the mid position. However, the
lift-drag ratio with the wing in the high position was, in general,
slightly lower than for the wing in the mid position. (See fig. 23.)
This latter result is in agreement with the results reported in
reference 6.

The values of lift-drag ratio measured during the tests reported
in reference 6 for a wing of the same plan form, but with a thickness-
chord ratio of 3 percent, were greater by between 10 and 20 percent
than those obtained during the present investigation. The higher
minimum drags measured during the present investigation due to the
presence of a vertical tail account for part of this difference. The
remainder of the difference in lift-drag ratio was caused by a higher
drag due to lift. The difference in drag due to 1lift might be due to
a difference in Reynolds number, the Reynolds numbers being 2.5
million for the present tests and 3.1 and 4.8 million for the tests
reported in reference 6.

Effects of tail size and location.- The preceding discussion has
jllustrated that the drag data from this investigation should be used
with caution if comparisons are to be made with results of tests of
other configurations at different Reynolds numbers. For this reason,
the difference in lift-drag ratio between the tail-off and the balanced,
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tail-on conditions is presented rather than the total lift-drag ratio
for the balanced condition. These data, which were taken from faired
curves, are presented in figure 24, 1In general, the drag increment due
to balancing the model decreased with increases in tail size or length,
was less for the lower tail position, and increased rapidly as the Mach
number was increased beyond 0.90. These trends can be easily verified
by estimating the increment in lift-drag ratio due to balancing the
model from the tail-off pitching-moment coefficients and the increase
in minimum drag coefficient caused by the tail. Such an estimation

has been made wherein it was assumed that the 1ift contribution of the
tail was equivalent to the force on the tail normal to the fuselage
center line, and that the induced drag caused by this 1lift was equiva-
lent to that for an elliptical span-load distribution. The following
equations for the drag polar for the balanced condition resulted:

o - c N Copai1 ors
Lem = 0 Ltail off L

2
Cmtall off
c =C _Tn
Dep = o Ptail off * SDopqy; * Atail
The value of ACDO . was taken as the average measured increment in

drag at zero 1lift caused by the tail at an incidence of 0.2°. The
following table lists these values:

C
M Dotai1
Sy = 0.167 S, | 8¢ = 0.219 s,
0.60 0.0009 0.0012
.80 .0009 .0012
.90 .0010 .001k
.95 .0020 .0028

The increment in lift-drag ratio due to balancing the model, evaluated
by this method, is presented in figure 25. The calculated increment is,
in general, slightly greater than that obtained from the drag measure=-
ments, but the effects of tail size, tail length, tail height, and Mach
number are in qualitative agreement with those obtained directly from
the drag measurements.
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A large part of the effect of tail size and position on the lift-
drag ratio for the balanced condition at a given 1ift coefficient was
dependent upon the magnitude and the algebraic sign of the tail 1lift.
This accounts for the smaller decrement of lift-drag ratio for the
larger tail volumes and for the lower tail position. The large decrease
in the lift-drag ratio due to balancing the model at Mach numbers
greater than 0.90 was a result of a decreasing load on the horizontal
tail (or increasing down load) with increasing Mach number as well as
the large increase in the minimum drag increment due to the tail,

NC .
Dotail
CONCLUDING REMARKS

The present wind-tunnel investigation has evaluated the effects of
tail position and size on the aerodynamic characteristics of an airplane
configuration having a thin triangular wing of aspect ratio 3. It was
found that the horizontal tail was destabilizing at moderate 1lift
coefficients when placed either 10 or 20 percent of the wing semispan
above the wing chord plane, and stabilizing throughout the 1lift range
when placed either in the wing chord plane or 10 percent of the wing
semispan below this plane. For the latter locations of the horizontal
tail, the drag due to balancing the model was found to decrease with
increases in either tail size or tail length, was less with the tail
below the wing chord plane, and increased markedly with increases in
Mach numbers beyond 0.90.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Dec. 15, 1953
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TABIE I.- GEOMETRIC PROPERTIES OF THE

13

MODEL

Wing

Aspect ratio « « ¢ ¢ ¢ ¢ 4 o e 4 e e e e e e e
Taper ratio . « « ¢ ¢ « ¢ o ¢ o « &

Section + ¢ ¢« 4 o e s e s s 0 s e 0 e s s o s
Area . « « « « & e s e s e 6 s o e e o o »
Mean aerodynamic chord s e s s s s e e o s o s s
Span . . . s e o s e e o o o s s
Sweepback (leadlng edge) e e e e e e e e e

Horizontal tails

Aspect ratio « « ¢ ¢ ¢ v e 0 e e e e e e e e s
Taper ratio .« « ¢ ¢ ¢ ¢ ¢ o ¢ o o o o« . .

Section o ¢ ¢ o 6 s 6 6 8 e e 0 e e 4 0 e s e e
Pivot line (fraction of root chord)
Area .
Targe tail « ¢ ¢« ¢ ¢ ¢« ¢ o ¢ o o .
Small tail + + « ¢ & ¢« ¢ ¢ o o . .
Span
TLarge tail « « ¢« ¢ ¢ ¢« ¢ ¢« « « o &
Small tail . . . o« o e .

Sweepback (0.50 chord llne) e e e e e e

Vertical tail (leading and trailing edges extended
center line)

Aspect ratio (geometric) . . . . . .

Taper ratio .« ¢ ¢ o ¢ ¢ ¢ ¢ ¢ o « o « o o+
Section . . . . . . e s e e e s s s
Area (to fuselage center llne) e e e e e e .
Span .« . . e e e e e s e e e e e e

Sweepback (leading edge) e e e e e e e
Fuselage
Fineness ratio

Short fuselage « « « ¢ ¢ ¢ « ¢ o o o = o o o &
Long fuselage . « « ¢ ¢« ¢ ¢« o ¢ o o o o s o o

e e e« .« . 3.00
e e e e 0
. NACA 0003.5-63
e « . . bh.,000 ft3
. « . . 1.540 ft
.« . . 3.463 ft

o« e e e 53.13°

. . - . . )+.OO

e+« « . . 0.33
. . NACA 000k-6L
e e e . . 0.5

. . . 0.876 ft?

. 0.666 tt2

e e . 1.868 ft
1.628 ft

.. 0

to fuselage

... 1.5

. . .. 0.16
NACA 0003.5-6k4
.. 1.067 ft2
1.290 ft

. . 54,00
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TABLE I.- GEOMETRIC PROPERTIES OF THE MODEL - Concluded

Fuselage - continued

Base GTea « « « « « o o o o o . . 0.1302 ft?
Coordinates! (long fuselage):
Distance from Radius,
nose, inches inches

0 0

5.00 .80
10.00 1.44
15.00 1.94
20.00 2.32
25.00 2.60
30.00 2.79
35.00 2.90
40.00 2.97
45.00 2.99
51.25 3.00
5715 3.00
61.75 2.99
65.75 2.90
69.75 2.67
T2.00 2.4k

lRemovable section from 51.25 to 57.75 inches from nose
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TABLE IT.- MOMENT CENTERS, TAIL LENGTHS, AND TAIL VOLUMES

Tail height, | Tail size, Moment center Tail length, | Tail volume,
z/(b/2) St/Sy ¢ 14/8 Vy,

-0.10 0.167 0.342¢ 1.183 0.198
167 .365¢ 1.510 .252

.219 .372¢ 1.153 .253

\ .219 h1sc 1.460 .320

0 L167. .330¢ 1.195 .199
.167 .349¢c 1.526 254

.219 .346¢c 1.179 .258

\ .219 .375¢ 1.500 .328
.10 .167 .381¢ 1.40k .249
.10 .219 .379¢ 1.146 .251
.20 167 hose 1.470 246
.20 .219 .hobe 1.119 245

CONFIDENTIAL
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Additional geometric date including
tail lengths and moment centers
are given in tables Tand IT

CONFIDENTIAL -

Removable section
of fuselage
20.78 /--\
[}

Ny \

!

Pivot
line—"

234l

6.93 \ /
A
| 53,13 K

Dimensions in inches unless otherwise specified

Figure 1l.- Geometry of the model.
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A-18664

Figure 2.- Model mounted in the wind tunnel.
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Figure 3.- The tail-off 1lift and pitching-moment characteristics for

the mid and high positions of the wing.
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Lift coefficient, C_
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Figure 5.- The effect of tail height on the pitching-moment
characteristics. it = 0.
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Lift coefficient, Ci_
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Figure 15.- The variation with angle of attack of the average effective
downwash for both tail sizes.
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Figure 16.- The variation with Mach number of the tail control
effectiveness, the static longitudinal stability, and the factors

contributing to the static longitudinal stability.
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Figure 19.~ The variation of tail incidence with Mach number for several
normal acceleration factors at an altitude of 30,000 ft and a wing
loading of 60 1b/ft2.
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Figure 19.~ Concluded.
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Figure 20.- The effect of Reynolds number on the 1lift and pitching-

moment characteristics at a Mach number

of 0.25. Wing and

horizontal tail on the fuselage center line. Moment center at

0.3493, 1/c = 1.526, S¢/Sy,; = 0.167.
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Figure 25.- The increment in lift-drag ratio due to balancing the model
with a horizontal tail as calculated from the tail-off pitching-

moment coefficients and ACDO
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Figure 25.- Concluded.
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