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WIND-TUNNEL INVESTIGATION OF THE CONTRIBUTION OF
A VERTICAL TAIL TO THE DIRECTIONAL STABILITY
OF A FIGHTER-TYPE ATRPLANE
_ By Alfred A. Marino and N. Mastrocola

April 15, 1948

Page 1, last paragraph of "Summary" — change the final sentence to read
as follows:

"It appears that, for airplanes with tail configurations similar to the
type investlgated, a more satisfactory method can be obtained by
treating separately the contributions of the vertical tail surface,
the fuselage area above the stabilizer, and the fuselage area below
the stabilizer."

Page 12, paragraph preceding "Conclusions" — change final. sentence
beginning "A design method" to read as follows:

"From consideration of the results obtained in this investigation it
appears that a design method based on a tail area definition as
employed in reference 2 would tend to overestimate the contribution
of the vertical tall for alrplane taill configurations contributing
relatively large fuselage area to the total effective tail ares."
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WIND-TUNNEL INVESTIGATION OF THE CONTRIBUTION OF
A VERTICAL TAIL TO THE DIRECTIONAI, STABILITY
OF A FIGHTER-TYPE AIRPLANE

By Alfred A. Marino and N. Mastrocola '
SUMMARY

Tests of a %-scale model of a typical fighter-type airplane
were made to investigate the contribution. of & centrally located vertical
tail to the directional stabilitye. DPropeller-removed tests were made
with the stabllizer located in three vertical positions on the fuselage..
The separate. contributions of the tail and the fuselage were determined
by means of pressure measurements on the tail and on the fuselage in the
vicinity of the tail.

The results of the tests indicated that the stabilizer, apart from
its favorable end—plate effect, had a large detrimental effect on the
contribution of the vertical tall surface to the directional stability.
This detrimental effect was greatest with the stabilizer high on the
. fuselage and Increased with increasing angle of attack. The contribution
of the fuselage at small angles of attack was supplied meinly by that
part above the stabilizer. The importance of the contribution of this
part of the fuselage increased considerably as the stabilizer was moved.
down. The contribution of the fuselage below the stabilizer was negli-
.glble at small anglés of attack; at high angles of attack the contri-
bution of the fuselage became appreciable when the depth of the fuselage
below the stabllizer was large,

A comparison of the test results with results predicted by current
design methods based on the concept of an effective tail area indicates
that such methods cannot accurately predict the contribution of a
vertical tail to the directional stability for all airplane configurations
and flight conditions. It appears that a more satisfactory method can
be obtalned hy treating separately the contributions of the vertical
tail surface, the fuselage area above the s»abilizer -and the fuselage
area below the stabilizer.

PREMIREIAED
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INTRODUCTION

Two widely accepted current methods for predicting the contribution
of a vertical tail to the directional stability (references 1 and 2)
involve tail-area definitions that include part of the lateral area of
the fuselage. The two tail-area definitions, however, are not the same,
and the two methods do not give consistent resultse. Recent tests
(reference 3) disclosed a lack of agreement between experimental results
and those results predicted by reference 1 and indicated that the
vertical tail and fuselage should be considered separately inasmuch as
sidewash and dynamic-pressure measwrements indicated that the loading on
the after part of the fuselage was not changed appreciably by the addition
of the vertical taile. The present investigation of a.%-scale model of

the fighter-type airplane tested in reference 3 was conducted in the
Langley propeller-research tunnel to determine the separate contributions
of the fuselage and vertical tall surface to the directional stabllity
and to study the applicability of current design methods. Inasmuch as
2ll tests were made with propeller removed, the effects of propeller
slipstream were not considered in this investigation.

. The data were obtained by means of pressure orifices installed on
the vertical tail and on the fuselage in the reglon of the vertical

" tail; thereby, the separate determination of the loads on the

taill and fuselage was possible. Pressure measurements on the fuselage
were taken with the vertical tail both on and off so that the load
induced by the vertical tail could be determined. Three vertical
positions of the stabilizer on the fuselage were investigated. The
tests were made for a ranée of angle of yaw from 0° to 25° and a range
of angle of attack from 0° to 15°.

SYMBOLS
A Vgeometric aspect ratio
Ae effective aspect ratio
oL 11£¢ coeffictent (L/acS)
Cp yawing-mcoment coefficient (N/qosﬁ)
L force perpendicular to free stream; pésitive when acting

upward

AL AAYACT ST
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Cnt

Cn

LN
"

yawing moment about 1ift axlis; positive when nose tends to
turn to right

wing area, 37.l1l square feet

tall area

diata;.nce fram center of gravity to rudder hinge line, 7.25 feet
wing span, 14.27 feet

height of vertical tail

chord of vertical tail or fuselage

section nomal—fome coefficient

section normal-force coefficlent on vertical tail or on
fuselage due to vertical taill

normal-force coefficient on vertical tail or on fuselage due
to vertical tail (based on vertical—tail area)

(Nt/q05¢)

normal force on vertical tail or on fuselage due to vertical
tail

angle of attack of fuselage reference line 'w'ith respect to axis
" of wind tunnel, degrees

angle -of attack corrected for Jet—boundary efchts, degrees
angle of yaw, degrees; positive when left wing is forwa.zﬁ

sidewash angle, degrees; posltive when flow is from right
to left when alrplane is viewed from rear

local dynamic pressure
free—stream dynemic preésure

sPa.nwise position measured vertically +‘r0m f‘uselage reference
line, inches (see fig. 3)

BRI
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CNW rate of change of Cy with V¥, per degree (éCN/df)
an rate of change of C, with V¥, per degree (écn/dﬁ)
Subscripts:

% tail !

w wing !

MODEL AND TESTS

. :
The tests were conducted on a =-scale model of a conventional

3
low-wing fighter airplane. A three-view drawing showlng the principal
dimensions and areas is given as figure 1 and a photograph of the model
mounted for testing is presented as flgure 2. The most significant
feature of the fuselage pertaining to this investigation is the great
depth and wedge shape of the fuselage where the vertical tail is situated.
Some of the details of the airplane, such as cowl flaps, propeller, and
landing gear, were not represented on the model and the vertical tail
and stabllizer were made without control surfaces.

The vertical tail, details of which are given in figure 3, was )
instrumented with surface pressure orifices distributed over both sides
as shown in figure 4. Orifices were also installed in the rear part
of the fuselage directly below the vertical tail. The horizontal tail
(fige 5) was mounted in the three vertical positions shown in figure 3.
For some tests, the horizontal tail was removed. -Tail-off tests were
made with both the horizontal and vertical tail surfaces removed. The
vertical tail surface 1s defined as the part of the lateral area above
the upper contowr of the fuselage. (See fig. 3.)

The model was mounted on a single strut so that the only restraint
about the vertlcal axis passing through the support point was a
cantilever spring upon vhich were mounted electrical strain gages
calibrated to measure the yawing tendency of the model. In addition
slx~-component force measurements were obtained by means of the balance
system of the Langley propeller-research tunnel.

All tests were made with vroveller removed at a tunnel airspeed of
approximately 806miles per hour, corresponding to a Reynolds number
of about 2 X 10° based on the mean wing chorde. All tests were made
for a range of angle of yaw from 0° to 25° and a range of angle of
attack from 0° to 15°.

&;’Cu e A DFM urp
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RESULTS

In order to simplify the presentation of results, the angles of
attack for all the figures and throughout the text are uncorrected for
wvind-tunnel jet-boundary effect. The corrected angles of attack, together
with the corresponding 1ift coefficients, are given in the following
table for all conditions tested:

L
@ Qo
(deg) | (deg) | Stabilizer | Stabilizer
on | removed
0 0.2 0.18 0.16
2 207 ) 37 03)4-
545 o7 52
9 8.3 76 .70
12 ] 1102 096 ' .89
15 | 14.0 1.16 1.07

Pressures meagured at the orifices on the vertical tail and
fuselage were first plotted, in terms of the free-stream dynamic pressure,
against the chordwise location. The areas enclosed by these curves from
the leading edge to the trailing edge were mechanically integrated to.
give the section normal-force coefficient. The leading-edge limit for
the integration of pressures on the.fuselage was formed by the extension
of the leading edge of the vertical tail through the fuselage as shown
in figure L; the section normal-force coefficient of the fuselage is
thus baged on a fictitious chord extending from the end of the fuselage
to this boundary. The use of this chord was Jjustified since the pressures
at orifices located forward of this boundary were not changed appreciably
by the installation or the removal of the vertical tail.

. The fuselage section normal-force coefficients c,, measured with
the vertical tail and stabilizer off are shown in figure 6. Values
of cp, the difference in section normal-force coefficient with the
vertical tail on and off, are shown plotted against spanwise position
in figure 7 for all conditions tested. For the case of the tail surface,
‘these values are measures of the total load; whereas for the fuselage,
-these values are measures of the load induced on the fuselage by
the vertical tail. For the low stabilizer position only the loading
above the stebilizer was considered inesmuch as the load induced on the
fuselage below the stabilizer was assumed to be negligibly small.

glﬁsﬂﬂ! R ﬂ@ﬂfr‘ﬂb’“‘@
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‘The net section normal-force coefficients c¢,, were multiplied
by the local chord and plotted against the spanwise station to give the
normal-force load distribution along the tail and the fuselage due to
the addition of the vertical talle These load curves are separated into
sections as determined by the fuselage line and the horizontal-tail
positione (See fige 3.) The total load is thus interpreted as consisting
of three parts: the load on the tail, the load on the fuselage above
the stabilizer, and the load on the fuselage below the stabilizer. The
areas under the load curves integrated between the specified boundaries
are measures of the contributions of the component parts of the tail-
fuselage combination to the total normal force due to the vertical tail;
and since shifts in the position of the center of pressure are small in
comparison to the tail length, these integrated values may also be con-
sidered proportional to the resulting yawing moment. Plots of the
corresponding normal-force coefficlents based on the area of the vertical
tail surface, Cg ageinst the angle of yaw V (fig. 8), show the con-
tribution of the components of the tail-fuselage combination to the
directional stability. The total yawing moment.and lateral force produced
by the vertical tail, calculated from the total normal-force coefficients
shown in figure 8, were found to be in failr agreement with those measured
directly by means of the strain gages and the tunnel scales.

Since the normal-force coefficlent Cy 18 considered proportional
to the yawing-moment Cp, the normal-force coefficient slope CN* is
similarly proportional to the directional-stability derivative Cp,.
The slope of the normal-force curve for a component part of the tail-
fuselage combination is thus a direct measure of the contribution of
that part to the directional-stability derivative. The analysis in
this paper is based on the average normal-force slope taken between
¥ = 0° and 5%

DISCUSSION

Throughout this paper the term "tail" is synonomous with the term
"vertical tail" and is used to signify that part of the tail- fuselage
combination removed in the tail-off tests, as described in the
section entitled "MODEL AND TESTS." A distinction is also made between
the expression "contribution of the vertical tail surface," which applies.
to the force acting on the vertical tail itself, and the expression
"total contribution of the vertical tail," which applies to the total
increment of force produced by the addition of the vertical tail.
UEOEAO AL

e



NACA RM.No. LTKO3 BHSREEED | 7

\
Analysis of Experimental Results

Contribution of vertical tail surface.- The normal-force slepes
for components of the teil-fuselage combination obtained with the three -
stabilizer positions are shown in figure 9 plotted against angle of
attack. .The variations of these slopes with stabilizer position are
shown in figure 10.

The data in figures 9 and 10 show that the stabilizer position has
appreciable influence on the normal-force slope of the vertical tail
surfaces At a = 0° the slopes obtained with the stabilizer in all
positions tested are greater than the slope obtained with the stabilizer
removed. The increase in tail slope for a = 0° is attributable to the
end-plate effect of the stabilizer. For the high-stabilizer position
the increase in slopes produced by the end-plate effect of the
stabllizer is reduced to zero at an angle of attack of about. 39, and as
the angle of attack 1s increased, the slope is progressively decreased
below that obtained with the stabilizer removed. For the middle and low
stabilizer positions, the increase in slope produced by the end-plate.
effect is also reduced to zero, but at the much higher angle of aettack
of 11°. These results indicate that st moderate and high angles of
attack, the stabilizer has a detrimental effect on the tail effectiveness
that outwelghs its favorable end-plate effect. This detrimental effect
increases with angle of attack and is greatest with the stabilizer in
the high position.

The action in decreasing the contribution of the vertical tail
surface can be attributed to an asymmetrical loading of the stabllizer
due to the asymmetrical downwash behind the yawed alrplane. The vortex
system assoclated with such a loading results in a sidewash on the
vertical tail that increases with angle of yaw and thus influences the
effectiveness of the vertical teil. Whether the sldewash so produced
is stabilizing or destabilizing depends upon the nature of the asymmetrical
loading; in the present case, the action 1s clearly destablizing. This
effect is expected to vary with angle of attack, since 1ts severity
depends on the downwash asymmetry vhich is determined by the location
of the stabilizer in the downwash pattern behind the wing. For the sams
reason, the effect would also vary with stabilizer position. This
effect of the stabilizer is confined to small angles of yaw where the
slopes of the normal-force curves are measured. At high angles of yaw
the normal-force coefficients are larger with stabillizer than without
(fig. 8), which indicates that the detrimental effect of the stabilizer .
is much less than its favorable end-plate effects

Tt appears then, that the. presence of the stabilizer introduces
two separate effects that influence the contribution of the vertical tail
surface: the end-plate effect and the sidewash effect resulting from the

LN V) ﬁmﬁ?ﬁnui
SRR AL
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asymmetrical stabilizer loading. The end-plate effect is due solely to
the interaction of vertical tail and stabiligzer and is equivalent to

an increase in the aspect ratio of the vertical taile. The sidewash
effect is essentially independent of the presence of the vertical tail -
because the sidewash would occur. in this region even though the vertical
tail were removed, and is properly treated in the same manner as the
sidewash produced by the wing or fuselage or any other part of the
airpla.ne .

Although the stabilizer affects the direction of alr flow at the
vertical tail, the general characteristics of the air flow are primarily
determined by the wing and fuselage. For this reason, the tail normal-
force curves for the different stabilizer configurations are found to
have the same general character. For small angles of yaw, the tail
normal-force curves of figure & show a decrease in slope which becomes
more pronounced as the angle of attack i1s increased. This trend is in
accord with the air-flow measurements made in reference 3 where at
small angles of yaw large losses in dynamlic pressure resulting from the
wekes of the canopy and wing-fuselage Jjuncture were found to occur in the
vicinity of the vertical tail. These losses increased with angle ‘
of attack because of the broadening of the wake but were less important
at the higher angles of yaw where the tail moved out of the wakee. The
fuselage boundary layer reduces the dynemic pressure at the base of the
vertical tail and therefore contributes to the sharp drop iIn load at
that point. (See fig. Te)

The normal-force-coefficient slope for the tail can be expressed as

(),

where <?N¢;> is the normel-force-coefficient slope of the tail for

a(vy - c)(q/qo)

free-stream conditions (? =0° and q = q and includes the end-plate
effect of the stabilizer. Previous discussion shows that the factor

a¥ - ;i(q/qo) is influenced by the stabilizer and varies with
stabilizer positione The end-plate factor for the high-stabilizer posi-
‘tion, calculated in table I on the basis of the corresponding air-flow
measurements of reference 3, was l.42 for an angle of attack of 0°. .At
intermediste angles of attack this value reduced to zbout 1.05 and then
increased to & value of 1l.48 at o = 15° (fig. ll). The reduction of
the end-plate factor at the Intermediate angles of attack i1s believed to
be caused by the passage of the stabllizer through the wake of the wing.

q, 5 g
&gh lr !Y
nlvuzv-wvu ¥ e B
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Contribution of fusenge above stabilizer.- The span-load curves
of figure 7 show that the loading on the vertical tail decreases

rapidly near the base of the vertical taill; the induced loading on the
fuselage also decreases, but less rapidly, in going from the vertical-
tail-fuselage Juncture to the stabilizer. The stabilizer generally has
the effect of increasing the intensity of load on the fuselage above

the stabilizer .over that existing with the stabilizer removed. The
Importance of the contribution of this part of the fuselage increases
considerably as the stabilizer is moved down. (See fige. 10.) The
contribution is only 5 percent of the total for the high-stabilizer
position, but with the low-stabilizer position the comtribution increases
up to 20 percent of the total contribution of the verticel tail.

The curves of normal-force coefficient (fige 8) show that the
loading on the fuselage above the stabilizer incresses almost linearly
with angle of yawe The curves show & decreased slope at small angles
of yaw, which 1s similar to the behavior of the tail normal-force
curves. This characteristic arises fram the same cause, that is, the
influence of wake at small angles of yawe The small decrease of the
slopes with angle of attack 1s also parallel to the trends exhibited
by the tail normal-force-coefficient curves. In these respects, this
part of the fuselage acts as a vertical-tall extension of reduced
effectivenesse.

Contribution of fusélage below stabiliger.- With the stabilizer
removed, the induced load on the fuselage decreases continuously from

the vertical-tail-fuselage juncture to the bottom of the fuselage. (See
fig. 7(d).) With the stabilizer in place, the load on the fuselage
decreases at a slower rate to.the stabilizer. Across the stabilizer a
sharp decrease in load occurs, and at high angles of yaw the direction
of the induced normal force on the fuselage below the stabilizer is
reversed. (See figse 7(a) and 7(b).) The slopes of the curves of
normal-force coefficient plotted against angle of yaw (fig. 8) are
positive at small angles of yaw but become negative as the angle of

yaw increases. The slopes of the curves tend to become more positive
with increasing angle of attack, but at higher angles of yaw the charac-
teristic trend remsins an unstable one at all angles of attacke.

The contribution of the fuselage below the stebilizer is negligible
at small angles of attack as shown in figures S and 10. ‘At high angles
of attack the conbribution of the fuselage becomes appreciable when the
depth of the fuselage below the stabilizer is large. With the high -
stabilizer and et a = 15°, the contribution of this part of the fuselagp
is over 20 percent of the total contribution of the vertical tail.

i
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Comparison with Conventional Design Methods

An examinatlon of the methods of references 1 and 2 for predicting
the increment in the directional stability produced by a vertical tail
can now be evaluated on the basis of the results obtained in this
- investigatione. The direct comparison between the measured resulte and
those calculated are made only for the case of an angle of attack of 0°,
since the facts brought out apply to all anglese.

Pess' method.- Calculations of the contribution of the vertical tail
to the directional-stability derivatives by the method of reference 1 are
presented in table II for the three stabilizer positions tested. The
alr-flow factor measured with the high stabilizer in reference 3 was
applied to all stabilizer positions. Although the results of this
investigation indicated that this factor might vary with stabilizer
position, its use for all positions is Justified in these calculations
since in the analysis of reference 1, no distinction is made for this
effect of the stabilizer. The results of the calculations are shown
plotted against stabilizer position in figuwre 12 in comparison with the
experimental results. It is seen that the method of reference 1 leads
to an overestimation that increases greatly as the stebilizer is moved
down on the fuselage.

The reasons for the discrepancies between the measured and calculated
results are disclosed by a careful examination of the procedure and of the
assumptions involved in the method. The vertical-tail area in reference 1,
as shown in the sketch on table II, is defined as the sum of the exposed
vertical-tail area and that part of the fuselage immediately above the
stabilizer, and the tail height is defined as the distance from the
stabilizer to the tip of the vertical tail. The geometric aspect ratio
of this plan form is then multiplied by a factor of l.55 to account for
the end-plate effect of the stabilizer. This aspect-rastio correction
is almost the same as that found theoretically for the effective increase
in aspect ratio of a vertical tail with a stabilizer at its base
(reference 4)e. Therefore, Pass implies that the load on the tail-fuselage
combination is almost the same as the load on an isolated vertical tail
and stabilizer.

Theoretical load distributions for the isolated-tail configurations
that apply to this model according to the method of reference 1l are
shown in figure 13 for high-and low-stabilizer positions. These curves
were determined from a series of load distributions derived theoretically
in reference L for tails of elliptical plan form with stabilizers at
their basges and are roughly corrected for the variation of sidewash and
dynamic pressure by multiplying the load along the span by the air-flow
factor used in table II. Although not exact, these load curves are
considered accurate enough for purposes of illustration. The measured

I 1o i ion i
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span-load distributions for the vertical tail surface and fuselzage above
the stabilizer are also shown in figure 13. Since the loads are propor-
tional to the angle of yaw, any differences in the areas under the measured
and calculated curves are responsible for the differences in the measured
and calculated directional-stability derivatives.

The most striking differences between the distributions of figure 13
occur on the fuselage where the actual loading is much lower than the
calculated loading which continues essentially undiminished to the
stabilizers The contribution of the fuselage is thus overestimated;
the error involved increases as the stabilizer is moved downe. Another
discrepancy, which also increases as the stabilizer is moved down, is the
increased load on the tail itself which results fram the increased
geometric aspect ratio involved in the tail-area definition.

Agreement can be obtained between the calculated and experimental
results by suitable read justments of the end-plate factor, that is,
read justments of the effective aspect ratio. Calculations of the
aspect-ratio correction factor required to give agreement showed that
the factor would be about 1.00 for the high stabilizer and 0.60 for the
low stabilizer as compared to 1.55 used by Pass for both cases. The
use of such factors, however, is regarded as unJustifiable because the
significance of this asvect-ratio correction as an end-plate effect is
totally lost.

The previous discussion indicates that the use of the tail-area
definition of reference 1 is generally inconsistent with observed resultse.
For airplane configurations with high stabilizers, the induced loading

.on the fuselage above the stabilizer is not greatly different from that
implied in the method, and with some modification of the end-plate factar,
the method could give good results. It is pointed out, however, that
even in these cases, neglect of the fuselage below the stabilizer will
lead to inaccurate results at high angles of attacke.

Lyons and Bisgood's method.- A recent method of vertical-tail design
which involves a tail-area definition that includes 2ll the fuselage are=
below the root chord of the vertical tail aas been evolved by Lyons and
Bisgood in reference 2. The calculations of the total effectiveness of
the vertical tail according to this method are shown in table III. The
results obtained are seen to be larger than the measwured values (fig. 12).

In order to analyze the reasons for the larze differences between
the results shown in figure 12, the calculated total contribution is
divided into the separate contributions of the tail, the fuselage above
the stabilizer, and the fuselage below the stabllizer. For comparison
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with the measured values, the contributions are taken as the normal-force-
coefficient slopes, based on the taill area Si, and are determined as
shown in table IV by the relation

S
-C Component

WComponent N*Total Srotal

This operation, although not strictly valid, is adequate for purposes of
illustration, since the treatment of the tail and fuselage as a single

airfoil implies a distribution of normal force that 1s roughly proportional
to the areas involved.

The comparison of calculated results with the measured contributions
of the components of the tail-fuselage combination is shown in figure 1k.
The most striking discrepancy is seen to lie in the large overestimation
of the contribution of the fuselage. Inclusion in the tall area of the
fuselage below the stabilizer, for which the contribution in the actual

"case was found to be gzero, leads to a large and entirely fictitious con-

tribution. The calculated contributions of the fuselage above the
stabilizer, although more in accordance with the actual case, are still
of questionable value due to an overestimation that increases greatly
as the stabilizer is moved downe. A design method based on a tail=-area
definition as employed in reference 2 cannot be expected, therefore, to
give consistently accurate resultse.

CONCLUSIONS

The results of the wind-tunnel investigation of the contribution of
a vertical tail to the directional stability of a fighter-type airplane
indicated that the stebilizer, apart from its favorable end-plate effect,
had a large detrimental effect on the contributlion of the vertical tail
surface to the directional stability. This detrimental effect increased
with angle of attack and was greatest with the stabilizer in the high
positione. The contribution of the fuselage at small angles of attack was
supplied mainly by that part above the stabilizer. The importance of the
contribution of this part of the fuselage increased appreciably as the ..
stabllizer was moved down. The contribution of the fuselage below the
stabilizer was negligible at small angles of attack; at high angles,of
attack, the contribution of the fuselage becames appreciable when the
depth of the fuselage below the stabilizer was large.

Tnasmuch as the induced load on the fuselage contributes appreciably
to the total effectiveness of the verticel taill, current design methods
generally attempt to account for this effect by including a pert of the
lateral area of the fuselage in this definition of the effective tail
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area. A comparison of the test results with results predicted by current
- design methods based on the concept of an effective tail area indicates
that such methods cannot accurately predict the contribution of a
vertical tail to the directional stability for all airplane configurations
and flight conditions. It appears that a more satisfactory method can
be obtained by treating separately the contributions of the vertical tail
surface, the fuselage area above the stabilizer, and the fuselage area
below the stabilizer,

Langley Memorial Aeronautical Laboratary
National: Advisoary Committee for Aeroneutics
Langley Field, Va. :
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Horizontal-Tail Surface on a Vertical-Tail Surface. NACA TN

Noe 797, 19)4-1.
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TABIE I.- CALCULATIONS OF END-PLATE

FACTORS FOR VERTICAL TATL

Angle of attack, &, deg o o ¢ o 0 3 6 -9 12 15
Area, Si, B8aft o ¢ ¢ 0 0 0 o 72.01+
Tail helght, hy, £t o o o o o o 1.55
Aspect ratio, A, ht?/St e v e 1.18

Measured normal-force=coefficient
glope for vertical tail surface
(baee’d on area st) P CRy, 0.0385| 0.0330( 0.0280 | 0.0255 | 0.0235 | 0.0210

: t .

Alr-flow factor

a U-%&q/%) (e

reference 3 at sams 1lift
COOffiCient) R EEEEEE 009!4' 092 0085 0;76 0063 050

Corrected normal force-coefficient

slope C:N v = CN /Air-flw
factor ) , t.°. e o olo o o o o |J0OOULIO| 0.0360 | 040330 | 0.0336 | 0.0374 | 00420
Effective aspect ratio, A
(from fig. 3 of reference 1
with values of CN*
tjo

decreased 5 percent to
account for absence of

control surface gBDe o« o o o o | 168 1.39 1.22 | 1.26 1.46 1.75

End-plate factor = Ag/A o o o o o |Lek2 1.16 | 1.04 [1.07 |1.2% |1.48

LGONABENTIIL
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ORGSR

TABLE IT.- CALCULATION OF CONTRIBUTION OF VERTICAL
TAIL TO DIRECTIONAL STABILITY BY PASS'

METHOD OF REFERENCE 1 [a = 0°]

—

~ Tail height, hy

J[: Stabilizer position

_

(o

Stabilizer-position ® o 06 0 0 0 0 & o High Middle Low

Area, Sp, BGTb o« o o o o o s 0 0o | 2.1 3.01 3461
Tail height, hy, 84 £t o o ¢ ¢ o o | 1.79 2.13 | 2.48
Geomstric aspect ratio, A = Bi2/S; o | 1.33 | 1.51 1470
Effective aspect ratio Ag = 1l.55A . | 2.06 2.34 2.6L

Normal-force coefficient slope,
cN*t o (from fig. 3 of

reference 1 with values increased
5 percent to account for absence
of control surface g8p) e o « o o | 0.046L 0.0498 0.0531

Air-flovw factor, ay - ;;(q/qo)

&ram reference 3)- * o 0o 0 9 0 0 o 009h 009h 009h

Corrected normal=-force-coefficlent
slope Oy, = (?Nvt> (Atr=flow

factor). e o o6 o 06 0 ¢ @ 6 0 o o o O°0u36 000&69 000500

Contribution of vertical taill to
directional stability,

= - <f{) 1 e e ¢ o F0.00l&h =0,00193 =0 00248 .
)("Nwt

&)-
Z)
g!)
c71
ﬂv
LZsz
>
-
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LRB4ABEFIED.
TABLE ITII.- CALCULATION OF CONTRIBUT'ION (F VERTICAL TAIL

TO DIRECTIONAL STABILTTY BY LYONS AND BISGOOD'S
METHOD OF REFERENCE 2 [c- o‘_‘]

v by By
Stabilizer position
r
- by
] * ’
1/3 ¢, Cp —

Stabilizer position ¢ o ¢ ¢ o ¢ ¢ 4 6 c o o o 0 o High Middle Low
Tailueﬂ, St,ﬂqft e 0 e e 08 0 & 0 0 0 0 3.& 30& 30&
Tail height, hy, ft o o o o o o s o o o o o o of 2.65 2.65 265
Helght to stabiliger, hy,” ft o ¢ o o ¢ o o s o 1.79 2.1b 2,48

hlfht.,........'....‘....o...o.675 0.807 0.936

Geometric aspect ratio, A e ELQ. J T D 18 - 1.83 1.83
A,/A (amended fig. 9(b) of roi:rence 2) o o o o of 106 1.19 1.36
Effective aspect ratio, A, o s o o s o o » o « of 1,04 2.18 2.49
Trailing-edge angle (approxe), deg o = o ¢ » o o|1l4eD 1k .0 14,0
Control gAP 8126 « o o o s o ¢ o ¢ o o o o o o o| None None None
Vertical-tail taper ratio, 'w « e e o] 2.08 2.08 2.o§

Slope a) = CN‘ for isolated three-dimensional
surface (fige 10 of reference 2) ¢ « o o ¢ o o) 0.0471 000506 040551

Fuselage hei@t, hf, Ft o o o 0o ¢ 0 6 ¢ ¢ o« o of Lol l.1 1.l

Befly o o o oo oo oo o s s o oo o oo o] 0MI5 0.415 | 06415

Interference correction factor, a3'fa;
(£1ige.12(a) of reference 2, interpolated
for 1Wmdvin8) ® 6 c & o o 0 0 0 0 0 0 e s 0 0.66 066 0066

C-N' = 8.1', per 468 c ¢ o o o o o o 8t o c o o 0.0211 0-0332* 00036&
1]

Contribution of vertical tail
l - - .
stability, c. = -[t\L\/c
T nq,t (Sw <b <N¢r?’>

R r CaYeali bl ,
KON IQERTAL

=0.,00164 | -0.00175 | -0.00191
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cANELSENRTA L

TABLE IV.- CONTRIBUTION OF COMPONENTS OF TATL-FUSELAGE
COMBINATION AS IMPLIED BY REFERENCE 2
(LYONS AND BISGOOD)

Stebilizer position

17

Stot&lgst“.sfl‘sfg....'...

Stabilizer poBition « « « « o o o « « o | Eigh | Middle | Low
Sg, tall area o o ¢ ¢ v o o o o o o o o [2.0k 2.0k 2.0k
Sfl, fuselage area above stabiliger . . 037 0.97 1.57
Sfe’ fuselagé area below stabilizer . . | 1l.43 0.83 0.23

3.8 3.84 3.84

Cyy, (based on S total, table ITI) » . |0.0311 | 0.0334 | 0.036k

CN‘Vt

based on area St e o ¢ o o 0 o @ 000585 0-0629 O¢O6$

Contribution of vertical tall area,

CN"’t’ based on area Sy « o . o |0.0311 | 0.0334 [ 0.0364

Contribution of fuselage area above
stabilizer, CN\V s based on
5

a-reasto.oocncvuaoooo 000056 000159

0,0280

Contribution of fuselage area below
stabilizer, CN, » Tbased on
1l/f2

area st e © & ® o o ¢ o @ @ o o e o 0.0218 0.0136 0.00""1

CONFIDENTJAL | R

= LA,
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UESAASENTIRL

75-PERCENT-CHORD (INE

TAIL AREA, 2.04 Q FT
2
(TAIL HEIGHT)®_ , |
ASPECT RAT/IO= TAILAREA = .18
33.36
/12.56 }
- 28.92
18.60
TAIL
HEIGHT
NACA 66-0/2
TOP OF FUSELAGE
RN
FUSELAGE LINE MRS
19.00 [ 1849
' = - DR r— 1Z.40 _[_
HORIZONTAL~ /e cHic _,\\I ]
TAIL POSITION / }"' 3 CHORD » 1476
J -, | X .
HIGH =7 - -~ - _ L _
/
/183 13.34
/ —9.53 —= FUSELAGE
// DEPTH
M/DDLE 7- - - - — - - i r . .
) ) / : 273
Low ,/ - — — -
/
/ 3.63
/

Z;USELAGE REFERENCE LINE -
YAELASRIFIED

Figure 3 .-Skefch showing details of verfical Tail. (All dimensions given in
inches.)
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UNCL;A&SE%&;S.

82.5
75 —
PERCENT CHORD 625 W\
=

o
253 15—

N
1

——————SECTION SPANWISE ROSITION, Y ——>]

g bl

Figure 4.-0/'/‘/‘/(@_ distribution on each side of vertical tail and
fuselage. (Al dimensions given in inches.)
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Figure 8.~ Sketch showing details of horizontal Fail in high ition.
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