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OF A FIGHTER—TYPE AIRPLANE 
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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 Investigated, 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 tall area definition as 
employed in reference 2 would tend to overestimate the contribution 
of the vertical tall for airplane tail configurations contributing 
relatively large fuselage area to the total effective tail area." 

JL MR

APR 1 1 1949



ClassifIcation Changed to 

NACA RN No. L7K03	 L&E{ED 
NATIONAL ADVISORY CO}4MT1I'KE FOR

1
JC A t,CY;:.3 

1-1JD(f7)	 1\QL%.-. 

RESEARCH MEMORANDUM 

WIND -'PUNEL INVESTIGATION OF THE COIrRIBlTrIoN OF 


A VERTICAL TAIL TO THE DIRECTIONAL STABILITY 

OF A FIGHTER-TYPE AIRPLANE 

By Alfred A. Marino and N. 4astrocola 

SUMMARY 

Tests of a -scale model of a typical fighter-type airplane 

were made to investigate the contribution- of a centrally located vertical 
tail to the directional stability. Propeller-removed tests were made 
with the stabilizer 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 frcm 
Its favorable end—plate effect, had a large detrimental effect on the 
contribution of the vertical tail 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 main-ly 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-
gible at small angles of attack; at high angles of attack the contri-
bution of the fuselage became appreciable when the depth of the fuselage 
below the stabilizer 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 obtained by treating separately the contributions of the vertical 
tail surface, the fuselage area above the stabilizer, and the fuselage 
area below the stabilizer.
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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 results. 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 
sidevash and dynamic-pressure measurements Indicated that the loading on 
the after part of the fuselage was not changed appreciably by- the addition 
of the vertical tail. 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 tail surface to the directional stability 
and to study the applicability of current design methods. Inasmuch as 
all 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 region of the vertical 
tail; thereby, the separate determination of the loads on the 
tail 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 rane of angle of yaw from 00 to 250 and a range 
of angle of attack from 00 to 150. 

S0I.S 

A	 geometric aspect ratio 

A 	
effective aspect ratio 

CL	 lift coefficient (L/os) 

C	 yawing-moment coefficient (N/qoSb) 

L	 force perpendicular to free stream; positive when acting 
upward

r\ruThO fl
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N	 yawing moment about lift axis; positive when nose tends to 
turn to right 

SW	 wing area, 37.1 square feet 

S.	 tail area 

1	 distance fran center of gravity to rudder hinge line, 7.25 feet 

b	 wing span, 14.27 feet 

lit	 height of vertical tail 

c	 chord of vertical tall or fuselage 

cn	 section normal—force coefficient 

cflt	 section normal—force coefficient on vertical tail or on 
fuselage due to vertical tall 

CN	 normal—force coefficient on vertical tail or on fuselage due 
to vertical tail (based on vertical—tail area) 
(Nt/St) 

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

a.	 angle of attack of fuselage reference line with respect to axis 
of wind tunnel, degrees 

ac	 angle of attack corrected. for Jet—boundary effects, degrees 

angle of yaw, degrees; positive when left wing is forward 

a	 sid.ewash angle, degrees; positive when flow is from right 

to left when airplane is viewed fran rear 

q	 local dynamic pressure 

CIO	 free—stream dynamic pressure 

y	 spaxxw-lse position measured vertically from fuselage reference 
line, inches (see fig. 3) 

MIA
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C ,	 rate of change of CN with *, per degree (dCN/d*) 

C ,	 rate of change of C with *, per degree (dCn/d*) 

Subscripts: 

t	 tail 

wing

MODEL AND TESTS 

The tests were conducted on a -scale model of a conventional 

low-wing fighter airplane. A three-view drawing showing the principal 
dimensions and areas is given as figure 1 and aphotoaph of the model 
mounted for testing Is presented as figure 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 stabilizer were made without control surfaces. 

The vertical tail, details of which are given In figure 3, was 
instri.unented with surface pressure orifices distributed over both sides 
as shown in figure ii. Orifices were also installed. In the rear part 
of the fuselage directly below the vertical tail. The horizontal tall 
(fig. 5) was mounted in the t

h
ree 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 is defined as the part of the lateral area above 
the upper contour of the fuselage. (See fig. 30 

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

All tests were made with propeller removed at a tunnel airspeed of 
approximately 80?i1es per hour, corresponding to a Reynolds number 
of about 2 x 10 based on the mean wing chord. All . tests were made 
for a range of angle of yaw from 00 to 250 and a range of angle of 
attack from 00 to 150.

UQ
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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 
wind-tunnel jet-boundary effect. The corrected angles of attack, together 
with the corresponding lift coefficients, are given in the following 
table for all conditions tested: 

M 

(deg)
ac 
(deg)

CL 

Stabilizer Stabilizer 
on removed 

0 -0.2 o.18 0.16 
2.7 .37 .34 

o 5.5 .57 .52 
9 8.3 .76 .70 

12 11.2 .96 .89 
15 34.0 1.16 1.07

Pressures measured 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' 11-; the section normal-force coefficient of the fuselage is 
thus based on a fictitious chord extending from the end of the fuselage 
to this boundary. The use of this chord was justified 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 cn measured with 
the vertical tail and stabilizer off are shown in figure 6. Values 
of Cflt, 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 stabilizer was considered inasmuch as the load induced on the 
fuselage below the stabilizer was assumed to be negligibly small. 

Rt
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The net section normal-force coefficients cntwere 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 tail. These load, curves are separated Into 
sections as determined, by the fuselage line and the horizontal-tail 
position. (See fig. 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 curvee integrated between the specified boundaries 
are measures of the contributions of the component parts of the tall-
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 coefficients based on the area of the vertical 
tail surface, CN against the angle of yaw * (fig. 8), show the con-
tribution of the components of the tail-fuselage combination to the 
directional stability. The total yawing momentand lateral force produced 
by the vertical tail, calculated-from the total normal-force coefficients 
shown in figure 8, were found to be in fair agreement with those measured 
directly by means of the strain gages and the tunnel scales. 

Since the normal-force coefficient CN is considered proportional 
to the yawing-moment C., the normal-force coefficient slope CN* Is 
similarly proportional to the directional-stability derivative Cn*• 
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 
* = Oo and 50-

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. '4ODEL 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. 

n
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Analysis of Experimental Results 

Contribution of vertical tall surface.- The normal-force slopes 
for components of the tall-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 tall 
surface. At a. = 00 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 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 
stabilizer is reduced to zero at an angle of attack of about. 30, and as 
the angle of attack Is 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 attack 
of 110 . These results indicate that at moderate and high angles of 
attack, the stabilizer has a detrimental effect on the tail effectiveness 
that outweighs 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 stabilizer 
due to the asymmetrical downwaah behind the yawed airplane. The vortex 
system associated 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 tail. Whether the sidewash so produced 
is stabilizing or destabilizing depends upon the nature of the asymmetrical 
loading; in the present case, the action is clearly destablizing. This 
effect is expected to vary with angle of attack, since its severity 
deends on the downwash asyimnetry which Is determined by the location 
of the stabilizer in the downwash pattern behind the wing. For the same 
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 stabilizer than without 
(fig. 8), which indicates that the detrimental effect of the stabilizer, 
is much less than Its favorable end-plate effect. 

It appears then, that the. presence of the stabilizer introduces 

two separate effects that influence the contribution of the vertical tall 

surface: the end-plate effect and the sidewash effect resulting from the 

rrcr
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asymmetrical stabilizer loading. The end-plate effect is due solely to 
the interaction of vertical tail and stabilizer and is equivalent to 
an Increase In the aspect ratio of the vertical tail. The sidewash 
effect is essentially Independent of the presence of the vertical tall - 
because the sidewash would occur. In this region even though the vertical 
tall were removed, and Is properly treated. In the same manner as the 
sid.ewash produced by the wing or fuselage or any other part of the 
airplane. 

Although the stabilizer affects the direction of air 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 8 show a decrease in slope which becomes 
more pronounced as the angle of attack is Increased. This trend is in 
accord with the air-flow measurements made In reference 3 where at 
small angles of yaw large losses in dynamic pressure resulting from the 
wakes of the canopy and wing-fuselage juncture 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 wake • The 
fuselage boundary layer reduces the dynamic pressure at the base of the 
vertical tail and therefore contributes to the sharp drop in load at 
that point. (See fig. .) 

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

- a)(q/qo) 
CIcJ\i = CN*t) 

where
(CN#)O

 the normal-force-coefficient slope of the tail for 

free-stream conditions (a = 0 0 and q = q,) and Includes the end-plate 
effect of the stabilizer. Previous discuss'on shows that the factor 

-	 h	 Is influenced by the stabilizer and varies with 
stabilizer position. 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 1.42 for an angle of attack of 00. .At 
Intermediate angles of attack this value reduced to about 1.05 and then 
increased to a value of 1.8 at a. = 150 (fig. II). The reduction of 
the end-plate factor at the intermediate angles of attack Is believed to 
be caused by the passage of the stabilizer through the wake of the wing.
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Contribution of fuselage 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 tail; 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 fig. 10.) The 
contribution is only 5 percent of the total for the high-stabilizer 
position, but with the low-stabilizer position the contribution increases 
up to 20 percent of the total contribution of the vertical tail. 

The curves of normal-force coefficient (fig. 8) show that the 
loading on the fuselage above the stabilizer increases almost linearly 
with angle of yaw. The curves show a decreased slope at small angles 
of yaw, which is similar to the behavior of the tall normal-force 
curves. This characteristic arises from the same cause, that is, the 
influence of wake at small angles of yaw. The small decrease of th 
slopes with angle of attack is 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-tail extension of reduced 
effectiveness. 

Contribution of fuselage below stabilizer.- 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 figs. 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-
terstic trend remains an unstable one at all angles of attack. 

The contribution of the fuselage below the stabilizer is negligible 
at small angles of attack as shown in figures 9 and 10. At high angles 
of attack the contribution of the fuselage becomes appreciable when the 
depth of the fuselage below the stabilizer is large. With the high. 
stabilizer and at a. = 150, the contribution of this part of the fuselaEp 
is over 20 percent of the total contribution of the vertical tail.
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Comparison with Conventional Design Methods 

An examination 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 
Investigation. The direct comparison between the measured results and 
those calcula'Eed are made only for the case of an angle of attack of 00, 
since the facts brought out apply to all angles. 

Pass' 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 
air-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 figure 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 stabilizer 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 1.55 to account for 
the end-plate effect of the stabilizer. This aspect-ratio 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 ii). 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 ofreference 1 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 4 for tails of elliptical plan fort with stabilizers at 
their bases 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 

r
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span-load distributions for the vertical tail surface and fuselage 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 betweenthe distributions of figure 13 
occur on the fuselage where the actual loading is much lover than the 
calculated loading which continues essentially undiminished to the 
stabilizer. The contribution of the fuselage is thus overestimated; 
the error involved increases as the stabilizer is moved down. Another 
discrepancy, which also increases as the stabilizer is moved down, is the 
increased load on the tail itself which results from the increased 
geometric aspect ratio involved in the tail-area definition. 

Agreement can be obtained between the calculated and experimental 
results by suitable readjustments of the end-plate factor, that is, 
readjustments 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 as-oect-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 results. 
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 fact-, 
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 resultE at high angles of attack. 

Lyons and Bisgood's method.- A recent method of vertical-tail design 
which involves a tail-area definition that includes all the fuselage area 
below the root chord of the vertical tail has 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 measured. values (fig. 12). 

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

oniponent 

'Component = C
N*Total Spotal 

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 is 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 lii. 
The most striking discrepancy is seen to lie in the large overestimation 
of the contribution of the fuselage. Inclusion in the tail area of the 
fuselage below the stabilizer, for which the contribution in the actual 
case was found to be zero, 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 down. A design method based on a tail-area 
definition as employed in reference 2 cannot be expected, therefore, to 
give consistently accurate results. 

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 stabilizer, apart from its favorable end-plate effect, 
had a large detrimental effect on the contribution of the vertical tail 
surface to the directional stability. This detrimental effect increased 
with angle of attack and vas greatest with the stabilizer in the high 
position. 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 
stabilizer was moved down. The contribution of the fuselagebelow the 
stabilizer was negligible at small angles of attack; at high angles, of 
attack, the contribution of the fuselage became appreciable when the 
depth of the fuselage below the stabilizer was large. 

Inasmuch as the induôed load on the fuselage contributes appreciably 
to the total effectiveness of the vertical tail, current design methods 
generally attempt to account for this effect by Including a part of the 
lateral area of the fuselage In this definition of the effective tail 

U1 o-9 917 1EM TIM
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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 fuuelage area above the stabilizer, and the fuselage area 
below the stabilizer. 
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TABLE I.- CALCULATIONS OF END-PLATE


FACTORS FOR VERTICAL TAIL 

QSj h t 

1i1/3 chord 

Angle of attack,	 a.,	 deg o . . . 0 3 6
1	

15 

Area,	 S,	 sqft........ 2.O4 

Tall height,	 ht,	 ft . . . . . . 1.55 

Aspect ratio,	 A,	 ht2 fSt • • • • 1.18 

Measured normal-force-coefficient 
slope for vertical tail surface 
(based on area	 t).tcNttC	 . . 0 .0385 0.0330 0.0280 0.0255 0.0235 0.0210 

Air-flow factor

(fri 

reference 3 at swne lift 
coefficient)	 . .	 . . . .	 . . 0.91 0.92 0.85 0.76 0.63 0.50 

Corrected normal-force-coefficient 
slope	 (CN "i	 - CII. /Air-flow 

factor	 •	 •	 •	 .1,	 •	 •	 • O.04l0 .0.0360 0.0330 0.0336 0.037 1 0.01#20 
Effective aspect ratio,	 Ae 

(from fig. 3 of reference 1 
with values of	 (c	

) 
decreased 5 percent to 
account for absence of 
control surface gap.. . • . . 1.68 1.39 1.22 1.26 1,16 1.75 

End-plate factor - Ae/A . o 	 • • 1.1i2 1.16 1.01 1.07 l.21 i18

&IN1irL 
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ii' r i tJi i : 

TABLE Ii. - CALCULATION OF COrRIBurIoN OF VERTICAL


TAIL TO DIRECTIONAL S'PABILITY BY PASS' 


)OD OF REFECE 1	 00] 

0

Tail height, lit 

- -	
Stabilizer position 

Stabilizer position . . . . . . . . . Hii Middle Low 

Areal	 S,	 eq ft .	 .	 .	 .	 .	 .	 .	 .	 .	 . 2.111 3.01 3.61 

Tail height,	 ht,	 sq ft	 . . . . . . 1.79 2.13 2.118 

Geometric aspect ratio, 	 A - ht2/St . 1.33 1.51 1o70 

Effective aspect ratio	 Ae	 1.55A	 • 2.06 2.311 2.61 

Normal-force coefficient slope, 

(cNt)o,	 (from fig. 3 of 
reference 1 with values increased. 
5 percent to account for absence 
of control surface gap) 	 . o . . . 0.0 14611 0.01498 0.0531 

- a	 q./q.0) 
Air-flow factor, 

(from reference 3) . .	 . . . . . • 0.94 0.911 0o94 

Corrected. normal-force-coefficient 
slope	 = (CN,1t)o (Air-flow 

factor),	 .	 .	 .	 .	 •	 ,	 •	 ,	 •	 ,	 •	 •	 • OO1136 OO469 0.0500 

Contribution of vertical tail to 
directional stability, 

=	 (5t"/1 \	 • • • 

*t	 91b	 N*t)

-0.0011111 0.00193 -O .002148
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TABLE III. - CAICULTI0N OF CO!IBT7rIoN CF VriCAL TAIL 

TO DECTIONAL STABILITY BY LYONS AND BISGOOD '8 

MZTHOD OF M7=CE 2 - 01 

1 W 
' 00̂00plu"'N-

Stabilizer position
- 

1/3 C,	 I Cr 

Stabilizer position . 	 . . . . . . .	 . . . High Middle Low 

Tail area,	 5,	 sq ft	 .	 . .	 01 . . .	 . .	 . 3.84 3.84 3. 

Tail height,	 lit,	 ft	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 2.65 2.65 2,65 

Height to stabilizer,	 h1 ,	 ft	 . . . . . .	 . . . 1.79 2.14 2.48 

hifh,t .	 . 0.675 0.807 0.936 

1.83 1.83 1.83 Geometric aspect ratio,	 A - ...........
St  

A5/A (amended fig. 9(b) of reference 2) ......1.06 1.19 1.36 

Effective aspect ratio,	 A	 o . . • ....... 1.94 2.18 2.49 

Trailing-edge angle (approx.), deg	 .	 . .	 . . 14.0 14.0 14e0 

Control gap size	 ..	 .............. None None None 

Vertical-tail taper ratio,	 Root chord 2.08 2.08 2.08 
Tip chord 

Slope a1 - C	 for isolated three-dimensional 

am-face (fig. 10 of reference 2) . . . . . . . 0.01 71 0,0506 0.0551 

Fuselage height,	 hf ,	 ft . . . .	 . . . . . .	 .	 . 1.1 1.1 101 

h:f/ht	 ..........	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . - .	 . 0 v415 o.415 0.1415 

Interference correction factor, 	 a1'/a1

.

(tig. i2(a) of reference 2,	 interpolated 
for low mid'wing)	 .	 .	 . . . . . . . .	 . . . 0.66 0.66 0.66 

- a1 ',	 per deg	 .	 .	 .	 .	 .	 .	 .	 .	 c	 .	 .	 . 0.0311 0.0334 0.0364 

Contribution of vertical tail to directional 

stability,	 c	 = -	 . . . . -o.00i64 -0.00175 -0.00191

Lip An 
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Cd1L 
TABLE IV . - CONTRIBUTION OF COMPONENTS OF TAIL-FUSELAGE 


COMBINATION AS IMPLIED BY REFERENCE 2 

(LYONS AND BISGOOD) 

Stabilizer position . . . . . . . . . . High Middle Low 

St,	 tail area ............. 2.014 2.O4 2.014 

Sf1 , fuselage area above stabilizer . . 0.37 0.97 1.57 

Sf2 , fuselage area below stabilizer . . - 1.143 0.83 0.23 

4. Sf1 4 S.2	 .	 .	 .	 .	 .	 .	 .	 . 3.84 3.84 3.84 

(based on S total, table III)	 . 0 .0311 0.033 0.0364 

based on area St . . . . . . .	 . 0 .0585 0.0629 0.0685 

Contribution of vertical tail area, 
CN,	 based on area	 St	 • • • • 0.0311 0.03314 0.0364 

Contribution of fuselage area above 
stabilizer,	 CN,fl 	 based on 

area	 St............. 0.0056 0.0159 0.0280 

Contribution of fuselage area below 
stabilizer,	 CN	 ,	 based on 

area	 St.............. 0.0218 0.0136 o.00111
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OWN MURFRED 

F,or e 5.- Sketch showing, details & 1io,izontet/ tziI in h14 ,'os/tio. 
6411, dimensions 9/ yen in inches.)



'c (	 O 

u,	 1/O!//coLJ /4400dc uoi1ç 

v 
cz 

z c: •
NI 

I.  

1	 CP

. . 

-1

ij 

'0

N 

:

c\J 

oc\J 

VL

.4-

.4-

-4-

.4-

-4-

24
	

NACA RM No. L7K03 



•UUEUtIU mMAME 
_ L1I 

NNE tuI-I-.

CQ
.0 

0 

4	 I z-
.0 

qj 

C\j 

q cp) 

.0 

q

c	 .-
•1.4 

0

4

Q 
0< 

NACA RM No. L7K03
	

25 

0	 CO	 0 

(If 5( '(/O//3W' 9c',M(,Cth' 



26
	

NACA RM No. L7K03 

N

r 1-

1 1-

FTI 

!iI 
Ii N ----
---

^tF t

N

4 
U 
4 

NI

 aL 

23 
Qj 

QJM 

4-

N -'

V:3 
4-

4 qj 

c:, •V: 

0 

C) 

iii 'A' (Jo///r)(/ )''/MI1U(i 



S.

NACA RM No. L7K03

MEAMEN m I 
;Nmrp,AMMLk,l m 

IiUUUIiUIJN -ti$UIil 
I I no.:-MMIN - I^ M. 

MEMENWOM 

- - I

- 

_

-0 
-- - 

- -
-

/ 

('\j 0	 (\j 110 	 CO 0 

'/( 'UO/711gO(J 9SYM1/DQ UOI/O' 



3

z 

N•UI INAM, Mks ON 
JIMAMORWRI. 

mommml-mm 

MAI M 
mi.

Mmlkk'\IMMI 
go! NOall:IS' on 
MOMMMMIN

•-' LU


E 

-L 

'

0 

NACA RM No. L7K03 

0	 CO  

A_ Iuo,,,,.c'od ocyMurxjc- (IoL/ç' 



C,

7Ud//jjo,2 JOJ-/DWJO/\/ 

IIIIIIIII
-* 

U-" 
-- -------- ---

*

L 

CO

.r-

MACA RM No. L8K03	 W, 

-- ' N'0' 

Al2 'tLJ9/)/j/O auoj-/owJo/y	 . ç 

- t
11 ---w--.-------------- - 

1 1 1
0 El 0

1
 ^l ^>

oJ 

-"-

'1-

ci) 

C'
CO	 r".	 \O	 CO	 r	 -"',,	 1' 

N9 LJIJ/JJO9 29J0J-/DUI1O/i/ 



- 

.-T-T --

9 
qJ. 

0 :	 N	 )	 )	 N	 0 
Al) 7LJ/7/JJo72JOJ-/DWJO/V

30
	

NACA RM No. L7K03 

0 

H 
F--

cNi
0 

N) (JL1jj?27 7iOJ-1OUJJO/1 

R) -- ------------

---' 

ODO

•1\ 

C 
CO

1
O)	 C	 N

Nj /J9/yJJQ 1JJOJ7f()WJON 



NACA RM No. L7K03
	

31 

NO 

co 

C,

b 4,'acvjjazx azsoJ /D.12/ O/

MEMEMEMEMEMEMMEN .____ IN. _ 
WEEMEMEMEMEM . 
Vitm 

1114 I iIi! -
:ii 

7	 //jJ3 2,Oj -/LZU-/O/V

- 

------- ----

- - -------

________ I 	 I

.	 . 	 . 
co 

'V0 a,c/JJ90 d2iOJ-/L2(J1O11/ 



32	 NACA RM No. L7K03 

I	 I	 I	 I	 I	 I	 I	 I	 I 
V .1	 -..	 C\	 a	 QN	 O	 -	 CO	 C\ 

'/.f9,QfJJ.9Q7 a2j-/cwJoN 

---------

N 

-------------
q	 h Q

/a1o/JJJ awj -/c'4/-ON 

N 

co 

V)	
Ch 

II - 

-L-------------- ----

O2 I t* --------- --

N 

co

o	 (	 N	 L 

t;	 iioJ -/owoA' 



MEMEMEMER-MEME U 
OEM= _Li H i. _

-------

N 

co. 

* 

N 
Aj Lue/wjJo	 2J0j-/oOJJa/J	 - 

NACA RM No. L7K03
	

33 

N	 ?	 )	 '	 °-	 N 

1vL7 ¶/(1e/IjjdO7 97f0]-/O U/JO/

N 

co. 

-------------- - 

c) --1------------
j 

_-- -

C	 N	 C 

iV9 Ud/7/jJdo 92J0j -ID OJJO/\/ -

- 



11 

---

-------- -----

C.04 

"Si 

0 
'p	 '-  

"9	 /)/jj07 90J01-1OUJJO/1

34
	

NACA RM No. L7K03 

c) 

0 

N) IUdJ?/JJdO 9JOJ-/OUJIO//

--I 
-----

0 .0 >

c) 

Q)	 — 

N	 ') N	 0 

"9 '/Ud/7/j}0' 2iOJ-1OUJi91\1

co	
C6 

LI 



MACA RM No. L7K03

N 

C\j 

-Q) 

CO 

?	
q	 N	 (0	 (V	 Nj	 --.,	 0 

N Lu9/?/jjo2 &21oJ-1O 01ON

-I-

,fl____lI	 - (\J0( 

kol 

rl

t -------------	 --- qil 

-- 0 O	 c	 N	 (	 k-)	
Nj	 0

35 

- ---------- - 

	

—4—	 .4-
N

.. 
0 

10	 Q6 

-3-.. 

-4--

C	 .	 V)	 V\J	
-.	 0 

NU,J,jJQO 7JOJIOWJON

0 

S... 

0  

-	 O N



36
	

NACA RM No. L7K03 

('JO 

CO 

k:LDN	 c: 
a	 (10	 N

	

N7 ' //Jj	 97JOj1DWJN 

>11 	 01

-. 

zz
Lu 

--- -----—cz----------i----—	 'O:f 0

co	 N	 10

N7 (4u/JJao &OJOJ-/OUJJON
CO 
INJ

SZ 

- I
co 

0 
N	 '^	 c-i	 '-	 -	 ('J	 0


N) LI91/J)20 1IOJ -/2WJOfc)



0 

t:

•t 

- 

c 

c3

c) 

cJ 'U 
I')

".1
0 

IhIvO	 doic	 Joj-/cwJoN 

IN 

4%1D

"? 	 ?JOJ -/bWJON

-'L 
0 

'-, c 1-. 

S 
-4-_

-z---	 0 

TTT 
cLLU

'NACA RM No. L7K03
	

37 

ILl __ 

s/u

vz 
¼.J

QL 

OR 

4v	
d61-g &97J01-/DWJON 



38
	

NACA RM No. L7K03 

Tail 
- - - - - fuse/aqe above stabilizer 
- —ru5e/oqe be/ow .5tob/bzer 


fa5e1a1e total 
- ------Total 
.'C ¼J I I_LI I(J /.JLI.JF 

I Middle	 Low 

:

- JN

---

- 
,- - 

- --

Ti 

- - 

LLitLT 
.03 

oL-........	 I	 I	 I	 I	 I	 1	 I	 I	 I	 I	 I	 1	 I	 1	 I	 1 

I	 I	 _____	 I c2° I	 I.  

0

	

	 /0	 0	 10	 0	 10 
E'a/Io of a/stance -' 5fabi/izer be/ow fuse/age line to fuse/age do, 0 th 

,içiure/a– Variation of normal-for-ce 51ope pwth stabilizer posit-ion for ?ornionents of the 
fail-fuse/age combination. 51)t dash or ri9ht sia'e of each cu/ye indicates tl,e coi-i-esponclin 

value obtaieo1 tlith the /iot,eonta/ tail re,noued.



1

ic 

, z	 • 

L.r 
2> 

c4) 

N 

V) 

I

MACA RM No. L7K03

-j 

I 
05 U

.-	 -j 
0 

b'/v 'JO,L70J tq/ L'-PUJ

.\



all
	

NACA RM No. L7-K03 

Stabilizer p051f/on I I-/I n____ ii'ti'd/e 	 Low 

iHLT'1
_,__)/_J 

•	 -, 

.z 
00 

-00 

-L

7175 and 
od 

ie,-e,, ,!e 2) 

Pal

	

o	 •Z	 .4	 .6	 .8	 /0 
Di5tat?c' of stabilizer be/ow 

t/' e ./as e/aqe line, / 

F/Q4're /2'. - Coi-n pori5 on of the 

	

• •	 i-ne asired stobi/itQ der/val'ive5 
•	 Witi) t17.05e CO/c€i/a ted t/ 

Poss' riQf/?ocJ .frefe,-ence 1) 
c7ria Lyon ond 55Qood 
methìod (refertice 2). 

CONF1DENr,AL 

	

L:	 •	 fl



NACA RM.No. L7K03	 41 

36
UN 

32 

28 

24 

20 -Measured load d,1ributfons I 
•	 High stabilizer—	 I 

Low stabilizer	 /

'Load distributions 
implied in Pass' 
method	 I 

L
High stabilizer 
Low stabilizer 

\Fuse/ae/ine 

High_stabilizer 

Low stabilizer 

I	 I	 I	 I	 I	 I	 I	 I	 I 

o	 2.4	 .5	 1.0	 1.2	 1.4	 16 

CC 
figure /3 .- Comparison of the measured load distributions 

i with those imp/ied n Pass ) me/hod. 0(=O"04.5-0. I 
-	 - ••.zJ



)tcl/ 

2/I 

15elclQe total 

,se/0Q62 aL'o'e 5/Z7/3//iZêi' 

5e1aQe total 

5ek7qe be/o.w stabi/i2er 

WATZI 

.07 

cj.

.o3 

.oz 

.0/ 

42
	

NACA RM No. L7K03 

L LJbn5 and 5i5qood (reference 2) 
-----Measured

o'	 I 

Q:'. •	 .4	 o	 .8	 /0 
Distance of the 5tGb///Zer, 
te/oi'v the fuse/oç,ie line, 1/ 

Figure 14 Comparison of the measured coiriponev-ii'- •	 con tr/butio/c15 with tho.e calculated 
a imp/lea' in tfle me t/iod of L ijos and 
5is900d (reference i?). 

CONFIDENEIAL


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44



