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ABSTRACT 

THE EFFECT OF T-TAIL EMPENNAGE 

GEOMETRY ON THE DIRECTIONAL AND 

LATERAL STABILITY DERIVATIVES 

ROLAND M. HOWARD, JR. 

The advent of the utilization of the T—tail in light aircraft design requires that new 

consideration be given as to the effect of imposed loads on the empennage and on 

the stability derivatives, each of which is greatly influenced. 

This thesis presents the results of wind tunnel tests of a model consisting of a fuselage, 

a vertical fin, and a horizontal stabilizer. Five different horizontal stabilizers 

(T-tails), each with a different aspect ratio and longitudinal position were tested. 

Theoretical calculations are compared with the test results, and discussion given 

as to the optimization of these geometric parameters. 
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SECTION I . INTRODUCTION 

In this era of advanced technology, new designs providing more efficient systems are 

being applied at all levels of aircraft development. In the field of light aircraft 

design, formulas are well known for the aerodynamic loads applied to the fuselage by 

the conventional empennage. The recent adaptation of the T —tail concept to the 

light airplane has resulted in the need for similar design relationships for this type 

of empennage. 

Structural loads must be carried through different members than for the conventional 

tail; aerodynamic forces and moments are applied in new locations; dynamic 

problems such as aeroelastic flutter, control surface balancing, and the deep stall 

must be solved if the.T-tail configuration is to be utilized in the area of light air¬ 

craft design. 

The tailplane size is determined by stability requirements with the center of gravity 

at its aft most location, and by control requirements with the center of gravity at 

its forwardmost position, this center of gravity range being dictated by variations 

in aircraft loading. Regarding control effectiveness, the designer finds that a hori¬ 

zontal tail as far away from the fuselage as possible is recommended. In take-off 

and landing particularly, which usually produce the most severe control conditions, 

a very high tail is not greatly effected by the influence of the ground on the 

downwash field behind the wing. For the case of the wing stalling inboard first, 

as is normal for light aircraft, the downwash decreases considerably. It is more 

important to keep the tail away from the much larger wing wake. This means a 

preference for either a very low or very high tail. 
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Other advantages of the T—tail are many. The relatively high vertical location of 

the horizontal stabilizer places this control surface in aerodynamicaliy cleaner air. 

Out of the propeller slipstream, power effects are noticeably smaller than for the 

conventional low tail. The horizontal tail can be placed out of the wing downwash 

for all flight conditions, providing for full aerodynamic pressure for aircraft control. 

For cases such as landing gear and wing flap extension and retraction, which play 

important roles in wing downwash effects, such control enhancement is significant. 

The resulting small or no change in control forces/also noticeable,- reduces pilot 

workload. 

The high position of the tail also places it out of the fuselage wake, where full 

aerodynamic pressure can be lost to varying degrees, due to airflow separation, and 

propeller turbulence. Because the tail will always see the full "q" along the entire 

span, the area may be made smaller than that for a tail located in the conventional 

low position. For a swept vertical tail, placing the horizontal tail in a high posi¬ 

tion abo means that it may be placed farther aft, presenting a greater moment arm 

to the aircraft's center of gravity than a tail of the same area located in the lower 

position. 

A most desirable effect of the high-tail location is the "end plate" effect it has. on 

the vertical fin and rudder. This results in a greater effective vertical fin length 

and aids in control and handling characteristics due to a degree of "built-in" 

stability (such as a high wing aircraft). 

On the other hand, these advantageous features lead to new problems of designing 
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the T-tail for light aircraft utilization. How must the loads be carried through the 

vertical fin? Of what result are variances in horizontal stabilizer aspect ratio 

and fore-and-aft position on the end-plate effect of the vertical tail? How do 

lateral, directional, and longitudinal stability and control differ from the conven¬ 

tional because of the raised horizontal tail surface? 

The purpose of this thesis is to answer some of these questions by providing some 

information concerning the influence of varying the aspect ratio and longitudinal 

location of the horizontal tail on the lateral and directional stability derivatives 

for a swept vertical tail assembly with a T-tail horizontal configuration in sideslip. 

This yields some valuable data regarding the effects of these parameters on the 

empennage loads and to approximate values of certain stability derivatives which 

are necessary for the preliminary design of any light aircraft. 
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SECTION 2. COEFFICIENTS AND SYMBOLS 

The axis about which measurements were taken are shown in Figure i 

Aspect ratio 

foe Effective aspect ratio 

Geometric aspect ratio 

c 
y Lateral force coefficient 

ci Rolling Moment coefficient 

ao Section lift curve slope 

C Chord 

S Area 

b Span 

-A- Sweep angle of mid-chord line 

q Dynamic pressure, 1/2 fP 

? Sideslip Angle 

<r Sidewash Angle 

<#Vc Trailing Edge Angle 

X 
vb 

Subscripts 

Coefficients Entering Different Equations 

Volume of fuselage bod/ 

Lateral force derivative, Cy/l/2/V%v 

Rolling moment derivative, Ç(/l/2pV%vbv 

v, vt Vertical Tail 

H, HT Horizontal Tail 

fus Fuselage 

r Root 

t Tip 
w Wing 
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SECTION 3. APPARATUS AND MODEL 

The tunnel used for all testing was a fiberglass subsonic wind tunnel manufactured 

by Zumwalt and Darby, Aeorspace Laboratory Equipment, of Stillwater, Oklahoma. 

Tnis is an induction-type tunnel with a 25-horsepower centrifugal blower installed 

downstream of the test section. The airflow can be varied from 25 to 160 mph. 

The test section is 16-inches square and five feet long, with boundary layer cor¬ 

rection for 150 mph. Removable plexiglass windows are located in each side of the 

test section and each is flush with the tunnel wall. A view of the wind tunnel .is 

shown in Figure 2. 

For all measurements, an Aerolab pyramidal strain gage balance was used. This con¬ 

sists of 3 strain gage load cells and all necessary geometric members to measure lift, 

drag (or sideforce), and pitching (or rolling) moment. Ihe balance is shown in Figure 

3, as it is mounted beneath and external to the tunnel test section. The angular 

position of the model in yaw and angle of attack is indicated on Veeder Root 

counters to the nearest tenths of a degree. 

Readout of all data was made utilizing a Daytronic Model 770 Strain Gage Indicator 

operated in conjunction with a Daytronic Model 790 Transducer Switching Unit. 

The fuselage of the model tested was constructed of laminated Phillipine mahogany, 

and the horizontal stabilizers were made from single pieces of Phillipine mahogany. 

The attachment point for the horizontal tails consisted of a .25" steel plate mounted 

to the tip of the vertical fin, and .050" steel plates epoxied to each horizontal tail 

. at the area of contact to the vertical fin. This allowed for a solid flat-to-flat contact 
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of the two surfaces, to maintain a constant angle of incidence of 0°, and to keep 

deflection under the rolling moment loads to a minimum. 

The general dimensions of the model are shown in Figure 4. This geometric design 

was chosen as it closely approximates that of a general aviation light plane, the 

Aries T-250, in development at this time by Anderson, Greenwood & Co. An 

entire fuselage was used instead of a stub fuselage as the fuselage plays an important 

role in determining the directional and lateral stability derivatives. This largely 

involves fuselage-empennage interference effects, separation of the boundary layer 

along the fuselage, and the influence of fuselage sidewash on the airflow over the 

vertical tail. These parameters were considered important enough in their effects 

on the stability derivatives to warrant the inclusion of the entire fuselage in the 

model design. 

Five horizontal stabilizers were used, consisting of airfoils approximating the stan¬ 

dard NACA 0012 airfoil. Symmetrical airfoils are commonly used for stabilator- 

type horizontal tails (all moving tails), as is the case for the aircraft that the test 

specimen was modelled after. All horizontal tails had the same area of 20.0 square 

inches, but five different aspect ratios, 2, 3.5, 5, 6.5, and 8, were used. This 

allowed simulation of the design case in which the total horizontal tail lift require¬ 

ments are known, but the actual geometric configuration is left to be determined. 

Thus, its influence on other parameters, such as the stability derivatives, comes 

into the design of the horizontal tail span and its fore-and-aft location on the 

vertical fin. Tip loss effects on effective span would have to be accounted for also, 

but this model is a simplified case, so all horizontal toils were made with the same 



total area. A scale drawing of the horizontal tails is shown in Figure 5 for compar¬ 

ative purposes. Pictures of the fuselage and horizontal toils are shown in Figures 

6 and 7, and typical mounting configurations shown in Figures 8 and 9. 

In order to compensate for the horizontal tail increasing the geometric span of the 

vertical fin, for testing in the horizontal tail off configuration, a fairing .25" thick 

was added to the fop of the fin with modeling clay. This is approximately the average 

thickness of the five horizontal stabilizers. In addition, fairings of clay were added 

in front of each horizontal tail to "fair-in" the vertical fin with the horizontal 

stabi lizer (see' Figure 9). 

All geometric data for the horizontal tails is given in Table 1. 

No wing was used for several reasons. First, the modeled wing would not have fit into 

the wind tunnel. This means the entire model would have to have been constructed 

much smaller, and measurements would have been much more difficult to make, as 

the lower limit of the readout equipment would have been pressed. 

Also, wing influences are small on the directional and lateral stability derivatives, 

especially for the case of a wing located at mid-fuselage. As the horizontal tail 

is high relative to the wing location, downwash influences are very small. Therefore, 

it was decided to utilize a fairly large model without wings. 

Also, the rotational axis was taken about the centerline of the fuselage (as measured 

where both the top and bottom of the fuselage are horizontal). For the case of a 

mid-wing, this would approximate the center of gravity location, accounting for 

the high horizontal tail. 
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SECTION 4. THEORETICAL CONSIDERATIONS 

A. VERTICAL TAIL CHARACTERISTICS 

in theoretically determining the values of the stability derivatives, the geometric 

parameters of the vertical tail were first found. Several methods are used for 

determining the base of the vertical fin in correlation with the fuselage. Here, 

the root of the vertical tail was measured at the point of intersection of the 

centerline of the fuselage (tapering up as it goes aft) and the mid-chord line of 

the fin. This places the base of the fin .81" below the top of the fuselage, and 

parallel to it (and to airflow, of course). The fin geometry is shown in Figure4, 

and the vertical tail area is 11.39 square inches using this configuration. 

The vertical tail geometric aspect ratio was measured to be b^/Svt = (3.65)fyll .39= 

1.17. Since the fin is tapered and swept, corrections to account for these will be 

made later. 

The vertical tail is not modeled after a standard airfoil section, but is somewhat 

approximated by a modified NACA 0018 airfoil. The section lift curve slope, aQ/ 

can be found by considering the thickness ratio and the trailing edge angle of the 

fin. Reynolds number will also be taken into account. 

Referring to page 447 of Reference 1, and Figure 4 , fin geometric properties are 

Root Section: t/c = .185 

<f>T.E. = 20° 

Cr 3.77' 
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For a velocity of 100 mph and a turbulence factor of 1.5 (from Reference 2), 

Rey = .3x 106(l.5)= .45 X 106 

Then Tan (1/2 T.E.) = Tan (10.5°) - .185, and from page 447, Reference 1, 

(aQ) Theo = 7.22/rad. 

The correction for boundary layer transition is given for transition at the leading 

edge and for transition at the 50% chord line. An average value for transition 

occuring at the 25% chord line will be used. 

@ 50% chord: a^ (aD) Theo = .69 

@ Leading Edge: aQ/ (a0) Theo = .60 

.69 + .60 = .645 

So, at the fin root, (aQ) roo{. = .645 (7.22) = 4.657/rad. 

* .0813/deg. 

Following the same method for the fin tip, 

Tip Section: t/c * ' . .208 . 

<J>T.E. = 21° 

Ct 2.40“ 

Velocity is 100 mph, and for Rey = .45 x 10^ as before, 

Tan (1/2 (^T.E.) = Tan (10.5 ) = .185, and from page 447, Reference 1 

(a0) Theo = 7.22/rad. 

@ 50% chord: OQ/ (a0)Theo * .62 

@ Leading Edge: a^/ (a0) Theo = .53 

.62 + .53 = .575 
2 

So, at thé fin tip, (aQ) t, = .575 (7.22) = 4.150/rad. 

* .0725/deg. 
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Even though the root has a larger chord than the fin tip, the aerodynamic span loading 

is weighted more toward the tip due to the horizontal tail end plate effect. There¬ 

fore, an average of the root and tip section values will be used. 

(aQ)vt - (a0) root + (a0) tip 

2 

= (.0813 + ,0725)/2 = .0769/deg. 

The effective aspect ratio, , of the vertical fin depends mainly on the vertical 

location of the horizontal tail. Lesser factors are the longitudinal location of the 

horizontal tail and the relative spans of the two surfaces. Reference 3 gives a 

method for determining using these parameters. 

This data is based on the assumption that the root of the vertical tail is at the fuselage 

centerline. This is very close to that geometry used for this model. Figure 5 of 

Reference 3 shows Rc //£$«• os 0 function of t V/bj, end b^/b2 where 

Y = Vertical location of horizontal tail 

i>2 = Vertical tail span (gross) 

and bj, = Horizontal tail span (variable on the model). 

For the T-tail model, YA>2 ~ 1.0, b2 = 4,95" 

and the variable horizontal tail spans and parameters are given in Table 2. 

Figures 13 and 18 of Reference 3 show the effect of longitudinal position of the 

horizontal tail on the vertical tail. (Note: This data was taken for the low hori¬ 

zontal tail posit ion, however). 

-II- 



Values of x/c, where x is the location of the 50% chord line measured from the 

vertical tail leading edge, were determined for each horizontal tail. This will 

allow finding the horizontal location factor, )L , used in the equation 

fëé ~ Â (&-*/ 

To find the vertical fin effective aspect ratio. These parameters are given in Table 3. 

Figure 6 of Reference 3 shows the vertical tail lift curve slope as a function 

of (a0)vt and AL® , uncorrected for sweep effects. 

To first correct for the vertical fin sweep, page A.66 of Reference 4 gives correction 

factors for various angles of sweep. This data is based on the SchlichtingAruckenbrodt 

approximation which uses the theoretical lift curve slope of «fl**, . 

For a mid-chord line sweep angle of 27.5* = -A. (see Figure 4 ), 

U 
2 + 

The sweep factor, k_ a27.5° 
■' 1 _ P ■ ' 

With the sweep correction included then, 

avt 
= k-*- a’vt • 

From Figure 6, Reference 3, for AU = 1.80, 

°Vt 
- .033. All other data and vertical tail lift 

curve slope with sweep correction is shown in Table 4. 
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B. LATERAL FORCE COEFFICIENT DUE TO SIDESLIP, CyÇ 

The contribution of the vertical tail to the lateral force coefficient due to sideslip 

depends on the lift curve slope of the vertical tail and on the sidewash. 

A formula for this contribution is given on pages 74-75 of Reference 5. 

(Cy? >vt = % (1 + 

iç q sw * 

In the empennage region, the fuselage is narrow and high, so that bv/7 (where 

rj is the fuselage radius) is greater than 4, which implies that k = Î.O. 

An empirically derived formula is used to obtain the sidewash parameter 

0 + ) qv, = .724 + 1.53 Sv + .4 Zw + .0009 (4?-). 

* T 5vT T 

The term .4 Zw concerns the vertical location of the wing. It is zero here, the same 
T~ 

as for a mid-wing . The Æ term is very small and will be neglected. As Sw is 

the wing area, a value for the wing of the full aircraft which has been modelled 

is used; scaled it is HO square inches. 

Hence, (1 + iS ) qvt = .724 + 1.53 (11.39) 1 » .8824 

* ~ TTC 

And (Cy- ) f = -k avt (1 + JjT) qvt Sv 
V q Sw 

= -1.00 (.8824) 11.39 avt = -.09137 avt. 
TÏÏT 

Values of C & for the 5 horizontal tail configurations is shown in Table 5. 
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The fuselage contribution to the lateral force coefficient due to sideslip is also 

given in Reference 5, on pages 72 and 73, as 

(Cy * ) fuj = - k;(C )fus. Body Reference Area 
Sw 

Where the body reference area = (fuselage volume^ 2/3 

l<4 = Wing - fuselage interference factor 

* 1.0 for no wing (or mid-wing) 

(C,,)fu$ = 2 (k2-lei) So 

2/ 
VbX3 

Fork^-ki = ,85|for fuselage length = 5.74 
\ fuselage diameter 

And SQ = fuselage cross-section area = 10.54 inches at the widest point. is 

the fuselage volume,again,which is 88.37 cubic inches. 

So, (CL* )fu$= 2(.85)00.54) = .9031 
2/3 

(88.37) ° 

And (Cy^ ) fus 

The total. = 

values are given in Table 5. 

-1.0 (.9031) (88.37)2/3 1 
TTÏÏ 

-.1629/rad. 

-.002843/deg. 

(Cyç )fus + (cyf )vt/ ond 
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C. ROLLING MOMENT COEFFICIENT DUE TO SIDESLIP, Cp? 

The contribution of the empennoge to the rolling moment coefficient due to sideslip 

must account for the interference effects between the horizontal and vertical tails 

which produces an antisymmetric loading on the horizontal tail {a rolling moment) 

in sideslip. Reference 6 provides data considering these effects and suggests a relation 

on the combined influences of the horizontal and vertical tails. 

Figure 18C (for the horizontal tail in the high position) of Reference 6 gives (C j}^ )'ta;| 

as a. function of 

vt Ai ht^ v*on^ 9've* th* equation 

c!f = (ct?Li p. p. Sw bw 

Once again, values for Sw and bw were used that modeled the wing on the aircraft 

that the test model was patterned after, 

Sv bv * 11.39 3.96 = .01638 
Sw "Bw ) 10 25.04 

Values of Cjj^ are shown in Table 6. 
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SECTION 5. TESTS 

Wind tunnel tests were conducted for the model using the five constant area horizontal 

tails with varying aspect ratio. All tests were run at a dynamic pressure of 5.10 

inches of water/ which is just over 100 mph, for standard atmospheric conditions. 

Each configuration of the model was yawed from -16 to 16 degrees in increments of 

2 degrees, and measurements of lateral force and rolling moment recorded. A test 

was also made with no horizontal tail attached; a fairing was added at the tip to 

approximately maintain o constant vertical tail span. 

For all runs, angle of attack was maintained at zero. Preliminary tests measuring lift 

for all yow angles revealed a negligible amount of lift being produced. Therefore, 

lift was not recorded for the final tests, and no corrections due to lift were made. 

Before and after each series of measurements for each model configuration, tare 

measurements were made at zero degrees of yaw and the average was subtracted from 

all measurements to account for any asymmetry of the model. No other corrections 

were applied for the effects of the model support strut. Its effects were expected to be 

small, though the strut might disturb the airflow about the vertical fin somewhat. 

Calibration of the strain gage balance was performed according to Reference 2 prior 

to each test run for the 11 model configurations. The model 770 Strain Gage Indicator 

was zeroed in connection the Model 790 Transducer Switching Unit, and then each 

channel on the Model 790 calibrated for a zero and a full span reading. This was 

done with the model installed but with no loads applied. 
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Prior to taking data, calibration curves for both lateral force and rolling moment 

were made with weights verified to within .01 of a pound. These curves are shown 

in Figures 11 and 12. 

In preliminary testing, the rolling moment load cell was found to be faulty and repairs 

did not take care of the problem.. After measurements of lift were made to assure that 

no correction factors for lift were necessary, the rolling moment load cell was replaced 

with the lift load cell. As the lift (and drag, or lateral force) load cells were designed 

to yield values directly in pounds, and the rolling moment load cell in 1/2 inch-pounds, 

switching the cells resulted in uncalibrated values of the data for rolling moment. 

Hence, new calibration for rolling moment was required. Figure 12 Is the final calibra¬ 

tion curve used. 

After calibration, the tunnel was started, and wind pressure measured by a standard-type 

pitot-static tube located between the model and the tunnel wall, as can be seen in Figure 13. 

Upon stabilization of airflow, zero degree of yaw measurement was taken, and similarly, 

successive readings taken for the variations of yaw from -16 to 16 degrees. 

Values of Cy and C. j| were calculated according to the nomenclature in Section 2. 

Corrected test data and values of Cy and C^ are given in Tables 7 through 17, 
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SECTION 6. RESULTS AND DISCUSSION 

Curves of Cy and C jp versus angle of yaw are shown in Figures 14 through 24. Data 

scatter did not exceed 5% of full scale, and was somewhat better than expected. The 

readout equipment had little internal damping; hence, actual data taking was performed 

by taking an average of the range of values displayed. This was most noticeable for 

measuring rolling moment, due to the switching of the strain gage load cells, which re¬ 

sulted in a narrower band for the full span. The magnitude of the oscillations was 

approximately constant. Therefore, more scatter was expected near 0° yaw than at 

each extreme. 

For determination of Cy^ and Cp^ , straight-line fits of the Cy and C^ versus f data of 

Figures 11 through 26 were drawn which best represented this data. Values of Cy ^ and 

Cjpjj , obtained as the slopes of these lines, are given in Table 18 and plotted versus 

horizontal tail aspect ratio in Figures 25 and 26. Theoretical values calculated in 

Section 4 are also presented in these figures. 

The value of rolling moment derivative followed expected trends. Cjp increased 

essentially linearly with horizontal toil aspect ratio. A most interesting result is fhe 

effect of longitudinal position of the horizontal tail. The value is is increased 

on the order of 15% by moving the horizontal tail from the forward to the aft position, 

the greatest increase being for the horizontal tail of the smallest aspect ratio. Both of 

the experimentally-derived curves are somewhat convex opposite to the theoretical one. 

That is, theoretically, increasing the aspect ratio of the horizontal tail has a decreasing 

effect on the rolling moment, incrementally. The test data curves become almost linear, 

however, as the aspect ratio increases. Also, the curves for the forward and aft 

positions appear as if they might become one curve at aspect ratios of about 10 or 

greater. 
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As the ospect ratio (or span) increases, the horizontal tail provides a large contribu¬ 

tion to the value of the rolling moment derivative of the complete tail assembly, 

attributable mainly to the increased distance of loading from the axis of roll. For 

very large spans, the contribution due to the horizontal tail would be so much larger 

than that due to the vertical tail that the effect of longitudinal position of the 

horizontail tail would be small compared to the effect of large aspect ratios. This 

would account for the two curves coming together becoming position independent) 

at very high values of aspect ratio. 

The values of lateral force derivative do not agree with theory as welt as those of the 

rolling moment derivative. Values for Cyp are on the order of 1/3 to 1/2 of those 

expected from theory. This is probably due largely to the fuselage; as its (theoretical) 

contribution is approximately 50% of the total lateral force. Its influence on the air¬ 

flow over the vertical tail somewhat determines the contribution of the vertical tail, 

as well. 

An obvious correction would be for the measurement of lateral force being made per¬ 

pendicular to the airflow and not to the model. This difference would be on the order 

of 4% (cos 16° = .96), and so would not account for the large difference. 

Another readily visible reason is the size of the model. The width of the model is 

almost 20% of the test section width. To minimize interference of airflow due to this 

blockage, the model preferably should be no larger than 8 to 10% of the tunnel width. 

In the same sense, the fuselage takes up approximately 4% of the cross-sectional 

area of the test section. 

Sidewash effects may have been quite different than those expected from theory due 

to these reasons. Since the vertical tail extends Into the fuselage body, airflow 
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disturbance due to altered sidewash and/or separation would definitely affect the 

vertical tail characteristics. Data from Reference 1, as used in the theoretical 

calculations, is derived from potential flow theory and is only valid for no separated 

flow over the vertical fin. 

Also, it should be recognized that much of the empirical data used in Section 4 was 

derived from applications and analyses of airfoils with aspect ratios larger than that 

of the models used here. The extrapolations necessary to apply such data to the 

cases Investigated herein may exceed the theoretical limitations of the sources from 

which derived. 

Other than the difference in magnitude, the test data does reveal some interesting 

effects, largely the influence of the longitudinal position of the horizontal tail. 

The theoretical calculations of Section 4 show a negligible effect for moving the 

horizontal tail fore and aft. Tests exhibit a difference on the order of an 11% increase 

of lateral force derivative due to shifting the horizontal tail from the forward position 

to the aft. 

Note that the tail off lateral force derivative is larger than that for the low aspect ratio 

horizontal tails in the forward position. This is probably due to the fairing that was 

added to the fin tip for the tail-off configuration testing. For the horizontal tails in 

the forward positions, a small fairing was added to the front of the tip, to smooth 

flow, but none was added behind the horizontal tail, allowing a crossflow of air 

under and behind it, effectively reducing the total span of the vertical tail somewhat 

with the horizontal tails on. This effect would not be as large for the horizontal 

tails located at the aft position due to the fairing in front with the stabilizer being 
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in the space above the tip at the rear. The curve for the forward position should 

probably be slightly raised therefore. This effect is relatively small/ however/ 

compared to the large difference in Cy^ due to the varied longitudinal position of 

the horizontal tail. Table 3 shows an increase of only about 3% due to moving the 

tail from the forward to the oft position. The Curves in Figure 25 exhibit a much 

greater effect than theoretically calculated. 
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SECTION 7. CONCLUSIONS 

Tests were made of a vertical tail model with full fuselage in combination with hori¬ 

zontal tails with varying aspect ratios (but constant area) to determine the effect of 

horizontal tail aspect ratio and longitudinal location on the lateral force and rolling 

moment stability derivatives, Cyç and Cjp , and the test results were compared with 

theoretical results. The results of the investigation indicated the following conclusions: 

1. The rolling moment derivative depends greatly on horizontal tail aspect ratio, and 

increcses with increasing aspect ratio. Agrees well with theory. 

2. Longitudinal position of the horizontal tail plays an important role in determining 

C^ , and the effect is greatest for the smaller horizontal tail aspect ratios. Cgp 
increases noticeably as the horizontal tail is moved aft. 

3. The lateral force derivative depends little on horizontal aspect ratio# as was ex¬ 

pected from theory. 

4. Test results showed a greater effect of longitudinal position of the horizontal tail 

than that calculated from theory. Cy ^ increases as the horizontal tail moves from 

forward to aft. That is, the effective aspect ratio of the vertical tail increases as 

the horizontal tail moves aft (more than theory predicts). 

It seems therefore, that for the most stabilizing tail assembly, one with a T —toil con¬ 

sisting of a horizontal tail high in aspect ratio and mounted as far aft as structural 

considerations allow is advantageous. !f only a high is required (if the oircraft 

is a high-wing, or has a large amount of wing dihedral), then the horizontal tail need 

not have a very high aspect ratio; it should fust be mounted aft on the vertical tail to 

yield the higher effective aspect ratio of the vertical fin. 
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This data also indicates how the various configurations may effect the structural 

loads imparted on the vertical fin. It is clearly shown that such considerations should be 

accounted for in the design of the tail assembly structure. 
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TABLE I 

HORIZONTAL TAIL GEOMETRIC DATA 

te 
Span 
Inches 

Chord 
Inches 

Thickness 
Inches . 

2 6.33 3.16 .38 

3.5 8.37 2.39 

o* 
CM

 • 

5 10.00 2.00 .24 

6.5 11.40 1.75 .21 

8 12.66 1.58 .19 
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TABLE 2 

Horizontal 
Tall 

VS / fiZy» 

2 1.28 1.48 

3.5 1.69 1.49 

5 2.02 1.51 

6.5 2.30 1.53 

8 2.56 1.55 

TABLE 3 

Horizontal 
Tail 

Forward Postion A ft Posi fîon 
x/c k fU x/c A fiU 

2 .54 1.01 1.75 .87 1.02 1.77 

3.5 .46 1.005 1.75 .79 1.02 1.78 

5 .42 1.00 1.77 .75 1.015 1.79 

6.5 .39 1.00 1.79 .72 1.015 1.82 

8 .37 1.00 1.81 .71 1.015 1.84 
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TABLE 4 

Horizontal 
Toil fc. 

O 

ao 
Fwd. Aft 

a27.5* 
Fwd. Aft 

k 
Fwd. Aft 

Gvt 
Fwd. Aft 

2 .0412 .0416 .0399 .0402 .968 .966 .03194 .03188 

3.5 .0412 .0417 .0399 .0404 .968 .969 .03194 .03198 

5 .0416 .0419 .0402 .0405 .966 .9665 .03188 .03189 

6.5 .0419 .0424 .0405 .0410 .9665 .967 .03189 .03191 

8 .04225 .0428 .0409 .0413 .965 .965 .03194 .03185 

TABLE 5 

Horizontal 
Tail A2. 

(Cyp 
Forward 

) . per Rad. 
Aft Forward 

) per Rad. 
Aft 

2 -.1672 -.1669 -.3301 -.3298 

3.5 -.1672 -.1674 -.3301 -.3303 

5 -.1669 -.1670 -.3298 -*3299 

6.5 -.1670 -.1671 -.3299 -.3300 

8 -.1672 -.1667 -.3301 -.3296 

TABLE 6 

Horizontal 
Tail 

/tev x (Cl^TDil C J8 
Per Rad 

2 1.71 -1.90 -.0311 

3.5 3.00 -2.30 -.0377 

5 4.27 -2.60 -.0426 

6.5 5.56 -2.80 -.0459 

8 6.84 -2.95 -.0483 
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TABLE 7 

CONFIGURATION: TAIL-OFF 

Yaw Lateral Rolling 
Angle, Force, Cy Moment, 

Degrees Lb. In.-Lb. 

-2 

C
M

 • .00149 .80 .00121 

-4 .62 .00347 1.40 .00211 

-6 .90 .00538 2.00 .00302 

“8 1.25 .00747 3.00 .00452 

-10 1.70 .01015 4.17 .00629 

-12 2.10 .01254 5.20 .00784 

-14 2.48 .01481 5.90 .00890 

-16 2.85 .01702 6.40 .00965 

2 -.25 -.00149 -.60 -.00090 

4 -.62 -.00370 -1.20 -.00181 

6 -.120 -.00717 -1.92 -.00290 

8 -1.58 -.00944 -2.80 -.00422 

10 -1.90 -.01135 -3.15 -.00475 

12 -2.05 -.01224 -3.80 -.00573 

14 -2.55 -.01523 -4.45 -.00671 

16 -2.85 -.01702 -4.85 . -.00731 
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TABLE 8 

CONFIGURATION: /£ = 2, Fwd. 

Yaw Lateral Rolling 
Angle, Force, C Moment, C ^ 
Degrees Ib. In.-Lb. 

-2 .35 .00209 1.22 .00184 

-4 .55 .00328 1.65 .00249 

-6 .85 .00508 2.80 .00422 

-8 1.42 .00848 4.35 .00656 

-10 1.65 .00985 4.75 .00716 

-12 1.95 .01165 6.00 .00905 

-14 2.20 .01314 6.80 .01026 

-16 2.70 .01613 7.60 .01146 

2 -.42 -.00251 -1.02 -.00154 

4 -.62 -.00370 -2.10 -.00317 

6 -1,25 -.00747 -1.92 -.00290 

8 -1.33 -.00794 -2.62 -.00395 

10 -1.62 -.00968 -3.50 -.00528 

12 -1.90 . -.01135 -4.45 -.00671 

14 -2.40 -.01433 -4.85 -.00731 

16 -2.87 . -.01714 -5.72 -.00863 
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TABLE 9 

CONFIGURATION: fil = 2, Aft 

Yaw Lateral Rolling 
Angle, Force, Cv Moment, 
Degrees Lb. y In.-Lb. 

-2 .45 .00269 .80 .00121 

-4 .55 .00328 2.40 .00362 

-6 1.03 .00615 3.60 .00543 

-8 1.42 .00848 4.75 .00716 

-10 1.85 .01105 6.40 .00965 

-12 2.25 .01344 7.60 .01146 

-14 2.62 .01565 8.75 .01320 

-16 2.95 .01762 9.95 .01500 

2 -.45 -.00269 -.60 -.00090 

4 -.71 -.00424 -1.75 -.00264 

6 -1.25 -.00747 -3.15 -.00475 

8 -1.58 -.00944 -3.50 -.00528 

10 -2.22 -.01326 -4.15 -.00626 

12 -2.65 -.01583 -4.97 -.00750 

14 -2.88 -.01720 -5.90 . -.00890 

16 -3.45 -.02061 -6.25 -.00943 
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TABLE 10 

CONFIGURATION: & * 3.5, Fwd. 

Yaw 
Angle, 
Degrees 

Lateral 
Force, 
Lb. 

cy 

Rolling 
Moment, 
In.-Lb. 

ci 

-2 .40 .00239 1.00 .00151 

-4 .60 .00358 2.00 .00302 

-6 .85 .00508 3.00 .00452 

-8 1.33 .00794 4.00 .00603 

-10 1.67 .00997 5.20 .00784 

-12 2.10 .01254 6.80 .01026 

-14 2.55 .01523 7.80 .01176 

-16 2.95 .01762 8.35 .01259 

2 -.10 -.00060 -.30 -.00045 

4 -.55 -.00328 -1.02 -.00154 

6 -,95 -.00567 -2.10 -.00317 

8 -1.40 -.00836 -2.62 -.00395 

10 -1.78 -.01063 -3.15 -.00475 

12 -2.15 -.01284 -3.50 -.00528 

14 -2.55 -.01523 -4.45 -.00671 

16 -2.93 -.01750 -5.10 -.00769 
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TABLE 11 

CONFIGURATION: = 3.5, Aft 

Yaw 
Angle, 
Degrees 

Lateral 
Force, 
Lb. 

cy 

Rolling 
Moment, 
In.-Lb. 

CJ 

-2 .35 .00209 .40 .00060 

-4 .80 .00478 2.00 .00302 

-6 1.13 .00675 3.80 .00573 

-8 1.57 .00938 5.20 .00784 

-10 2.10 .01254 6.60 .00995 

-12 2.50 .01493 8.00 .01207 

-14 2.78 .01660 8.75 .01320 

-16 3.25 .01941 9.10 .01372 

2 

O
 

C
O

 e 
I -.00179 -1.02 -.00154 

4 -.70 -.00418 -1.75 -.00264 

6 -1.40 -.00836 -3.65 -.00550 

8 -1.62 -.00968 -4.15 -.00626 

10 -1.87 -.01117 -4.97 -.00750 

12 -2.45 -.01463 -6.25 -.00943 

14 -2.87 -.01714 -6.90 -.01041 

16 -3.22 -.01923 -7.60 -.01146 
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TABLE 12 

CONFIGURATION: të- = 5, Fwd. 

Yaw 
Angle, 
Degrees 

Lateral 
Force, 
Lb. S 

Rolling 
Moment, 
In.-Lb. 

-2 .35 .00209 

O
 

C
O

 • 

-4 .80 .00478 2.00 

-6 1.12 .00669 2.80 

-8 1.50 .00896 5.20 

-10 1.95 .01165 6.00 

-12 2.20 .01314 6.80 

-14 2.78 .01660 8.00 

-16 2.90 .01732 8.55 

2 -.20 -.00119 -.50 

4 -.70 -.00418 -1.75 

6 -.90 -.00538 -3.15 

8 -1.47 -.00878 -3.65 

10 -1.67 -.00997 -3.92 

12 -2.00 -.01195 -4.85 

14 -2.55 -.01523 -5.55 

16 -3.00 -.01792 -8.25 
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ct 

.00121 

.00302 

.00422 

.00784 

.00905 

.01026 

.01207 

.01290 

-.00075 

-.00264 

-.00475 

-.00550 

-.00591 

-.00731 

-.00837 

-.00943 



TABLE 13 

CONFIGURATION: &=5, Aft 

Yaw 
Angle, 
Degrees 

Lateral 
Force, 
Lb. 

C 
y 

Rolling 
Moment, 
In.-Lb. 

cx 

-2 .15 .00090 

o
 

C
O

 •
 .00121 

-4 .85 .00508 1.65 .00249 

-6 1.00 .00597 3.60 .00543 

. “8 1.50 .00896 5.90 .00890 

-10 2.15 .01284 6.60 .00995 

-12 2.38 .01421 8.00 .01207 

-14 2.90 .01732 8.75 .01320 

-16 3.15 .01881 9.10 .01372 

2 -.25 -.00149 -1.45 -.00219 

4 

o
 • 

1 -.00358 -2.80 -.00422 

6 -.95 -.00567 -3.50 -.00528 

8 -1.30 -.00776 -4.30 -.00649 

10 -1.87 -.01117 -5.72 -.00863 

12 -2.15 -.01284 -6.55 -.00988 

14 -2.87 ^.01714 -6.90 -.01041 

16 -3.32 -.01983 -7.90 -.01191 
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TABLE 14 

CONFIGURATION: =6.5, Fwd. 

Yaw Lateral 
Angle, Force, C 
Degrees Lb. ^ 

Rolling 
Moment, C 
In.-Lb. 

-2 .25 .00149 2.00 .00302 

-4 .60 .00358 2.60 .00392 

-6 1.03 .00615 4.35 .00656 

-8 1.32 .00788 5.80 .00875 

-10 1.75 .01045 6.40 .00965 

-12 2.30 .01374 7.40 .01116 

-14 2.63 .01571 8.17 .01232 

-16 3.00 .01791 8.90 .01342 

2 -.40 -.00239 -1.45 -.00219 

4 -.65 -.00388 -2.27 -.00342 

6 -1.10 -.00657 -3.33 -.00502 

8 -1.50 -.00896 -4.15 -.00626 

10 -1.60 -.00956 -4.85 -.00731 

12 -2.05 -.01224 -5.55 -.00837 

14 -2.60 -.01553 -6.72 -.01014 

16 -2.95 -.01762 -6.90 -.01041 
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TABLE 15 

CONFIGURATION: ff2. - 6.5, Aft 

Yaw 
Anale, 
Degrees 

Lateral 
Force, 
Lb. S 

Rolling 
Moment, 
In.-Lb. 

Ci 

-2 .20 .00119 0 o 
-4 .75 .00448 2.00 .00302 

-6 1*23 .00735 3.20 .00438 

-8 

1 A 

1.60 .00956 5.20 .00784 

-1U ——1.95  .01 165 6.80 ~ .01026 

-12 2.45 .01463 7.60 .01146 

-14 2.87 .01714 8.55 .01290 

-16 3.10 .01851 9.60 .01448 

2 -.25 -.00149 -1.53 -.00231 

4 -.70 -.00418 -2.80 -.00422 

6 -1.10 -.00657 -3.50 -.00528 

8 -1.42 -.00848 -4.45 -.00671 

10 -1.62 -.00968 -5.35 -.00807 . 

12 -2.15 -.01284 -4.55 -,00988 

14 -2.60 -.01553 -7.20 -.01086 

16 -3.00 -.01792 -7.90 -.01191 
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TABLE 16 

CONFIGURATION: * 8, Fwd. 

Yaw 

Angle, 
Degrees 

Lateral 
Force, 
Lb. 

C 
y 

Rolling 
Moment, 
In.-Lb. 

c* 

-2 .40 .00239 1.75 .00264 

-4 

O
 

00 • .00478 2.40 .00362 

-6 1.20 .00717 4.35 .00656 

-8 1.57 .00938 5.90 .00890 

-10 2.00 .01195 7.00 .01056 

-12 2.38 .01421 8.35 .01259 

-1-4 2.68 .01601 9.10 .01372 

-16 3.00 .01792 9.60 .01448 

2 -.55 -.00328 -2.30 -.00347 

4 -.65 -.00388 -2.45 -.00370 

6 -.90 -.00538 -3.80 -.00573 

8 -1.30 -.00776 -4.85 -.00731 

10 -1.78 -.01063 -5.90 -.00890 

12 -2.25 -.01344 -6.90 -.01041 

14 -2.65 -.01583 -7.20 -.01086 

16 -3.03 -.01810 -7.60 -.01146 
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TABLE 17 

CONFIGURATION: = 8, Aft 

Yaw 
Angle, 
Degrees 

Lateral 
Force, 

. Lb. 
S 

Rolling 
. Moment, 
In.-Lb. 

-2 .35 .00209 0 0 

-4 .85 .00508 2.40 .00362 

-6 1.20 .00717 4.35 .00656 

-8 1.47 .00878 6.40 .00965 

-10 1.90 .01135 7.40 .01116 

-12 2.35 .01404 8.35 .01259 

-14 2.75 .01642 9.95 .01501 

-16 3.20 .01911 10.70 .01614 

2 -.45 -.00269 -1.45 -.00219 

4 -.80 -.00478 -3.00 -.00452 

6 -1.15 -.00687 -4.15 -.00626 

8 -1.55 -.00926 -5.10 -.00769 

. 10 -1.95 -.01165 -5.90 -.00890 

12 -2.25 -.01344 -6.55 -.00988 

14 -2.70 -.01613 -7.90 -.01191 

16 -3.23 -.01929 -8.25 -.01244 
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TABLE 18 

Cyp C„ 
Horizontal Tail Per Radian Per Radian 

Tail off -.060 -.032 
2 fwd -.058 -.037 

aft -.068 

i • 
1 

3.5 fwd -.060 1 8 

aft -.070 -.048 

5 fwd -.063 -.043 
aft -.065 -.050 

6.5 fwd -.062 -.048 
aft -.069 -.054 

8 fwd -.063 -.054 
aft -.068 -.058 
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FIGURE 2 
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PYRAMIDAL BALANCE 

FIGURE 3 
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HORIZONTAL STABILIZERS 

FIGURE 5 
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TOP VIEW OF FUSELAGE 

FIGURE 6 

SIDEVIEW OF FUSELAGE AND HORIZONTAL TAILS 

FIGURE 7 
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TYPICAL FORWARD MOUNTING 

FIGURE 8 

TYPICAL AFT MOUNTING 

FIGURE 9 
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FIGURE 11 

Lateral Force Calibration Curve 

measured force, pounds 
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FIGURE 12 

Rolling Moment Calibration Curve 

Measurement, Gauge Units 
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FIGURE 14 
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FIGURE 15 

forward 
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FIGURE 16 
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FIGURE 17 
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FIGURE 18 
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FIGURE 19 

& -5» forward 
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FIGURE 20 
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FIGURE 21 

M -6,5, forward 
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FIGURE 22 
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FIGURE 23 

/£. -8, forward 
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FIGURE 24 
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FIGURE 25 
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FIGURE 26 
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