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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

FLIGHT MEASUREMENTS OF HORIZONTAL-TAIL 

LOADS ON THE BELL X-5 RESEARCH AIRPLANE AT A 

SWEEP ANGLE OF 5870 

By Robert D. Reed. 

SUMMARY 

A flight investigation was made at altitudes of 40,000, 25,000 
and 15,000 feet to determine the horizontal-tail loads of the Bell X-5 
research airplane at a sweep angle of 58.70 over the lift range of the 
airplane for Mach numbers from 0.61 to 1.00. The horizontal-tail loads 
were found to be nonlinear with lift throughout the lift ranges tested 
at all Mach numbers except at a Mach number of 1.00. The balancing tail 
loads reflected the changes which occur in the wing characteristics with 
increasing angle of attack. The nonlinearities were, in general, more 
pronounced at the higher angles of attack near the pitch-up where the 
balancing tail loads indicate that the wing-fuselage combination becomes 
unstable. 

No apparent effects of altitude on the balancing tail loads were 
evident over the comparable lift ranges of these tests at altitudes 
from 40,000 feet to 15,000 feet. 

Comparisons of balancing tail loads obtained from flight and wind-
tunnel tests indicated discrepancies in absolute magnitudes, but the 
general trends of the data agree. Some differences in absolute magnitude 
may be accounted for by the tail load carried inboard of the strain-gage 
station and the load induced on the fuselage by the presence of the tail. 
These loads were not measured in flight. 

INTRODUCTION 

As part of the cooperative Air Force—Navy—NACA transonic flight 
research program, the National Advisory Committee for Aeronautics is 
utilizing the Bell X-5 variable-sweep research airplane for flight inves-
tigations at the NACA High-Speed Flight Station at Edwards, Calif. The 
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primary purpose of these flight investigations is to determine the loads, 
stability and control characteristics, lift and drag, and buffeting char-
acteristics of the airplane at selected sweep angles. Because of the 
interest in the loads and stability characteristics at high sweep angles, 
the first complete investigation on this airplane was made at a wing 
sweep angle of 58.70 , the maximum sweep angle obtainable. Preliminary 
results of horizontal tail-load measurements at various sweep angles 
during demonstration tests are presented in reference 1. Results of the 
complete tail loads investigation at a wing sweep angle of 58.70 are 
given in this paper.

SYMBOLS 

b 

CNA. 

CNt 

CNt
Bal 

C 

g 

hp 

it 

Lt 

L
tBal

wing span, ft 

airplane normal-force coefficient, nW/qS 

tail normal-force coefficient, L/q.S 

tail normal-force coefficient required to balance wing-
fuselage pitching-moment coefficient, L t / .St 

chord at any section along span, ft 

acceleration due to gravity, ft/sec2 

pressure altitude, ft 

stabilizer setting referred to airplane longitudinal axis, 
(positive when leading edgéof stabilizer is up), deg 

measured aerodynamic horizontal-tail load, (up load positive), 
lb 

tail normal force required to balance wing-fuselage pitching 
moment, lb
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M	 Mach number 

n	 airplane normal acceleration, g units 

q	 dynamic pressure, 	 lb/sq ft 

S	 area of wing bounded by leading edge and trailing edge 
extended to airplane line of symmetry disregarding 

fillets, 2/	 c dy, sq ft 
Jo 

St	 area of horizontal tail, sq ft 

V	 free-stream velocity, ft/sec 

W	 airplane gross weight, lb 

y	 lateral distance, ft 

aj	 indicated airplane angle of attack, deg 

be	 elevator position, deg 

G	 pitching velocity, (positive nose up), radians/sec 

pitching angular acceleration, radians/sec2 

P	 mass density of air, sings/cu ft 

AIRPLANE 

The Bell X-5 research airplane incorporates a wing which is variable 
in flight between sweep angles of about 20 0 and about 58.70 . A photo-
graph of the airplane in the 58.70 sweep configuration utilized in this 
investigation is shown in figure 1. A three-view drawing of the airplane 
is presented in figure 2. The airplane physical characteristics in the 
58.70 sweptback configuration are given in table I. 
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INSTRUMENTATION AND ACCURACY 

Standard NACA recording instruments were installed in the Bell X-5 
research airplane to measure the following quantities pertinent to this 
investigation: 

Airspeed 
Altitude 
Angle of . attack and angle of sideslip 
Normal, longitudinal, and transverse accelerations 
Pitching angular velocity and acceleration 
Rolling angular velocity 
Yawing angular velocity and acceleration 
Control positions 
Wing sweep angle 

Shear and bending moments on the horizontal tail panel were measured 
by means of strain gages installed on the spar and skin at the root sta-
tion 14.5 inches from the airplane center line as shown infigure 3. The 
outputs of these strain gages were recorded on a multi-channel recording 
oscillograph. The data presented have been corrected for the inertia of 
the tail and are therefore the aerodynamic loads acting on the tail. 
Based on the results of a static calibration and an evaluation of the 
strain-gage responses in flight, the estimated accuracy of the measured 
horizontal-tail loads is ±75 pounds. This accuracy results in a maximum 
estimated error in tail normal-force coefficient of ±0.02 for the lowest 
dynamic pressure encountered. 

In order to minimize the errors in total pressure measurement, an 
NACA type A-6 total pressure head (ref. 2) was mounted on the nose boom 
and the static pressure error was determined in flight. The total esti-
mated error in Mach number is within ±0.01. The maximum error in the 
determination of the airplane normal-force coefficient is ±0.03. The 
angle of attack was measured by a vane located on the nose boom and is 
presented in this paper as measured data. 

TESTS 

The tests were conducted in the clean configuration with the slats 
closed and consisted of symmetrical maneuvers performed primarily by 
using the elevator control at altitudes of 40,000, 25,000, and 15,000 feet. 
The Mach number range was from M 0.61 to M 1.00 at 40,000 feet, 
M 0.61 to M 0.96 at 25,000 feet, and M 0.61 to M 0.90 at 
15, 000 feet. The maneuvers at 40,000 feet covered the available lift 
range of the airplane. Only moderate lifts were reached at 25,000 feet 
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and 15,000 feet, however, to avoid pitch-up at the lower altitudes. 
Reynolds number (based on the wing mean aerodynamic chord) at 1f 0,0(X) feet 

varied from 11.5 x 106 to 19.0 x o6 and at 17,000 feet varied from 

38.0 x 106 to 43.0 x 106. The airplane center of gravity remained near 
45 percent mean aerodynamic chord throughout the tests. 

RESULTS AND DISCUSSION 

Data obtained during representative maneuvers performed. at 
If 0,000 feet over the Mach number range of 0.61 to 1.00 are presented in 
figure 4 as variations with angle of attack. The elevator control was 
used for all maneuvers shown except at M 1.00 where high stick 
forces required use of the power-operated stabilizer control. The meas-
ured aerodynamic tail loads are generally nonlinear throughout the angle-
of-attack and Mach number range except at M 1.00 where the tall load 
variation with angle of attack is essentially linear. For the maneuvers 
between M 0.61 and M 0.96 rapid increases in the pitching veloc-
ity and acceleration occur at the higher angles of attack accompanied 
by a reversal of the slope of the measured aerodynamic tail load. 

The balancing tail loads were obtained by correcting the measured 
aerodynamic tail loads of figure If to a condition of zero thrust and 
zero pitching acceleration (ref. 3) and are shown in figure 5 as a vari-
ation with airplane normal-force coefficient. The balancing tail loads 
determined from maneuvers at altitudes of 25,000 feet and 15,000 feet 
are also shown in figure 5. The differences in the balancing tail loads 
obtained at the three altitudes over comparable lift ranges are small 
and are generally within the accuracy of the measurements. These results 
indicate there are no apparent effects of altitude on the tail loads. 
Therefore, subsequent presentation and discussion will be, concerned only 
with data obtained at If 0,000 feet, the altitude at which it is possible 
to describe the tail load characteristics over the complete lift range 
of the airplane. 

The curves of figure 5 show generally nonlinear characteristics 
throughout the lift ranges investigated at any Mach number to 0.96. At 
M 1.00 the curve appears to be linear, however the lift range inves-
tigated at M 1.00 was considerably lower than the lift range covered 
at the lower Mach numbers. At all Mach numbers below 1.00 the trends 
of the curves are similar and may be broken into three separate lift 
ranges. The three lift regions are indicated on the curves in figure 5 
by the two vertical lines above the curves. In general the tail loads 
remain constant or show a slight positive increase with lift in the low 
lift region (C,,A '= 0 to the first vertical line) increase negatively
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in the second lift region (lift region between the two vertical lines), 
and increase positively in the highest lift region. These trends indi-
cate slightly negative to neutral wing-fuselage stability in the low lift 
region, positive wing-fuselage stability in the moderate lift region, 
and an unstable wing-fuselage in the high lift region. 

The wing characteristics (ref. 14) also indicated distinct changes 
for the same general three lift ranges. The wing pitching moments indi-
cated a rearward wing center-of-pressure movement from the low to moder-
ate lift region followed by a forward movement as the high lift region 
was entered. The wing center-of-pressure movements in the three lift 
regions are reflected in the trends of the balancing tail loads, indi- 
cating that the wing is contributing to these trends. The vertical line 
separating the moderate and high lift region also approximately coincides 
with the reduction in airplane longitudinal stability as defined by the 
variation of elevator or stabilizer angle with angle of attack (ref. 5). 

Figure 6 shows a comparison of the variation of balancing tail 
normal-force coefficient with airplane normal-force coefficient as.obtained 
from flight and wind-tunnel tests. The wind-tunnel data were obtained 
by correcting the wind-tunnel tail-off pitching-moment data of reference 6 
to the flight center-of-gravity position and by converting the data to 
balancing tail normal-force coefficient. The general trends of the flight 
and wind-tunnel results agree, but discrepancies in absolute level are 
apparent. A part of this difference may be due to the fact that only the 
tail loads outboard of the strain-gage station were measured, and that 
the lift of the exposed tail area inboard of the strain gages and the 
induced lift on the fuselage due to the presence of the tail were not 
measured. 

To illustrate the effects of Mach number on the balancing tail loads, 
figure 7 shows the variations of tail normal-force coefficient with 
Mach number at several constant airplane normal-force coefficients up to 

CNA = 0.14. Above a normal-force coefficient of 0.14 for the higher Mach 

numbers in the lift region above the pitch-up no consistent Mach number 
effects could be separated from the lift effects. The curves indicate 
no changes in the balancing tail loads with increasing Mach number to 
M = 0.9, but show a negative increase thereafter for airplane normal-
force coefficients above CNA = 0. 

CONCLUDING REMARKS. 

An investigation of the horizontal-tail loads on the Bell X-5 
research airplane at a sweep angle of 58.70 has indicated that the 
horizontal-tail loads are nonlinear with lift throughout the lift ranges 
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tested at all Mach numbers except at a Mach number of approximately 1.00. 
The balancing tail loads reflected changes which occur in the wing char-
acteristics with increasing angle of attack. The nonlinearities of the 
horizontal-tail loads were generally more pronounced at the higher angles 
of attack near the pitch-up where the balancing tail loads indicate that 
the wing-fuselage combination becomes unstable. 

No apparent effects of altitude on the balancing tail loads were 
evident over the comparable lift ranges of these tests at altitudes 
from 40,000 feet to 15,000 feet. 

Comparisons of balancing tail loads obtained from flight and wind-
tunnel tests indicated discrepancies in absolute magnitudes, but the 
general trends of the data agree. Some differences in absolute magnitude 
may be accounted for by the tail load carried inboard of the strain-gage 
station and the load induced on the fuselage by the presence of the tail. 
These loads were not measured in flight. 

High-Speed flight Station, 
National Advisory Committee for Aeronautics, 

Edwards, Calif., May 3, 1955. 

/
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TABLE I 

PHYSICAL CHARACTERISTICS OF BELL X-5 RESEARCH AIRPLANE 

AT A SWEEP ANGLE OF 58.70 

Airplane: 
Weight, lb: 

Full	 fuel	 ....................................... 10,006 
7,89k Less	 fuel	 .........................................

Center-of-gravity position, percent M.A.C.: 	 - 
Full	 fuel	 ........................................ 15.O 

55 Less	 fuel	 ........................................
Moments of inertia for 58.7 0 sweep (clean configuration full fuel), slug-ft2: 

About X-axis	 ............................. 	 ...	 ..... 5,165 

About Y-axis	 .................................... 9)95 
About	 Z-axis	 ....................................... 10,110 

Tail length, distance from 0.25 M.A.C. of horizontal tail to airplane center 
of gravity	 (0.1	 M.A.C.	 of wing),	 ft	 ........................ 16.75 

Wing: 
Airfoil section (perpendicular to 38.02-percent-chord line): 

Root	 .........	 ...	 ...	 ........................NACA 61(10)A011 

Tip	 .	 ......................... NACA 6(())A008.28 

Sweep angle at 0.25 chord,	 deg	 ............................. 58.7 
183.7 Area,	 sq ft	 .......................................

Span,	 ft	 ........................................ 20.1 

Span between equivalent tips, ft	 ........................... 19.3 

Aspect ratio	 ...................................... 2.20 
0.1411 

Taper	 ratio	 ......................................
Mean aerodynamic chord, 	 ft	 .............	 .	 ................ 9.95 
Location of leading edge of M.A.C., fuselage station 	 ................. 101.2 

Incidence root chord,	 deg	 ............................... 0 

Dihedral,	 deg	 ...................................... 0 
a Geometric	 twist,	 deg	 ..................................

Horizontal tail: 
Airfoil section (parallel to fuselage center line) 	 ...............NACA 65A006 

31.5 Area,	 sq	 ft	 ........................................ 9.56 Span,	 ft	 ...................................... ... . Aspect ratio	 .	 ...	 ................................2.9 0. 
.371 Taper	 ratio	 ...................................... 145 

Sweep angle at 0.25-percent chord, deg	 ........................
Mean aerodynamic chord, 	 ft	 ................................ 3•57 

355.6 Position of 0.25 M.A.C., fuselage station .......................
Stabilizer travel, (power actuated), deg: 14.5 
Leading edge	 up	 .....................................

7.5 Leading edge down	 ..................................
Elevator (20.8 percent overhang balance, 31.5 percent span): 

Area rearward of hinge line,	 sq ft	 ........................... 6.9 
Travel from stabilizer, deg:

25 
Down	 ........................................ 20 

30 Chord, percent horizontal tail chOrd	 ...... l#,2
........................

... Moment area rearward of hinge line (total), 	 In. 3	 ................ 00

Vertical tail: 
Airfoil section (parallel to rear fuselage center line) ..............NACA 65A006 
Area, (above rear fuselage center line), sq ft ....................25.8 
Span, perpendicular to rear fuselage center line, ft ...................6.17 
Aspect ratio ......................................1.147 
Sweep angle of leading edge, deg ............................146.6 
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Figure 1.- Photograph of the X-5 research airplane. L -87574 
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Figure 2.- Three-view drawing of the Bell X-5 research airplane at 
5.8.70 sweepback. 
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Figure 3. - Horizontal tail of X-5 airplane shoving the location of the 
strain gages. 
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Figure 14,_ Variations of measured quantities with angle of attack for 
representative maneuvers over the Mach number range from 0.61 to 1.00. 
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Figure 14._ Continued. 
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Figure Ii. . - Continued. 
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Figure L- Concluded. 

CONFIDENTIAL



C 

-ic 

XII

5o	 .2	 4	 .6	 .8

CNA 

NACA RM H55E20a	 CONFIDENTIAL
	

17 

CNtB,

OEM=UU 

SUMMSEN 
MEMEMEW 

WI, 

ju•u••i•U 

EMEM 

zoom aU 
iuuuii• 

SUMORMEM 
mom

i!ZI1Ii_1 

MEN 
I
mom 

.MMRSMMMM 

Figure 5.- Variation of balancing tail normal-force coefficient with 
airplane normal-force coefficient for representative maneuvers over 
the Mach number range frcm 0.61 to 1.00. 
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Figure 6. - Variation of balancing tall normal-force coefficient with 
airplane normal-force coefficient for representative maneuvers over 
the Mach number range from 0.76 to 1.00. The wind-tunnel data shown 
are corrected tothe airplane center of gravity at 45prcent mean 
aérodc Chord.
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Figure 7.- Variation of balancing tail normal-force coefficient with 
Mach number for constant values of airplane normal-force coefficient. 
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