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By Robert D. Reed 

A flight investigation was made et altitudes of 40,000, 25,OOO 
and 15,000 feet t o  determine the  horizontal-tail loads of the Bell X-5 
research amlane at a sweep angle of 58.70 over the lift range of the 
a m l a n e  for Mach numbers from 0.61 t o  1.00. The horizontal-tail loads 
were found t o  be nonlinear with lift throughout the l i f t  ranges tested 
a t  a l l  Mach nmbers except at  a Mach  nrmiber of 1.00. The balancing t a i l  
loads reflected  the changes  which occur Fn the wing characteristics  with 
increasing  angle of attack. The nonlinearitlee were, in general, more 
pronounced at the higher angles of attack near the pitch" where the 
balancing tail load8 indicate that the wing-fuselage combination becomes 
unstable. 

No apparent effects of altitude on the  belancing tail loads were 
evident over the cmtparable lift ranges of these tests at   a l t i tudes 
from b , O O O  feet  t o  15,000 feet. 

Comparisons of balancing tail  loads obtained from f l igh t  a d  w i n d -  
tunnel tes ts  fndicated  discrepascies in  absolute magnitudes, but  the 
general trends of the data agree. Some differences in  absolute magnitude 
&y be accounted f o r  
station the load 
These loads were not 

by the &il load carried inboard of the etrain-gage. 
lnduced on the  fuselage by the presence of the tail. 
measured in  flight. 

As part of the  cooperative Air Force-IIavy-WA transonic flight 
research program, the Jktional Advisory  Comnittee for Aeronautics is! 
utilizFng the Bell X-5 variable-sweep research airplane f o r  f l lgh t  inves- 
t igations at  the WCA High-Speed Flight Station a t  Fdwmds, Calif. The - 



primary purpose of these  flight  hvestigations is t o  determine the loads, 
stabi l i ty  and cantrol  characteristics, l i f t  and drag, and-buffeting char- 
acter is t ics  of the  airplane at selected sweep angles. Because of the 
interest  i n  the loads and stabil i ty  characterist ics a t  high sweep angles, 
the first complete investigation on t h i s  airplane was made a t  a wing 
sweep angle of 58.70, the maximum sweep angle obta-ble. Preliminary 
results of horizontal tail- load measurements a t  various sweep angles 
during demonstration tes t s  a r e  pesented in  reference 1. Results of the 
complete tail loads investigation a t  a w i n g  sweep angle of 58.70 are 
given in this paper. 

b 

cNA 

c% 

C 
NtB,l 

C 

Lt 

LtBal 

tau normal-force coefficient, $/qSt 

t a i l  normal-force coefficient  required t o  balance wing- 
fuselage pitching-moment coefficient, 

chord a t  any section along span, f t  

acceleration due t o  gravity,  ft/sec2 

pressure  altitude, f t  

stabil izer  sett ing referred to. airplane longitudinal axis, 
(positive when leading edge of stabil izer is up), deg 

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

t a i l  normal force  required t o  balance wing-Fuselage pitching 
moment, lb 
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M Mach  number 

11 airplane normal acceleratfon, g units 

Q m c  pressure, &N2, lb/sq f t  

S area of wing bounded by leading edge and t ra iUng edge 
extended t o  e5rpl8ne line of symmetry disregarding 

f i l l e t s ,   2Lb l2C dy, S q  ft 

area of hortzontal t a i l ,  sq f t  

free-stream  velocity, ft/sec 

airplane gross weight, lb 

lateral distance, f t  

Fndicated airplane  angle of attack, deg 

elevator  position, deg 

p~tch~ng  vaoct ty ,   (posi t ive nose up), radfans/sec 

pitching an- acceleration,  radians/sec2 

mass density of air, SlUgS/CU ft 

The B e l l  X-5 research  airplane  incorporates  a wing which is variable 
in  flight between sweep angles of about 200 and &out 58.70. A photo- 
graph of the airplane in  the 58.p sweep configuration u t i l i z d  3n t h i s  
Fnvestigation is shown in figure 1. A three-view drawing of the airplane 
is presented in figure 2. The a-rlplane physical  characteristics i n  the 
58.70 sweptback configuration are given i n  table I. 



4 

1 N S T R l " T A T I O A  MID ACCURACY 

NACA RM H55E20a 

Standard NACA recording  instruments  were  Fnrstalled 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 aagular velocity and acceleration 
Rolling angular velocity 
Yawing angular velocity and acceleration 
Control positions 
W i n g  sweep  angle 

Shear and bending  moments on the  horizontal  tail  panel  were m e a s u r e d  
by means of strain gages  installed on the  spar and skin at  the root  sta- 
tion 14.5 inches  from  the  airplane  center line &8 shown Fn 'figure 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. 
E?aeed 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 
esthated error in tail  nanaal-force  coefficient of kO.02 for  the  lowest 
dynamic  pressure  encountered. 

In order  to  minlmize  the  errore in total  pressure  measurement,  an 
WCA type A-6 total  pressure  head  (ref . 2) was mounted on the  nose b o a  
and the  static  pressure error was determined in flight.  The  total  eeti- 
mated error  fn Mach number is within fo.01. The maximum error in the 
determination of the  airplane  normal-force  coefficient  ie M.03. The 
angle  of  attack was measured by a vane located on the  nose  boom'ard  is 
presented in this paper as  measured data. 

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 EJ 1.00 at 40,000 feet, 
M CJ 0.61 to M O.% at 25,000 feet, and M = 0.61. to M = 0.9 at 
15,ooO feet.  The ramewers at 40,000 feet covered  the  available  lift 
range of the  airplane. Only moderate lifts  were reached at 25,000 feet 

. 



- and 15, OOO feet, however, t o  avoid  pitch-up a t  the lower altitudes. 

6 6 
Reynolds nmber ( b a s d  on the wing mean aerodynamic chord) at  40,000 feet  
varied from 11.5 x 10 t o  19.0 x 10 and at 15,ooO feet varied from 

38.0 X l& t o  43.0 X lo6. The sirplane center of gr~.~ity remained neaz 
45 percent mean aerodynamic  chord throu&out the tests.  

L 

Data obtained during representative maneuvers performed a t  
40,000 feet  over the Mach number range of 0.61 t o  1.00 are presented in 
figure 4 as  variations  with angle of attack. The elevator  control was 
used for a l l  maneuvers shown except a t  M = 1.00 where high st ick 
forces  requfred use of the power-operated stabilizer  control. The -8- 
wed aerdymmLc t a i l  loads are  generally  nonlbear throu&out the angle- 
of-attack and Mach number range except a t  M = 1.00 where the tail. load 
variation with angle of attack is essentially linear. For the maneuvers 
between M = 0.61 and M fir 0.g6 rapid increases in the pitchhg veloc- 
i t y  and acceleration occur at the higher asglee of attack accompanied 
by a r e v e r d  of the slope of the meamred aerodynamic t a i l  load. 

The balanchg tail loads w e r e  obtained by correcting the measured 
r aerodynamic tail loads of figure 4 to a c o u t i o n  of zero thrust and 

zero pitchfng  acceleratton  (ref. 3) and are sham ~n figure 5 as a vari- 

determined frommaneuvers at   al t i tudes of 25,000 feet  and 15,000 feet  
are a l s o  shown Fn figure 5. The differences in the balaacing tail loads 
obtained a t  the three  altitudes over canparable lift ranges are s m a l l  
and are generally within the accuracy of the measurements. These results 
lndicate there are no a m e n t  effects of alt i tude on the tail loads. 
Therefore,  subsequent preeentation and discussion will be concerned only 
w i t h  data obtained at 40,000 feet, the altitude at which it is possible 
t o  describe  the tail load characteristics oyer the  cauplete lift range 
of the   amlane.  

I ation with airplane normal-force coefficient. The balancing t a i l  loads 

The curves of figure 5 show generally nonlbear ckuxracteristics 
throughout the lfft ranges bvestiga,ted at any Mach n M e r  t o  0.s. A t  
M fir 1.00 the curve appears to be linear, hawever the lift range  inves- 
tigated at ’M 5~ 1.00 x88 considerably lower than the U f t  range covered 
at the lower Mach numbers. A t  a J l  Mach rimers below 1.00 the trends 
of the curves are s h i k r  and may be broken into three  separate lift, 
ranges. The three lift regions w e  indicated on the curves in figure 5 
by the two vertical   l ines above the curves. In general  the t a i l  loads 
rmin constant or  show a slight -positive  increase w t t h  lift Fn the low 

L lift region = 0 to the  first  vertical  line  negatfvely 

. c”u 



in  the second l i f t  region ( l i f t  region between the two ver t i ca l   l hes ) ,  ., 
and increase  positively  in the highest lift regfon. These trends indi- 
cate  slightly  negative t o  neutral. wing-fuselage s tabi l i ty  i n  the low l i f t  
region, posttive  whg-fuselage  stability i n  the moderate lift region, L 

and an unstable  wing-fuelage in the high lift region. 

The w i n g  characteristics (rd. 4) &so mica tea   d i s t i nc t  changes 
for the same general  three l i f t  ranges. The KLng pitching momenta indf- 
cated a rearward wing center-of-pressure movement  from the low t o  moder- 
a te  l i f t  region followed by a forward movement as the high lift region 
was entered. The w i n g  center-of-pressure movements in  the  three 1Wt 
regions are reflected i n  the t z e n d s  of the balamchg t a i l  loads, indi- 
cating that the wing is contributing to  these trends. The ver t ical  line 
separatlng  the moderate and high lift region also approximately coincides 
w i t h  the  reduction in  airplane  longitudinal  stability as defined by the 
variation of elevator  or s t a b i l i z e r  angle with angle of attack (ref. 5 ) .  

Figure 6 shows a comgarfson of the  variation of baLanchg ta i l  
normal-force coefficient with airplane normal-force coefficient as obtained 
from f l ight  and wind-tunnel t es t s  . The w i n d - t u n n e l  data were obtained 
by correcthg the wind-tunnel t a i l -of f  pitching-mcunent data of reference 6 
t o  the flight center-of-gravity  position and by converting  the data t o  
bR.7cFng tail normal-force coefficient. The general  trends of the flight 
and wind-tunnel results agree,  but  discrepancies Fn absolute  level a r e  
apparent. A part  of this difference may be due t o  the  fact that only the 
tail loads outboard of the  strain-gage  station were measured, and that 
the l i f t  of the exposed tail area inboard of t he  strain gages and the 
induced lift on the  fuselage due t o  the presence of the tail were not 
measured. 

f 
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To i l lustrate  the effects of  Mach  number on the balancing tail loads, 
figure 7 shows the  variations of tail normal-force coefficfent with 
Mach number at several  constant  airplane normal-force coefficients up t o  
CNA = 0.4. Above a normal-force coefficient of 0.4 f o r  the  higher Mach 

numbers i n  the l i f t  region above the pftch-up no consistent Mach  number 
effects could be separated from the lift effects. The curves indicate 
no changes in the balancing taFl  loads with increasbg Mach  number t o  
M =; 0.9, but show a negative  increase  thereafter  for amlane normal- 
force  coefficients above C NA = 0. 

An investigation of the  horizontal-tail loads on the B e l l  X-5 
research  airplane a t  a sweep angle of 58.70 has indicated that the 
horizontal-tail loads are  nonlinear with lift throughout the lift ranges 



- tes ted  a t  dl Mach nrmibers except at a Mach  mer of qgroximately 1.00. 
The balmcfng tail  loads reflected changes which occur in the wlng char- 
acterist ics w i t h  *creasing angle of attack. The nonlbearit ies of the 
horizontal-tail loads were general ly  more pronounced at the higher asgles 
of attack neaz the pitch-ug where the bdanc-lng tail loads indicate that 
the wing-fusehge caibination becomes unstable. 

-L 

COmpmiSOnS of b a l a i n g  tail loads Obtained f r o m  flight and xind- 
tunnel tests indicated discrepancies i n  absolute magnitudes, btrt the 
general trends of the data agree. Some differences i n  absolute magnitude 
may be accounted for by the ta i l  load carried inboard of the strain-gage 
station aSa the  load fnduced on the  fuselage by the presence of the tail. 
These loads were  not measured in fli&t. 
Him-Speed Flight Shtion, 

National Adviaory Conanittee fo r  Aeronarrtics, 
Edwa;ras, Calif., May 3, rg55. 
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P E S I C A L  C-S OF B E U  X-5 -E ASRPLAHE 

A ! F A S W E E P A N G L E O F ~ . ~  

-lane : 
Weight. lb: 

Fullfuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L e a s f u e l  

FLitlArel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
mefuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aboutx-axis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AboutY-axls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Aboutz-aris 
of gravity (0.45 M.A.C. of ving). ft . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C e n t e r - o f - g r a v L t g  position. percent H.A.C. : 

Manents of inertia for 9.p sweep (clean contigurattcm f ~ l l i ~ e r ) .  slug-&: 

%il length. distance fran 0.25 M.A.C. Of horizontsl tail to 8- C&er 

. . . .  .lo. 006 . . . . .  7. 894 

. . . . .  45.0 . . . . .  45.5 

. . . . .  5. 165 
.lo. m 

. . * . . 9. 495 

. . . . .  16.75 

. . . .  

.... 
3ueep angle at 0.25 chord. deg ............................ 
A r e a . a q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ........................... Span between equivalmt tigs. ft 
Aspectratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
‘C8perratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic cbord. ft .............................. 
Location of leading edge of H.A.C., fuselage ststion . . . . . . . . . . . . . . . . .  
Incidence mt chord. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dihedral.deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ckmetric twist. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

183.7 
58.7 
20.1 
19.3 
0.411 
2.20 

1a.2 
9.95 

0 
0 
0 

Horlzantel tail: 
m o i l  section ( p s r ~  to f ~ e e l a g e  center line) . . . . . . . . . . . . . . .  
Area.sqft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  span. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aspectratlo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SMep -e at 0.25-percept chrrrd, deg ..................... 
me en aerodynamic^. ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Position of 0.25 M.A.C., fbelage s ta t ion  .................... 
Stabilizer travel. (powx actueted). 8eg: 

Lwding e3ge IQ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Leadingedgedown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Area rearwaril of hinge line. sq ft ...................... 
Ipavel Cram stabilizer, deg: 

-tor (20.8 percent overhang balance. X.5 percent apsn): 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ...................... . . . . . . . . . . . . . . . .  
D m  
rrp 

w t  area rear~ard of hinge line (total). b.3  
chord. percent horlzalt&l tail c m  

mcA -6 . . .  31.5 . . .  9.56 . . .  2.9 ... 0.3j’l . . .  45 . * . 3.57 . . .  155.6 
. . .  4.5 . . 7.5 

. . .  6.9 

. . .  25 . . .  20 . . .  30 . . .  4. 200 

vertical t a i l :  
Airfoil section cparallel to rear -elage car ter  line) . . . . . . . . . . . . .  PIACA 6- Area. (above reap fuselage center -1. e q  it .................... 25.8 span. ~ c u l a r t o 1 . ~ e r f u a e h g e c e n € e r U n e ,  f t  . . . . . . . . . . . . . . . . .  6.17 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.47 
sweep azgie of leading edge. aeg ........................... 46.6 

. 
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L-87574 Figure 1.- Photograph of the X-5.research airplane. - 
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, 0 Bending moment gage 
Shear gage 

Figure 3. - Eorizontal tail of X-5 airplane a h a  the location o f  the 
strain gages. 
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(a) M FJ 0.61. 

Figure 4.- Variations of measured quantities with angle of attack fo r  
representative maneuvers over the Mach nuuiber range from 0.61 to 1.00. 
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(c) M 0.76. (a) M fil 0.81. 

Figure 4.- Continued. - 
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(e) M - 0.86. (f) M 0.9. 

Figure 4. - C m t i n u e d .  
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Figure 4.- Concluded. 
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Figure 5. - Variation of balancing tail normal-force  coefficient with 
airplane normd"force coefficient for representative maneuvers over 
the Mach nuniber range f r o m  0.61 to 1.00. 
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Figure 6. - Variation of balancing tail normal-force  coefficient with 
airplane normal-force  coefficient for  representative maneuvers over 
t h e  &ch nuniber range from 0.76 to 1.00. The wind-tunnel data shown 
are corrected to the amlane center of gravity at 43 percent mean 
a e w c  chord. 
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Figure 7.- Variation of ba,lancSng tail  normal-force  coefficient with 
Mach nuniber for constant values of airplane  normal-force  coefficient. 
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