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NATIONAL ADVISORY COWEL'EE FOR AERONAUTICS 

RESEARCH W O R A N D U M  

RESULTS OBT.4IEJED DURING ACCmTED TRZNSONIC TESTS 

OF TElE BELL XS-1 AIRPLANE IN FLIGHTS 

TO A MACH MJMBER OF 0.92 

By Hubert M e  Drake, Milton D. McLaughLin, 
and Harold R.  Goodman 

An accelerated f l i g h t  prograin using the Be l l  XS-1 airplane has been 
undertaken t o  explore the tranwonic-speed range. The f lying was done by 
an A i r  Force p i lo t ,  and .the data redirction and analysis were made fram 
NACA instrumentation by NACA personnel. This paper presents the r e su l t s  
of t e s t s  obtained xp t o  a Mach number of O,92 a t  a l t i tudes  around 
30,000 fee t ,  

The data obtained show t h a t  the airplane has experienced most of the 
d i f f i c a l t i e s  expected i n  the transonic range, but tha t  it can be flown 
sa t i s f ac to r i ly  t o  a Mach number of a t  l e a s t  0.92 a t  altitudesabove 
30,000 f e e t ,  Longitudinal trin changes have been experienced but the 
forces involved have been small. The elevator effectiveness decreased 
about one-half with increase of Mach number from O,7O t o  0,87, Buffeting 
has been experienced i n  leve l  f l i g h t  but it has been mild and the ass- 
ciated t a i l  loads have been small. No ai leron buzz or other f l u t t e r  
phenomena have been noted. 

After the completion of the acceptance t e s t s  on the thick-uing 
Bel l  XS--1 airplane (see references 1 and 2) and i n  order to  explore the 
transonic-speed range a s  rapidly a s  possible, an accelerated program has 
been lrndertaken fo r  the KS-: h a v i n g  the 8-percent-thfck wing and the 
6-percent-thick t a i l ,  Because of the purpose of the program only a 
l i a i t e d  amount of instrunentation has been included, and no attempt has 
been made t o  obtain detailed investigations of a q  variables other than 
those immediately necessary t o  permit safe  penetration a s  rapidly a s  
possible in to  the tmnsonio-speed range. 

The present program is a cooperative one between Wright Field Flight 
Test Division and the NAGA, The airplane is flow-n by an A i r  Force p i lo t ,  
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and the data reduction and analysis are made fram MACA instrumentation 
by NACA personnel, 

The present paper gives same of the eqeraental results obtained in 
this program up to a Mach number of 0.92. The data consist, for the 
most part, of time histories of mild maneuvers which ill~letrate the 
behavior of the airplane at transonic speeds. Same analysis figures, 
however, are included to indicate trends sham by the data. 

SYMBOLS 

W airplane gross weight, pounds 

n normal acceleration in g units 

indicated airspeed uncorrected far position error, miles per hour 

H pressure altitude uncorrected for position error, feet 

9 dynamic pressure, pounds per square foot 

S wing area (130 sq ft ) 

St tail area (26 sq ft) 

M fres-atream Mach number uncorrected for position error 

M free-stream Mach number corrected for position error 

C n airplane normal-force coefficient 

tail normal-force coefficient Aerodyamlc shear load 
Cnt 

St9 

C L ~  airplane lift coefficient (Measured normal-force coefficient is 
assumed to equal the lift component,) 

change in elevator position, degrees 

A(% change in angle of attack of stabilizer, degrees 

it stabilizer setting, degrees 
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TEST AIRTL4BE AB'D INSTRWIFfATION 

The XS-1 f s a rocket-propelled research airpLme having an %percent-- 
thick wing and 6-percent-thick horizontal t a i l ,  A three-view layout of 
the a i q l ~ n e  is shown i n  figure 1, and the physical character is t ics  a re  
given i n  tab le  I. The weight conditions of the a i q l a n e  during f l i g h t  
a r e  : 

Launching weight, P O U L Z ~ E I  . . . . . . . . . . . . . . . . . . . .  12,365 . . . . . .  Launching center--of<ravity posit ion (percent 1 4 , A . c ~ )  22*1 
Landing weight, po.mds . . . . . . . . . . . . . . . . . . . . . .  7115 
Landing center-of-gravity positf  on (percent Me-4 .C. ) . . . . . . .  25.3 

Airspeed, a l t i tude ,  elevator position, nomzl, transverse, and 
longitudinal acceleration, shear and bending moment on the righ't hori- 
zontal t a i l  and bending moment on the r igh t  wing a re  recorded internally 
on standard NACA instriunents. I n  addition, airspeed, a l t i tude ,  normal 
acceleration, elevator force, e l e v a t o ~ ,  s tab i l lzer ,  and r igh t  a i leron 
angles are telemetered t o  a ground s t a t ion  and recmded. 

The elevator a n ~ l e s  are meas.wed re l a t ive  t o  ths s tab i l lzer ,  and 
the s t ab i l i ze r  angle is  measured r e l a t ive  t o  the a i r ~ l a n e  center l ine .  
The ai leron angle i s  measured relf l t ive t o  the neutral  position. 

A cal ibrat ion of the airspeed head has been ~mde up t o  a Mach number 
of 0.92 by the radar tracking method. The r e su l t s  of the calfbration 
a re  given i n  f igure 2 a s  a p lo t  of the r a t i o  of error  i n  Mach num-aer t o  
corrected Mach amber against corrected Mach nm3er. 

TESTS, RESULTS, AND DISCUSSION 

I n  the present prograa tne t e s t s  a re  made i n  such a manner a s  t o  
penetrate the transonic region a s  rapidly a s  possible. Only mild 
accelerated mansuvers have, therefore, been pe r fo rn~d  and the data 
obtained have consisted of various time histozies t o  i l l u s t r a t e  various 
points of in t e re s t  which 2+Ava occurred during the t e s t s .  The data have 
not bas3 completeQ analyzed a l thwgh a fey analysis figures a re  included 
t o  show ths  trends t h a t  have occ~xred. 

Figure 3 shows the time history of a portion 3f a run i n  which one, 
two, and three rockets wera tvrned on, Ths f i s i e  a l so  conpares the 
values recorded i n  the airplane with those telexetered t o  the ground 
statiofi. The comparisons show good agreemeat and it may be s tated tha t  
ths  differencas recorded zra l e s s  than 1 percext of the fu l l - sca le  range 
of the i n s t r m n t  involved, Since the te leae ter  accelerometer was undamped, 
reading was d i f f i c u l t  whsn buffeting occurred; thzrsfore, the telemetered 
resord of norrnal acceleration does not ex-t;end t o  the end of ths rdn ( f ig .  3) 0 
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I n  f igure 4 several quant i t ies  related t o  the s t a b i l i t y  changes 
tha t  have occurred are  plotted against Mach number, Since i n  a given 
ran the Mach number and the weight W change rapidly, the r e su l t s  a re  
given fo r  a selected airplane normal-force coefficient of about 0.2, 
The data have been obtained from two f l i g h t s  and include only those 
points arol~nd 1 g where the a hr acceleration is known t o  be a minimum, 
The p i lo t  f e l t  that with the ?stabilizer sett ing, the large trim forces, 
and the forward position of the s t i ck  precluded going t o  Mach numbers 
greater than 0.88. With the s t ab i l i ze r  a t  2.2' the p i l o t  continued f l i g h t  
t o  a Mach amber of 0.92. I n  going from a Mach number of O,7O t o  0.92, 
three trim cbnges  were noted: an airplane p i t c h - d m  tendency near 0.80, 
a pitching up above 0.87, and a t  0.92 the a i r p b n e  is again showing a 
pitchitown tendency. 

Previous t e s t s  on conventional f ightem have usually stopped a t  the 
f i r s t  trim change because of the large control forces involved. However, 
with the 2.2' s t ab i l i ze r  set t ing,  it may be seen tha t  the range of forces 
i s  amall (about 10 l b )  although the change of elevator posit ion is 
abo-~ t  kO, I n  the case of the 2.2' s t ab i l i ze r  se t t ing  the p i lo t  did not 
object t o  the trim changes. The forces were l i g h t  because the elevators 
a re  very s m a l l  (mean chord, 0.46 f t ) ,  and the f l i g h t s  were mde  a t  about 
30,000 fee t .  A t  lower a l t i tudes  or on a larger  similar airplane these 
character is t ics  would probably be objectionable. These f l i g h t  data a re  
i n  general agreament with data from the Langley $-foot high-speed tunnel 
and from wing flow t e s t s  of XS-1 models. 

I 
A measure of the apparent elevator effectiveness is  obtained frcxn 

the deflections required f o r  trim a t  the two s t ab i l i ze r  set t ings,  The 
change i n  the apparent elevator effectiveness with Mach number is  a l so  
s h q n  i n  figure 4 where it is  indicated tha t  the effectiveness is  reduced 
about 50 percent when the Mach nwnber i s  increased from O,7O t o  0 .87~  

I I n  sp i t e  of t h i s  large reduction i n  elevator effectiveness, the greater 
portion of the trim change is csused by the variation of the pitching 
moment of the wing and fuselage with Mach number, This change is indi- 
cated by the measured horizontal t a i l  loads of figure 4. 

Figure 5 gives the available data on longitudinal s t a b i l i t y  i n  
accelerated f l igh t .  The figure presents the var iat ion of elevator p ~ s i -  
t ion  and force with l i f t  coefficient a s  measured i n  turns a t  Mach numbers 
of 0.750 0.80, and 0.85. The data  a t  a Mach number of 0.75 a re  from 
reference 1. The data i n  t h i s  f igure shoir t ha t  a s  the Mach number is 
increased from 0.75 t o  0 ~ 8 5  the apparent s t a b i l i t y  a t  low l i f t  coeffi- 
c ients  is  increased, whereas the s t a b i l i t y  a t  high l i f t  coefficients i s  
unchanged. Some of the difference shown nay be a r e su l t  of the thicker 
wing of the airplane of reference 1 and the change of elevator effez- 
tiveness with Msch nuber .  

A time history of a turn t o  the s t a l l  is  sho-JM In figure 6, and a 
tLme history of an umccelerated s t a l l  i s  shown i n  figure 7, Both of 
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these s t a l l s  were i n  the clean condition, Figure 8 shows the variation 
of elevator angle with l i f t  coefficient recorded during the 1 g s t a l l ,  

The s t ab i l i ze r  actuator was originally s e t  a t  lo per second, but 
the p i l o t  f e l t  t h a t  t h i s  r a t e  was too slow f o r  good control; therefore, 
the r a t e  was increased t o  2O per second. A time his-tsory of a s t ab i l i ze r  
deflection a t  t h i s  new r a t e  is s h m  i n  f igure 9. The more rapid s a t e  
of s t ab i l i ze r  se t t ing  caused a rapid change of acceleration and caused 
the p i l o t  t o  overshoot the desired se t t ing  by 0.5'~ After he b e c a e  
accustomed t o  the new ra te ,  the p i l o t  f e l t  t h a t  it was sat isfactory.  

A time history of measured quantit ies obtained during a turn in to  
the buffet  region with 2.2' s t ab i l i ze r  se t t ing  is shown i n  figure 10. A 
similar time history of a turn below the buffet  boundary and ~$uring an 
approximately level-flight run within the buffet  region with 1.0' stabi- 
l i z e r  incidence is sham i n  f igure 11. The aerodynamic wing and t a i l  
loade presented a re  measured values corrected f o r  iner t ia  loads. Figure 12 
shows the envelope of l i f t  and Mach number canbinations obtained within 
the buffet  region f o r  a s t ab i l i ze r  se t t ing  2.2'. Limit l i f t  has been 
determined from measurements i n  which l i f t  ceased t o  increase although, 
a s  shown i n  figure 7, increasing up elevator is  being applied, These 
data were obtained i n  leve l  f l i g h t  or gradual turns and a r e  f o r  s. stabi- 
l i z e r  se t t ing  of 2.2' only. Although buffeting has been encountered i n  
leve l  f l i gh t ,  it has not been severe enough t o  prove bothersame t o  the 
p i lo t .  The maximum buffeting t a i l  loads were obtained a t  l i m i t  l i f t  
from a Mach number of 0.76 t o  0.80 and were of the order of L b 0  pounds. 
A t  Mach numbers greater than 0-80 the buffeting loads decrbased and up 
t o  a Mach number of 0.92 were l e s s  t h a n 2 5 0  pounds. Here again, the 
low value of these loads is due i n  par t  t o  the a l t i t ude  (30,000 f t )  a t  
which the t e s t s  were made, 

?here has been no evidence of onedimensionaL f l u t t e r  or ''buzz" up 
t o  a Mach number of 0.w. I n  addition t o  the th in  wing section, one 
reason f o r  the absence of buzz is  the large amount of f r i c t ion ,  about 
20 foot--pounds, i n  the aileron-control system, The aerodynamic hinge 
moment corresponding t o  a Mach number of 0,85 a t  30,000 fee t ,  neglecting 
Mach number e f fec ts  on the hinge moment coefficient,  is about 7 foot-- 
pounds per degree. Although hydraulic dampers have been instal led,  they 
have not been used. 

No signs of buzz or changes i n  the ai leron f loa t ing  tendencies have 
been reported, but the p i lo t  has noted a r igh t  wing heaviness which was 
f i r s t  noted a t  about M = 0.85 and which increased up t o  a Mach number 
of 0.92. Figure 13 shows the r igh t  a i leron angle plotted a s  a function 
of Nach number, and the gradual increase i n  downward deflection appears 
t o  confirm the p i l o t t ~  observation, It w a s  thought that one of the 
spoi lers  located on the upper surface of the wing might be deflecting 
an& thus chenging the airplane trim, but bolting down the spoi lers  had 
no ef fec t  on the wing heaviness, 
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CoNcLUsIoNs 

The data  obtained t o  date on the Bel l  XS-1 airplane show tha t  most 
of the  d i f f i c u l t i e s  expected i n  the transonic-speed range have been 
experienced and the airplane can be flown sa t i s fac tor i ly  t o  a Mach 
number of a t  l eas t  0.92 at  a l t i tude .  Detailed conclusions are:  

1. Although longitudinal trim changes have been experienced 
between M = 0.80 and M = 0.92, the control forces associated with 
the trim changes have been small and the  p i lo t  has been able t o  
control the airplane Without d i f f i cu l ty  . 

2.  The effeotiveness of the elevator a s  compared with tha t  of the 
s t ab i l i ze r  i n  changing trim decreased about 50 percent with an increase 
of Mach number from 0.70 t o  0.88. 

3 .  Buffeting has been experienced i n  leve l  f l i gh t ,  but up t o  a Mach 
number of 0.92 it has been very mild and the t a i l  loads associated with 
the buffeting have been small. 

4. No ai leron buzz or other f l u t t e r  phenomena have been experienced 
up t o  a Mach number of 0.92. The aikplane became right-wing heavy but 
could be trimmed with aileron. 

Laagley Memorial Aeronautical Laboratory 
National Advisory Committee f o r  Aeronautics 

Langley Field,  Va . 

1. W i l l i a m s ,  Walter C . , Forsyth, Charles M e ,  and Brown, Beverly P. : 
General Handling-Qualities Results Obtained during Acceptance 
Fl ight  Tests of the Bell  XS-1 Airplane. NACA RM No. ~ 8 ~ 0 9 ,  1948. 

2 0 Beeler, De E., and Mayer, John P. : Measurements of the Wing and 
T a i l  Loads during the Acceptance Tests of Bel l  XS-1 Research 
Airplane. NACA RM No. L7Ll2, 1948. 
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TtiBLE I 

PHYSICAL C-CTERISTICS OF BELL XS-1 AIRPLAME 

Engine . . . . . . . . . . . . . . . . . . . . . .  Reaction Motors, Inc. 
Model 6000C4 

Rating, s t a t i c  tmst a t  sea l eve l  f o r  
each of the four rocket cylinders, l b  . . . . . . . . . . .  1500 

Propellant 
Fuel . . . . . . . . . . . . . . . . , . .  "Di lu ted  e thyla lcohol  
Oxidizer . . . . . . . . . . . . . . . . . . . . . .  Liquid oxygen 

Propellant flow (approx.), lb/sec/cylinder . . . . . . . . . . .  7.9 
Fuel feed . . . . . . . . . . . . . . . . . . . . . . .  High pressure 

nitrogen gas 
Weight for acceptance t e s t s  

Maximum 
With f u l l  load and incorporating 

8 percent wing, ~b . . . . . . . . . . . , . . . . . . .  12365 
Minimurn 

Landing condition, 8 percent wing, lb . . . . . . . . . . .  7115 

Wing loading 
Maxbm ( 8  percent wing with 

fue l  load), bb/sq f t  . . . . . . . . . . . . . . . . . . . .  94.4 

Center-of-gravity travel,  percent Maximum 22.1 percent f u l l  
mean aerodynamic chord . . . . . . . . .  load Lo 25.3 percent enpty 

Wing 
Area (including section through 

fuselage) sq f t  . . . . . . . . . . . . . . . . . . . . . . .  130 
Span, f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 

Ai r fo i l  section . . . . . . . . . . . . . . . . . .  NACA 65,-110 ( a = l )  
and EACA 65,-108 ( a = l )  

Mean aerodynamic chord, i n ,  . . . . . . . . . . . . . . . . . . .  37.71 
Location ( a f t  of leading-edge 

root chord), in. . . . . . . . . . . . . . . . . . . . . . .  6.58 

Aspect r a t i o .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

Root chord, i n ,  . . . . . . . . . . . . . . . . . . . . . . . . .  74.2 
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TABLE I 

PHYSICAL CllAFUiCTWISTICS OF BELL XS--1 AIRPIANE . Continued 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Taper r a t i o  2:1 

Incidence. deg 
Root e e e . a ~ e e . e . e . e e r e e o e  . .  * e * e e * r e 2 e 5  . . . . . .   tip^^.^ . . 0 . . 0 . ~ . e e b e ~ ~ ~ . . ~ ~ . 1 . 5  

Sweepback (leading edge). deg . . . . . . . . . . . . . . . . . .  5.05 

Dihedral (chord plane). deg . . . . . . . . . . . . . . . . . . . . . 0  

Wiw f laps  (plane) 
Area. sp f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  11.6 
Span. ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.83 
chord (root).  i n  . . . . . . . . . . . . . . . . . . . . . . . .  14.84 
Chord ( t ip ) .  i n  . . . . . . . . . . . . . . . . . . . . . . . .  10.58 
Travel. deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 

Aileron ( in terna l  pressure balance) 
Area (each a i le ron  behind hinge l ine).  aq ft . . . . . . . . .  3.15 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.8 
Travel. deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  222 
Chord. percent wing chord . . . . . . . . . . . . . . . . . . . .  15 
Root-aean-a quare chordJ f t  I . . . . . . . . . . . . . . . . . e  0.565 

Horizontal ta i l  
A r e a .  sq f t  . . . . . . . . . . . . . . . . . . . . . . .  
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . .  
Distance from airplane design center of gravity . . .  t o  25 percent mean aerodynamic chord of tail. f t  . . . . . . . .  Stabi l izer  travel. deg. (power actuated) 

Elevator (no aerodynamic balance) 
Area. sq f t  . . . . . . . . . . . . . . . . . . . . .  
Travel fram stabi l izer .  deg . . . . . . . . . . . . .  
Rooknean+iquare chord. f t  . . . . . . . . . . . . . .  . . . . . . . . .  Chord. percent horizontal t a i l  chord 

. . .  13.3 
5 nose up 

and 10 down 

. . . .  5.2 . . .  16 UP 
and 7 down . . .  0.464 . . . .  20 
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TABLE I 

=ISTICS OF BEUL XS-1 A - Concluded 

Vertical tail 
Area (excluding dorml flln), sq ft . . . . . . . . . . . . . .  . . . . . . . .  Total height above, horitemtal 8abilizer, in, 
Ff n 

Area (excluding dorrrmal f in) ,  eq ft, . . . . . . . . . . . .  . . . . . . . . . . . . . . .  'Offset fra thruet axie, deg 
Rudder (no aer ct balance) 

A r e a , s ~ f t . ~ ~ ~ . ~ .  e B e ~ e a e O e O O e O O e O O  

S ~ n ~ f t  e e O O . e . e . 6 * 0 0 . @ P Q . * * , . * * O  

T r ~ 8 ~ l ~ d ~ ~ e e e c r e . e ~ e e * c e a e e o * * o e e e  . . . . . . . . . . . . . . . .  Root.-mea~quare chord, f t . . . . . . . . . . . .  Chord, percent vertical tail chord 
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