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SUMMARY 

Measurements have been made of the  &abili ty  characterist ics of the 
Ib55&l airplane in steadily  increasing  sideslips at various Mach nunibers 
from 0.50 t o  0.80 at an a l t i tude  of 10,000 f ee t  and at Mach numbers 

. fram 0.50 t o  0.84 at an a l t i tude  of 30,000 feet .  The results of these 
t e s t s  show that the apparent direct ional   s tabi l i ty  of the  airplane i s  
high and increases  with  increasing Mach  number and dynamic pressure. The 
dihedral  effect is positive at all speeb,  there is l i t t l e  o r  no change 
in  pitching moment w i t h  sideslip, and the  cross--wi~d  force is positive. 

IIYTRODUCTION 

The NACA is engaged in a flight-research program in  the  transonic 
s p e d  range ut i l iz ing  two Douglas w5%1 airplanes which were procured 
for use by the NACA i n  high-speed fl ight  research. One of these airslanes 
(Buero No. 37971) is being used for  the  inveetigation of s t ab i l i t y  and 
control  characteristics and ove-1 aerodynamic loads. The other air- 
plaqe (BuAero No. 37972) is  being used for  detailed measurement s of the 
pressure distribution mer the wing end horizontal ta i l .  The present 
report  covers results of measurements of the  static  directional and 
l a t e ra l   s t ab i l i t y  in sideslips made with the IL55&1 airplane 
(BuAero No. 37971) as part of the s t ab i l i t y  and control program. 

QC impact pressure, pounds per square foot 

M Mach number 

vi indicated  airspeed, miles per hour 
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rudder  positim,  degrees 

s ides l ip  angle, degrees 

AIRPLANE 

* 

powered by a single General Electric TG-180 turbojet  engine.  General 
views of the airplane are given in  figures l ( a ) ,  (b) , and (c) . A three-.view 
layout of the afrplane is given in  figure 2: Detailed  specificatiorm of 
the airplane a r e  given in reference 1. 

IN"I0N 

Standard WlCA recording instruments were wed t o  measure the  various 
quantit ies necessary t o  determine the s t ab i l i t y  and control characte- 
i s t i c s  of the  subject  airplane. In addition, a Consolidated  oscillograph 
was installed  to  record  the  loads as memured by the s t r a in  gages instal led 
i n  the wing and horizontal tail.  A l l  recorde were spchronized by means 
of a c o m n  timing  circuit. The Fnstrumsnts wed a;nd the  quantities 
measured follow: 

Recording  Instrument  Quantity Measured 

Airsped-dtitude  recorder Indicated airspeed, pressure al t i tude 

Three-component accelercrmeter Normal, longltudlnal, and transverse 
acceleration 

Angular velocity  recorder Rolling velocity- 

Yaw-a.ngle recorder Sidealip angle 

Wheel-force recorder Aileron and elevator  force 

Pedal-f orce  recorder Rudder-pedal force 

Control-position  recorder Aileron,  elevator,  rudder, and 
s tab i l izer  position 

Consolidated oscillograph Wing bending m m n t  and shear  load, 
horizontal-tail shear load 

Timer  Time - 



The yaw vane wed with  the y a w - m g l e  recorder w a s  mounted a distance 
of 1 chord  ahead of t h e   l e f t  wing t i p ,  The airspeed head was mounted on 
a boom on the  right wbg t i p  of such length that the sta t ic   o r i f ices  were 
at a distance of 1 chord ahead of the wTng leading edge. 

The results of the  airepeed  calibration  f l ights made on the 
-58-1 airplane have not been completely evduated as yet. m e  resui ts  
of a calibration of the  error in  static  pressure by flying past a refer- 
ence landmark indicate, however, that the error in lneasured s t a t i c  pres- 
sure is of the order of 0.01% up t o  a Mach number of approximately 0.78. 
Results of the  aimpeed  calibration of the XS-1 which has a similar b t a l l a -  
t ion  indicate that the error in Mach number up t o  M = 0.84, the limit * 

of the  present  tests, is of the order of 1 percent or less (reference 2). 

The s ta t ic   d i rec t iona l   s tab i l i ty  of the D-55&1 airplane w a s  measured 
in gradually  increasing  sideslips which nere made by slowly deflecting 
the ailerons and using suf'fic ient rudder and elevator' t o  maintain 
straight flight. Tests were made at pressure al t t tudes of apmoxi- 
mately 10,OOO and 30,OOO feet and ccmered a Mach nuniber range from 0.50 
t o  0.80 at 10,OOO f ee t  d f r o m  0.50 t o  0.84 at 30,000 feet .  

The .,results .-of the   tes ts  made at 10,000 f e e t  are given in 

f i g p e s  I ta{ 
figures a t o  3 ( f )  whereas resulte  obtained a t  30,000 fee t  in  

t o  4(g). Ln these  figures,  rudder,  aileron, and elevator 
position and force and angle of. b d  are plotted as functions of side- 
s l i p  angle. The values of bank angle were obtained from measurements of 
the  transverse  acceleratfan. ET0 measurements of rudder force were 
obtained, however, at 10,OOO feet   a l t i tude.  The variation of rudder 
position and force  with  sideslip angle gives a measure of the   s ta t ic  
directional  stability,  control  fixed and free. A measure of the dihe- 
d ra l  effect,  control  fixed and control free, is afforded by the  varia- 
t ion  of aileron  position m d  force  with  sideslip angle. The pitching 
moment due t o   s i d e s l i p  is i l lus t ra ted  by the  variation of elevator posi- 
t i o n  and force with sideslip angle and the variation of angle of bank 
with  sideslip angle gives a measure of the crosEl"wind-force characteristics. 

The data given in  figures 3 and 4 show that the  direct ional   s tabi l i ty  
of the -58-1 is high throughout; the speed range tested. The dihedral 
effect  of the  airplane is positive, although low, throughout the sgeed 
range. There are some discontinuities in the variation of aileron  force 
and position  with s ides l ip  asgle near zero sideslip. It is believed  that 
them  discontinuities are caused by the friction in the  control syetem 
in  the  case of the force measurements and caused by some play in the 
aileron linkage between the aileron and the point of measurement in the 
case of position  measurewnts. The slopes of these  curves, however, 
should &ford a gooa measure of the dihedral effect. There appears t o  



be l i t t l e   o r  no c u e  in   p i tch ing   mmnt  with s ides l ip  angle f o r  all 
sidesllps presented. The croas-wind  force was positive; that i a ,  right 
bank accompanied right sideslip. 

A comparison of the direct ional   s tabi l i ty  data presented in  figures 3 
and 4 shows that there is a var ia t ion   in  the direct ional   s tabi l i ty  
parameter d&/dp u i th  Mach number and indicated  airspeed. To illue- 
trate t h i s  fac t ,  figure 5 w-as prepared t o  show the  variation of dbr/dP 
with Mach number and ind la ted  airspeed  for the two test  a l t i tudes  
(10,000 and 30,060 ft). In t h i s  figure, it cazl be seen that the increase 
in  the  apparent  directional  stability with increasing sped is  a function 
of Mach  number. The increase  in  apparent  directional  stabil i ty at any 
given Mach nuniber as the  a l t i tude is. decreased i s  probably  caused by a 
decrease i n  rudder  effectiveness.' This decrease i n  rudder  effectivensss 
i s  probably  caused by dis tor t ion of the ver t ica l  ta i l  and fuselage at 
the  higher  values of dynamfc presaure encountered- at the lower al t i tude.  

The results of measurements of the s tabi l i ty   character ie t ics  of the 
-558-1 airplane in  ateadily  increasing sideslips at various Mach nunibere 
from 0.5 t o  0.80 at 10,OOO fee t   a l t i tude  and from 0.5 t o  0.84 at 
30,000 fee t   a l t i tude  ehow the  following: 

1. The .apparent  directional  stability of the %55&1 airplane is  
high  throughout the speed range tested,  but is greater at low a l t i tude  
than at high a l t i tude  at any given Mach number. There is also an increase 
i n  direct ional   a tabi l i ty  with increasing Mach number. 

2. The dihedral  effect was positive  but low throughout  the awed 
range teated. 

3. There was l i t t l e  or no c-e in   pi tching mament with  sideslip 
and the cross-wlnd force was positive. 

Langley Memorial Aeronautical  Laboratory 
National Adviaory Committee for Aeronautics 

Langley A i r  Force Base, Va. 
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( c )  Front v i m .  

Figure 1.- Photographs of Ib558-1 ailplane. - 
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Figure 2.- Three-view drawing of D-558-1 airplane. 
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(a) M = 0.50. 

Figure 3.- Steady sideslip characteristics  at 10,000 feet altitude. 
D-558-1 airplane. 
ly 
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(b) M = 0.59. 

Figure 3.- Continued. - 
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( c )  M = 0.65. 

Figure 3. - Continued. - 
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Figure 3.- Continued. - 
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. Figure 3.- Continued. - 
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Figure 3.- Concluded. 
1 
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Figure 4.- Steady sideslip characteristics  at 30,000 feet altitude, 
D-558-1 airplane. - 
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(b) M = 0.58. 

Figure 4." Continued. 
-L. 
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(d) M = 0.69. 

Figure. 4. - Continued. - 
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(e) M = 0.76. 

Figure 4.- Continued. - 
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(f) M = 0.80. 

Figure 4. - Continued. - 
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(g) M = 0.84. 

Figure 4. - Concluded. 
-4. 
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Figure 5. - Variation of d6 /dg with Mach number and indicated airspeed. r 
D-558-1 airplane. - 
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