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KLIGEPS OF TEE MORTHROP X-k AIRTMNX (A.F. Xo. 46-676) 

By George M. Valentine 

SUMMARY I 

HACA instrumantation has been installed fn the Morthrop X-4 &I- 
plane t o  obtain  stabil i ty and control data during the Northrop - 

conducted acceptance tests.  The results of the fourth and f i f t h  
flights of the Northrop X-4 nmiber 1 airplane are presented in this 
paper: These .data were obtained  for a centeMf-grav3ty  position of 
approximately 19.5 percent of the mean aerodynamic chord. _ -  . . .  - 

. The results  of. this flight showed that the  directional  stabil i ty 
a ~ -  measured in  steadily  increasing  sideslips -was positive and high and 

airplane t o  be lcmgitudinally stable,   st ick fixe&, with the center of 
gravity at 19.5 percent of the mean aerodynamic chord. 

' that the  effective dihedral was positive. The results a l s o  show the I 

As a p a x  of t h e  A i r  Force-RaTyqACA transonic-flight  research 
program, the Northrop Company has constructed tkie X-k a i rp lane.  This 
airplane is intended for p e r f o w  research OIL a tailless c a f e  
ratim at high subsonic Mach riders. 

NACA recording  instrwnen€+tion has been installed in the airplane 
t o  provide  data c m  s t a b i l i t r  and .cmtrol  chaxacteristics  during the 
morthrop conkctea acceptance tests.  me pres-ent .paper gives . data 
obtained or;- the fourth and f i f t h  flights made May 20, 1949 and May 25, 
1949, respectively, xith the center 0: grad- at-agproximately 
19.5 percent of the mean aerodynamic chord. The speed range covered 
was 140 t o  340 miles per hour indicated  airspeed at  approximately. 
15,000 f ee t  pressure altitude. . ,  
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Indicated  airspeed, miles per hour 

sideslip angle, degrees 

elevon angle, degrees 

rudder angle, degrees 

” 

Q d p m i c  pressure, pounds per sqme foot 

s wing area, square  feet 

W -airplane weight, pounds 

k airplane normal-force coef’ficient 

n . normal acceleration 

Subscripts 

L, R l e f t  and right elevons, respectivelg 

The Northrop X i  airplane is a semftailless research a i r p e e  
having a ‘vertical  tafl but no horizontal-tail surfaces. It fs powered 
by two Westlngbuse J-3-79 engines and ‘is des i sed  for flfght 
research in the high s~$soqic speed  range; Photographs of the a i rp lane  
m e  presented in figure 1 and a - t h r e e v i e w  drawing as figure 2. 
Table I lists the -sic& characteristics of  the airplane. 

Because of the sm+l  s i z e  of the X - 4 -  afrplane and the inqkumen- 
ta t fon- req~re- t s  for the Northrop structure and engi”bemp.erature 
measurements, it W&E possible  to install only a minimum of s t ab i l i t y  
and control instrwnentation. Standesd NACA internal Insfzuments record 
altitude,  airspeed, angle of sideslip, right and left elevon positions, 
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and rudder  position. In additian, the following quantities axe telen+ 
etered to a ground statim: normal acceleratian,  altitude,  airspeed, 
r ight  and left elevon positims, and rudder  position. The telemeter 
was used  during f l i gh t  4 but was not used  during flight 5 because of 
interference  with the Kor th rog  teqeratur-asuring instruments. All 
of the records are correlated by a comunn timer. 

The recordAng airspeed and altimeter are connected t o  the airspeed 
head on the vert ical  fin. 

~b flight 4, the p i lo t  made records of steaQ.sideslfps at  several 
sideslip au@es at constant speeds of 280 miles per hour and 173 miles 
per hour indicated  airspeed. The p i lo t  also made records of elevator 
positicm fo r  trim at two  speeds, 1% and 256 miles per hour indfcated 
airspeed in the clean  configuration, and at 140 miles per hur Indicated 
airspeed in the lauding configuration wlth flaps  retracted and gear 
d m .  Data during a descent with dive brakes open and landfng were 
&so obtained. 

~n f l i gh t  5 ,  records 'were taken of elevator position for -trim it 
five speeds, 135, 152, 203, 275, and 340 miles per hour indicated air- 
speed, in the clean configuration, and elevator  position  for trim at  . 
three speeds, 151, 174, and. 216 miles p.er hour indicated  airspeed in 
the  landing  configuration w f t h  gear dom and flaps retracted. Records I 

were  also taken of the lat'eral oscillaticms result- from.releasing 
the elevon from a- steady sideslip with rudder "fixed" and releasfng the  
rudder from a steady  sideslip wlth rudder "free." Record of the landing 
v&s a380 taken. 

A measure of the stick-fixed s t a b i l i t y - i s  shown in the upper 
por&ion of figure 3 and i n  figure 4 where the langitudinal  control 

angle 
8% + 6er 

2 
is plotted against indicated  airspeed V i  and 

nomtmL"orce coefficient m. These &ta show that in the clean and 
in the geaz-down flaps-retracted configuratim the airplane is stable 
as shown by the increase in longitudinal  control angle for t r i m  with 
an increase in %. Acceleratian of g was ass-d t o  conpute normal- 
force.  coefficient  for flight 5. D a t a  for  'determining values of % 
for these runs during flight 4 were not mmglete; hence, no data. for 
flight 4 a r e  included in figure 4. Included also in figure 3 is the 
l a t e r a l  trin required for the speeds tested for  ge- and geEudawn 
configuratians. 

Results of the  meaSur&aits made in steady sfdeelips in flight 4 
aze given in -figures 5 and 6 for  which the rudder angle 6, and 
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effective  aileron. angle 

angle 8. These hats show that the directional  stabil i ty - is  positive 
and high as  measured by the variations of rudder  angle with sideslip 
angle, aqd the effective  dihedral is positive jns measured by the vmi- 
atfons of effective  aileron angle with sideslip angle.. ' A B  exgected, 
the effective dihedral increases  with an increase in %. The vari- 
ations of rudder angle with sideslip w e  were 2. EO rudder angle per 
degree of sideslip angle at 175 miles  per hour indicated airspeed 
and 1 . 9 0 ~  rudder angle per  degree of sideslip angle at  280 miles  per 
hour indicated  airspeed. me vWiation8 of. effective  aileron angle 
with  sideslip angle were 0.66' effectirpe  aileron angle per degree of 
sideslip angle at  175 miles ger hour indicated airspeed and 
o .27O effective a i l e r a  angle per degree of sidesup anae  at 280 a l e s  
per hour indicated  airspeed. 

- "BL are plotted  against  sideslip angle 

Figures. 7 and 8 axe. time histories -of the  lateral   oscil latians 
-e by releasing t h e  rudder from a steady  sideslip of approximate- 
4O in flight 4. These data show that the  oscillatfons were damped, but 
aryr exact m e a s u r " t  of dmging is d i f f icu l t  because of elevon 
mwemant . - .  

. .  

Figures 9 and 10 are tlme histories of lateral oscillatians made 
by releasing the elevon from a steady ,sideslip and releasing the rudder 
-from a steady sideslip, respectively, in flight 5 .  Data were taken 
a f t e r  the disturbance had been made. In the elevon release w i t h  rudder 
fixed,  the  period of oscilla-Hon was 1.4 seconds -per  cycle, and the 
time required  to damg t o  on- maxbnm amplitude WBB 3.8 seconds . 
In .the  rudder  release with rudder free,  the  period of oscillation w a s  
1.3 seconds. per  cycle and the the required  to damg t o  one-half ampH- 
tude w a s  3 . 1  seconds. These damping characteristics do. not meet ' the 
specifications as s e t  f o r t h  i n  . t h e  U. S; Air Force  specffications 
no. 181- as being  satisfactory. ' 

Figure l l  is a time history of quantities me-asured during d i v e  
brake operation. A t  time approximately 3 5  seconds w i t h .  the airspeed 
stabilized at 270 miles per -hour and with about 20 percent mx5mm - 

power, the dive bra;kes were deflected 40 percent,maximm deflection 
(pi lot  ObserPation) . Sinking speed of the order of 6000 fee t  per 
minute. were recorded. Divdrake  . 'deflection and flight  conditions 
before time 35 second6 were not constant. . 

Time histories of the landings are given in figures l2 and 13 for  
f l ights  4 and 5 ,  respectively.. m f l igh t  4, gr0im.d contact wemade 
at  140 miles per hour indicated airspeed a t  a normal-force coefficient 
of alout 0.67. The up longitudinal  control m e  used w& 
l4.6O. In flight 5, ground contact was made at 147 miles  per hour 
indicated &speed at a normal"force coefficient of 0.60.' % maximum . 
up longitudinal  control ar@e used w a s  14.7O. . 
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Figure 5.- Lateral-contzol position and rudder positian 
s l ip  angles at 175 miles per hour indfcated airspeed, 
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Figure 6.- Lateral+ontrol position and mdder. position at various 9146- 
.: slip angles at 280 miles per hour indlcated airspeed, X 4  airplane.  
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