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W I N D - M L  TESTS OF A 0.16- SCALE MODEZ OF TEE 

DOUGLAS ~~-656 AIRPLANE AT HIGH SUBSONIC SPEEDS. 

I - STABILITY AND CONTROL CHNiACTEBISTICS 

By William T. Hamilton and Joseph W. Cleary 

SUMMARY 

Static lateral- and 1ongitudinal-sttibil;ity tests at low and high 
subsonic Mach numbers were made of a 0.16-scale model of a projected 
supersonic airplane having a low-aspect-ratio wing. 

The tests show that the airplane without nose fins a,nd with the 
leading-edge flaps undeflected may encounter undesirable changes in 
longitudinal stability at lift coefficients required for maneuvering 
at Mach numbers of 0.40 to 0.80. At a lift coeff icient of approxi- 
mately 0.7 the model became longitudinally unstable, Deflecting the 
leading-edge flaps 30° downward improved the stability at 0.7 lift 
coefficient for most Mach numbers. For the range of lift coefficients 
attained at test Mach numbers of 0.90 and 0,925, the longitudinal- 
stability characteristics of the model appeared to be satisfactory. 

The instability that occurred at a lift coefficient of approxi- 
mately 0.7 appeared to be caused by a destabilizing action of the 
horizontal tail as the angle of attack was increased beyond the stall. 
This destabilizing action may be due to the downwash at the tail 
increasing at a rate more rapid than the increase in angle of attack, 
The effectiveness of the tail for changing the balanced attitude of 
the model was retained to a Mach number of at least 0.925. 

The addition of the nose fins in the normal position reduced the 
stability and delayed the stall to a higher angle of attack, In the 
landing configuration flaps defleoted and 
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landing gear extended), the model was' s i ightly unstable near the s t a l l  
without the nose f ins and highly unstable with the nose fins. 

Without the nose fins, the directional s tab i l i ty  of the model 
was high, although not excessive, for  a l l  Mach numbers of the tes t .  

INTRODDUCTION 

This report pm'esents the results  of high-speed wind-tunnel t es t s  
of a 0.16-scale male1 of the grojected MK-656 airplane. This airplane 
has a low-aspect-ratio wing and t a i l  with sharp leading and t ra i l ing 
edges and i s  designed for supersonic speeds. 

I . )  

The t es t s  were? conducted a t  the request of the U. S. A i r  Force 
t o  investigate the lateral- and longitudinal-stability and control 
characteristics in  the  low and high subsonic speed ranges, and were 
made i n  the Ames 16-foot high-speed wlnd tunnel. 

During the tests ,  undesirable changes in  the longitudinal stabil- 
i t y  near the s t a l l  were noted. Consequently, the testing was terxni- 
nated and the model was transferred t o  one of the ,Junes 7- by 10-foot 
wind tunnels wbere the s tab i l i ty  problem could be studied more 
ec onomically . 

COEFFIC Il3NTS AND S'JIMBOLS 

P i t c S i ~  moments, yawing moments, and rol l ing moments were com- 
puted with respect t o  mutually perpendicular axes that p&ed through 
the center of gravity of the model. One axis coincided with the fuse- 
lage reference l ine  while another was paral lel  t o  the wing 7Fpercent- 
chord l ine,  The center of gravity was assumed t o  l i e  on the fuselage 
reference l ine and above the lfi-percent point of the wing mean aero- 
dynamic chord. 

The horizontal-tail hinge moments were compute8 with respect t o  
a la te ra l  axis passing through the 2rj-percent point; of the mean 
aerodtpcunic chord of the exposed t a i l .  

The coefficients and symbols used i n  t h i s  report are defined 
as follows : 

CD drag .coefficient 
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Ch+ horizontalAai1 hinge-moment coefficient 

hor izontal-tail hinae moment 
qs tzt 

I lift \ CL lift coefficient \ - 
\ qs 

C L ~  tail lift coefficient ; 

Cm pitchingaoment coefficient fpitching moment) 

i ssa 
ACc increment of cross-wind-force coefficient 

fincrement of cross-wind force ) 
i qs 

?increment of drag 
ACg increment of drag coefficient i 4s 

A C ~  increment of lift coefficient of lift\ 
1 

AC2 increment of rolling+noment coefficient 

(increment of rollim moment 
qSb 

ACm increment of pitching-moment coefficient 
/ihcrem&nt df' bitihinp: moment \ 
\ 
\ qSF 1 

ACn increment of yawing-moment coefficient 
increment 'of yawing moment) 

i qsb i 
a angle of attack of the fuselage reference line wi*h respect to 

the wind axis, degrees 

Aa, increment of angle of attack, degrees 

6zf leading-edge flap deflection, positive downward, degrees 

6tf trailing-ehge flap deflection, post tive downward, degrees 
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o effective downwash angle a t  the t a i l ,  degrees 

\Ir angle of yaw of the fuselage reference l ine  with respect t o  the 
wind axis, degrees 

P mass density in  the f ree  stream, slugs per cubic foot 

P t  mass density a t  the t a i l ,  slugs per cubic foot 

A aspect r a t i o  

b wing span, feet  

b t  hor izontal-tail span, feet  

c t  t a i l  chord 

- 
of the exposed horizontal ta i l  

, feet  

it horizontal t a i l  incidence with respect t o  the fuselage reference 
line, positive with the t ra i l ing edge downward, degrees 

M free-stream Mach number 

q free-streaa dynamic pressure , pounds per square foot 

q t  dynamic pressure at the t a i l  , pounds per sq48re foot 

R Reynolds number based on the mean aerodynamic chord of the wing 

S wing area, square feet  

S t  t a i l  area, square feet  
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V freeatream velocity, feet  per second 

Vt velocity a t  the t a i l ,  fee t  per second 

y perpendicular distance along the wing semispan from the model 
plane of symmetry, fee t  

yt perpendicular distmce along the horizontal-tail sewspan from 
the model plane of syrmnetry, feet  

MODEL AM) APPARATUS 

The 0.16-scale model of the MX-456, shown in  figure 1, was 
furnished by the Douglas Aircraft Company. The wing of the model had 
an aspect r a t i o  of 3.01 and a thickness of 4.5 percent of the chord. 
The wing a.nd vertical t a i l  had symmetrical hexagonal sections with 
rounded corners a t  30- and 70-percent chord and relatively sharp lead- 
ing and t ra i l ing edges. Outboard of station 3.095 (inches model scale),  
the horizontal t a i l  had the same section as the wing and vertical t a i l .  
Between stations 3.095 and 0.377 (the fuselage juncture), the section 
changed to  a syrnrnetrical diamond with rounded corners a t  SO-percent 
chord. The pertinent dimensions of the model w e  l i s ted  i n  table I. 

The wing had plain full-span leading--ed.ge flaps of constant chord 
(13.45 percent of the mean aerodynamic chord). Partial-span, sp l i t ,  
trailing-edge flaps having a chord of 25 percent of the wing chord 
extended from the wing-fuselage juncture t o  the aileron (46.6 percent 
of the semispan). An aileron was provided on the l e f t  wing. The 
external brackets for the leading-edge flaps and ailerons of the full- 
scale airplane were simulated on the model. The all-movable horizon- 
t a l  t a i l  was provided with rn electr ic  resistance-type s t ra in  gage for 
measuring hinge moments. The vertical t a i l  had rt movable rudder. 
The leading-edge flaps, aileron, and rudder had radius noses with 
unsealed gaps that  could be considered negligible. 

The stabilizing f ins for the jettisonable nose had a circular- 
arc cross section with sharp leading and t ra i l ing edges. In the 
normal position, the f ins were mounted a t  4, 8, and 12 o'clock loca- 
tions, while for  the alternate position they were a t  the 2, 6, and 
10 o'clock locations. The model was furnished with landing gear and 
landing-gear doors as shown in  figure 2 .  A i r  scoops were not installed 
during the t e s t  program. The complete model as discussed in  th is  report 
includes tho fuselage, t a i l  boom, canopy, wing and empennage, nose fins, 
and the external brackets for the leading-edge flaps and ailerons. 
Unless otherwise noted, the flaps and control surfaces were undeflected 
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and the t a i l  incidence was oO. 

The tes t s  were conducted i n  the Ames 16-foot high-speed wind 
tunnel. The model was  mounted on the sting-type support system as 
shown by figures 2, 3, and 4. Farces and moments on the model were 
measured by an electr ic  r e s i s t w e t y p e  strain-gage balance enclosed 
within the model. This balance is capable of measuring four components 
of force and moment. With the model upright, normal force, chord force, 
pitching moment, and rol l ing moment were measured. With the wing i n  a 
vert ical  plane, the model could be yawed and the side force, yawing 
moment, and rol l ing moment I$retermined. Figwe 5 shows the position 
of the model during the yaw tes ts .  The angles of attack or yaw of 
the laode1 were measured visually with a protractor mounted outside of 
the tunnel t e s t  section, 

TESTS 

Tests were made of the complete moclel with the nose f ins in  the 
normal aad alternate positions and without the nose f ins  t o  evaluate 
their  effect upon the longitudinal-stability characteristics. The 
complete model less the empennage and the nose f ins  was also investi- 
gated t o  determine the effect of the empennage on the s tab i l i ty  and 
t o  estimate the downwash characteristics a t  the t a i l .  The effective- 
ness of the horizontal t a i l  was measured wi%h the nose f ins in the 
normal position. 

The effect of the leading-edge flaps on the longitudinal- 
s tab i l i ty  and l i f t  characteristics of the model was evaluated from 
tes t s  of several configuriztions with the leading-edge flaps deflected. 
The s tab i l i ty  and l i f t  characteristics of the complete model with and 
without the nose f ins  but with tbe landing gear extended and the 
Leading- and trailing-edge flaps deflected were also obtained. 

Tests were conducted of the complete model without the nose f ins  
and with and withaut the empennage t o  evaluate the lateral- and 
directional-stability characteristics in  yaw with the rudder *deflected. 

The average Reynolds numbers of the tes t ,  shown in  figure 8, 
increased from 2,120,000 t o  4,920,000 as the Mach number was varied 
from 0.27 t o  0.925. 

PRECISION AM> CORaECTIONS 

The following values in  coefficient form are the estimated 
maximum errors of measurement a t  Mach numbers of 0.40 and 0.90: 
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CL - CD - Cm - Nt - N n  - a c  - 

The angles of attack or yaw are believed t o  be correct within LO. 2'. 

The results  have been corrected f a r  the effects of the wind- 
tunnel walls by the addition of the following (reference 1) : 

Lkr (deg) = 6 . 1 6 4 ~ ~  

Corrections for  the effect of the tunnel walls on the angle of yaw 
are considered negligible and have been omitted. 

Interference effects of the s t ing support' were determined a t  
low speed by test ing the model i n  the Ames 7- by 10-foot wind tunnel, 
with and without a dummy st ing behind the fuselage (fig. 6). A t  a 
given angle of attack, the interference effects  are believed not t o  
vary with Mach number. Unpublished data on f i l e  a t  th i s  Laboratory 
support this belief for  Mach numbers up t o  0.90. Interference tares, 
as applied t o  the data, are presented i n  figure 7. 

Constriction corrections t o  account for  the blocking effect of 
the model i n  the tunnel t e s t  section were applied according t o  the 
method of reference 2. The Mach number correction amounted t o  0.40 
percent a t  0.70 Mach number and 1.45 percent a t  0.90 Mach number. 

Pressures were measured at f ive points on the f l a t  base of the 
fuselage (the area occupied by the tail-pipe outlets of the airplane) 
and the drag data were corrected t o  correspond t o  free-stream s t a t i c  
pressure over th i s  area. 

DISCUSSION 

The data included in  th i s  report represent practically a l l  the 
force and moment data that  were taken during the tes t .  Blthough 
some of the figures w e  not discussed in  detail ,  they have been 
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included in the report as they ere believed t o  be of interest and 
value t o  the manufacturer and t o  users of the airplane. An index of 
the figures giving aerodynamic data i s  presented in  table 11. 

Lif t  Characteristics 

Model without the nose fins.- The variation of l i f t  coefficient 
with angle of attack (f ig,  g(a))  was approximately linear for  angles 
of attaok below 12' a t  0.25 Mach number. Above 12' the l t f t  first 
decreased slightly, then increased slowly. Unpublished pressureL 
distribution data indicate that  th i s  s t a l l  a t  l2O angle of attack was 
the result  of complete separation of the? flow over the upper surface 
of the wing. 

A t  an angle of attack of about 24O, a maximum l i f t  coefficient 
of 0.85 was attained - a value 0.15 greater than that  a t  the f i r s t  
s t a l l .  Pressure-distr ibution data indicate that  the increase i n  l i f t  
beyond the s t a l l  was due t o  an increase i n  pressure over the lower 
surface of the wing. Unpublished data from the Ames 7- by 10-foot 
wind tunnels show that  the fuselage also contrfbuted t o  the l i f t  
beyond the s t a l l  of the upper surface of the wing. 

Between Mach numbers of 0.25 and 0.85 (fig. 9(a)) ,  the l i f t  
curves were generally similar t o  that  for  0.25 Mach number except 
that  the s t a l l  became less abrupt and started a t  10' or 11° angle 
of attack. A t  0.85 and 0.875 Mach numbers, the slope of the l i f t  
curve decreased markedly above 8 O  angle of attack but no negative 
slope occurred even up t o  13' angle of attack. The increased slope 
of the l i f t  curves a t  0.90 and 0.925 Mach numbers, for  angles of 
attack above 7') may be the result  of approaching the choking condi- 
t ion in  the wind tunnel and cannot be considered reliable. Figure 
33 shows that  the l i f t -curve slope for constant l i f t  coefficients 
varied in  an irregular manner with Mach number. 

Model with the nose fins.- At 0.25 Mach number, the addition 
of the nose f ins  i n  the normal position (fig. l l ( n ) )  caused the s t a l l  
t o  be delayed t o  an w l e  of attack of approximately l 9 O .  The maxi- 
imum l i f t  coefficient a t  the f i r s t  s t a l l  was increased from 0.71 t o  
1.00 a t  a Mach number of 0.25. This increase i n  maximum l i f t  coeffi- 
cient i s  believed due primarily t o  the side nose f ins turning the air 
downward as it approached the wing roots, thereby decreasing their  
effective angle of attack. Thus the separation of the flow from the 
w i n g  was delayed unt i l  a higher angle of attack was reached. The 
addition of the nose f ins caused only sl ight  changes in  the slopes 
of the l i f t  curves. and the angles of attack for zero l i f t  (figs. 
9(a> and l l ( a ) ) .  
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Effect of the leadina-edae flaps.- In general, deflecting the 
leading-edge flaps downward at low Mach numbers increased the maximum 
lift coefficient with insignificant changes in the IffCcurve slope 
(figs. ll(a), 13(a), 14(a), and 15(a)). A comparison of the lift 
curves for the model in various configurations (fig. 24) shows that, 
at 0.40 Mach number, deflecting the leading-edge flaps 30' delayed 
the stall from 12' to 17' angle of attack and increased the mimum 
lift coefficient from 0.71 to 1.03. An increase might be expected 
because the separation that covered the wing at 12' an@e of attack 
with o0 flap deflection spread from the sharp leading edge of the 
wing rearward; and deflecting the leading-edge flap relieved the 
extreme adverse pressure gradient near the leading edge of the wing. 

Model in the landina confimation.- The lift curves of the model 
in the landing configuration (leading- and trailing-edge flaps deflected 
and the landing gear extended) with the nose fins in "ihe normal posi- 
tion and without the nose fins are shown in figwe 20(a). A maximum 
lift coefficient of approximately 1.38 was attained with or without 
the nose fins for the same flap and horizontal-tail settings. From 
wind-tunnel tests of a wing of similar section with an aspect ratio 
of 4, the effect of Reynolds number on the maximum lift coefficient. 
appeared to be of little significgnce (references 3 and 4). Thus it 
seems that the value of 'maximum lift coeff icfent attained by the model 
would probably be close to that for the full-scale airplane if allow- 
ance is made for the tail lift necessary to balance the airplane. 

Static Longitudinal Stability and Control 

Model without the nose fins .- Figure 9(b) shows that the varia- 
tion of pitching-moment coefficient with lift coefficient was not 
linear at any of the test Mach numbers, but was probably acceptable 
for lift coeffJcients below the first stall. The static longitudinal 

stnbility - 5) was, in general, less in the region of 0.2 to 
ac, - 

c~ 
0.3 lift coefficient than it was immediately above or below this 
region for Mach numbers below 0.85 (figs. g(b) and 33). The 

extremely large value of shown in figure 33 for 0.6 

CL 
lift coefficient and at 0.85 Mach number was due to the proximity of 
the stall. 

As the angle of attack was increased through the first stall, 
between Mach numbers of 0.40 Euld 0.80, the model became longitudinally 
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unstable (fig. g(b) ). Flight i n  th is  unstable region would probably 
be di f f icul t  for  the pi lo t  and might be dangerous during maneuvers; 
for  should the airplane enter th is  unstable region with a positive 
ra te  of increase of angle of attack, i t s  angular velocity would tend 
t o  increase un t i l  the angle of attack had passed through the c r i t i c a l  
region. The drag of the airplane would increase about 60 percent 
(fig. g(c)),  thereby slowing down the airplane and aggravating the 
s ta l led  condition. No unstable regions were observed for  Mach numbers 
of 0.875 and higher ( f ig  . 9(b) ) . Deflecting the Leading-edge flaps 
300 improved the s tab i l i ty  a t  most Mach numbers (figs. 16(b) and 
19(b) * 

The pitching-moment characteristics of the model without the 
empennage (fig. 10(b)) show a marked increase in  s tab i l i ty  

(- 2 )CL a t  l i f t  coefficients between about 0.35 and the s t a l l .  

Since the fuselage alone without the nose f ins i s  definitely unstable 
(f ig.  23(a)), the positive s tab i l i ty  in  th i s  region i s  believed t o  be 
due t o  the rapid rearward movement of the area of separated flow on the 
upper surface of the wing as the angle of attack was increased. (see 
photographs of tufts ,  fig. 37. ) An instabil i ty following the s t a l l  
i s  indicated, as in  the ta i l -on data. 

Figure 31 shows the variation of the pitching-moment coefficient 
with Mach number for the model with and without the empennage. A 
pitchingilown tendency developed a t  a Mach number of approximately 
0.85 as indicated by the decrease in  pitching+noment coefficient for 
constant l i f t  coefficients. 

A comparison of the ta i l -on and tai l-off  pitching-moment char- 
acterist ics (fig. 23) indicates that  the t a i l  was destabilizing for 
angles of attack between l k O  and 1 8 O .  It i s  believed that  t h i s  
destabilizing action was due t o  a changing downwash pattern over the 
t a i l  in  the angle-of-attack region beyond the wing s t a l l .  The down- 
wash over the t a i l  (f ig,  35) calculated from tail-on and tail-off 
pitching-moment data shows that  the ra te  of change of downwash with 
angle of attack was approximately 1.0 a t  14' angle of attack and the 
r a t e  was increasing with angle of attack. Whenever the effective 

downwash increases faster  than the angle of attack 
t a i l  action i s  destabilizing. 

Model with the nose fins.- The pitching-moment characteristics 
of the model with the jettisonablenose f ins  in  the normal position 
are presented i n  figures I l ( b )  a d  22(b), Instabil i ty occurred a t  
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a lift coefficient of approximately 0.6 for Mach numbers of 0.80 and 
lower. The effect of the nose fins on the pitchingdoment character- 
istics of the model is shown in figures 22 and 23. A greater BEestabi- 
lizing effect occurred with the fins in the alternate position than 
in the normal position at 0.40 Mach number for lift coefficients less 
than approximately 0.6. 

Figure 34 shows the effectiveness of the tail qt C: r 
for several Mach numbers. The general decrease of tail effectiveness 
with angle of attack is presumed to be caused by the tail entering a 
region of lower-energy air. The tail effectiveness generally increased 
with increasing Mach number to a value of 0.073 per degree at 0.90 
Mach number and o0 angle of attack. 

Effect of the leading-edge flaps .- Figures 13(b), 14(b), and 
15(b) present data for leadingkdge 'flap angles of lo0, 20°, and 
30°, respectively, for the model with the nose fins in the normal 
position. Deflecting the leading-edge flaps did not alleviate the 
instability that occurred at a lift coefficient of approximately 0.6. 
A pitching-down tendency that occurred at approximately 0.85 Mach 
number was not changed by deflecting the leading-edge flaps 3oQ 
(fig. 32). 

The pitching-moment characteristics of the model with the leading- 
edge flaps deflected but without the nose fins are presented in figure 

, 25. Deflecting the leading-edge flaps 30° did not change the stability 
significantly below 0.7 lift coefficient but delayed the instability 
to a higher lift coefficient. In general, deflecting the leading- 
edge flaps caused a reduction in the lift coefficient for balance. 

Model in the landing eonfiguration.- The longitudinal-stability 
characteristics (fig. 20(b)) show that the model with the nose fins 
in the normal position and a tail incidence of -5' became unstable 
at a lift coefficient of approximately 0.8. Without the nose 
fins, but with the same tail incidence, the model became neutrally 
stable at a lift coefficient of 0.8 and slightly unstable at the 
stall. This instability and the changes of pitching moment that 
followed the stall both lead to undesirable landing characteristics. 
The effectiveness of the tail in changing the balance of the model 
(fig. 20(b) ) appeared satisfactory until the stall. Beyond the stall 
the effectiveness decreased markedly. 

Horizontal-tail hinge moments.- Although only a slight variation 
of hingemoment coefficient with lift coefficient occurred below the 
stall for the model without $he nose fins (fig, 9(d)), a large 
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decrease in hinge-moment coefficient followed the stall. This 
decrease was probably caused by a change in the downwash pattern 
at the tail. 

From the limited data available (fig. 36), deflecting the 
leading-edge flaps did not significantly change the horizontal-$ail 
hinge-moment characteristics below the stall. With the leading-edge 
flaps deflected 30°, decreasing the tail incidence from O0 to -5O 
did not increase the hinge-moments significantly. Thus it seems that, 
at least for this configuration, the tail was well balanced aerody- 
namically in the region of o0 to -5O incidence of the tail. 

Lateral and Directional Stability 

Model without the nose fins.- The lateral aard directional st* 
bility characteristics of the model with the empennage on and off rvzd 
the rudder undeflected are shown in figure 21. Adding the empennage 
increased the side force on the model approximately 100 percent for 
angles of yaw less than lo0. The directional stability of the model 

(- %)a had a value of about 0.008 between 0.40 and 0.85 Mach 

numbers and increased to 0.010 at 0.925 Mach number, Although these 
values are considered hi€%, they might be less for the full-scale 
airplane because of the elastic deflection of the tail boom. The 
model was directionally unstable with the empennage off at all Mach 

numbers. The ro1lingdlomen-b coefficient due to yaw ( 2 )  
a constant value of approximately 0,0022 for all Mach numbers below 
0.925 (fig. 2l(c) ) . This rolling-moment coefficient was primarily 
due to the action of the vertical tail surface. Thus it appears 
that with the rudder aeflected there is a possibility that the 
rolling-moment characteristics would be unfavorable. 

Drag Characteristics 

kodel without the nose fins .- For constant lift coefficients 
below 0.55, the drag coefficient remained relatively constant to 
0.90 Mach number and then increased slightly at a Mach m b e r  of 
0.925 (fig. 9(c) ) . The minimum drag coefficient was approximately 
0.022. From the variation of drgg coefficient with lift coefficient, 
it appears that the increment, of drag coefficient with increasing lift 
is approximately 2cL2/a or twice the induced drag coefficient predicted 
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by simple a i r f o i l  theory. 

The drag characteristics with the leading-edge flaps defkected 
(f ig.  27) show that a t  0.40 Mach nunber , a reduction in  drag occurred 
a t  the higher l i f t  coefficients when the fZap angle was increased t o  
30'. For Mach numbers of 0.40 t o  0.80 and between l i f t  coefficients 
of 0.1 and a t  leas t  0.7, the drag was reduced by deflecting the 
leading-edge flaps 100 (fig. 27). Thus it appears that  for  cruising 
a t  high subsonic Mach numbers, deflecting the leading-edge flaps i n  
the neighborhood of 10' would be beneficihl. 

Model with the nose fins.- Figure 30 presents data showing the 
effect of several changes i n  configuration on the variation of drag 
coefficient with l i f t  coefficient. A t  0.40 Mach number with the 
leading-edge flaps deflected 30°, adding the nose f ins i n  the normal 
position increased the drag coefficient over most of the l i f t -  
coefficient range. However, a t  0.80 and 0.90 Mach numbers the data 
indicate that  the drag was sl ightly reduced by adding the nose fins. 

Figure 30(a) shows that,  a t  0.40 Mach number, the optimum flap 
angle for reducing the drag a t  l i f t  coefficients between 0.25 and 
0.88 was approximately 20°. A t  the higher Mach numbers (f igs . 30(b) 
and 30 (c ) ) , increasing the deflection of the leadingddge flaps 
increased the drag at  most l i f t  coefficients, 

Wing arnd Fuselage 'kxft Studies 

Model withokt the nose fins.- Photographs of tu f t s  indicating 
the flow over the upper surface of the model i n  pitch (figs. 37 t o  
40) indicate two dist inct  s t a l l  patterns on the wing. A t  Mach 
numbers below 0.80, the flow became rough or separateg near the 
leading edge a t  an angle of attack of approximately 4 . This rough- 
ness or separation progressed toward the t ra i l ing edge as the angle 
of attack was increased. A t  an angle of attack of 120 the upper 
surface was completely stalled. For Mach numbers of 0.90 and 0.925, 
the separation began a t  the t ra i l ing edge a t  a angle of attack of 
approximately 5' and progressed toward the leading edge. 

With the model a t  an angle of attack of 6.2O arad between 
Mach numbers of 0.40 and 0.80, roughness or separation of the flow 
increased over the t ra i l ing wing as the angle of yaw increased (figs. 
41 t o  43). This roughness or separation originated from the leading 
edge near thp t i p  asld progressed inboard and af t .  The amount of 
roughness or separation of the flow over the leading wing did not 
appear t o  increase with angle of yaw. 
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A t  0.90 Mach number and 0' yaw, a comparison of the flow over 
the wing as indicated by the ' tufts  for  the model in  pitch a t  an 
angle of attack of 6 O  (fig. 39) with that for  the model i n  yaw a t  
an angle of attack of 6.2O (fig. 43(a)) shows different regions of 
rough or separated flow. The flow appeared rough or separated near 
the leading edge with the model in  yaw and near the t ra i l ing edge 
with the model in  pitch. A thorough investigation of th is  d i s c r e p  
ancy was not attempted. However, with the model a t  an angle of 
attack of approximately 6O, the choking Mach number of the tunnel, 
as indicated by the highest Mach number attained with f u l l  tunnel 
power, appeared t o  be approximately 0.90 with the made1 in  yaw and 
sl ightly above 0.925 with the model in  pitch. Thus, the validity 
of the t u f t  data a t  0.90 Mach number with the model mounted for  yaw 
tes t s  may be questionable. 

CONCLUDING REMARKS 

Undesirable static-longitud%al-stability characteristics, which 
are apparently caused by changes i n  the-effective downwash a t  the 
t a i l ,  occurred during high-speed wind-tunnel t es t s  of the Douglas 
MX-656 model. The model became utrstabPe as the angle of attack was 
increased beyond the s ta l l .  It appemetd that  th i s  ins tabi l i ty  was 
the result  of the effective dawnwash a t  the t a i l ,  increasing more 
rapidly than the increase in  angle of attack. 

Without the nose fins, the model became longitudinally unstable 
at  a, l i f t  coefficient of approximately 0.7 a t  0.40 Mach number. 
Adding the nose f ins in  the norm1 position (4, 8, and 12 otclock) 
reduced the s tab i l i ty  and delayed the s t a l l  t o  a higher angle of 
attack. The model was s l ight ly  unstable with the nose f ins i n  tho 
alternate position (2, 6, and 10 o'olock). In the landing con- 
figuration with the nose f ins  in  the normal position, the model 
was highly unstable be-tween a l i f t  coefficient af 0.8 and the 
s t a l l ,  but without the nose f ins  it was only sl ightly unstable. 

For the range of l i f t  coefficients attained a t  t e s t  Mach 
numbers of 0.90 and 0.925, the longitudinal-stability character- 
i s t i c s  of the model with or without the nose f ins appeared satis- 
factory. For l i f t  coefficients belcrw the s t a l l ,  the horizontal 
t a i l  retained i ts ab i l i ty  t o  change the balanced at t i tude of the 
model t o  a Mach number of a t  leas t  0.925. 
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Without the nose fins, the directional stability of the model 
was high, although probably not excessive, for all Mach numbers of 
the test. 

Ames Aeronautical Laboratory, 
National Advisory Camittee for Aeronautics , 

Mof f ett Field, Calif. 
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T A B U  I . . MODEL DIMENSIONS .. 
Wing 

. . . . . . . . . . . . . . . . . . . . . .  Area. sq f t  . . . . . . . . . . . . . . . . . . . . .  Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . .  Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . .  Span. f t  
Root section ( a t  plane of symmetry) chord. f t  . . . . .  . . . . . . . . . . . . . .  Thickness. percent of chord 
Dihedral (wing reference plane). deg . . . . . . . . .  
Incidence. deg . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord. f t  . . . . . . . . . . . . . .  
Sweepback (75-percent-ckror dt. l ine)  . deg . . . . . . . .  

Aileron 

. . . . . . . . . . . . . . . . . . . . . . . .  span. f t  0.526 . . . . . . . . . . . . .  Wing s ta t ion  a t  inner end. f t  1.227 . . . . . . . . . . . . .  Wing s ta t ion  a t  outer end. f t  1.753 . . . . . . . . . . . . . . . . .  Chord a t  inner end. f t  0.241 . . . . . . . . . . . . . . . . .  Chord a t  outer end. f t  0.167 

Horizontal t a i l  

. . . . . . . . . . . . . . . . . . . . . .  Area. sq f t  0.794 . . . . . . . . . . . . . . . . .  Area. exposed. sq f t  0.701 . . . . . . . . . . . . . . . . . . . . . .  Aspect r a t i o  3.01 . . . . . . . . . . . . . . . . . . . . . . .  Taper r a t i o  0.4 . . . . . . . . . . . . . . . . . . . . . . . .  Span . f t  1.547 
Tai l  length ( center of gravity t o  one-quarter mean . . . . . .  I aerodynamic chord of horizontal t a i l ) .  f t  3.393 
Section a t  spanwise s ta t ion  (fuselage juncture). 0.377 i n  . . . . . . . . . . . . . . . . . . . . . . .  I Chord. f t  0.752 . . . . . . . . . . . . . .  Thickness. percent of chord 7.5 
Section a t  spanwise station. 3.095 in  . . . . . . . . . . . . . . . . . .  Chord. f t  . . . .  0.587 . . . . . . . . . . . . . .  Thickness. percent of chord 4.5 
Tip section . . . . . . . . . .  Chord. f t  . . .  . . . . . . .  .0 . 294 . . . . . . . . . . . . . .  Thickness. percent of chord 4.5 . . . . . . . . . . . . . . . . . . . . . . .  Dihedral. deg 0 . . . . . . . . . . . . . . . . . . . . . .  Incidence variable . . . . . . . . . . . . . .  Mean aerodynamic chord. f t  0.545 . . . . . . . . . .  Mean aerodynamic chord. exposed. f t  0.521 . . . . . . . . . .  Sweepback (50-percent-chord l ine) .  deg 23 
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TABLE I . . CONCLUDED 

. . . . . . . . . . . . . . . . . . . . . .  Area. sq f t  0.678 . . . . . . . . . . . . . . . . . . . . .  Aspect r a t i o  1.32 . . . . . . . . . . . . . . . . . . . . . .  Taper r a t i o  0.25 . . . . . . . . . . . . . . . . . . .  Span f t  . . . .  0.947 
Tai l  length (center of gravity t o  one-quarter mean . . . . . . .  aerodynamic chord of ver t ica l  t a i l ) .  f t  3.410 
Root section . . . . . . . . . . . . . . . . . . . . .  Chord. f t  1.147 . . . . . . . . . . . .  Thickness? percent of chord . 4.5 

. . . . . . . . . . .  Chord. f t  . . .  . . . . . .  0.287 . . . . . . . . . . . . .  Thickness. . percent of chord 4.5 . . . . . . . . . . . . . . .  Mean aerodynamic chord. f t  0.802 . . . . . . . . . .  Sweepback (90-percentcchord l ine) .  deg 0 

. . . . . . . . . . . . . . .  Chord a t  autbaard end. f t  0.162 

Jettisonable-nose f i n s  

. . . . . . . . . . . . . . . .  Area (each f in) .  sq f t  0.0845 . . . . . . . . . . . . . . . . . . . . . .  Aspec t ra t io  0.75 . . . . . . . . . . . . . . . . . . . . . .  T a p e r r a t i o  0.25 . . . . . . . . . . . . . . . . . . . . . . .  S p a n . f t  0.2535 
Fin length (center of gravity t o  one-quarter mean . . . . . . . . . . . .  aerodynamic chord af f in ) .  f t  0.550 
Root section . . . . . . . . . . .  . . . . . . . . * .  Chord. f t  0.533 

Thickness. percent of chord . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  Chord. f t  . . . .  0.133 . . . . . . . . . . . . . .  Thickness. percent of chord 3 . . . . . . . . . . . . .  Mean aerodynamic chord. f t  0-373 . . . . . . . . .  Sweepback (90-percent-chord l ine) .  deg 0 
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FIGURE LEGEMIS 

Figure 1.- The 0.16-scale model of the -56 airplane. 

Figure 2 .- A three-quarter front view of the 1411-656 model with the 
landing gear extended, the flaps deflected, and the nose f ins in 
the normal position. 

Figure 3.- A three-quarter front view of the ~ ~ - 6 7 6  &el with the 
nose f ins  i n  the normal position. 

Figure 4.- A three-uarter rear view of the MX-656 model with the 
nose f ins  i n  the normal position. 

Figure 5.- A threequarter  front view af the ~ ~ 4 5 6  model mounted 
for  yaw tes t s  without the nose fins. 

Figure 6. - The ~g-656 model mounted in  the Ames 7- by 10-f oot wind 
tunnel No. 2 for  evaluation of the sting interference. 

Figure 7.- The l i f t ,  drag, and pitching-moment tares for the 
~ ~ - 6 5 6  model i n  the Ames &foot high-speed wind tunnel. 

Figure 8.- The variation of Reynolds number with Mach number for 
the ~ ~ - 6 5 6  model. 

Figure 9.- The aerodynamic characteristics of the 6 5 6  model 
without the nose fins. (a) L i f t  characteristics. 

Figure 9.- Continued. (b) Pitchingaoment characteristics, 

Figure 9.- Continued. ( c )  Drag characteristics. 

Figure 9,- Concluded. ( d) Horizontal-tail hingsmment character i s t f  cs . 
Figure 10.- The aerodynamic characteristics of the MX-656 model 

without the nose f ins  and the empennage. (a) L i f t  characteristics. 

Figure 10.- Continued. (b ) Pitching-mament characteristics . 
Figure 10.- Concluded. (c) Drag characteristics. 

Figure 11.- The aerodynamic characteristics of :he ~ ~ - 6 5 6  model with 
the nose f ins i n  the normal position, it, 0 . (a)  L i f t  
characteristics, 
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Figure 11.- Concluded. (b) Pitching-moment characteristics. 

Figure 12. - The aerodynamic characteristics of the ~ ~ 4 5 6  model 
with %he nose fins in the normal position. it, -5O. 
(a) Lift characteristics. 

Figure 12. - Continued. (b) Pitching-moment characteristics . 
Figure 12.- Continued. (c) Drag characteristics. 

Figure 12. - Concluded. (6) Horizontal-tail hinge-moment character- 
istics. 

Figure 13.- The aerodynamic characteristics of the bad56 model with 
the nose fins in the normal position. slf, lo0. (a) Lift 
characteristics. 

Figure 13 ,- Cont imed. (b ) Pitching-moment character istics . 
Figure 13.- C-oncluded. (c) Drag characteristics, 

Figure 14.- The aerodynamic characteristics of the ~X-636 model with 
the nose fins in the normal position, g1f, 20'. (a) Lift 
characteristics. 

Figure 14.- Continued. (b) Pitchinganoment characteristics. 

Figure 14.- Concluded. (c) Drag characteristics. 

Figure 15.- The aerodynamic ch&acteristics of the ~ ~ - 6 5 6  model with 
the nose fins in the normal position. 673, 30'. (a) Lift 
characteristics. 

Figure 15.- Conti~ued. (b) Pit~hingam~nt characteristics. 

Figure 15.- Concluded. (c)  Drag characteristics. 

Figure 16.- The aerodynamic characteristics of the ~~-656 model with- 
out the nose fins. 62f, 30'. (a) Lift characteristics. 

Figure 16.- Continued. (b) Pitching-moment characteristics. 

Figure 16.- Concluded. (c) Drag characteristics. 

Figure 17,- The aerodynamic characteristics of the Mg-656 model 
without the nose fins and the empennage, 62f, 10'. (a)- Lift 
characteristics, 
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Figure 17. - Continued. (b ) Pitching-moment characteristics.. 

Figure 17.- Concluded. (c) Drag characteristics. . 

Figure 18.- The aerodynamic characterist-ics of the ~~-656 model 
without the nose fins and the empennage. Btf, 200. (a) Lift 
characteristics. 

Figure 18.- Continued. (b) Pitching~moment characteristics. 

Figure 18.- Concluded. (c) Drag characteristics. 

Figure 19. - The aerodynamic characteristics of the ~ ~ 4 5 6  model 
without the nose fins, it, -5O; 6zf, 306. (a) Lift character- 
istics. 

Figure 19.- Continued. (b) Pitching-moment characteristics. 

Figure 19.- Concluded. (c) Drag characteristics. 

Figure 20.- The aerodynamic charadteristics of the MX-656 model 
with the landing gear extended. 6~f, 30'; 6%f, 50O; My 0.25. 
(a) Lift characteristics. 

Figure 20. - Continued. (b) Pitching-moment characteristics. 

Figure 20.- Concluded. (c) Drag characteristics. 

Figure 21.- The aerodynamic characteristics in yaw of the ~~-456 
model without the hose fins. a, oO. (a) Side-f orce character- 
istics. 

Figure 21.- Continued. (b) Yawing-moment characteristics. 

Figure 21.- Concluded. (c) Rolling-moment characteristics. 

Figure 22.- The effect of the nose fins on the variation of pitching- 
moment coefficient with lift coefficient for the MX-656 model. 
(a) Mach number, 0.40. 

Figure 22.- Continued. (b) Mach nmber, 0.80. 

Figure 22.- Concluded. (c) Mach number, 0.90. 

Figure 23.- The effect of the nose fins on the variation of pitching- 
moment coefficient with angle of &tat& for the ~~-656 model. 
(a) Mach number, 0.40. 
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Figure 23.- Continued. (b) Mach number, 0.80. 

Figure 23.- Concluded. (c)  Mach number, 0.90, 

Figure 24.- The effect of several changes in configuration on the 
variation of l i f t  coefficient with angle of attack for  the 
MX-656 model. (a) Mach number, 0.40. 

Figure 24.- Continued. (b) Mach number, 0.80. 

Figure 24.- Concluded. (c) Mach number, 0.90. 

Figure 25.- The effect of the leading-edge flaps on the variation of 
pitching-moment coefficient with l i f t  coefficient for  the ~ ~ - 6 5 6  
model without the nose fins. (a)  Mach number, 0.40. 

Figure 25.- Continued. (b) Mach number, 0.80. 

Figure 25.- Concluded. (c) Mach number, 0.90. 

Figure 26.- The effect of the leading-edge flaps on the variation 
of pitching-moment coefficient with angle of attack for the 
MK-656 model. (a) Mach nrrmber, 0.40. 

Figure 26.- Continued. (b) Mach number, 0.80. 

Figure 26.- Concluded. (c) Mach number, 0.90. 

Figure 27.- The effect of the leading-edge flaps on the variation of 
drag coefficient with l i f t  coefficient for the MX-656 model with- 
out the nose fins. (a) Mach number, 0.40. 

Figure 27.- Continued. (b) Mach number, 0.80. 

Figure 27.-Concluded. (c) Mach number, 0.90.' 

Figure 28,- The effect of several changes i n  configuration on the 
variation of pitching-noment coefficient with l i f t  coefficient 
for the ~ ~ - 6 5 6  model. (a) Mach number, 0.40. 

Figure 28.- Continued. (b) Mach number, 0.80, 

Figure 28.- Concluded. (c) Mach number, 0.90, 

Figure 29.- The effect of ~ e v e r n l  changes i n  configuration on the 
variation of pitching-moment coefficient with angle of attack for 
the ~ ~ - 6 5 6  model. (a)  Mach nwnber, 0.40. 
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Figure 29.- Continued. (b) Mach number, 0.80. 

Figure 29.- Concluded. (c) Mach number, 0.90. 

Figure 30.- The effect of several changes in configuration on the 
variation of drag coefficient with lift coefficient for the 
MK-656 model. (a) Mach number, 0.40. 

Figure 30.- Continued. (b) Mach number, 0.80. 

Figure 30.- Concluded. (.c) Mach number, 0.90. 

Figure 31.- The variation of pitching-moment coefficient with Mach 
number for the W 5 6  model without the nose fins. 

Figure 32.- The variation of pitching-moment coefficient with Mach 
number for the 6 5 6  model with the nose fins in the normal 
position. 

Figure 33.- The variation of liftccurve slope and static longitudinal 
stability with Mach number for the ~ ~ - 6 5 6  model without the nose 

.x,~ 

fins. , -  

Figure 34.- The variation of horizontal-tail effectiveness with angle 
of attack for the ~~-656 model with the nose fins in the normal 
position. 

Figure 35.- The variation of the calculated downwash angle at the 
tail with Mach number and angle of attack for the m-656 model 
without the nose fins. 

Figure 36. - The variation of hor izontal-tail hinge-moment coefficient 
with lift coefficient for the m-656 model without the nose fins. 
(a) Mach number, 0.40. 

Figure 36.- Continued. (b) Mach number, 0.80. 

Figure 36.- Concluded. ( c )  Mach number, 0.90. 

Figure 37.- Tufts on the Mg-656 model without the nose fins at 0.40 
Mach number and O0 yaw. (a) Angles of attack, 00, 3O, hO, 5O, 
60, To. 

Figure 37.- Concluded. (b) Angles of attack, 8O, go, 12', 15'. 

Figure 38.- Tufts on the ~~-656 model without the nose fins at 0.80 
Mach number and o0 yaw. (a) Angles of attack, oO, 3O, bO, 5O, 
6O, 7O. 
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Figure 38,- Concluded. (b) Angles of attack, 8O,  9O,  12'. 

Figure 39.- Tufts on the MX-656 model without the nose f ins  a t  
0.90 Mach number and 0' yaw. 

Figure 40.- Wts  on the ~ - 6 5 6  model without the nose f ins  at  
0.925 Mach number and O0 yaw. 

F igure 41.-- Tufts on the MX-656 model without the nose f ins  at 
0.40 Mach number and 6.2O angle of attack. (a) Angles of yaw, 
-6O, -3O, ooy 3O. 

Figure 41.- Concluded. (b) angles of yaw, 6O, 9O,  lZ0, 15'. 

Figure 42.- Tufts on the 6 5 6  model without the nose f ins  a t  - 
0.80 Mach number and 6.20 &le of attack. (a) Angles of yaw, 
doy -3O, oO, 3'. 

Figure 42.- Concludeit. (b) Angles of yaw, 6 O ,  go9 12O, lrO. 
Figure 43.- Tufts on the Mg-656 model without the nose f ins  a t  

0.90 Mach number and 6.2O angle of attack. (a) Angles of yaw, 
do9 -3O, 00, 3O. 

Figure 43.- Concluded. (b) h g l e s  of yaw, 6O, 909 lz0, 1 5 O .  
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Section A-A 

Center of gravity -, 
/5 percent of E \ / I \  

-4 
/ //2.8OU 

Fuselage reference line 

Figure I -  The 0.16-scole model of the M X - 6 5 6  airplane. 
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P-igw?e 2.- A three-quarter f ront  view of the MX-656 model with the  
landing gear extended, the  f laps  deflected, and the  nose f ins  in  
the  normal position, 
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Figwe 3.- A LWe front view of the 14x476 moilel wfth the 
nose firm in the n o m l  position. 
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1.- A the r t e r  rear view of Lhe ~ ~ - 6 5 6  model 
ffns in %he normal position. , 

with the 
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Figure 7,- A t&es e~ f-mn-6 view of" the m-656 moael mounted 
for yaw tests ,  without the nose fins. 
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Figure 6.- The ~ ~ 4 7 6  model mounted in the Ames 7- by 10-foot wind 
t m e l  No, 2 for evaluation of the sting interference. 
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1 ' 1 1  

0 4 8 12 16 20 
Angle of attack, a, deg 

Figure Z - The lift, drug, ond pitching-moment 
tares for the MX-656 model in the Ames 16- 
foot high-speed wind funnel. 
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figure 8.- The voriotion of Reynolds number with Mach 
number for the MX-656 model. 
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Angle o f  a l t a c k , ~ ,  deg  
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/a )  Lift characteristics. 

figure 9.- The aerodynamic characteristics of the MX- 656. 
model without the nose fJns. 
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(bj Pitching -moment charac feristics. 

Figure 9. - Continued. 
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Drug coefficient, Cg 

(2) Drag characteristics. 

Figure 9. - Continued. 
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(dj Horizon tol- tail hinge -moment characteristics. 

Figure 9.- Concluded. 
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(a) Lift characteristics. 

figure /O.- The aerodynamic charac terist ics of the MX-656 
made/ without the nose fins and the empennage. 
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for M of .4 .6 .7 .8 .9 

Figure 10.- Continued 
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Drag coefficient, Cg 

(cj Drag charoclerisfics. 

Figure 10.- Conc/uded 
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/ a  j L ift  characteristics. 

figure I 1.- The aerodynamic characteristics of the MX- 656 model 

with the nose fins in the normal position. Ij, 0'1 
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( b j  Pitching-moment characteristics. 

Figure 11.- Concluded. 
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/a) L i f t  characteristics. 

Figure /2. - The aerodynamic choract eristics of the MX-656 mode/ 
with the nose fins in the normal position. ,- 59 
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Pi t  ching-moment coefficient, C, 
I 

cffl of 0, 
f o r  M of .4 

(b) Pitching -moment characteristics. 

Figure 12.- Continued. 
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( c j  Drag characteristics. 

figure 12.- Continued. 
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Hinge-moment coefficient, Ch, 
I I I 

. . I  

~ h ,  of q for 9 4 b 4 d d  I I 

M of .4 .6 .7 . b .9 

(d j Horizontal- tail hinge -moment charocterisfics. 

Figure 12.- Concluded. 
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Angle of 
I 

a of 0 for 
I 

b b bb 
I 1 1 . 1  

M o f  .4 .6 .7 .8 .9 

(a) Lift characteristics. 

Figure 1.5- The aerodynamic cboracterist ics of the MX-656 
model with the nose fins in the norma/ position. $f, //0 O. 
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.04 0 -.04 708 
Pitching -moment coefficient, Cm 

I I 
C m o f  7 1 1 1  

for M of  .4 .6 .8 

fb) Pitching-moment chorocteristics. 

Figure 13.- Continued. 
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0 .04 .08 .I2 .I6 .20 .24 .28 .32 .36 
Drag coefficient, Cg 

Figure 13.- Concluded 
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(0 j L ift characteristics. 

Figure /4.- The oerodynornic characferisfics of the MX-656 

mode/ with Me nose fins in the normal position. 209 
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Pitching-moment coeff icient, C, 
I ern o f  0 f o r  1, I I i' I I 

0 0 7 0'1 
M of .b .6 .$ . Q .& 

Hgure 14. - Continued. 
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Drag coef f icien f, GD 

(2) Drug charucferisfics. 

Figure 14. - Concluded. 
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0 4 8 12 16 20 
Angle of  a t f o c k , ~ ,  d e g  

I I I 1 1  1 1  
0 of  o for Q Q o o I qq  
M of .b .6 .7 .b .9 

( a )  Lift characteristics. 

figure 15.- The aerodynamic characteristics of the MX-656 model 

with the nose fins in the normal position. Slf, 309 
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0 -.04 -.08 
Pifching-moment coefficient, Cm 
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C, of o for  a 
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(3) Pitching- moment c haracferistics. 

Figure 15.- C ontinue d. 

: S E C R E T  
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



NACA RM No, SA9D26 

Drag coefficient, CD 

f c ) Drag choracterhfics. 

figure 15.- Conchded. 
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(a) L ift charoc teristics. 

Figure 16.- The aerodynamic characteristics of the MX-656 mode/ 
without the nose fins. 304 
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16 ) Pitching-moment c h c t e r i s t  ics. 

Figure 16.- Continued. 
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(c) - Drag characteristics. 

Figure Concluded. 
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Angle of attack, cr , deg 

(a)  L ift characteristics. 

figure IZ-  The aerodynamic characteristics of the MX-656 

model without the nose fins and the empennage. 4f, 10: 
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Pifch~hg -moment coe f ficie f ,  C, 
f 
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1 
0 
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f igure  17- Continued. 
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(c j Drag characteristics. 

figure /ir- Concluded. 
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Angle of attack, a, deg 

b b I 

I I 

(a) L i f t  characterisf ics,  

Figure 18.- The a e ro dynamic characteristics o f  t he 

MX-656model without the nose fins and the  
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Figure 18.- Continued. 
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Drag coefficient, CD 

/c ) Drag charoc t eristics. 

figure 18.- Concluded 
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0 4 8 /2 /6 20 
Angle of of f a c k , ~ ,  deg 

I 
a of 0 for 

I I 
M of .4 

I I I I  
.6 .7 .8 .9 

(01 Lift choructeristics. 

figure/9.- The oerodynumic choructeristics of the MX-656 model 

without the nose fins. it ,-5"; 8'f,30°. 
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oment coefficient, GT 
b I 

9 
for M of .4 .k .7 .8 

(3) Pitching-moment churocteristics. 

f igure 19.- Continued. 
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Drag coefficient, Cg 

(c) Drag ch~ructeristics. 

figure 19. - Concluded. 
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7 

nose fins ~n fhe norma/ posl lion; ~t ,-So ; &f,50*i &,30' 
nose fins In the norma/ posiflon; ifT-10: 8tfi50'; S/f. 30' 
nose fins in fhe normo/posit~on, it;/5; 8tf,50'; 30" 
less nose flns; if,-5 *; 8ff,5~0; 30. 

-4 0 4 8 /2 /6 20 24 28 3 2  36 

Angle of  attack,% deg 

fa) L i f t  characteristics, 

Figure 20.- The aerodynamic characteristics of the  MX-656 

mode/ wi th  #he landing gear extended SIf, 30° ;  Stf, 50'; 
M, 0.25. 
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nose fins in the norma/ position; it ,-5 ; 8t f ,5~ ' ;  S/f,  3d 
mobel, nose fins in fhe normal positton; if,,-/o: 8,y,50*;&, 30' 

landing gear 
{extended ] nose fins in the normal position; ij,-/5: 8 f f , 5 ~ : 8 / f ,  30" 

x less nose ftns itJ-5"; S/f, 5 0 : 8 / ~ ,  36 

.40 -36 .32 .28 .24 .20 . I6 . /2 .08 .04 0 
Pitching -moment coefficient, Gm 

(b) Pitching-moment chorocteristics. 

Figure 20.- Continued. 
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nose fins ~n the normal position; jt;5*; &/,50'; 30' I 
Comp/etemoded nose fins in the normalposition; ; t ; / ~ ;  &,CJO: &f,30° 
landing gear 

' { e i t e n d e d  } oose f;ns in the normal posif;on, ; t , - / ~ ;  50; ,30a 
x less nose fins; it,-5: atf,  SO;.,^ ,pS i 

I 

Drag coefficient, C' 

(c  j Drag choracter~stics. 

Figure 20.- Concluded. 
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- - - - - - - 

nose fins and empennage 

r --,--- 7 

0 4 8 /2 /6 

Angle of yaw,@, deg 
.2 

0 
0 4 8 /2 /6 

Angle of yaw, II; deg 

figure 2/. - The oersdyn omic characteristics in yo w of the 
MX-656 model without thenose fins. a, 0: 

.4 
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nose fins and empennage I 

, , e .  

* .  . 
+ * .  

. f 8 4 

. . . i 

L + --' 

L , -  

Angle of  yo w,ll, deg 

Angle of  yaw, p, deg 

(b) Yo wing -moment chorocteristics. 

Figure 2/. - Continued. 
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. - 

o Complete model less nose fins 

*, 
0 , 

-x---r--x- +-x ' , 0 
c I 
e 0 4 8 I .  /6 .04 
u c 
\ 

Angle of ya w, p> deg 

0 

0 4 8 /2 16 

Angle of y a  w, +-, deg 

f c j  Rolling-moment characteristics. 

figure 21.- Concluded. 
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I 
- -- --- - -------...- - 

+ Complete model, nose fins in the normal positlon 
~omple te  model less cunopy,nose fins in the ulfefnate 
position. 

A Complete model less nose flns 
I 0 Complete model less nose fins and empennage 

( Q )  Mach number, 0.40. 
* 

figure 22.- The effect of the nose fins on the variution 
P 

of pitching-moment coefficient with lift coefficient for 

the MX-656 model. 
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Pitching - moment coefficient, Cm 

1.0 

(bj Much number, 0.80. 

Figure 22. -Continued. 

+ Complete model, nose fins in the normal position 
a Complete model less nose fins 
0 Complete model less nose fins and empennage 
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I - --___I_____ _- _ _  - - - - -  
I 

1 

+ Complete mode/, nose fins in the normal poslt~on 
A Complete model less nose fins 

I 0 Complete model less nose fins and empennage 

Pitching -moment coe fficien4 C, 

(c)  Mach number, 0.90. 

figure 22.- Conc/uded. 
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+ Complete model, nose fins in the normal position 
t7 C~mplete model less canopy, nose fins in the alternote 

position. 
a Complete model less nose fins 

I 0 Complete model less nose fins and empennage 
I - -Fuseloge alone. (Unpublished Ames %by 10-foot 

wind-tunnel data uncorrected for  f ares. M, .25/ 

(a)  Mach number, 0.40. 

figure 23.- 7-he effect of the nose fins on the Wation of pitching- 
moment coefficient with angle of attack for the MX-656 model. 
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I + Complete mode/, nose fins in the normal position 
A Complete model less nose fins 
o Complete model less nose fins and empennage 1 

- 
./2 .08 .04 0 -.04 -. 08 -. I2 -. 16 

Pitching-momen f coefficient, Gm 

(b) Mach number, 0.80. 

figure 23.- Continued. 
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1 

+ Complete mode/, nose fins in the normal position 

A Complefe model less nose fins 
0 Complete model less nose fins and empennage 

Pitching-momen t coefficient, Cm 

lcl Mach number, 0.90. 

figure 23.- Concluded. 
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+ Comp/ete mode/, nose fins in the norma/ posit~on 
Comp/ete mode/ /ess nose fins i 
Complete mode/ less nose fins; +, 30' 

0 Complete mode/ less nose fins and empennage f 

o Comp/ete model /ess nose fins and empennage; GI,, /0° 
Complete mode/ /ess nose fins and empennage; GI,, 20° 

B 

la/ Mach number, 0.40. 

f i g u r e  24.- The e f fec t  of  several changes in configuration 

on the variat ion Pf /ift coefficienf with angle O f  af fack 

for  the MX-656 model. 
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+ Complete model, nose fins in the normal position 

a Complete model less nose fins 
Complete model less nose fins; 6,,, 30° 

o Complete model less nose fins and empennage 
0 Complete model less nose fins and empennage; GI,, 10 

Complete model less nose fins and empennage; GI,, 20" 

-8 -4 0 4 8 /2 /6 20 24 
Angle of attock,cl, deg 

(bj McrGh number, 0.80. 

Figure 24. - Con finued. 
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+ Complete model, nose fins in the normal pos/f/on 

A Complete model less nose f h s  
0 Complete model less nose fins; GIf, 30° 
o Complete model less nose fins and empennage 
0 Complete model less nose fins ond empennage; Gf, lo0 

' v Comp/ete mode/ less nose fins and empennage; qf, 20° 

. - 
-4 -2 0 4 8 l2 l6 20 24 

Angle d attack, Q, deg 

(cj Mach number, 0.90. 

f igure 24. - Conc/uded. 
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-- - - - 

a Complete model less nose fins 
0 Complete model less nose fins, 6,, , 30" 1 
o Complete model less nose fins and empennage 
0 Complete model less nose fins and empennage; 61f, 10" 
v Complete model less nose fins and empennage; gIf, 20" 

. L 

.I2 .08 .04 0 -.04 -Q8 :I2 6 720 
Pifching-moment coefficient, Cm 

(a) Mach number, 0.40. 

Figure 25.- The effect o f  the leading -edge flaps on the variation 
o f  pitching-mom en t coefficient with l i f t  coefficient for the 
MX-656 model without the nose fins. 
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I A Complete model less nose fins 
Complete model less nose fins; GI,, 30° 

o Complete model less nose fins and empennage 1 o ~ o t n ~ l e t e  model less nose fins and empennage; 6/ f ,  /0° 
, v Complete model less nose fins and empennage; gIf, 20" , 

Pitchhg-moment coefficient, Cm 

(b) Mach number, Q 80. 

Figure 25. - Continued 
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A Complete model less nose fins 
Complete model less nose fins; 6,, , 30 

1 o Complete model less nose fins and empennage 

i 0 Complete model less nose fins and empennage; 61f, lo0 
' v Complete model less nose fins and empennage; Slf, 20" 
I 

. 12 .08 .04 0 -.04 -.08 7/2 -16 -720 

Pitching-moment coef f ic ient ,  Cm 

/ c j  Mach number, 0.90. 

Figure 25.- Concluded. 
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a Complete model less nose fins 
0 Complete model less nose fins; 6,,, 30" 
0 Complete model less nose fins and empennage 
0 Complete model less nose fins and empennage; 6 / / ,  10" 
v Complete model less nose fins and empennage; 20" 

Pitching-moment coefficient, Cm 

(a  j Mach number, 0.40. 

figure 26.- The effect of the leading-edge flops on the 
voriotion of pitching-moment coefficient with angle of 

9 attack for the MX-656 model. 
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A Complete model less nose fins 
Complete model less nose fins; GI,, 30" 

o Complete model less nose f ins and empennage 
0 Complete model less nose fins and empennage; GI / ,  lo0 
v Complete model less nose f ins and empennage; GIf, 20" 

. /2 .08 .04 0 -.04 -.08 I 716 -20 

Pitching-moment coefficienf, Cm 

( 6 )  Mach number, 0.80. 

F W e  26.- Continued. 
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a Complete model less nose fins 
Complete model less nose fins; gIf, 30° 

o Complete model less nose fins and empennage 
o Complete model less nose fins and empennage; 6/,, /0° 
v Complete model /ess nose fins and empennage; 6,,, PO0 

12 .08 .04 0 - .04 -. CW T 12 6 -20 

Pitching-momen f coefficient , Crn 

/ c j  Mach number, 0.90. 

Figure 26.- Conc/uded 
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(a) Much number, 0.40. 

12 

Figure 27 - The ef fect  of the leading-edge flops on the voriufion 
o f  drag coeff ic ient  with lift coeff ic ient  f o r  the MX-656 model 
without t he  nose fins. 

a Complete mode/ less nose fins 
Complete mode/ /ess nose fins, 6,, 30" 

0 Complete model less nose fins ond empennage 
0 Comp/ete model less nose fins ond empennage; 6,,, 10" 

Complete mode/ less nose fins and empennoge; 6,f, M0 

, ' I .  . . , .  

. . , . .  

. . 
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- -- 
i 

a Complete model less nose fins 
Complete model less nose fins; Gf,  30" 

o Complefe model less nose f ins and empennage 
0 Complete model less nose fins and empennage; 6/, , /0° 

1 v Complete model less nose f ins and empennage; GIr, 20° 

( 6 )  Moth number, 0.80. 

Fl'gure 27- Continued. 
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7 
A Complete model less nose fins I 

Complete model less nose fins; 30° i < 

o Complete model less nose fins and empennage 
l 

o Complete model less nose fins and empennage; 6/,, lo0 
v Complete model less nose fins and empennage; SIf, 20" , 

Dmg coefficient CD 

(c) Mach number, 0.90. 

Figure 22- Concluded 
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+ Complete model, nose fins in the norm01 position 
x Complete model, nose fins in the normal position; 
b Complete model, nose fins ln the normal position, 
b Complete model, nose fins in the normolposifion; 
A Complete model less nose flns 
o Complete model less nose fins; 6/f, 30" 

Pitching- moment coefficient, Cm 

( a )  Mach number, 0.40. 

figure 28.- The effect of sever01 chonges in configurafh 

on the variation of pitching-moment coefficient with 

lift coefficient for the MX-656 model. 
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+ Complete mode/, nose fins in the normal poslt~on 
1 
1 

X Complete mode/, nose fins in the normal position; 6/f, /0 I 

b Complete model, nose fins /n fhe normo/posit/on, 61f, 20'~ 
b Complete model, nose fins in Me normal position, 6/ f ,  30' 
A Complete model less nose fins 
0 Complete model less nose fins; GIf, 30" I I 

Pitching- moment coefficient, C, 

fb) Much number, 0.80. 

Figure 28.- Continued. 
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+ Complete model, nose fins in the norm01 posit~on -7 
I 

x Complete model, nose fins ;n the norm01 pos;fion; 10" 
b Complete model, nose fins /n the normalposit/on; , 20° 
b Complete model, nose fins in the normol position, 6, f , 30° 
a Complete model less nose fins 

Complete model less nose flns; GI,, 30" 

Pitching- moment coeffici8nt, C' 

(c) Mach number, 0.90. 

Figure 28.- Conchded. 
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- 

+ Complete mode/, nose fins in the normal positlon 
x Complete model, nose fins in the normal position; 6/f, /0 * 
b Complete model, nose fins in the normol position; bIf, zoo/ 
b Complete model, nose fins in the normal position; 6 / f ,  30" 
a Complete model less nose fins . 

o Complete model less nose fins; GIf, 30" 

- 
. / 2  .08 .04 0 -.04 708 - /2  6 -20 

Pitching-moment coefficient, Cm 

I fa) Mach number, 0.40. 

5 
2 f i gu re  29.- The effect of s e v e h l  changes in configuration 

on the variation o f  pi fching-moment coefficient with angle 

1 of attack for  the MX-656 model.  
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- " -- - - - -  -- 
Complete model, nose fins in the normal posit~on 

x Complete model, nose fins ln the normal position; GIf, 10 " 
b Complete model, nose fins ln the normol pos~tion; GIf, 20° 
!b Complete model, nose fins in the normalposif~on, 61r, 30° 
'A Complete model less nose flns 
I a Complete model less nose flns; GIr, 30" 

- 
./2 .OB - 0 4  0 -. 04 -. 08 - 2  I -20 

Pitching- moment coefficient , Cm 

(bj Much number, 0.80. 

Figure 29. - Continued. 
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I , 

/ + Complete model, nose fins in the normal position 
x Complete model, nose fins in the normal position; 6,f, /0 " 

, b Complete model, nose fins In the normol position; 6rf, 20" 
b Complete model, nose fins in the normol posifion; 6/ f8  30" 
A Complefe model less nose flns 

Complete model less nose fins; 30" 

. 12 .08 .04 0 -.04 -.08. 2 I -20 

Pitchthg-moment coefficient, Cm 

(c) Mach number,0.90. 

Figure 29.- Concluded. 
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1 

x Complete mode/, nose fins in the normol pos/fion; 6,f, /0 * 
b Complete model, nose fins /n the normolposition; 6/ f ,  20" 
b Complete model, nose fins in the normol posifion, 6/ f ,  30" 
A Complete model less nose f/ns 
D Complete model less nose flns; GIf, 30" 

.'. 
0 .04 .08 ./2 . /6 .20 .24 28 .32 .36 

Drag coe ffi'cjent, CD 

/a )  Mach number, 0.40. 

figure 30.- The effect of sever01 changes in configuration 

on the variation of 'drag coefficienf with lift coefficient 

for the MX-656 mode/. 
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? 

x Complete model, nose fins In the normal position; /0° 
b Complete model, nose fins ln the normolposifion; 20° 
b Complete model, nose fins in the normal posifion; 61 f , 30° 
a Complete model, less nose flns 
o Complete model, less nose fins; Slf, 30' 

(6) Mach number, 0.80. 

Figure 30.- Continued. 
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-. 2 
0 .04 -08 ./2 . /6 .20 .24 .28 .32 .36 

Drug coefficient, CD 

-- - 

x Complete mode/, nose fins ~n the normal position; 6,f, I0 " 
b Complete model, nose ftns tn the normal p o s ~  t~on ,  6,,, 20" 

a b Complete model, nose flns in the normal posiflon, 6 / f ,  30° 
A Complefe model less nose flns 

Complete model less nose flns; ti lf,  30" 

- -+  - 1 . - . - - - -  - --- --- 

+ + , * . * .  I - - -  

--7--- 

. 

(c) Mach number, 0.90. 

f igure 30. - Conc/uded. 
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Mach mrnbe~ M 

figure 31. - The varjotion of pitching-moment coefficient w?h Much 
number for the MX-656. mode/ without the nose fib. 
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- 2  -3  .4 .5 -6 .7 . 8  .9 LO 
Mach number, M 

figure 32.- The varia fion of pkhhg-moment coefficient with Mach 
number for fhe MX- 656 mode/ with the nose fins in the norma/ 
position. 

S E C R E T  
NATIONAL ADVISORY COMMITTEE FQR AERONAUTICS 



NACA RM No. SA9D26 

.2 -3 .5 . .6 .7 .8 .9 LO 
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figure 3.3- The varicrtion of lift-curve slope an d s totic 
, /ongitudinal stability with Mach number for the 

MA- a 656 model without the nose fins. 
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Figure 3 47 The variation of horilona/-tail effectiveness wiN, angle 

of attack for /he MX-656 mode/ with the nose fins in the 

norma/ position. 
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Figure 35.- The vor/bfion of /he co/cu/a f ed down wash ung/e of 
the fail with Mach number and ong/e of otfack for fhe * 
MX-656 model without the nose f i s .  
* 
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A .Comp/e/e mode/ /ess nose fins; it, 0' 
0 Comp/ete mode/ /ess nose fins; itR 0: 30° 
fl Comp/ete model less nose fins; it,-go; &, 30" 

/a) Mach number> 0.40. 

figure 36.- The voriafion of horizmfa/-toil hinge-moment 

coefficient with /iff coefficient f o r  the MX-656 model 

without the nose fins. 

S E C R E T  
NATIONAL ADVISORY COMMITTEE FOR ACItONAUfKS 



NACA RM No. SA9D26 

(6) Mach number, 0.80. 

Figure 36.- Conthued. 

S E C R E T  
NATIWAL ADVISORY COMMlTIW fOR AERONAUTICS 



NACA R M  No. SA9D26 

I 
A Complete model less nose fins; it, 0' 

Complete model less nose fin+, it, oO; 30' 
a Complete model less nose fins; /j,-5'; 8,f>300 

.06 D4 02 0 -.02 -.04 -.06 -.08 -.I0 
Hinge -moment coefficientJ Ch 

t . 

/cj Mach number, 0.90. 

Figure 36.- Concluded. 
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(a) Angles of attack, o0, 3O, hO, 5O, 6', 7'. 

Ff gure 370- Tufts on the ivlg-456 model without the nose fins a t  
0,40 h c h  nwnber and 0' yaw, S E C R E T  

NATIONAL ADVISORY COhWITlEE FOR AERONAUTICS 
M E S  AERONAUTICAL LABORATORY, rMOFFETl FIELD, CALIF. 



(b) Angles of attack, 8O, 9 O ,  12O, 15O, 

Figure 37.- Concluded. 
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(a) Angles of attack, oO, 3', bO, 5', 6', 7'. 

FSgure 38* - Tufts on the 14x456 model without the nose f ins a t  
0,80 Mach number and 0' yaw. S E C R E T  
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(b) Angles of attack, 8O, 9', 12'. ' 

Figure 38.- Concluded, 
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: Figure 3g0-- W t s  on the 843 
0,$6 Mach number and 00 

:A56 model without the nose ffns at 
yaw. 
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WACA RBI go, ~ ~ 9 1 2 6  

F ~ ~ e  $om- TER$ m the 14x456 moael wfthout the nose f fns at 
0,925 Mach X X B B ~ ~ T  and o0 yaw, 
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0 (a) Angles of yaw, -5O, -3 oO, 3O. 

Figure 41,- W t s  on the ~ ~ - 6 5 6  model without the nose fins at 
0-40 f i c h  number a d  6,20 angle of attack. 
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(b) wles of yaw9 609 go9 1 2 O ,  15'. 

Ffgure 41,- Concluded. 

S E C R E T  
NATIOMAL ADVISORY COMtTIEE FOR AERONAUTICS 

AMES AERONAUTICAL LABORATORY, lVlOFFm FIBD, CALIF. 



(a) Angles of' yaw, -66, -3O, ooY 30. 

Figure 42.- Tufts on the ~ ~ - 6 5 6  model without the nose f i n s  a t  0.80 
Mach number and 6.20 angle of at tack.  
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(b) -2es of par, Go, 9O, 12O, 1500 

Figma 42.- Concluded. 
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(a) -Peg of yaw, - 6O ,  -3O, oO, 30e 

Figure 43.- Tufts on the m-656 model without the nose f i n s  a t  0.90 
Mach number and 6 . 2 O  angle of attack. 
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(b) ~ng1es of yaw, 6 O ,  go, lpO, 1.5~. 

Bigme 43. - Concluded. 
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