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for the 

Air Materiel Command, U. S. Air Force 

WIND-TUNNEL TESTS OF A 0.164~- MODEL OF TFE DOUEMS Mx-556 

A I R W E  AT HIGH ST7BSONIC SFEXDS. I1 - WIBG AN13 

By Joseph W. Cleary and- Jack A.  el-le~tkin 

Meas~~emen~s of wing an2 fuselage pressure distributions were 
made at low an2 high subsonic Much numbers on a 0.16-scale rnodel of 
the projected ~ ~ - 6 5 6  research airplane. The m-656 is a supersonic 
design utilizing a low-aspect---~a-tio wing and tail. 

Pressure4~istri.butio11 measureinents indicated that, although the 
critical Mach number of the wing was approximately 0.81 at 0' angle 
of attack, compressibility effects were of little significance below 
a Mach number of at least 0.90. The principal effect of compressi- 
bility was an increase in the pressure gradient over the after 30 
percent of the wing chord, causing a tendency for the flow to sepa- 
rate. 

At 0.40 Mach number, the wing stalled abruptly at approxlmately 
12' angle of attack. The wing-pressure distribution showed this 
stall was a result of complete separation of the flow from the upper 
surface of the wing, Deflecting the leading-edgs flaps delayed the 
stall to a higher angle of attack with some increqse in the maxi-am 
section normal force, 

INTRODUCTION 

Measurements of wing and fuselage pressure distributions were 
made on a 0.16-scale mod.el of the Douglas MX-656 airplane in con- 
junction with high-speed lateral- and 1ongitud.inal-stabiLity tests 
(reference 1) as it was desired. to calcula-t;e the chord and span 
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loading, t o  estimate the c r i t i c a l  Mach number of the  wing and fuse- 
lage combination, and t o  furnish aerodynamic data of general inter- 
e s t  on t h i s  supersonic design. 

The t e s t s  were conducted i n  the Ames 16-foot high-speed wind 
tunnel and were made at  the request of the U. S. A i r  Force, The 
t e s t s  extended over a Mach number range from 0.40 t o  0.925. 

C OEFFIC 5ENTS 

The following definit ions apply t o  the coefficients and symbols 
used i n  t h i s  report:  

f 
cn section normal-force coefficient ' Section 

i qs C 

P pressure coefficient ' 

Pcr c r i t i c a l  pressure coefficient ( the  pressure coefficient a t  
which the loca l  velocity became sonic) 

b wing span, f e e t  

S wing area, square f e e t  

c wing chord, f e e t  

cav average wing chord (F), f e e t  

- c mean aerodynamic chord of the wing 

L.E. leading edge 

M f r.ee-strearn Mach number 

Mcr c r i t i c a l  Mach number ( the  free-stream Mach number fo r  which 
sonic Plow first occurred on the model a t  the s t a t ion  or 
.point being considered) 

PI  loca l  s t a t i c  pressure, pounds per square foot 

ps free-streamstaticpressure,pounds per squarefoot  

9 free-stream dynamic Wesswe , pounds per square foot  

v loca l  velocity, f e e t  per secona 
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V free-stream velocity, feet per second 

Y perpendicular distance along the wing semispan frorn~the plane 
of symmetry, feet 

a angle of attack of the fuselage reference line corrected for 
the effects of the tunnel walls, degrees 

aU angle of attack of the fuselage reference line uncorrected 
for the effects of the tunnel walls, degrees 

Gzf  leading-edge flap-deflection, positive downward, degrees 

P mass density of the free stream, slugs per cubic foot 

JI, angle of yaw of the fuselage reference line &corrected for 
the effects of the t-el walls, degrees 

MODEL AND APPARATUS 

Figure 1 shows the location of the pressure-orifice stations on 
the wing and fuselage of the model. Pressure-orifice stations on the 
left wing were 9.02 and 16.56 inches from the plane of symmetry while 
those on the right wing were 12.16 and 19,20 inches from tha same 
reference plane. The orifices on the fuselage were in longi.t?cldinal 
rows as shown in the sketch. A total-pressure rake was installed on 
the fuselage at station 43.20 inches to measure the thicknms of the 
boundary layer at a location that correspondsd to the entrance of 
the' left boundary-layer-bleed scoop. Figures 2, 3, and 4 are photo- 
graphs of the model and of the installation of the boundary-layer 
rake. 

The 0.16-scale model had an aspect ratio of 3.01 and a wing ' 

taper ratio of 0.4. The 75-percent-chord line of the wing was per- 
pendicular to the plane of symmetry. The wing liaa a symmetrical 
hexagonal section 4.5 percent thick with rounded corners at 30- and 
70-percent chord and sharp lea,dilng and trailing edges. Figure 1 
shows a typical section through the wing. A detailed description of 
the model and a table of dimensions are given in reference 1. 

The model for all pressure measurements consisted of the wing, 
the ta31, and the fuselage with the tail boom. The canDpy, air 
scoops, an8 nJse fins were oinitted. 

The model was snpported on a sting that carried the presslure 
leads from the model to mercury-in-glass manometers. Pressme- 
distribution measurements were made in pitch at 0' angle of yaw and, 
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in yaw, at approximately 6.2O angle of attack. With the model mounted 
so that wing span was vertical, the angle of yaw was varied with the 
mechanism norml3.y used to vary the angle of attack. (see fig. 3, ) 
The angles of attack and of yaw of the model were measured visually 
with a protractor mounted outsideth0 tunnel test section, . 

REDUCTION OF DATA 

The wind-tunnel-wall and constriction corrections sse given in 
reference 1. 

Section normal-force data were derived by mechanical integration 
of pressure-distribution plots. The section loading coefficients 
were computed by multiplying the section normal-force coefficients by 
the ratio of the section chord to the average wing chord. 

RESULTS AID DISCUSSION 

Characteristics in Pitch 

Wing pressure distribution.- The distribution of pressure over 
the wing of the model with the leading-edge flaps undeflected is 
shown in f igme 5. As the angle of attack was increased, at 0.40 
Mach number, the minimum pressure coefficient near the leading edge 
increased in absolu4ce value up to an angle of attack of apprcxxi- 
mately 3' to 6O. Further increase in angle of attack extended the 
region of approximately uniform minimum pressure on the upper sur- 
face until at 12O it covered. from 25 to 60 percent of the chord. 
Between 12O and 15' angle of attack, the flow over the whole upper 
surface separated and remained separated at the higher angles of 
attack. The changes in pressure distribution between 6' and 12' 
angle of attack represent a rearward shift of the center of pressure 
and appear as a stable variation of the tail-off pitching moment in 
the data of reference 1. 

The effects of compressibility do not appear significant below 
a Mach number of approximateiy 0.90. At Mach numbers of 0.90 and 
0.925, for a given angle of attack, the pressure gradients were 
steeper over the after 30 perce:lt of the chord than at the lower Mach 
numbers. The flow slso had a tendency toward earlier separation, a 
factor which might cause some 1-oss in aileron effectiveness at the 
higher Mach numbers. 

Deflecting the 1.sading-edge flops lo0 and 30' (figs. 6 and. 7, 
respectively) created a region of zni;ni_mum pressure along the flap 
hinge line that shifted to the leading edge at the higher angles of 
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attack. A t  the higher Mac5 numbers and leading-edge-flap angles the 
?low had a tendency t o  separate on the upper surface behind the f l a p  
hinge line. 

Fuselage pressure distribution.- Figure 8 presents the d i s t r i -  

bution of pressure over the fuselage. The re la t ive ly  large negative 
pressures tha t  occurred i n  the region of the wing a r e  a t t r ibuted  t o  
the combination of the flow f i e l d s  of the wing and fuselage. The 
absolute value of the negative pressure coefficient on the fuselage 
was l e s s  than tha t  on the wing f o r  any given angle of attack. The 
separation of flow tha t  occurred over the wing uppor surface f o r  
angles of a t tack greater  than 12' did not extend over the center of 
the fuselage i n  the  region of the wing. 

CriticalM2ch number of w i s g  and fuselage.- The variation of 
c r i t i c a l  Mach nunlbek of the wing with angle of att&ck is presented 
i n  figure 9 f o r  leading-edge-f lap angles of 0' and 33'. With an angle 
of a t tack of 0' and a leading-edge-flap angle of oO, sonic flow 
f i r s t  occurred a t  wing s t a t ion  16.56 inches a t  a Mach number of 0.81. 
The lowest c r i t i c a l  Mach number measured with the f laps  xmdeflected 
was 0.625 a t  angle of a t tack  a t  wing s t a t ion  9.02 inches. 

Deflecting the leading-edge f laps  30° lowered the c r i t i c a l  Mach 
number of the wing throughout the usable angle-of-~tttack range 
( f ig .  91. 

The variat ion of c r i t i c a l  Mach number of the fuselage ~ i t h  angle 
of a t tack is  presented i n  f igure 10. P,t 0° angle of attack, the 
Lowest c r i t s i ca l  Mach nmber measured on the fuselage was 0.89 on the 
upper row of fuselage or i f  ices. For angles of a t tack between 3O and 
l7.5O, the lowest c r i t i c a l  l&ch number was measured on the r ight  row 
of fuselage orif2ces.  

Wing section normal-force a.nd section ioad iw characteristics.-  
Figure 11 p e s e n t s  the var iat ion of section n o m L l  force with angle 
of a t tack f o r  leeding-edge-flap angles of o0 snd 30O. The normal- 
force ~ h a ~ a c t e r j - s t i c s  a r e  i n  agreeaent with ths  l i f t  chsracter is t ics  
presented i n  reference 1. Any spanwise vs,riation of the s t a l l i n g  
angle was d i f f i c u l t  t o  detect because of the l i x i t e d  data i n  the 
region of the s t a l l .  Tho data indicate tha t  the s t a l l  probably 
occurred almost ~imultaneously at a l l  s ta t ions  a t  0.40 Mach number. 

Deflect,?ng the leadlng-edqe f laps  300 delayed the s t a l l  and 
increased the section normal force a t  the s t a l l  almost 15'3 percent. 

The variat icn of the section Loadins c ~ e f f i c i e n t  along the spcn 
f o r  the wing outboard of c ta t ion  9.02 inches i s  given i n  f i g w e s  12 
and 13 f o r  leading-cdge-flap angles oi" 00 and 30°, respectively. 
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Boundary layer at fuselage station 43.2 inches. - Measurements 
were made to determine the thickness of the boundary layer at the 
entrance to the left bong-ary-layer-bleed scoop. (See figs. 1 an3 4.) 
The velocity ratios in the boundary layer are shown in figure 14. 
The bowfiary-layer thickness was of the order of 0.4 inch at all Mach 
numbers of the testtand the thickness increased slightly with angle 
of attack. 

Characteristics in Yaw 

W i w  and fuselage pressure distribution,- Figures 15 and 16 
show the pressure distribution over the wing an8 fuselage, respec- 
tively, for several angles of yaw and an angle of attack of approxi- 
mately 6.2O. ,- 

At 0' yaw and approximately 6.2' angle of attack, higher minimum 
pressures were observed at the leading edge (primarily station 12.16 
inches) when the model was mounted with the wing span vertical for 
the yaw tests (fig. 3) than with the model upright for the pitch 
tests. A contributing factor nay have been that, with the model 
mounted for yaw tests, tho wing plane was much nearer to one of the 
tunnel walls than for tests with the m&el in the normal attitude. 
This was due to the fact that the tunnel is but 12 feet wide and the 
model was not on the tunnel center line. 

Boundary layer at fuselage station 43.2 inches.- The velocity 
ratio in the boundary layer at a position corresponiiing to the entrance 
to the left boundary-layer-bleed scoop with the model yawed is pre- 
sented in figure 17. The boundary-layer thickness appeared to 
decrease with increasing angle of yaw and there was an increase in 
energy loss at a distance from the surface for high angles of yaw. 

C ONCLUDING REMARKS 

Wing and fuselage pres sure-di stribution measurements on a 0.16- 
scale model of the proposed Douglas ~ ~ - 6 3 6  research airplane indi- 
cated that, although the critical Mach h b e r  was 0.81 at 0' angle 
of attack, no serious compressibility effects occurred to the flow 
over the model below a Mach m b e r  of 0.90. The principal Mach n m  
ber effect was to increase the pressure gradient over the after 30 
percent of the wing chord, causing a tendency for the flow to sepa- 
rate. 

At 0.40 Mach number, the wing stalled at approximately 12' 
angle of attack. This stall appeared, *om the wing pressure 
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distribution, to involve ccnplete separation of the flow from the 
upper surface. Deflecting the leading-edge flaps 30' d.elayed the 
stall an6 increased the section normal force at the stall almost 
50 percent. 

Ames Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Moffett Field, Calif. 
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FIGURE LEGENIXj .. 

Figure 1.- The location of the pressure-orifice stations on the wing 
* 

and fuselage of the -56 model. 

Figure 2,- The MX-656 model mounted in  the Ames 16-foot high-speed wind 
tunnel fo r  pressure-distribution t e s t s  i n  pitch. 

Figure 3.- The MX-656 Plodel mounted i n  the Ames 16-foot high-speed wind 
tunnel fo r  pressure-distribution t e s t s  in  yaw. 

Figure 4 .- The fuselage boundary-layer rake mounted on the ~ ~ - 6 5 6  model. 

Figure 2 :- The pressure distribution over the wing of the m-656 model. 
1 ,o J fjIf , oO 0 

f 

( a )  Mach number, 0.40. 

Figure 5.- Continued. (b) Mach number, 0.60. 

Figure 5.- Continued. ( c )  Mach number, 0.80. 

Figure 5.- Continued. (d)  Mach number, 0.90. 

Figure 5.- Concluded. ( e )  Mach number, 0,925, 

Figure 6*- The pressure distribution over the wing of the m-656 model 
'J', 0 ; S E i ,  lo0. 

( a )  Mach number, 0.40. 

Figure 6.- Continued, (b) Mach number, 0.60. 

Figure 6.- Continued. ( c )  Mach number, 0.80. 

Figure 6.- Continued. (d)  Mach number, 0.90. 

Figure 6.- Concluded. ( e )  Mach number, 0-9*5- 

Figure 7.- The pressure distribution over the wing of the MX-656 model. *, O0 ; 6ii 3 30°, 

( a )  Mach number, 0.40. 

Figure 7.- Continued. (b) Mach number, 0.60. 

Figure 7.- Continued. ( c )  Mach number, 0.80. 

Figure 7.- Continued. (d) Mach number, 0.90. 
* 

Figure 7.- Concluded. ( e )  Mach number, 0.925. 
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F i p e  8.- %e pregsure dis t r ibut ion over the fuselage of the MX-556 
model. tU , 0 ; 6tf a oO* 

( a )  Mach number, 0.40. 

Figure 8.- Continued, (b)  Mach number, 0.60. 

Figure 8.- Continued, ( c )  Mach number 0.80. 

Figure 8.- Continued. (d)  mch  number, 0.90, 

Figme 8.- Concluded. ( e )  Mach number, 0.925. 

Figure 9.- The c r i t i c a l  -Mach nmber character is t ics  of the wing of the 
MX-656 model. * , 0'. 

Figure 10.- The c r i t i c a l  Mach number character is t ics  of the fuselage of 
the MX-656 model. q , 0'. 

Figure 11.- The section normal-force character is t ics  of the wing of the 
~ - 5 5 6  model. * , 0'. 
( a )  Wing s ta t ion  9.02 inches. 

Fiwe 11.- Continued. (b)  Wing s ta t ion  12.06 inches. 

F i w e  11.- ~onc lv ids~ .  ( c )  Wing s ta t ion  16-56 inches* 

Figure 12 ,- The spanwise dis t r ibut ion of load on the wing of tlie MX-656 
model. q , O0 ; aZf , oO. 

( a )  Mach nmber, 0.40. 

Figure 12.- Continued. (b)  Mach number, 0.60. 

Figure 12.- Continued. ( c )  Mach number, 0.80. 

Figure 12.- Continued. (d) M~ch number, 0.90. 

Figure 12.-Concluded. ( e )  Mach number, 0,925. 

Figure 13,- The spanwise dis t r ibut ion of load on the wing of the 14x456 
model. 'k, 0' ; Slf , 30'. 

( a )  Mach number, 0.40. 

Figure 13 .- Continued. (b )  ~ a c h  number, 0.60. 

Figure 13.- Continued. ( c )  Mach number, 0 '80. 

Figure 13.- Continued. ( d )  Mach number, 0 .go. 
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Figure 13.- Concluded. ( e )  Mach number, 0.925. 

Figure 14,- The velocity r a t i o  i n  the fuselage boundary layer of the 
~ ~ - 6 5 6  model a t  s tat ion 43.2 inches. t , o0 . 

Figure 15,- The pressure distribution over the wing of the m 4 5 6  model. 
~ 1 ,  6.2' ; 61f , o0 . 
( a )  Mach number, 0.40. 

Figure 15,- Continued. (b)  Mach number, 0.60. 

Figure 15 .- Continued. ( c)  Mach number, 0.80. 

Figure 15,- Concluded. (d )  Mach number, 0.90. 

Figure 16 .- The pressure distribution over the fuselage of the ~X-636 
model. % , 6.2O; t j E ,  0'. 

( a )  Mach number, 0.40. 

Figure 16.- Continued. (5) Mach number, 0.60, 

Figure 16.- ConCinued, ( c )  Mach number, 0.80. 

Flgure 16.- Concluded. (d) Mach number, 0.90. 

Flgure 17,- The velocity r a t i o  i n  the fuselage boundary layor of the 
MX-656 model a t  s tat ion 43.2 inches. , 6.2O. 
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Section B-8 

Boundary layer Fuselage reference plane 
rake location 

' '------~ower 
Section A-A 

Figure /.-The /ocation of the pressure-orifice stations on the w&g 
and fuse/uge of the MX-656 mode/, 
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The MX-656 model mounted ill the Ames l&foot high- 
i e l  f o r  pressure-distrlbution t e s t s  i n  pi tch,  
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Figure 3 ,  - The ~YIX-656 Model mounte8 fm the Ames 16-foot hlgh-speed 
wind tunnel for pressureilistribution tests in yaw. 
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Figure 4.- The fuselage boundary-layer rake mounted on the ~ ~ - 6 5 6  model, 
' 
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3 20 40 60 80 /OO 
chord 

(a) Mach number, 0.40. 

Figure 5.-The pressure disfri,buff,on over fhe w~hg of the MX-656 model. j6,0 O ;  4f ,0 O. 
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(bj Mach number, 0.64 

f i g u r e 5 ~  Continued 
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(c) Mach number 0.80. 

Figure 5.- Continued 
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0 

Percenf chord 

(dl Mach number, 0.90. 

Figure 5.-Con finued. 
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(ej Mach number, 0.925. 

Figure 5- Conc/ude d 
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r ' t i 3  

+ + & A .  

0 

Percent chord 

(i5) Mach number, 0.60 

Flgure 6. - Contmue d 
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Lower surface 

- - - - +  - - 
-- 

* - -  

Percent chord 

(cj Mach number 0.80. 

figure 6.- Continued. 
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Percent chord 

(2) Mach number, 0.90. 

figure 6.- Continued 



Lower surfoce 

80 100 
P ercen f chord 

(ej Moch number, 0.925. 

Figure 67 Concluded. 



Percenf chord 

(a) Mach .number, 0.40. 

Figure 7- The pressure disfr~bufion over fbe wing of fhe MX-656 model & 0 &f. 30 ° 
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Percent chord 

(c) Moch number 0.80. 

Figure 7 .-Continued. 



Percent chord 

(e) Mach number, 0.925 

Figure Z- Concluded 
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Percent chord 

(c) Mach number 0.80. 

Figure 7 .-Continued. 
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/riches behM fuseiage sfafion 44.80 inches 
( a  Mach number, 0.40: 

Figure 8,- The pressure distribution over the fuselage of 
MX-656 model. Pu9O0; Slf ,0? 

the 
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/riches behind fuseluge sfufion 4 4.80 inches 

(b) Much number, 0.60. 

Figure 8 - Con f hued 
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/riches behind fuse/uge sfution 4 4.80 inches 
(2) Mach number 0.80. 

Figure 8 -Conf~hued 
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/riches behind fuse/uge sfatrbn 44.80 inches 
(dj Mach number, 0.90. 

Figure 81- Con fhue d. 
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/riches behind fusehge sfution 44.80 inches 
(k+ Mach number, 0.925. 

f igure 8. - Concluded 
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Figure 9.- The critical Mach number choracterisfics of the 
wing of the MX-656 model. & 0: 
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__-I_ 

-- 

0 4 8 12 16 20 24 

Angle of ottock , 0, deg 

ngure 10.-The cr/t/co/ Much number chorocter/sl/cs of th8 fuseluge 
of the MX-656 mod#/. fi,O? 
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Angle of attuck, a, deg 
a of 0 for 0 0 ,O 0 
Mof .4 .6 .8 .9 925 

fa) Wing station 9.02 inches 
Figure 11.- The section rormol-force chc~r~cteristics of ffhe wing of fhs 

MX-656 model. @, Of 



Angle of attack, a, deg 
a of 0 for 0 0 0 0 
M of .4 .6 .8 .9 -925 

/b) Wing station 12.1 6 inches. 
figure 11.- Continued. 
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42 
0 4 8 12 I6 20 24 

Angle of attack, q deg 
a o f  0 for 0 0 0 0 

/c) Wing station 16.56 inches. 
Figure I/.- Concluded. 
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0 MQch numbq 0.40. 
R ~ u P ~  12.- The sponwise distrlbufjon of lood on the wing of the 

MX-656 mode1. $,OO; 8//;0? 
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22 Span station, 
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(c) Moth number, 6.80. 
figure l2# - l;ontin~ed, 
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(el Much number, Oe925 
+ Ngure /Po - Concluded. 
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W Moch number, 0.40. 
Hgal~r8 /3i The spanwise distriibutio~p of / o ~ d  on the wing of the 

MX-656 model. fi oO; 8/f ,  300 
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16) MQch number, Oe60. 
figure /2Jn- Gontinued 
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le) Mach number, 0.80. 
figure /3# - Continued 
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~p on station, Zu 
6 

- 
0 Mach number, 0.90. 
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2~ Spun station, 

(e) Moch numbera 0.925 
' Figure /3r Concluded 
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0 
0 4 .8 /2 0 .4 .8 12 

v Velocity ratio, - v 

Figure 14.- The velocity ratio in the fise/oge boundory layer of fhe 
MX- 656 model of sfotion 43.2 inches, , 0: 
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Figure /5- The pressure d;str;bution over the wing of the MX-656 model. o,, bz0; c?$~, o*. 
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Figure 15 .-Continued. 
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Figure l.5.- Confnued ' 
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Figure 15.-Concluded. 
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/riches behind fuselage station 4 4.80 inches 

Figure 16.- The pressure distribution over the fuselage of the 
MX-656 mode/. aU,6.2'; S/f ,  04 
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(b) Much number, 0.6Q 
Figure /6.- Com'inued 
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Moch number 0.80 
Figure 16.- Continued 
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(d) Mach number, 0-9Q 
Figure /6. - Concluded 
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1L Velocity ratio, 

Figure IZ-The velocity ratio in the ffuse/age boundary layer of the 
MX-656 model ut stution 43.2 inches. a", 6,2? 

T  
A FOB U P A S  

Restriction/
Classification 
Cancelled




