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NACA RM No. A8I16 CONFIDENTIAL

NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

AERODYNAMIC CHARACTERISTICS AT SUBSONIC AND SUPERSONIC MACH
NUMBERS OF A THIN TRIANGULAR WING OF ASPECT RATIO 2.
I — MAXTMUM THICKNESS AT 20 PERCENT OF THE CHORD

By Robert E. Berggren and James L. Summers

SUMMARY

This report presents the results of a wind—tunnel investigation
conducted to determine the effects of Mach number on the aerodynamic
characteristics of a wing of triangular plan form. The wing was of
aspect ratio 2 and of symmetrical double—wedge section with 5—percent
chord maximum thickness at 20 percent of the chord. The tests were
conducted at Mach numbers from 0.50 to 0.975 and 1.09 to 1.49 and at
Reynolds numbers ranging from 0.67 to 0.85 million.

The experimental results indicate chiefly that (a) the 1lift—
curve slope increased steadily with an increase in subsonic Mach
number and decreased gradually with Mach number above 1.12; (b) the
aerodynamic center shifts from 40 to 50 percent of the mean aerodynamic
chord in the subsonic Mach number range and remains at approximately
51 percent of the mean aerodynamic chord throughout the supersonic
Mach number range; (c) the minimum drag coefficient is essentially
constant at subsonic Mach numbers and at supersonic Mach numbers
above 1.2, but increases appreciably with Mach number in the portion
of the supersonic range below 1.2; (d) the drag due to 1ift decreases’
continuously in the subsonic range up to a Mach number of 0.9L4, but,
in the supersonic Mach number range, the variation is reversed and a
continuous increase occurs with increasing Mach number; and (e)
calculated characteristics except for minimum drag coefficient were
in reasonable agreement with the experimental characteristics.

INTRODUCTION

The use of highly swept or low—aspect—ratio wings has frequently
been proposed for aircraft designed to operate at supersonic Mach
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2 CONFIDENTTAL NACA RM No. A8I16

numbers. Theoretical studies by Jones (references 1 and 2) and Puckett
and Stewart (reference 3) have indicated that the low-aspect-ratio
triangular wing with apex forward is a promising plan form for this
application. The present investigation was undertaken in the Ames

1— by 3~1/2-foot high-speed wind tunnel to determine experimentally
the principal aerodynamic characteristics of a low-aspect-ratio
triangular wing at subsonic and supersonic Mach numbers and to compare
these characteristics with those from theoretical calculations.

The wing was selected on the basis of certain theoretical
predictions of Puckett and Stewart to provide minimum pressure drag
at moderately supersonic Mach numbers for a triangular wing of
practical thickness. The wing was of aspect ratio 2 and had a
symmetrical double-wedge section. The maximum thickness was 5 percent
and was located at 20 percent of the chord.

SYMBOLS
b span of wing, feet
c local wing chord, feet b/2 .
c= dy
- o
c mean aerodynamic chord ——7;————— , feet
o 1% 4

Cp drag coefficient <‘%§5>
Dmin minimum drag coefficient
ACp change in drag coefficient from value of minimum drag

coefficlent (Cp — Cp )

min
ACD drag-rise factor
ALTR
C1. 1ift coefficient <;é§£>
ACL change in 1ift coefficient from the value at minimum drag
fficient -C

coefficient (Cp, B min)
dc
E;E lift—curve slope at zero 1ift coefficient, per degree
Cn pitching—moment coefficient

moment about centroid of area of wing

qSc
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NACA RM No. A8I16 CONFIDENTTAL 3

L lift—drag ratio <—1ifi
D dra
F) maximum lift—drag ratio
P max
M free—stream Mach number
q free—stream dynamic pressure (%pvz), pounds per square foot
R free—stream Reynolds number referred to the mean aerodynamic
chord
S wing area, square feet
v free—stream velocity, feet per second
y spanwise distance from the wing root—chord line, feet
a angle of attack, degrees
o) free—stream mass density, slugs per cubic foot

APPARATUS AND TESTS

The tests were performed in the Ames 1— by 3—1/2—foot high—speed
wind tunnel, which is a closed—throat tunnel, fitted with a flexible
throat to provide variations of supersonic speeds up to a Mach number
of 1.5. A diagrammatic sketch of the throat section is given in
figure 1. The model (fig. 2) was constructed of steel according to
the dimensions of figure 3. Leading and trailing edges of the wing
were maintained sharp (less than 0.002-in. radii) throughout the
tests. The wing surfaces were ground but not polished.

The wing was mounted in a horizontal plane in a slender body of
revolution (fig. 2) having the minimum size consistent with its
function as an adequate support. A series of identical bodies (fig. 3),
sting supported at different angles of attack, was employed inter—
changeably to vary the wing angle of attack.

A three—component electrical strain—gage balance was used to
measure the 1ift, drag, and pitching moment of the model. Measurements
of the pressure acting on the base of the body were made simultaneously
with the force measurements.
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b CONF IDENTTAL NACA RM No. AB8I16

Measurements of 1ift, drag, and pitching moment were taken at
intervals in the Mach number ranges of 0.50 to 0. 975 and 1.09 to 1.49
and at angles of attack from approximately -3° to 9°. Reynolds
number, based on the mean aerodynamic chord, varied from 0.67 X lO
at 0.50 Mach number to 0.83 X 105 et 1. 49 Mach number. Wind—tunnel—
choking considerations precluded testing at Mach numbers between 0.975
and 1.09.

REDUCTION OF DATA

Lift, drag, and pitching-moment coefficients are based on the
wing area including that portion which was enclosed within the body.
Pitching—moment coefficients are referred to the centroid of wing
area and are based on the mean aerodynamic chord.

Corrections for wind—tunnel-wall interference were made at
subsonic Mach numbers to both the measured angles of attack and drag
coefficients by the method of reference 4. These corrections,
demonstrated in reference 5 to be independent of Mach number, were:

Mo = 0.2k Cp,

ACp = 0.0075 Cp?

I

The drag forces were also corrected for the effects of the
buoyant pressure gradients existing in the wind tunnel. This correction
was less than 2 percent- of the minimum drag at all Mach numbers. RNo
corrections were made for any possible inclination of the air stream.
The tunnel blockage corrections were determined to be negligible
and were not applied to the test data.

The drag data were corrected for the interference arising from
the close proximity of the balance cap to the afterend of the body.
This interference is assumed to be confined to the base of the body
at all Mach numbers. Theoretical computations have indicated this
assumption to be essentially correct at subsonic Mach numbers. On
the basis of a discussion contained in reference 6 this assumption
is also believed to be valid at the supersonic Mach numbers. The
effect of this interference is to change the pressure at the base
of the body from that which would exist in the absence of the balance
cap. To compensate for the effect of this interference, which is
believed to vary with Mach number, the measured base pressure has
been adjusted to correspond to the static pressure of the free stream.
Thus, the adjusted drag is the measured drag of the wing and body
minus the base drag of the body.
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RESULTS AND DISCUSSION

The results of the tests are presented in figure 4 as plots of
1lift coefficient as a function of angle of attack, and pitching~
moment coefficient, drag coefficient, and lift-drag ratio as functions
of 1lift coefficient for each test Mach number. Figures 5 through
11 are derived from figure 4 and show the variation with Mach number
of certain of the aerodynamic parameters. Representative schlieren
photographs of the model at various Mach numbers are presented in
figure 12, part (a) being included to show the optical defects of
the tunnel windows.

For purposes of correlation, characteristics obtained from
references 7 and 8 at Reynolds numbers of 15.4 x 16 and 1.8 x 108,
respectively, and reference 9 for a Mach number range of 0.50 to
0.95 and a Reynolds number of 5.3 x 10° on wings of similar plan
form and section are compared with the results of the present test.
Further comparison with the results of the present investigation is
provided by including data from reference 6 for the identical con—
flguration and a closely comparable Reynolds number.

The forces and moments of the wing alone from the present test
could not be readily separated from those of the wing—body combination
because of the difficulty in determining the wing-body interference.
The coefficients presented, therefore, represent the results of the
combination and not of the wing alone. The contribution of the
body to the 1ift and pitching moment is believed to be small. However,
the drag produced by the body is of appreciable magnitude and this
fact should be borne in mind in a study of the drag characteristics.

A description of the influence of the body upon the characteristics
of the combination is given in reference 6.

Lift Characteristics

The theoretical 1ift curves shown in figure 4 are for the wing
alone and were determined by the methods of references 10 and 3 for
the subsonic and supersonic Mach numbers, respectively.

The increase in the experimental lift—curve slope with angle
of attack, apparent in the subsonic data (fig. 4) up to angles of
attack of about 7°, is typical of wings of very low aspect ratio.
Results from tests at a higher Reynolds number (reference 7) show
1ift curves of a similar nature. The displacements of the 1ift curves
from zero angle of attack at zero 1ift coefficient to be noted at
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several Mach numbers were caused by stream inclination for which
corrections were not made.

The respective variations with Mach number of 1ift coefficient at
constant angles of attack and of lift—curve slope are shown in figures 5
and 6. From these figures it can be seen that there are no abrupt
changes in these two parameters with Mach number. The experimental
values of the lift—curve slope (fig. 6) increase with Mach number
in the subsonic range and decrease with Mach number in the supersonic
range above a Mach number of 1.12. The discrepancy in the magnitudes
of the theoretical and experimental lift—curve slopes is evidently
due to the influence of the body and to second—order effects of
thickness of the airfoil which are not considered in either the
subsonic or supersonic theories. The agreement with the present
investigation of the lift—curve slopes of references 6, 7, 8, and
9 is reasonable if consideration is given to the differences in
Reynolds number.

It appears that there are no abrupt changes near the Mach number
of unity in either the 1lift coefficient at constant angles of attack
(fig. 5) or lift—curve slope (fig. 6). Data obtained from tests by
the NACA wing—flow method (reference 11) on a similar wing at a
Reynolds number of approximately 1.0 X 10° have revealed no erratic
changes within the range of Mach numbers from 0.975 to 1.09 which
were not covered in the present investigation.

Pitching—Moment Characteristics

It can be seen that the variation in pitching—moment coefficient
with 1ift coefficient, shown in figure 4 for various Mach numbers,
is continuous and almost linear. The aerodynamic center location,
plotted against Mach number in figure 7, was determined from the slope
of the pitching—moment curve (fig. 4) at zero lift coefficient.
Figure 7 indicates that the travel of the aerodynamic center with
Mach number is 10 percent of the mean aerodyhamic chord in the subsonic
range. At the supersonic Mach numbers the position of the aerodynamic
center remains within 2 percent of that predicted by the linear theory
(50 percent of the mean aerodynamic chord). The results of this
investigation are in good agreement with reference 9 at the lower
subsonic Mach numbers (below 0.8) but differ considerably at the
high subsonic Mach numbers. The agreement of reference 6 with the
results of the present test is excellent.

Drag Characteristics

The calculated drag polars in figure 4 for the supersonic Mach
number range are for the wing alone and were obtained by summing the
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pressure drag and skin—friction drag computed by the methods of
references 3 and 12, respectively. Because the distribution of
laminar and turbulent flow over the wing was unknown, boundaries
representing pressure drag plus complete laminar skin friction and
pressure drag plus complete turbulent skin friction have been indicated.
Values of skin—friction coefficients corresponding to incompressible
flow were assumed in the calculations. The experiments of references
12 and 13 would appear to justify this assumption. The experimental
drag polars presented in figure 4 for the Mach numbers of 1.09 and
1.12 are seen to exhibit a lower rate of change of drag coefficient
with 1ift coefficient than those for other supersonic Mach numbers,
or those calculated for these two Mach numbers. Possible reasons for
this low rate of drag rise are discussed later in the discussion of
the drag—rise factor.

The variation of drag coefficient with Mach number at constant
values of 1ift coefficient is shown in figure 8. As would be expected
from examination of the polars of figure 4, quite low values of drag
coefficient at the higher 1ift coefficients are evident at the lower
supersonic Mach numbers.

The character of these curves may be more readily analyzed by
considering the change in drag coefficient accompanying.a change in
1ift coefficient, that 1is, the drag due to 1ift. This quantity may
be conveniently represented, because of the parabolic nature of the
experimental polars, by a dimensionless parameter termed the "drag—
rise factor" which is defined as ACp/ACTZ.

The drag-rise factor, plotted in figure 9 for the configuration
of this investigation, exhibits the same character of variation with
Mach number as the drag coefficient at constant 1ift coefficient
(fig. 8). If the wing under investigation be considered as a flat—
plate airfoil, realizing no leading-edge suction, the drag-rise
factor can be equated to the reciprocal of the lift—curve slope.

The reciprocal of the lift—curve slope has also been plotted in
figure 9. In this figure the effect of Mach number on these two
quantities is indicated to be essentially identical except in the
region between Mach numbers 0.9 and 1.2.

The low values of the drag-rise factor at Mach numbers from 1.09
to approximately 1.17 appear questionable. No suitable explanation
has been found for these apparently low values; however, for the
following reasons they are believed to be the result of a wind—
tunnel interference rather than genuine aerodynamic effects:

CONFIDENTTAL
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l. The air stream is known to contain random shock waves at
the low supersonic Mach numbers, examples of which are indicated by
arrows in figures 12(d) and (e).

2. Reflections from the tunnel walls of the shock waves
originating at the body nose and point of juncture of wing and body
impinged upon the model at Mach numbers from 1.09 to 1.17 and may
have produced a buoyant pressure field in a direction to decrease
the drag. (The reflected waves cannot be seen in fig. 12 because
the optical axis of the schlieren system is parallel, not perpendic—
ular, to the 1—foot dimension of the wind tunnel.)

3. At Mach number 1.09, a strong normal shock wave was located
adjacent to the trailing edge of the wing. (See figs. 12(c) and (d).)
The higher pressure after the shock wave may have been transmitted as
a pressure disturbance through the subsonic wake of the model to
reduce the drag below that which would occur in the absence of this
wave.

The variation of minimum drag coefficient with Mach number is
shown in figure 10. It will be noted from an examination of this
figure that the drag divergence at high subsonic Mach numbers usually
associated with unswept wings of higher aspect ratio does not occur
for this configuration. In fact, the variation of minimum drag
coefficient with Mach number in the entire subsonic range is quite
small. Compared to the results of references 7 and 8, with consider—
ation given to the friction drag of the body and to the influence
of Reynolds number, the values of this coefficient appear satisfactory.

A comparison with the results of reference 9 shows a lack of
agreement in both the magnitude and the rate of rise with Mach number
of the minimum drag coefficient. It should be noted that the results
of reference 9 were obtained for a semispan model mounted on a
turntable in the floor of the tumnel. This reference indicates that,
because of leakage of air through the gap between the turntable and
the tunnel floor, the variation with Mach number of the minimum drag
coefficient 1s subject to question. Also, the magnitude of the
minimum drag coefficient of reference 9 may be somewhat in error
because of the large drag—tare correction necessary (approximately
50 percent of the minimum drag coefficient).

In the range of Mach numbers above approximately 1.2, the
variation of minimum drag coefficient with Mach number compares
favorably with the predicted variation. The absolute values, however,
are greater than those indicated by the theoretical upper limit.
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This result may be attributed to the friction drag of the body and to
possible boundary—layer—separation effects, neither of which was
considered in the theoretical calculations.

The agreement of the results of the present investigation at the
highest supersonic Mach number with that of reference 6 is considered
satisfactory.

Maximum 1ift-drag ratio as affected by Mach number is shown in
figure 11. It is observed that, at subsonic Mach numbers, the maximum
lift—drag ratio remained fairly constant. At supersonic Mach numbers,
increases in both minimum drag and drag due to lift caused this ratio
to decrease. The high maximum lift—drag ratios at the lower super—
sonic Mach numbers can probably be attributed to the unexpectedly low
drag values observed in this range.

At subsonic Mach numbers, the difference between the results
of the subject investigation and those of references 7, 8, and 9
may again possibly be attributed to differences in Reynolds number
and to the influence of the body present in this investigation. The
agreement with the results of reference 6 is good. The experimental
values are somewhat lower than the calculated values since the latter
include neither the effect of the friction drag of the body nor the
change in skin—friction drag with angle of attack.

CONCLUSIONS

The results of wind—tunnel tests of a thin triangular wing of
aspect ratio 2 and a double—wedge profile through the Mach number
ranges of 0.50 to 0.975 and 1.09 to 1.49 indicate the following:

1. The lift—curve slope increased steadily with an increase in
subsonic Mach number and decreased gradually with Mach number above
112,

2. The aerodynamic center shifted from 40 to 50 percent of
the mean aerodynamic chord with Mach number at subsonic Mach numbers.
At supersonic Mach numbers the aerodynamic center remained near the
centroid of area.

3. The minimum drag coefficient remained essentially constant
at subsonic Mach numbers and at supersonic Mach numbers above 1.2,
but increased appreciably with Mach number in the portion of the
supersonic range below 1.2.
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L, A decrease in drag due to 1lift resulted from an Iincrease
in subsonic Mach number and a subsequent rise in drag due to 1lift
resulted from an increase in Mach number above 1.09.

5. Theoretical calculations, except for minimum drag coeffi-—
cient, were in reasonable agreement with the experimental characteristics.

Ames Aeronautical Laboratory,
Netional Advisory Committee for Aeronautics,
Moffett Field, Calif.
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Figure 2.—
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Photograph of triangular wing and body.
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Figure 4.-Aerodynamic characteristics of triangular wing and body.

8T

TIVILN3AI4NOD

.9TIQV "ON WY VOVN



" NACA RM No. A8I16

CONFIDENTIAL

%&\\Q\ boip-1417
w | m 0
-
Jw L_D V &
YT R o
-
S
( i g
/ w
! m& 54 S
/
i o
o
~ 0 j- 2.
" R BTYTNEE
0 eI |
Y8121]4909 D Yue10144809 boig sm
Juswow L
-butys}iy M 3
] ”
a ° &
B 8 mu.
N : r
S o// > SB
N 3 S,
S D - wrr
3 zpm /A [} =
S . 8
g M Z * m
§ 8 $
H 3
g S ¥
| NEL
_ N
| S L

2 Y4uerars 900 1417

CONFIDENTIAL

19



20
S
Q
5
= W 5
9
Yua1914 4809
Juawow
-burysyid
N
S)
b
S
3
3
3
3

———o—— Experimental

CONFIDENTIAL

S 01404 bo4p-4417

NACA RM No. A8I16

O ol L, e
Lift coefficient, G,

&

TR L L

79 4ua19144809 1417

CONFIDENTIAL

2

T T, O s b P T T
Q P
/U/MK
~NIQ nw
. I8
//
_//
===
/o
m //
J T
QIR & ARt
09 Y4us1a144909 bo.ig
: Q
o)
. // 8
b~
/WNP 3
N \]
N -5
/ S
\ o S
..
o
%
C
<
. u
Noly

R=085x/0°

Figure 4-Continued.

) M=0



NACA RM No. A8I16

CONFIDENTIAL

..% ‘01404 bDIp- 4417

D Gty iTle WA N 0. AN g% 40 o
.V BP
L_D \/ / ¥
| |
e
G i
J
///M/
G oS
w m ///
5 / N
B S & % gy oae
) an ¢ i 3 :
Yua121] 809 D Yud12144802 boig
Juwow
=buIys}i4 4
i R
Rt by 4
- f
S / N e
< < / "
® 5
L) 4 .Kp
N\
% : o1
g ¥ =
£ 8 R
g $ :
S S s
Q
, <
| S o
| ANE

79 Yuar12144802 4417

CONFIDENTIAL

I

/

£

-2

2
Lift coefficient, C,

29

Figure 4.- Continved.



22

Q)
™ S T

2
Yuai121} 4309
Juswow
~bulyotld
=
S
w
2
e No

S
s D
g 2
£3
23
g S

CONFIDENTIAL NACA RM No. A8I16

QG.:E boip-1417

q
IO SN, T O s s O, o
S\ w D)
/\ ]
Nl \ &
Y 1T 3
b j )
! % :
//
Q
e
/ [}
d N oy
S T
a9 .\tm.\u..\\\ 202 b0Jg
NEY ®
,o// ¥
N o
///, 6m.,
_ 5
/oM/ 2
S
d
Q
f/O/ OMW.
o

4 2

© © = ) N B S N
10 Yus12144807 4417

CONFIDENTIAL

Lift coefficient, C;

(e) M=0.950, R=084x10°.
Figure 4.- Continued




NACA RM No. A8I16

e e s

ey

¢ Eb
#U31914 4309
Juawow
~burysyiy
-
S
®
s
3 3
..m 3
2§
W QS

CONFIDENTIAL

<0140 b01p- 4317

23

:
~ T TR TH L R - T O . s AR
A
<
mv/ O (Z
/\W &
L_D \,/ i S
/U\ A/ "o
. 5
S
\ /x e
Q
<~ ©
e -
=y
/Ol
FIN S
©
R e
99 Yua1214 4209 boig @ S
of
TS
ﬁnﬂ 8
. % & m#
B © $8
R L
// aOd N~
BN 5
N 4*’
N\ §
NS
-
Q
.
///MA

79 Y4uararyys02 1417

CONFIDENTIAL




AVILN3AIINOD

. : ‘G" /
—O0—— Experimental % :\:
Eolh rtpia? S SOE 3 et e
s Calculated (ref 38 /2) § §%b 0 o—1 o
T EQ
=/
6 N/ 0
g S A
(e
5 7 T 08 2’/ \\% /“ 8
83
4 A S 06 - s 6
S ]
= > \
3 /(/ < P / « G ~Nlg
32 % S og— e 2 g
> SO—H— /\ Turbulent flow S
E b a — Laminar flow i E
by Q
2 i S
= S
-
/ 3
-/ f %
6
4 2 0 2 4 6 8 0
Angle of attack,a, deg /!
9/ =
- -/ 0 / . rud L 5 b

Ty T Lift coeff/'c/ebf, c, W
(g} M=/ A =UoVXIU". NACA
Figure 4.- Continued.

e

TIVILN3AIINOD

9TIGV °"ON W VOVN




NACA RM No. A8I16

CONFIDENTIAL

.m ‘O14ps bo4p- 4417

g b0 N SR dnt e T S
4 S 3
H N o
> 7 | Wﬂ
\ NV
% 4 N
AR
U e
i1 e
/
L. \m\ e
A
Yuaraly j902 99 Yus19144909 boig
Juawow
=buiysyld oN
8 MV/
3 AR
3 =
-
3 N /9
-
)
E N
)
S 3
g 3
,
|
_ © ) < o
) ) : LY \V] > Q) ~ 9._ z_u

) 4ua19143309 4417

CONFIDENTIAL

e S S e Y
Lift coefficient, C,

=3

s i i O
,o, deg

Angle of attack

4 2 0

25

112, R=085x/0°
Figure 4.~ Continued.

) M




NACA RM No. A8I16

26 CONFIDENTIAL
Léo01 bosp-1417
q rﬁe BT Eer Sie. O T n.,5
: N =3 i
-~ = :
| SO,
/ 35 ",
i .
(S
: o= § N
LAY
G d/ X 4
a0 e
1 \ 0
7 / /—
\\\ / N
3 o) O
™
i 0 /- @ 0 6 0 v
wo bt w Q M m
“Yua1214 4902 09 Y4uara14 4309 boiQq
Juawow
=buryayi,
143} 1o v// o
N 0} ®
@ >
M /, ¥ ,w,
3 \
L
& &
N o
v © =
€ S S
.” h 2f
S 3 s
3 :
W Qo e
| Yo E
| ¥
| N
W iR Ty T N M

0 Yusro144800 41417

CONFIDENTIAL

Lift coefficient, G,

=117 R=085x10°.
Figure4 - Cantinued.

(i) M



NACA RM FNo.

A8T16 CONFIDENTIAL

L0104 boip- 1417

L.

]

T Tl
[4 ﬁ\b
4U3191 44309
Juswow
~butysjiy

— — — Calculated (ref. 34 /2)

——0—— Experimental

T N e T

a) w:m\ut 4809 boig

B

10

8

@

6

4

2

Angle of attack,a,deg

-/

T T R TR TR ;
19 Yuara144309 4417

CONFIDENTIAL

e ig

S el Ay ey s P 85
3 .,
. Q
~ 8
3 8™ -
]S
/ .WM M
ISNA s
Q /ﬂz/\\_ 2M;
Q K
I 287 e
7/ ~ -
7 //Mu :

-2

NACA

27

(/) M=1.20, R=085x10%
Figure 4.- Continued.



28 CONFIDENTIAL NACA RM No. A8I16

.% ‘o1Jp1 bDip-1417
555 i I, VL O T s AL [OVREe R
% otk | Pl ;
N <
<
(3
SN
EREP RN )
_ Ll TINR § sl
& 1 8§
o] X
o <8
Q ©
; i N
) / o] &
» / )
| y, i
5 tUSTRE A e
Wus12144809 99 4yua12144902 boig <%
Juswow “W
~burysfid om
<
; 5 v
o/ Jp
U]
O/ © M—W.
, S

6

4

>
<
Angle of attack, a , deg

— — —CCalculated (ref 3&12)

——o——Experimental

4 2 0

%

L PTETh - SR TP Y IR T =
T Y4uar2144309 4417

-/
=2

CONFIDENTIAL




~

—o—— Experimental e S
&30
— —— —Calculated (ref 3 & 12) ﬁ § E Q)E O—o )
T ES
A0 /0
Q
5 S 08 5 pl// 8
- |
A 3 o \ L
4 /O S 06 - V77 6
s P S Y8
.3 S 04 / 7 4
: ¢ 7 3 / oé( <
z S S QJ
= o r Q 7 N[ P rurbutent  frow
= Q / V N Laminar flow
> i/ v (9] 0o
) 3 / d
~ o / / -2
-/ < - -4
o” o
T e D 2. %8 . F U 1
Angle of attack,a, deg -8
<& oA TR e g 5

(1) M=439 R=083x/0°
Figure 4.- Concluded.

Lift coefficient, ¢,

Lift-drag ratio, bL-

- 9TIGV "ON Wd VOVN

AVILN3AIANOD

62



NACA RM No. A8I16

CONFIDENTIAL

30

Y0440 JO SIBUD [UDISUOI JD JSQUINU YIDW YIIM JUBIIJJ302 JJI] JO UOIDIIOA-G 94nbl4

a1

4

cl

W ‘49qunu yoow

ol

g

9

- =

\

14

09

o8&

N

L/
\

Q

9 “auaio144209 1417

Nt

V.

CONFIDENTIAL




AVILN3AIINOD

per deg.

%0
da ’

Lift-cwrve slope,

Figure 6-Effect of Mach number on lift-curve slope.
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(¢c) M = 1.09, side view. (d) M = 1.09, plan view.

Figure 12.— Typical schlieren photographs of the side and plan views

of the model at several Mach numbers.
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(g) M = 1.29, side view.

Figure 12.— Continued.
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A-13018
(h) M = 1.29, plan view.
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(i) M = 1.49, side view.

Figure 12.— Concluded.
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A-13019
(J) M =1.49, plan view.



