NACA RM No. L7]10

}%\M/}I 3@7}10
T o}
ENGMWL Copy No.

RESEARCH MEMORANDUM

- PRELIMINARY TESTS TO DETERMINE THE MAXIMUM
LIFT OF WINGS AT SUPERSONIC SPEEDS

(@) By

P James ]. Gallagher and James N. Mueller

n Qiﬁ Langley Memorial Aeronautical Laboratory
Langley Field, Va.

o L - - SRR
I ) T 'S FE DEF N & rt\*w—‘
11 i ‘ b , A
ﬂ ¥ T B 4 A 4. IR
s : a N
m MLITADMIA  IMSTITHTE  Ar g
AR ".:.h'..'

{ RERIEES | o i | E
Ul UiL Ul PL.J‘HWU;_UU{
TR

] Classification Changed to
i UNCIASSIFIED
& WM a &Aut onfaé 2 25#7
i ‘ gL 27 gg&f«
Dafe (2e0)
loyalty and discretion who MAR o \Y/ £ W

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
December 11, 1947

DNCLASSIFIED™







NACA RM No. L7J10

Ul¢onEToByrIAT)

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

PRELIMINARY TESTS TO DETERMINE THE MAXIMUM

LIFT OF WINGS AT SUPERSONIC SPEEDS

By Jemes J. Gallagher and James N, Mueller

SUMMARY

An exploratory test program was carried out in the Langley 9—inch
supersonic tunnel to determine the maximum 1ift of wings operating at
supersonic speeds. A variety of wing plan forms of random thickness
distribution were tested at Mach numbers of 1.55, 1,90, and 2.32 and
Reynolds numbers varying between 0,3 X 106 and O 106 at angles of
attack ranging from zero up through the angle at which maximum 1ift
occurred., In general, at these Mach numbers the value of maximum 1lift
coefficient was approximately 1,05+0.05; it appeared to be independent
of plan form and decreased slightly with increasing Mach number. No
discontinuities in 1ift occurred from zero angle of attack through
maximum 1ift, which was attained at approximately 4O° angle of attack.

In the Mach number range tested, the 1ift curves remained linear as high
ag 20° to 30° angle of attack, Lift—drag ratios at maximum 1ift were of

the order of 1,0,

INTRODUCTION

The designer of supersonic alrcraft — particularly the guided-missile
designer — is interested in the maximum loads that can be attained on
wings operating at supersonic speeds. The need for such maximum—load
information 1s obvious 1n determining the maximum accelerations that can
be attained by supersonic aircraft and in the structural design of aircraft
components. To provide maximum 1ift and drag information, tests of
10 wings to high engles of attack were made in the Langley 9—inch super—
sonic tunnel. Only available models were used; hence no comprehensive
The tests were concermed
mainly with plan form inasmuch as it was felt that this was the primary

study of plan form and wing section was made.

variable.
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SYMBOLS

stream velocity
stream Mach number
gtream density

stream viscoslity

dynamic pressure (%WQ)

oV
Reynolds number referred to c (—c)
M

maximum wing span
maximum wing chord in stream direction
wing area

2
aspect ratio (%—)

maximm thickness of wing
thickness ratio of wing in stream direction

11ft coefficient Ii-?)

drag coefficient (21%5)
a

éngle of attack, degrees

triangular wing vertex half-engle, degrees

NACA RM No. LT7J10

wing-tip angle measured from stream directlion, degrees

sweep angle of leading edge, degrees

APPARATUS AND TEST METHODS

Description of tunnel.— The Langley 9—inch supersonic tunnel is a

closed—return wind tunnel in which the humidity and temperature of the
alr cen be controlled with suitable drying and cooling equipment. The
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test Mach number 1s varled by the use of interchangeable nozzle blocks
which form test sections approximately 9 inches square. Models are
mounted in the tunnel on shlielded stings and the forces are measured
on a three—component balance system. The range of the externally
controllable angle—of—attack mechanism is +5°,

Description of models and supports.— The models tested are shown in
figure 1 and pertinent dimensions are given in table I. The two
trapezoidal wings (6 = 30° and 6 = 40°) were made by obliquely cutting
off the tips of rectangular wings which had symmetrical circular-erc air—
foll sections. The trapezoldal wings were tested with both bluff and
beveled tips. The rectangular wings had symetrical circular-arc air—-
foil sectlions., The 63° end 45° gwept wings had modified symmetrical
circular-arc airfoll sectlons perpendicular to the leading edges. The
modifications entailed rounding the leading edges and beveling the tips.
The triangular wings were flat plates with leading edges beveled slightly
and rounded off and trailing edges beveled to a sharp edge. A more
complete description of these swept and triangular wings is given in
reference 1. The 36° swept wing had the seme alrfoll section and tip
bevel as the other swept wings, but its tips were cut off parallel to
the stream directilon.

Various stings (fig. 2) were used to support the models in the tests.
For most of the tests the windshleld shown in figure 3 was used; however,
some tests were made using the long windshield shown in figure 4. The
combinations of the various wings and their supports are summarized in
table II.

Test methods.— The limited range of the tunnel angle—of-—attack
mechanism (£5°) made it necessary to devise some means for the tests
which would allow larger angles to be reached., The angle—of-attack range
was covered by bending the sting (fig. 2) successively in 10° Increments,
filling in smaller incremental angles with the angle—of-attack mechanism,

The first set of date taken at M = 2,32 using sting "a" showed
displacements of successive groups of test points (approximately 10°
increments between "sting bends") in the 1ift results as shown in
figure 5. These displacements in the 1lift curves suggested that the
forces on the sting might be larger than had originally been expected.
The meximum displacement of the test—point groups in the region of
meximum 1ift occurred for the smallest area wing (fig. 5(b)) and was
of the order of 6 percent. Only small displacements are to be noted in
the drag curves,

Because of the displacements in the test—point groups indicated in
the results at M = 2,32 using sting "a," sting "b" (fig. 2) was used
in the next series of tests at M = 1.55 (fig. 6) in an attempt to
reduce the forces on the model support. The maximum displacement of
the test—point groups in the region of maximum 1ift occurred as in the
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M = 2,32 tests for the smaller area wings, but was about 5 percent
(figs. 6(b) and 6(f)). The displacements for the majority of the configu—
rations, however, were considerably less. The displacements in the
drag test—point groups were agein small as compared with the 1ift results.

Even though the shorter sting reduced the magnitude of the discontinui-
ties in the 1ift curves, the absolute values of the forces on the model
supports were still not known. In en attempt to evaluate these forces,
eight peirs of static orifices were installed on sting "b" and run at
M = 1.55 for the configurations indicated in teble II. The corrected
11ft data are shown in figures 6(a), 6(b), 6(f), and 6(g). The long
windshield was used in addition in an attempt to minimize the forces on
the model support as much as possible and provide an edditional comparative
value of lift close to maximm 1ift,

The previous tests showed good agreement between the velues of
maximum 1ift obtained by correcting for the sting pressures and by the
use of the long windshield; therefore, in the next series of tests, only
the long windshield was used to obtain check data. For the tests at
M = 1,90, sting "b" was again employed and, because of the reduction in
the megnitude of the lift—curve displacements in going from sting "a" to
sting "b!' a still shorter model support, sting "c," was also employed.
The tests at M = 1,90 were run at angles of attack in the region of
maximum 1ift only.

PRECISION OF DATA

Tt should be realized that the primary purpose of the tests was to
obtain values of maximum 1ift. Data obtained at the lower angles were
not expected to be as accurate as those obtained at the higher angles
because the test technique employed was one of convenience. Furthermore,
no reasonesble values of pitching moment were obtained because the lack
of sufficient instrumentation made it impossible to evaluate the
magnitude and location of the resultant force on the sting.

The total forces on the models and supports were measured on self—
balancing beam scales. The maximum probable errors in the scale measure—
ments ere of the order of a small fraction of 1 percent of the -forces
at maximm 1ift and thus appear negligible in comparison with the other
errors involved in evaluating the forces on the model supports. The
differences in velues obtained by the various model-support schemes thus
remein the only means of judging the accuracy of the maximum—11ft results.

Maximm 1ift.— The lack of any previous informstion on maximum 1ift

at supersonic Mach numbers mede the check-polnt runs in these tests
necessary, Most of the information regarding accuracy was obtained at
M = 1.55; however, some additionsl checks were made at M =1.90. The

UNCTRSSIRED




NACA RM No, L7J10 U N CONFIDERTEAL 5

data corrected for the pressure forces at maximum 1ift (shown in figs. 6(a),
6(b), 6(f), and 6(g)) checked the uncorrected lift velues within 5 percent
except for the trapezoidal wing for which there was an 8-percent dis—
crepancy., The obtainment of sufficient pressure readings along the

sting for precise evaluation of the pressure forces would have been a
prohibitively tedious process, Thus, because of the unknown precision

of evaluating the 1ift component of the spindle pressure forces, an
evaluation of the precision of the uncorrected results is not directly
possible, The fact that the pressure corrections have taken most of

the 10°~increment displacements out of all the 1ift curves (with the
exception of fig. 6(b)) does, however, lend credence to the validity

of the pressure corrections, It appears from the data that the differ—
ence between the uncorrected and corrected values of maximum 1ift 1is
indicated as a reduction in the corrected value of about 5 percent.

The data obtalned with the long windshleld covering the stings fell

between the uncorrected data and the data corrected by use of the sting
pressures. The long windshield data differed by 2 to 4 percent from

the uncorrected deata with the exception of the trapezoidel wing which

st11ll disagreed by 8 percent. Further check runs at M = 1.90 |
(fig. 7) with the long windshileld checked the uncorrected 1ift data |
obtained with sting "b" within approximately 7 percent or less, and

sting "c¢," within 3 to 4 percent. Since, in general, the various

methods show a scatter in the order of 0.05 for maximum 1ift coefficient,

it is felt that the results are probably significant to 0.05.

Drag at maximum 1ift.— An insufficient number of pressure tubes
was installed on the stings to allow a reasonable value of sting drag
to be obtalined from integration of these pressures. The only method
thus available is found in the use of the long windshield, Figures 6(a),
6(b), 6(f), and 6(g) show that the uncorrected drag is about 4 to
6 percent higher than the data obtained with the lang windshield.
Tests run at M = 1.90 show approximately the same error.

Lift at low angles.— The magnitude of the sting forces at the lower
angles of attack could not be very easily evaluated; thus, a comparison
of data in reference 1 for identical wings with short stings lends itself
to a convenlent check. The only wings in reference 1 for which a reason—
able angle—of—attack range was run were the trisngular wings € = 26°
end € = 45° at M =1.43 and M= 1.71. Comparisons with low—angle
data (a = 0° to 4°) presented in this report show that 1ift and 1ift—
curve slopes herein presented at M = 1.55 with sting "b" are about
9 to 11 percent lower compared with reference 1, for which a direct
interpolation for Mach number was made. It 1s realized that two con—
figurations do not afford conclusive evidence as to the accuracy of
the data; 1t 1s felt, however, that the other data will compare equally
as well in precision. Furthermore, the check points were made with
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~ the smaller area wings where the sting forces represent a greater percentage

of the total force; thus, the data for the larger area wings are probebly
more accurate.

Drag at low anglesg.— Drag checks similar to the 1ift checks were
made with data presented in reference 1. The value of drag coefficient
(M = 1.55) with sting "b" checked those of reference 1. The drag-—
coefficient values obtained from reference 1 were corrected as indiceted
therein.

Values of minimum drag coefficient presented in this report are
approximately 0,01 higher than those of reference 1. This higher drag
is probably due to differences between the sting configurations. The
stings in the present tests were much longer than those in reference 1;
and, at zero 1ift, the sting on the wings in reference 1 was at 0° angle
of attack, while for the present data at zero 1ift, the rear portions of
the stings were at -5° angle of attack. Values of minimum drag coef-—
ficient taken from the curves in this report will probably be too high
and of doubtful value.

Stream surveys.— Stream surveys have indicated slight variations in
stream Mach number and static pressure in the test section. The maximum
variations measured for the test sections of the nozzles used 1n these
tests are as follows:

Msch Maximum variation Maximm variation
in Mach number In streem pressure
number
(percent) (percent)
155 0.6 3.3
1.90 x5 1.5
2.32 .4 i 45

It is felt that these variations do not affect the data to a sufficient
extent to warrant discussion relative to the present tests.

RESULTS AND DISCUSSIONS

Lift and drag results for the various wings tested are presented in

figures 6, 7, and 5 for Mach numbers of 1.55, 1.90, =nd 2.32, respectively.

The Reynolds number per inch of chord for these test models varied between
0.37x10° et M= 1.55 end 0.27 x 105 at M = 2.32, The maximum

URCLASSIFED
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Reynolds number attained in these tests was 0.7h x 10° for the 63° swept—
back wing at a Mach number of 1.55.

Lift Results

Maximum-1lift region.— The value of the maximum 1ift coefficient for

all configurations tested was practically constant for each Mach number
regardless of varying plan forms. The maximum 1i1ft coefficient did very
glightly with Mach number, tending to decrease as the Mach number became
greater. At a Mach number of 1.55, an average value of maximum 1ift
coefficient for all configurations of approximately 1.10 was obtained,
decreasing to 1,05 at M = 1.90 and further decreasing to 1.00 at

M = 2,32, Table III sumearizes the values of maximum 1ift coefficient of
the various configurations at each Mach number. The angle of attack at
which maximum 1ift coefficient occurred was approximately LOC for all
Mach numbers and configurations.

Low—engle region.— The experimental 1ift curves, when faired through
the intermedlate values of each test—point group, are linear up to angles
of attack as high as 20° for the 63° sweptback wing at M = 1.55, increasing
to a value of 30° for the triangular (¢ = 26°) and 63° sweptback wings
at M= 2.32, In general, the trend of the 1ift curves for all the wings
wasg to remain linear to higher angles of attack as the Mach number increased.
Owing to the fact that the value of the 1lifts of the stings — especially
ag affected by the different flow conditions behind the various wings —
is not known, the only means for obtalning an indication of the precision
of the results is by comperison with theory and other experiments. Comparisms
of theoretical and experimental lift—curve slopes show the theoretical
slopes to have deviations from a maximum of 50 percent greater (for the
trapezoldal wing, 6 = 4O®, and tips beveled) to 6 percent less (for
trapezoldal wing, 6 = 30°, and tips not beveled) than the experimental
slopes.

The experimental lift—curve slopes herein presented for the triangular
wings (e = 26° and € = U50) sghow deviations of 10 to 20 percent,
respectively, less than theory, as compared with corresponding deviations
of approximately 2 percent greater and 10 percent less for identical
triangular wings of reference 1.

No general consistency 1s observec between the experimental and theo—
retical 1ift curves among the various plen forms or for given plan forms
at the different Mach numbers.

Drag Results

Maximum-11ift region.— The drag tare forces appear to be much more
influenced by sting length then the 1ift forces; and an insufficient

O B |
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number of check points were obtained to give any reasonable value of drag
coefficient for which a comparison could be made.

The value of the drag coefficient obtained at maximum 1ift is approxi-
mately 1.0; however, no significant indication of the variation of drag of
any configuration with Mach number can be deduced because of the different
sting lengths used at the various test Mach numbers.

Lift—drag ratios of the order of 1.0 were obtained at maximum 1ift.
No significant differences in the value of this ratio are noted with
change in plan form and Mach number.

Schlieren Photographs

Schlieren photographs of plan and side elevation views of two of the
configurations st M = 1.55 are shown in figure 8 with both vertical and
horizontal knife edges. The pictures mainly show by the strong shock
aheed of the wing that, as would be expected, the wings constitute a very
large disturbance to the flow, The side elevations are probably more
interesting. It 1s difficult, however, to trace some of the disturbances
to their origin, For instance, it is probable that the changes in density
in the strong vortices from the region of the tips mask complestely eny
view of the flow close to the wing surfaces; nevertheless, some disturbances
cen be traced to discontinuities such as the wing trailing edge. It
appears that not a great deal can be learned from these schlieren photo—
grapns because the flow about the wing is three dimensional.

CONCLUSIONS

Supersonic=tunnel tests to determine the maximum 1ift of 10 wings
of various plen forms and random thickness distribution at Mach numbers
of 1.55, 1.90, snd 2.32, and Reynolds numbers varying between 0.3 X 100

end 0,7 X 10~ have indicated the following conclusions:

1. The average value of meximum 1ift coefficient was approximately
1.050,05 and appeared to have no significant variation with plan form;
however, the value decreased slightly with increasing Mach number,

2, The 1ift curve remained linear for angles of attack as high as
20° to 30°, and no discontinuities in 1ift occurred from zero up to and
glightly above maximum 1ift.

3. Maximum 1ift was not obtained until an angle of attack of approxi-
mately 4OC was reached.
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L. Lift—drag ratios of approximately 1.0 were obtained at maximum
THEE,

Langley Menorial Aeronautical Laboratory
Netional Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I.— MODEL-SHAPE PARAMETERS

Maximum chord
Configuration [REPCt| ying area in stream Thickness
ratlo, | (gq 1n.) direction ratio,
A (1n.) t/c
Trisngular voring; 1.96 1.772 1.890 0.02
€ = 26
Triengular wing; | 4.06 1.295 1.130 .03
e = 45°
Swept wing; 1.76 3.600 1.135 ik |
A = 36°
Swept wing; 3.26 3.340 1.330 .09
A = 45°
Swept wing; 1,37 3.340 2.070 .06
A= 63°
Trapezoidal wing; | 3.36 1.095 1.069 .06
6 = 40°.
Trapezoldal wing; | 2.78 1.440 1.008 .09
6 = 309
Rectangular wing | 1.7h 1.972 1,069 .06
Rectangular wing | 1.99 2,019 1.008 .09

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

CONFIDENTIAL
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TABLE II.— TEST CONFIGURATIONS

[a, sting "a;" b, sting "b;" c, sting "c;" 1w long windshield (only

a ® 45°); pc, evaluation of sting lifts by sting pressures|

Test configurations

Wing
M=1.55 M=1,9 M=2,32
Triangular wing; b, 1w, pc b, c, 1w a
¢ = 26° y 00 to 520 h0O to 52° [ 09 to 500
Triangular wing; b, Iw, pc | === -~-— a
€ = 150 09 $o 500 | mis s 0° to 520
36° sweptback wing b Dy 0,3, F el
0° to 44° 420 to 54O | = e =
450 sweptback wing D a
0 %0 31597 Bors o i s 0° to 50°
63° sweptback wing B a—aae a
P toll® | e 0° to 520
Trapezoidal wing;
al = )_',OO; tips 1 1 lw, pc b, Cy IW | === -
beveled 00 tO 500 heo tO 51"0 —————
Trapezoldal wing; b
6 = 40°; tips not o s K 7T T T T B GG
lovalad O £0 109 [ e
Trapezoigal Lo R R b, o, we T L
6 = 30 H tips _____ hoo £ 520 _____
beveled
Trapezoldal wing e 2
0 =30% tipsnot| ~ T T T 3 o " o
beveled ----- '4»0 tO h’8 O tO 52
Rectangular wing; b, 1w, pc b, c, Iw | —=—=—=—-—
A =174 0° to 500 hoo %o S5K0.1 | oS e
Rectangular wing; | ——==== | - a
A=19 | ==—eee | == 0% to 59°

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE ITI.— MAXTMUM-LIFT-COEFFICIENT VALUES

Configuration

ik

M=1.55

M=1,90

M=2.32

Triangular wing;
€ = 26

Triangular wing;
€ = 145

36o sweptback wing
45° sweptback wing
63° sweptback wing
Trepezoidael wing;

6 = 40°; tips

beveled
Trapezoldal wing;

6 = 30°; tips not

beveled
Trapezoidal wing;

6 = 30°; tips
beveled

Rectangular wing;
A=1,74

Rectangular wing;
A=1.99

1505

1510

1L5ako)
1.10
1.00

1305

1.05

1.05

1205

1.00

105

1.00

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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(a) Sting ¢c”’.

Figure 3.- Triangular wing mounted on various stings, showing support shield and
spindle windshield used in the tunnel tests.

ENCLASSIFIED

OT[LT "ON INY VOVN

LT






19

NACA RM No. L7J10

TAlg ST 3B

‘pepniouo) =g aJn3rg

‘el 3UTIS (9)

Gt 1ISETIDNA




b




21

NACA RM No. L7]10

Wl icay 560

‘s1xoddns 3urs I9A0D 0} pesSn PloTYSpuUIMm 3UOT - oIn3rg

EUELGEElTR ]







23

e Ey

1

St P

1ny

T
-

+

i

2=

NACA RM No. L7J10




NACA RM No. L7J10

24

o
W it
= £ L3
e e
, WY \ Wﬁ.l
™ N 4@
M N CST ]
R R
¥R
3 U
2
a‘ 1
Al 15
—
M H
ke




25

T

4-_ 4

Tt

NACA RM No. L7]10




NACA RM No. L7J10

i
T

T

s5an

H

1

saus




o~ T TTTT
(AN] 1
T
L
i
55
I E
Emas!
i ]
8 oS
o
t HH
T a1
Emaan EEE | a1
1
i ¢
SEEEEEEEEEEEE H
b4 1 1
HEF AR
1 RS ol
HH SasEEEREs
i 2 E A H 6. &l
o o SRIEEE o ¥
SEEmmERsEs 1
SEEEEEEREE S 5 H o HH T H
o HHAH 3
b1+ 4 1114 1. 11 .
1 e el .Av -
8 1] Tl H . EAEE W ]
a8 H 5 — H
pua o -
{ NG A E Mﬁu
SREP 9L, 1]
| s ey e
1
: HH g H
s sw Lt T -+
{4 1 e
3
E 1 111
. 1+ T
e H
0T
“ Ty 1
(@] HHHHH HHH
1 © 1 InEl s 4444
1 y N 0
o~ + u I m 8!
A 44 -
. = 8
O i H
NS § . o
EEEES T
HH 1
A i@
M P s, 1
HtHH 1 H 1= @
R SUAGEERARA Buuua | 1y
-~
ﬁ ) H BAEE
EEEEEERBEEE e T
HHAE l*w 11
+ T
5 s




NACA RM No. L7]10

28

ipEa

b i

¢

?er

0]




29

NACA RM No. L7J10

o

sssus

Saman

VITVLINTUY

{ISONFIDENTIAL




NACA RM No. L7J10

30




31

NACA RM No. L7]10




NACA RM No. L7]10

32

1 ' ) i
T . ame T T T T
T T F aga T IS kA i
Hl + 1 : & T 2t I .
T 1 I { o !
L 1
- H T £33 T HH
-4 + » v+.‘ spaa
n 1 =
: HH ! e :
ol 4 .
+ =
-+ - - T
+ T
Lo H + T T
T T BRany
1 T 1 T
s |8} 1 Lxunx
sa + H-H
i - T T
guE 1 LmgRg -
HH
I X A
FHHEF 5
HH +
T H
= -
T
L
T Ll
(
+ 23 o8
- t T T
1 1 T T 1 1
= o T T 1
dus 1 RS Sgal + i
1 L s 3
9
a * e 1 8 8 B H
anan v o : (| e tH 200 1
mam, } 1 4 Hl 4 pae d! 2
o T ¥
T e
" 2 o i =
¢ 1
1 H t | 1
T o
= HE HaE + H1
T T
N g5, oeih
1 oen
EEEEE 8 e
; - TTT Ry
¥ 1o muw
s
-
= 3 - HF
I » 4
1
) . »
} = ¢ .
3T u
g HH
T
§8 S
T F
ang T
8 aSunES . - SESREED
uds agmng i shan L T amn
T T = T I =
; ! T sums
- T 7+ = ann o
v i T 4
) 5 I 5
R . =3
L 1 i
sazss FEH i o A
a 2 ausa; LN SEERREEE
L} I
I
T s samsn
SREma 4
" ¢ 1
It I 4 EEgEEEE
T
T A 5 ; I | ]
T samgn e
b
e
T
= w 5 amagn -
tH F ¥
jann s ngus amuy e
sgssgual v T ) i T
T T B JLv TIT I T 1 T
AN ERe i 3 1 ¥ 1!
2us nmma I I 1 1 I




(2 0] n TIT TITT T
ik ) 1 INAN A L
(ap] T t TrE 0
e 1 G ¥ 3
T
H 1
i
s T
|
LS s &8
L
T L B RS
1 Iu
L . T
2 HEE & L Ht s
| ; ] e :
T h H 1
{ CHEEE i 1 i g
T T T
K 1 4 1
pi-t-f - = 1 X
ane s .
- mmm T mngm zo
" | 1 1 :
1 §g s aux 1 (58 g
- !
sxam T s t
1 f I
1 . 3 A N
: i
- T i e
¥ N r
vl I T n BEasEs
+ 1
r T
HH d ; i
% TH EEwR R uEENE § H o ) .
i
= e - : na +
= } T o
_: T 1)
I i am
' t T
g T f t T
- oy ) 5
SEEEpER e N . 1 1 s - REn u
1 . f [1
-+ + f ;i + T
i T i T I
T t t + t
I fm o i T
T 2 1 T
r
B 1
T
3 L
T
)4 s
a 7
Y t ;
28 T muES ans
1 ¥ |
1
t
.
L ) i |
5 rap
-+
jm SENBEESEENS u A
o ; TR
i+t t T
= T ’ 288
=y ! maungRs: s
1 ia
11 T n i » &
=) T AR e T 1 WY B AR R E H m
= an t
' _ I SO ! EE3=E -
I I
| T
. agsemERE ampEy Lo = mpaa:
[ 1 I BUSNES EEEN GHERS S RERE )
| (S o . t 3 HoI3
7 T sEmSmskupabananb i
Z, w G e B
; +14 S aREm —y-ie
& ol ) s )
aq .
I HH ax
A +
o HEP (0] R T
O , o
H 1 TR swasa 8 am: ! a3
A o g ¥ Budd dpannnan T T B! mans
I + 1 1
N I I i EEN {c 1 T 1 1
- 1 t I




NACA RM No. L7J10

34

T T T

3

T

T T I
185 nAs
! as:
n )
8 2
s T Eugmapy amgayagmae
1
¥ T t
i i 1 .
e n H ¥ H maus 8
W ! n
-
T T g
= T r .
T
T
THH
8 = §ED gT!
-.._m e nme m mussyEa
s =
nmu_ am ERE=
any @
fote -
asy HH
L
a5 +
H
and T
-H
s
aa ans
N HH-H
u
wme
-
: H e
- . i
e N ;
CEH : HHH i
1 -
jSEmE apnwn o o 8
T ! 5
L -
== mmganaa: H
Ea Ho +H
2w B 1
- T 0
Il ]
S
M 5 H-H . F
-

T

HH

anes

L

EEwny

O




b _eon ad aadds




NACA RM No. L7]10

36

T ymuus saBusERI NS
8 T
e | JeEAE SHEEEERRAS
1 T H
1
. g
T T
+ rrt bt
T 5 A
e wu ma. smasssEs
1 R et bty
uE s an i8S HH 8 e
: H rH H
i gar e s B EENEE
e g
1
.
1 mESREER
a4, EEE SyEESEEEER
d sw sEngasas
T 4 = manEE
o
I 88 1 EImBERSEE
] ORI
a8 i o
ut g 1 SuBE. ' aEERfSESE
LT3 -1 $ 1 44
. T 8 amms
o : 1 SuBESEEEE
] SEuasREEs
T Bmm ﬂUITL nas
I H mmsEERES
8 gns 2 1
: o T
i ST
muE B as HH
"
b - < r o
T 1 8 ¥
1 1T s Vi T
| agassapass £e 1 T e
HHH H g sy o Eas
sans H anme. bas
' I
1 H T -+
tH 1 T 8 &l .
4 et
- ws
t o TH H H
s 1 1T Enge nE mEE 8 a8
1 .
HH 0 a8 cE =8
T maEsesen as =
. - +F B # e
H S & a8
H i 1 SOV 8 1]
P H HH e o H
1 1 NS AN . g N e
Ina e 8 sl L 1] R 11 an
11 i*S sunt H
=8 am T H
HEH baat = mu 23
8 I8N U:L T e uEE S
» 5 .S o au
. HHE us g ma b
: 1 i WuEEEEEE
8 s - ! b+
H 1 bt poet i
i -
4 B Ll nan I(Lu
uai IR T
8 —e ot IUII
8 wne e suaRssEe
H T mus 8 5 HEHH
= T T NESEaR. wm ens
um l s pEmER. Hn[r
sam 1 +HH
H ! 2 HH
2 e o . e
HH cHE N
B | nug HEEEH
.
HHH I :1_: Imn | T n HEsERSES
THE B 1 ™ massEaEs
. ! x . mEE SRS
g HHH
u o .
SEESEEESS BS,
Hi = HHHH
In .
i B i nassasEEd
[ I I 2 EEEEREE
SEEREERS un 5 sams - iunasnans
SEEREARE! naE EREEEEEE e T T sERE ENEENE
HHH ! 1 HHES H
T massns
BREERSEaRsERaaE anas | uEse
HHHHHHEE HH e s T HH
T
ns 1 1
agan y ame T I
1 e 11
an T ipEREY T T T T SEN.
ymu s e wnns 1t jus I




7 111
3 x:_
T
sans
HH
.,“mm ?
Hl ¥ T
M Tt e
T + it
H
> T
HH
i
-
' 4444
1 mE N
1 14
samm . T RN
It nue
1 R 4
. H 181 4
! IEsay
1 vee !
" a8
1T
1
il v 1
um T .
i H a7 "aass daue
3 - u;
¢ _
q : e i
== =
» 2
P HHE HH e
- s s 1T HHH - -
4 i i 3 g fasy :
B — I - H N =
| 1 an B T I e
o b nm 1 HHH £
pe b H I nEgEEn
t waEs T .
4 U I H++1 *neee
saEw . e ot { O 1
- t s=ma wn o
L IAnS
1 § rnoer' o
=
e H Y ¢
1 NS ERNE NS b
1 37 T BuEn H ™ sEgR A 1
mSsuaazEn H u8 Sus, =
. = o8 summ unw e un T T
H R H 8888 ¢ Rl
. : SmEan’ NN EREEnEraan u
l & - yasms®a
TR H tHH
i - i P mm . = 5 EUBEE BN 4
 enmmE 1
| B 1 H BB =T iSe aguus FnEEe
ru 5 JuEn 1 1 et .ﬂ . Il.vll
H HE ¥ TH ; 1 =
O T T riL + + HHE 1 H
= 58 vrw_ ] 1 } HH .
Bamaaaman ., \maE 1 { s f tH
= ] [ B = 1 BERSEE .
E= BE. ingama nglw " Bans EEE
H 1 1 E EEna g
L " 8 mE mE_wEEvEm
. . BESS by mmEat sus’nd H
. Ena
I = :
(@) 8 . 1 T 1
H H S5 8 I 1 SEEES FEE
“ “ BRE 1 T
44414 1
HT 117
1 - NN R B
HHH a nanas ne
nn b ‘U JEE me 44144 mE +
® :
-
m BEAZEEEEEEEE Nusx 5 i 8 nusEs ou:
EENERSES. INARE GRS HHATH SRRl ant
| < it S sisq g eRi
O T aEnanz e t e
] e 1 8 sEssanEs
< SHistitois S
| Hh HHT 1 T H S 1
Z pH T H HH ! 1 T 1 mEamEs




© H H H T 5 T
. R | 1T gasm a88 8 mERERESEREN S - ass mEEE swE S
= nSs sassenmas i H seaam: & HHEE
o~ s 7 T s g : 5 H
aun was T ags F mEuEmasa
— ssgaiiisnassics b : anassdus i pAERST
i H 11 e 1 WE W B I i £ AR
s - jE u1 ® 3 8 EE En EE e
. 8 n Bt T 1 ] 8| =5, T T
(@) smas guEa: T H REBES BN T T
Il T 8 W T 1 1% BeE i
FHH I o Eu ! T T
rt .mg sume; T nsaw;
EdEE s uas gus o : ! maE samAE D Sieas
M SEERER ] T i RS
2 1 N
R Fo " T i ! mand) EBEE Eay!
1 : o 1 | o VMHJ
t —— -
T n 1 T B TN ;t” IEED AR S ENERAEN
F JUENESSApEhFuE) Ensa:
A e mt t ae T WV Y asand &
O THH jSES" sump pxmpaEaEE:
< - tH f I s 1 1
L i 4 B e HHAF »:
H HH t e
= 3 i i i
. HEE ENEEEEEES
4 i o a5 H HH i’ =S pamEE Ean)
i pith in ¥ SeEEE@EEassaa! iEEg SmEEsasEm
1 1 T T
4 e sEEE & JHT i T T M
M K[l e :
A T ; £
1 H‘M s
. [ = L«,v w
i
| { T 25 aas: HH ¥
10 | ol
3 HHH HHH ms Enaulnuna: HOHHT
8 . 1 T mzas T
m 5 HHH H H & +H H
o8 as g8 I i1
H o TR T nam
8 aun, sai wubas
i HEHHH HHH Eagdauasaats H H HEE
6B g s wngle i 8 1 ] B 1=
| 288 T T HEH N T
I 1 ..r H._ '
- T T S 58 pans e
: 3 4 BabEs sas saiw
sum ] +
b aas
u amamns T t
i
na EEEE 1
! HH f
=
" N wns o .
-1 1] Il e
BihdEiRERaREs ByRadas i i
4 -] ArliLr ﬁl
EEEEERENREEY EEE A8 it
Q HTH i i P
Inp) HHH E HHHHH 5. t




. NACA RM No. L7J10 (SR AP

Vertical knife edge Horizontal knife edge

Vertical knife edge Horizontal knife edge

(a) Trapezoidal wing; © = 40°; tips beveled.

. Figure 8.- Schlieren photographs of wings operating at maximum
1t M =166,
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Vertical knife edge Horizontal knife edge

Vertical knife edge Horizontal knife edge

(b) Rectangular wing; A = 1.74; 2—= 0.06.

Figure 8.- Concluded.
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