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SUMMARY

Supersonic—tunnel tests of two models of similar supersonic airplane
configurations were made at Mech numbers of 1.55, 1.90, and 2.32 to
determine velues of the drag, 1ift, pitching moment, yawing moment, and
s1de force. The two models had bodies, wings, and horizontal tails of
gimilar geometry, the horizontal 1ifting surfaces having taper ratios
of 2, aspect ratios of about 4, and leading-edge sweepback angles of

B sbout 43°, The principal difference between the models was the vertical
wing location relative to the body axis and horizontal tail — one model
hed e high wing and one model had & low wing. The test results indicated

s no difference in the 1ift characteristics of the two models and small
differences in the dreg characteristics. The most significent results
shown by the tests were the variletion with Mach number of the differences
between pitching-moment values for the two models, indicating the proba-
bility of differences in the rates of change of downwash angle with angle
of attack for the two horizontal—tail locations relative to the wing.

INTRODUCTION

The incressed attention to supersonic aircraft and missile cdesign
over the pest few years has greetly accelerated the need for basic super—
sonic serodynamic information. Theoretical work has increasingly provided
methods for calculating the basic serodynamic characteristics of components
such as bodies and a variety of wing plan forms; however, very little
experimental data is avallable to check the theory or to predict the
effect on 1lifting surfaces of a disturbed stream such as that produced
by a supersonic airplane fuselage or by another 1ifting surface. Theo—

. retical methods at present appear very ewkward for calculating the charac—
teristics of complete supersonic airplane configurations; thus, tests ere,
at the present time, the only adequate means for studying such ceses.

¥ Becsuse of the genersl interest in the informetion it might provide,
tests of two supersonic airplane model configurations were made in the
Langley 9—inch supersonic tunnel.
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The conflgurations tested do not represent designs approximating
optimums from present—day considerations, since theilr baslic lines were
conceived in the early part of 1946, The models represent two versions -
of a supersonic reseerch alrplane which was intended to be carried to
high altitude by a "mother" ship, released, and sccelerated to supersonic
speeds by. rocket motors of moderate duration. The two models had similar
bodies and 43° sweptback wings and tall surfaces, the wings having sharp—
edged circular-arc sections, The primary difference in the two models
was the vertical location of the wing — one model had the wing located
in a2 high position on the body, whereas the other model had the wing
loceted in & low position on the body. Tests of both models at Mach
numbers of 1.55, 1.90, and 2.32 were made to determine the values of
1ift, drag, pitching moment, yawing moment, and side force through angles
of pitch and yaw. The tests were restricted to fairly low angle ranges
around zero 1lift because of load limitations on the force—measuring
equipment. Data from these tests are presented herein.

SYMBOLS
M. Mach number
0 stream density K
q dynamic pressure <%pV%) :
b maximum wing span
c moment reference chord (See teble I.)
R Reynolds number referred to c¢
S wing area (See table I.)

CL 1ift coefficient (Lift/qS)

Cp drag coefficient (Drag/qS)

i pltching-moment coefficient (Pitching moment/qSc)

Cn yewing-moment coefficient (Yawing moment/qSb)

Cy' side—force coefficlent (referred.to wind exis) (Side force/qS)

a angle of attack ' . i

o angle of yaw
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APPARATUS AND TEST METHODS

Wind Tunnel and Model Support

‘The Langley 9—inch supersonic tunnel in which the present tests were
made 18 a closed-return type which makes possible control of the humidity
and pressure of the enclosed air. During the present tests, the quantity
of water vapor present in the tunnel air was kept to values sufficiently
low so that the effects of condensation in the supersonic nozzle were
negligible. Changes in test Mach number were provided by interchangeable
nozzle blocks forming test sectlons approximately 9 inches square. For
qualitative, visual—flow observations, a schlieren optical system is
provided. Eleven fine-mesh turbulence—damping screens are provided in
the settling chamber shead of the nozzles.

The models were mounted from the rear on sting supports which
connected to the scales through the sting windshield with small clearance
ag shown in figure 1. The scales meesure three components in a horizontal
plane only; thus, for yaw results, the models were rotated 90°. For yaw
results at different pitch angles, interchangeable bent sections of sting
as shown in figure 1 were inserted Just aft the rear of the model. For
integrating the pressure forces acting on the sting, fixed orifices in
the sting were provided upstream and downstream of the windshield "slot."
Owing to the fact that the sting between the windshield slot and the reer
of the model included a removable section, the extent of the fixed
orifices upstream was limited to a station aft the removable section
rear Joint.

Description of Models

Dimensions of the supersonic airplane models tested are shown in
figures 2 and 3, Because of the difficulty of accurately measuring the
models, dimensions are shown to only #0.01 inch. Actually, the model
components were constructed to much smaller tolerances. Considerable
care was taken to make all surfaces smooth and free from scratches and
to make the leading and trailing edges of the wings es sharp as possible.
Model 2 shown in figure 3 1s the later verslon and it 1s seen that the
main differences from model 1 are the lower wing location on the fuselage
and the larger vertical tall. These changes were indicated by directional
gtability results from low—speed wind—tunnel model tests. Another differ—
ence between the models that should be noted is the longer tail arm for
model 2. Photographs of the two models shown in figure L are included
to show the fillleting and falring details between the model components.
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Test Methods

The diameter of the sting support for both models is the same as -
that of the rocket—discharge station at the rear of the fuselage. This
scheme obviously suggests itself since the sting can be assumed to
occupy the seme volume as the initial part of the rocket—jet exhausting
at stream pressure. TFurthermore, if there are no interacting effects
between the flow over the sting and the flow over the rear part of the
body, the drag of the model can be mesasured and clearly separated from
any thrust considerations. The significant departures from these
assumptions for the test setup are, first, that the actual rocket-jet
would probably be discharging at pressures above or below stream
pressure most of the time and affecting the flow over the rear of the
body, and, second, that the effects felt forward through subsonic por—
tions of the Jet and stream mixing region on the flow over the rear
part of the body will be different from the effects felt forward through
the sting boundary layer. Because of the foregolng considerations, it
was felt at the start that the best approach to the assumed simulated
conditions was to maintain the boundary layer over the sting as thin
as possible in order to minimize the effects of disturbances in the
region of the windshield slot on the flow over the rear part of the
body. Consequently, the pressure in the sting-shield—end-balance—enclosing
box was kept as low as possible so that a suction into the box always
existed at the windshield slot. Efforts to obtain consistent data, F
especially moment data, with this setup proved futile until pressure—
distribution measurements around the sting revealed significant pressure
forces on the sting in the region of the slot. It thus became necessary
to Install sufficlient orifices on the sting to integrate the pressure
distribution around and along the sting and obtain these tare forces.
The orifices extended along the sting only a sufficlent distance to
measure the forces in the region of the slot (ebocut two sting dlameters
inside the windshield and one sting diemeter outside). These orifices
end connecting tubing were so arranged that force and pressure measure—
ments could be made simultaneously. This arrangement was indicated after
it was found that a set of pressure messuremerts could not be repeated
in check tests owing to the fact that small, uncontrolleble, and different
eccentricities of the sting in the windshield altered the distribution
of pressures around the spindle. It thus becsme necessary to integrate
the pressure forces on the sting for each test point at each angle of
attack of a model.

The forward extent of the fixed orifices was limited by the threaded
Joint in the sting. As was mentioned previously, a bent section of sting
was Inserted between this Joint and the rear of the model to provide yaw
engles when the models were pitched and pitch angles when the models were
yawed. Because of forces acting on the bent sting section, pressure 1
measurements for some of the tests were made on the bent section by means
of orifices which had connectirg tubes leading out of the sting into the
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air stream in such a manner that it was unlikely that the connecting tubes
would influence the pressure reading. Since the connecting tubes were

ahead of the slot, they did influence the flow in the region of the slot;
thus the assumption had to be made that the pressures forward on the sting
were not influenced by the different flow conditions in the region of the
slot. Measurement of the pressure forces on the forward part of the

sting was found to yleld significant corrections only for the yawing-
moment measurements. In general, all of the sting pressure—force correc—
tions had only smell effect on the 1ift and side force. The significant
effect of the sting pressure—force corrections on the moment is due

mainly to the relatively large distance of the small forces from the moment—
reference point in the region of the airplane center of gravity. All of

the data in the present report have been corrected for only the pressure
forces in the region of the slot; discussion of the effects of the pressure-—
force corrections for the remainder of the sting are included in the
discussion of yawing-moment results. It should be mentioned that in all

of the data the incremental angles of attack due to load deflections of

the sting have been included.

TEST RESULTS

Precision of Data

The total forces on the models and support system were measured by
means of self-balancing beam scales, the accuracy end reliability of
which were very good for measuring the steady forces on the models in
the tests. The maximm probable uncertainty of the coefficients due
to scale errors is listed in the following table:

Coefficient 5 2.33 _1'90 ol
CY' *0.0002 0.0002 +0.0002
CL, .0002 .0002 .0002
Cp .0002 .0602 .0002
Cn .0013 .0013 .0011
Cn .000kL .000L .0003

Obgervation of the data will show that these errors are insignificant.
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The total uncertainties of the coefficlents involving corrections
due to the sting pressure forces in the 1ift direction (all but Cp) are

not ¥nown due to the prohibitively tedlous process of making sufficient
pressure meassurements for precise evalustion. The precision of the

drag measurements wes better then that of 1lift and moment measurements
because the sting side forces had no effect on the drag at zero angle

of attack and little effect at the small angles for the tests. The
effects of viscous drag forces due to the flow over the sting in the
region of the slot were found from auxiliary tests to be small. The
total force indicated on the drag scale consisted of the drag of the
model plus a pressure force equal to the sting-—end—balance—enclosing-
“box pressure minus stream pressure multiplied by the sting cross—section
area. In the tests, this pressure force on the sting in the axial direc—
tion was from 2 to 5 percent of the total force and could be evaluated
within about 10 percent. For the typical value of Cp = 0.050, the

accumulated uncertainty in the drag measurement 1is then about *l1 percent.

Wherees the ebsolute angles of attack of the models relative to the
gstreem direction are in doubt in some cases up to 10,.3°, the angles of
attack relative to each other in a run are uncertaln only to a maximum
of #0,03°, The errors up to 0.3° arose from the method used to pitch
or yaw the model in a vertical plane while varylng the angle of atfack
in a horizontal plane.

The meximum variation of Mach number and static pressure obtained
from stream surveys made in the model test region of each of the
three nozzles is shown in the following table: -

M Maximum variation
average Myariation of static pressure
(percent)
1,55 1.5k -~ 1,56 1.3
1.90 1.89 —1.91 T
2.32 ' 2.31 = 2.33 x5

The maximum error in the data due to these small varlations of Mach
number and static pressure is not known; however, it is believed that
other errors such as those already discussed are of greater significance.
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Reynolds Numbers of Tests

The test va. w©s of Reynolds number referred to the same chord as
the moment values (approximately the mean wing chord) are given in the
following table:

M R x 100

1.55 0.41
1.90 37
2,32 il

Results at M = 1,90

Results at M = 1.90 are presented first because the firast tests
establishing procedures were made at this Mach number and the bulk of
data is largest. The results showlng the variation of C,, C;, and Cp

with angle of attack for models 1 and 2 at various yaw angles are given
in figures 5 and 6. A typicel set of data uncorrected for sting side
forces is shown in figure 5(a). The results showing the variation of Ch»s
Cy', and Cp with angle of yaw for models 1 and 2 at various pitch
angles .are given in figures 7 and 8., Unless otherwise specified, the
results for model 2 are for the model with the ventral fin. Shown in
figure 9 are yaw results for model 2 with the ventral fin off.

The pitching moment and lift—curve slopes and angles of zero 1lift
are collected from figures 5 and 6 and shown as a function of yaw angle
for the two models in figure 10. It is seen that the tests show no
significant variation with yaw angle. The scatter of zero-1ift angles
is due to the method of varying the yaw angle. The tunnel angle—of—attack
changing mechanism varies the model angle in only one plane. Angles from
this plane were obtained with removable sting sections inserted just aft
the rear of the model. Although the angles of the sting sections were
precise, the shims necessary to establish the correct roll position of
the models introduced angle errors which shifted the model at the various
yaw angles rendomly away from the zero angle reference (stream direction).
The pitching—moment varlation with 1ift for model 1 shown in figure 11
supports thils assertion by showing random scatter about a single line
for most of the test polnts. Similar results given for model 2 in
figure 12 show even less scatter.

The lift—curve—slope values shown in figure 10 are seen to be the
sarwe for both models. Reference to table I shows the total horizontal
lifting—eurface ares to be very close to the same for both models; thus
the 1ift is indicated to be unaffected byv the differences in geometiry
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dacC
between the two models. The pitching-moment—curve slope E;? results

gshow higher negative values for model 2. Comparison between the pitching—
moment values for the two models 1s complicated by the longer tall arm

and larger tail area for model 2 and the fact that the incremental 1lifts
of the taills were not measured. Furthermore, the moment reference points
for the two models are not at the same point relative to the approximately
gimilar wing-plan geometries. In order to obtain moment—curve—slope
values for model 2 referenced to the seme point relative to the wing
vertex as model 1 values, the model 2 values should be increased by 0.0012.
Increasing model 2 values thus, it is seen that model 2 has an average
value of moment—curve slope about 0.0037 greater then model 1, If 1t 1is
assumed that the lift—curve slopes of the wing and tail are the same and
that the center of 1ift of each component acts at 1ts center of area, then
the moment—curve—slope increase indicated for model 2 with the longer tail
arm and larger tail aree is only about 0.0010. If the wing 1ift is assumed
to act farther forward at the moment reference point, the moment—curve—
slope increase indicated for model 2 is still only about 0.0019. The

large difference between these estimstes and the meesured pitching-moment
increase indicates the possibility of differences in the rates of change

of dowvnwash angle with angle of attack at the two vertical locations of
the horizontal tail relative to the wing.

The yawing-moment and side—force curve glopes and angles of zero
side force are collected from figures 7 and 8 and shown as a function
of angle of attack for the two models in figure 13. It is seen that the
tests show no significant veriation with angle of ettack for the small
engles around zero 1ift. The larger gcatter of the yawing-moment and
side—force date as compared with the pitching-moment and 1ift data 1is
mainly due to the fact that the sting pressure—force corrections repre-—
gented a larger fraction of the measured quantities. The deta show
higher values of both yewing moment and side force as would be expected
for model 2 with the larger vertical tall end longer tall ‘arm. It
appears that in all ceses increasing the vertical—tall area produces
increases in the yawing moment greater than the proportional area
increases, whereas the slde—force increases are either about equivalent
to or less than the proportional area increases. Discussion ‘of the
relative increases of yawing moment and side force is probably compli-
cated by the effect of the wing and tall on the flow over the rear of
the body, changes in which probably lead to significant changes in the
body moment and the moment due to gidewash at the tail, Scatter of the
angles of zero side force are due in part to the angle errors intro—
duced as previously mentioned by the bent sting sections. The angle
for zero side force and yawing moment should of course be zero since
the model is symmetrical ebout the xz—plane. Tt is seen that in
figure 14 for model 1 there are ‘systematic sets of points for the
various pitch angles that would give curves of the variation of yawing
moment with side force which would not go through the orlgin. The
reason for this discrepancy is not fully understood; howevey the mean
curve for all the data does go through the origin, indicating the model
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to have a plane of symmetry. The results for model 2 given in figure 1L
show & mean curve that does not go through the origin, indicating model 2
to have no plane of symmetry., Measurements of model 2 vertical-tall
angle setting indicated that it might be offset by as much as 1° from
the xz—plane. )

The drag results shown in figure 15 indicate slightly lower drags
for model 2. Removing the ventral fin from model 2 is indicated to
decrease the drag by about 4 percent.

Results at M = 2.32

The results showing the varlation of CM, CL, and CD with angle

of attack for both models are given in figures 16 and 17. The number
of yaw angles at which tests were made was restricted because the

M =1.90 results showed no significant effects. Yawing-moment and
side—force results are given in figure 18 for only model 2 at one pitch

angle.

Results at M = 1.55

The results showing the variation of Cy, Cy, and Cp with angle

of attack for models 1 and 2 are given in figures 19 and 20, The repeat
runs of figure 20 were mede to check varlous schemes for integrating
the pressure forces forward on the sting with only a limited number of
pressure readings. Although the effects on the moment of approximately
accounting for the pressures forces on the forward pert of the sting
were small, there remains an unexplainable spread from the maxlmum
indicated pitching-moment—curve—slope valus to the minimum indicated
velue of about 13 percent. Yaw results for models 1 and 2 are shown in
figures 21 and 22,

Summary of Test Results

The pitching-moment and 1ift results are collected from the data
and shown in figure 23 as a function of Mach number. It 1s seen that the
1ift—curve slopes are the same for both models through the test Mach
number range. For comparison with the 1ift results, the theoretical
values of lift—curve slope from the linearized theory are shown for the
two—dimensional or infinite aspect ratio case and for a wing with the
same plan form as the model wing. Comparison of the theoretical 1ift—
curve—slope values with the test values based on the total wing end
horizontal—tail area indicates a convergence of the lift—curve—slope
variation with Mach number as the Mach number increases. Thils convergence
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trend between the theory and tests has also been observed in other tests

of swept wings in this Mach number range In the Langley 9-Iinch supersonic
tunnel.

The pitching-moment values shown in figure 23 show considerable
gcatter at each Mach number, thus the curves of dCM//dCL are sghaded

between the limits of scatter for each model. Even though the reasons
for the scattered values are not completely understood, it seems reasoneble
to assert that the large differences in the character of the two shaded
curves are Iindicative of different trends for the two models. It was
stated in the discussion of the M = 1,90 results that the differences
in pitching-moment values at M = 1.90 1ndicated the possibility of
differences In the rates of change of downwash angle with angle of
attack at the two vertical-tall locations relative to the wing. The
test results Indicate Mach number, as well as taill location,to be an
important varilable in longitudinal-stability conslderations. Lack of
knowledge of the downwash distribution in the wing wake precludes any
detailed discussion of the differences in static longitudinal stability
indicated by the tests.

The yawing-moment results shown in figure 24 indicate both models

to be decreasing their margin of static directional stability as the Mach
number increases. Considering the body and vertical tail only to be the
controlling elements, this trend might be expected, since the moment due
to the side force of the vertical taill probably decreases with increasing
Mach number at a greater rate than the moment due to the body. For small
yaw angles, 1t was estimated that the stabilizing effect of the spanwise
shift of the wing drag component is very small,

The drag results shown in figures 24 and 25 show the drag of model 1
to be highest throughout the test Mach number range. Addition of the
ventral fin to model 2 at M = 1,90 1is indicated to increase the drag by
about one-half the incremental difference in drag between model 1 and
model 2 without the ventral fin. The increased drag of model 1 above the
drag of model 2 with the ventral fin is probably due to changes in inter—
ference among the model components. DPerhaps the closer proximity of the
boundary—layer wake of model 1 wing to the horizontal- and vertical-tail
Juncture end body and verticai-tall juncture has contributed to the increase.

Schlieren Photographs

As a matter of general interest, some schlieren photographs of the
flow about the models at M = 1,90 are presented in figure 26. All of
the photographs shown were taken with the schlieren knife-—edge horizontal,
thus show only vertical density gradients. It should be recognized in
observing the photographs that the disturbances shown are generally the
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limits of only that portion of three—dimensional wave patterns close to
a verticel plane through the exis of the models. It should elso be
realized that the location and shape of waves ernclosed unsymmetrically
inside an outer conicel or three—dimensional wave are distorted somewhat
by the optical system. The disturbances shown in figure 26(a), for
instance, progressing from the nose aft are the conical head wave (dis—
torted by the weve from the canopy-fuselage Jjuncture), waves from the
wing leading-edge—fuselage Juncture, waves from the wing tralllng-edge—
- fuselage Juncture, and waves from the tall surfaces. The horizontal—
tall boundary-layer wake can be seen in figures 26(a) and (c) and the
wing boundsry—layer wake cen be seen for model 2 in figure 26(c). The
wing boundery-layer wake in figure 26(a) 1s located in the sting silhou—
ette and cennot be seen. Apparent separation of the boundary layer from
the body aft the wing is seen in figures 26(b), (c), and (d). This
indicetes that the adverse pressure gradients around the body presented
by the shock waves at the wing leading— and trailing-edge Junctures at
the fuselage may be an important factor in considerations of the flow
over the aft portion of bodies with wings.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langiley Field, Va.




12 NACA RM No. L7J1S

TABLE I. PERTINENT MODEL AREAS

[All areas gliven to model center line. All data
coefficients based on wing area = 0,0337.
Moment reference chord = 0.095 f{]

Model 1 Model 2

Measured wing area, ft° 0.0337 0.0333
Measured horizontal tail area, ft2 ,005L 0057
Total of measured wing and hori-

zontal tail areas, ft2 .0391 .0390 3
Measured vertical tail area, ft° .0058 .0087 g
Measured ventral fin area, ft2 .0027 .0026
Total measured vertical fin area,

£42 .0085 .0113

NATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Model 2
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Figure 4.- Photographs of models 1 and 2.
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(a) Side view, model 1.

Figure 26.- Schlieren photograph with horizontal knife edges;
M = 1.90.
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(b) Plan view, model 1.

Figure 26.- Continued.
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(c) Side view, model 2.

Figure 26.- Continued
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(d) Plan view, model 2.

Figure 26.- Concluded.
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