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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

TECHNICAL MEMORANDUM X-338 

SOME AERODYNAMIC AND CONTROL STUDIES OF 

LIFTING REENTRY CONFIGURATIONS AT ANGLES OF ATTACK 

UP TO 900 AT A MACH NUMBER OF 2.91* 

By Frank L. Clark and Joanna M. Evans 

SUMMARY 

••• • • • • • • • •• 

An investigation has been conducted in the Langley 9-inch supersonic 
tunnel at a Mach number of 2.91 to determine the stability and control 
characteristics of four triangular-wing lifting reentry configurations. 
The configurations were chosen as being typical of an airplane-like con
figuration which might reenter the earth's atmosphere at maximum lift or 
at an angle of attack of 900 • Longitudinal control for all models was 
provided by flaps which extended beyond the trailing edge of each wing. 
Rectangular holes were provided on each wing just ahead of the leading 
edge of the flaps in an effort to increase flap effectiveness. Direc
tional stability was provided by 6.50 toed-in fins located at the tip of 
each wing. One model was tested over an angle-of-attack range from _40 

to 900 for flap conditions ranging from the nO-flap case to flap deflec
tions of ±900 • This model was also tested over an angle-of-sideslip 
range of 40 to -150 at angles of attack up to 810. Tests on the other 
three models were restricted to angles of attack below 360 and flap 
deflections of 00 and 50. 

Results indicated that, for all flap deflections, maximum lift 
occurred at an angle of attack of 480; however, the model could not be 
trimmed near this point. Values of maximum lift coefficient variedifrom 
,about 0·.73 to D. 80,. depending ou., the flap deflection. Decreasing the 
flap deflection from 00 to -500 (rectangular holes opened) increased the 
trim angle of attack from 20 to about 120 and, for angles of attack 
greater than 150 , made the model neutrally stable over a large portion 
of the test angle-of-attack range. The presence of the rectangular 
holes had very little effect in increasing flap effectiveness. For 
flap deflections in the range from 500 to -500 , flap effectiveness 
increased as angle-of attack was increased up to about 700; further 
increase in angle of attack generally resulted in a reduction in flap 
effectiveness; 

The model was directionally stable at angles ~f attack of 00 and 300 . 

*Title, Unclassified. 
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INTRODUCTION 

A reentry vehicle which uses lift during reentry into the earth's 
atmosphere offers a number of advantages over a vehicle which uses a 
ballistic reentry. One scheme for performing the reentry maneuver 
requires a vehicle which can fly near its maximum lift coefficient 
over a large portion of the reentry trajectory. Theoretical calcula
tions show that the ability of the vehicle to attain a high lift coef
ficient can have a significant effect on the reduction of the heat load 
for which the vehicle must be designed and that the heat input encoun
tered during reentry can be reduced on a vehicle by using a large 
leading-edge radius and highly swept wings. An alternate reentry
maneuver scheme specifies that the vehicle reenter the earth's atmos
phere at 900 angle of attack and that when the vehicle has slowed to a 
Mach number of about 2, it is nosed over into a conventional flight 
attitude. The design of the model used in the present investigation 
was primarily intended for the former type of reentry maneuver (near 
maximum lift); however, so little information exists on winged configu
rations at an angle of attack near 900 that the tests on one of the con
figurations were conducted through a complete angle-of-attack range 
to 900

• 

Although heating and m~n~mum weight will, to a large extent, govern 
the design of a reentry vehicle, there are a number of stability and 
control problems connected with a reentry maneuver which need solutions. 
The primary purpose of the present investigation is to contribute experi
mental information which will aid in the design of a winged reentry vehi
cle which can be trimmed at angles of attack near maximum lift and will 
be longitudinally and directionally stable. The models employed in the 
investigation do not provide a configuration which can fly in a trimmed 
condition near maximum lift for the center-of-gravity location selected, 
but by using the information furnished to design stabilizing and control 
surfaces and by employing other means~ such as nose cant, a flyable con
figuration could be developed. 

The present investigation presents the results of some aerodynamic 
and control studies on four basic triangular wing configurations suita
ble for lifting reentry. Tests were conducted at a free-stream Mach 
number of 2.91, angles of attack up to 900 ,' combined angles of attack 
and sideslip, and flap deflections as large as ±900

• 

b 

c 

SYMBOLS 

wing span, in. 

mean aerodynamic chord (based on distance from theoretical 
apex to wing trailing edge), in. 
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drag coefficient, Drag 
~S 

Lift lift coefficient, 
<lroS 

pitching-moment coefficient, 
Pitching moment 

<lroSc 

normal-force coefficient, Normal force 
~S 

yawing-moment coefficient (wind-axis system), 

• q • •••• .. ~ • • " • .. ••• • • • • • • 
••• •••• ••• 

Yawing moment 

<lroSb 

side-force coefficient (wind-axis system), Side force 
qooS 

L/D lift-drag ratio 

1 length of sting, measured from schlieren-window center line 
(positive upstream from vertical axis of schlieren-window 
center line), in. 

M Mach number 

q dynamic pressure, lb/sq in. 

S total wing area (including theoretical apex, see table I), 
sq in. 

aerodynamic-center location, dCm/dCN 

angle of attack, deg 

angle of sideslip, deg 

flap-deflection angle, positive deflection downward, deg 

Subscripts: 

flap-deflection angle, deg 

00 free stream 
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APPARATUS AND TESTS 

Wind Tunnel and 'Balance 

The investigation was conducted in the Langley 9-inch supersonic 
tunnel of the High Temperature Fluid Mechanics Section. This tunnel is 
a continuous, closed-return type of tunnel with provisions for the con
trol of the humidity, temperature, and pressure of the enclosed air: 
During the tests the quantity of water vapor in the tunnel air was kept 
sufficiently low so that the effect of water condensation in the super
sonic nozzle was negligible. 

Force data were measured with an external mechanical balance. Bal
ance design details may be found in the appendix of reference 1. 

• 

Models and Model Design Considerations 

Drawings illustrating design features, pertinent dimensions, and 
model designations are presented in figure 1. Geometric properties of 
the models, such as wing area and aspect ratio, are presented in table I. 

The wing trailing edge of model A was recessed to accommodate any 
one of eleven sets of interchangeable flaps. Each set of flaps was con
structed to produce different flap deflections. The wing and flaps of 
the other three models (B, C, and D) were constructed as one unit and 
had a flap deflection of 00 ; the only exception was model B which could 
also be tested with a flap deflection of 50. Model A and model B uti
lized the same body with the wing of modei B one-half as thick as the 
wing of model A. Model C was a flat-bottom configuration and model D 
was a midwing configuration. All models had hemicylindrically rounded 
wing and flap leading edges. 

The flaps of each model extended beyond the trailing edge of the 
wing. This type of configuration could be considered as representative 
of drawer-type flaps on a full-scale vehicle with the flaps extended. 
The flaps might be used for both longitudinal and roll control; however, 
only longitudinal control is considered in this investigation. The 
rectangular holes cut through the wings just ahead of the flaps would 
normally act as a receptacle for the flaps; also the presence of the 
holes could possibly increase flap effectiveness by permitting the air 
to bleed through the holes onto the leeward side of the flaps for posi
tive angles of attack and negative flap deflections. 

The tip fins were toed-in 6.50 on all models. The majority of tests 
conducted on model A were with the tip fins canted outward approximately 
150 in an attempt to increase their directional effectiveness at high 
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angles of attack; tests on the other three models were conducted with 
the tip fins not canted. 

Tests 

All tests were conducted at a free-stream Mach number of 2.91. 

5 

Longitudinal tests were conducted on model A over an angle~of-attack 
range from _4° to 90° for configurations with no flaps and for configu
rations with flap deflections of oo~ t200~ and ±500 . In general~ 
testing of the other flap deflections; as well as testing of the other 
three models, was restricted to angles of attack below 36°. In order 
to determine if the presence of the rectangular holes increased flap 
effectiveness, tests were conducted on model A with the holes covered 
up. The closed-hole tests covered the complete angle-of-attack range 
for configurations with no flaps and configurations with flap deflec
tions of 0° and ±200. All tests were conducted at a Reynolds number 
per inch of about 0.204 x 106 . 

In order to test model A over the complete angle-of-attack range 
it was necessary to employ two different stings and two different model
mounting techniques. All models were sting supported from the base of 
the model body for angles of attack as high as 360

• A straight sting 
and a 300 bent sting were used to obtain angles of attack from _40 to 150 
00· and 15 to 36 ,respectively. In order to obtain angles of attack greater 

than 360 it was necessary to mount the stings in a hole located at the top 
of the body just ahead of the model base. (See fig. l(a).) By affixing 
the stings in this location, testing was permitted in the angle-of-attack 
range from 360 to 630 with the bent sting inverted and from 660 to 900 

with the straight sting. It should be mentioned that some sting and sup
port·interference was experienced when the model was tested at large 
angles of attack. A more detailed discussion of the interference is pre
sented in appendix B. 

Directional tests were conducted on model A for a 00 flap deflection 
over an angle-of-sideslip range from _40 to 150 at angles of attack of Oo~ 
300 , 500 , and 810. A limited number of tests were conducted on model A 
with the tip fins not canted to determine if canting improved the tip-fin 
effectiveness. 

A movable windshield shielded the stings from the external flow. The 
shield extended to within 0.030 inch of the model. At angles of attack up 
to 360 the model base pressure was measured by means of four orifices 
located in the windshield. The average base pressure was used to estimate 
the base drag, and all force data were corrected to the condition of free
stream base pressure. At angles of attack greater than 360 (stings mounted 
in top of model. body) , this correction was applied only to the area 
occupied by the windshield. 

CONFIDENTIAL 
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,Angles of attack and sideslip were determined optically by using a 
1/16-inch-diameter mirror, flush mounted in the model, to r~flect and 
focus a spot from a high-intensity light source onto a previously cali
brated scale. By using this method the true angle could be obtained 
irrespective of the model deflection under load. 

Accuracy 

The estimated accuracies of the final data as affected by uncer
tainties in the measurements of the forces, free-stream static pressure, 
and free-stream dynamic pressures are presented below. 

CL • . . • . . . . . . . .. ..... 
CD . . . . . . .. ......... . 
em . . . • • • . • • 
Cy • • • • • • • • • • 

Cn • 

iO.OOl 
to.0002 
iO.002 
to.OOl 
to.002 

Angles of attack and sideslip are estimated to be accurate to within 
:to.lo • 

RESULTS AND DISCUSSION 

Schlieren Photographs 

Typical schlieren photographs of model A (rectangular holes opened, 
5 = 00 ) are presented in figure 2 for various angles of attack. The 
photographs show that a strong normal shock emanates from the rounded 
leading edge of the flap, an indication that high heat-transfer rates 
would be encountered in this region on a flight vehicle., 

Basic Aerodynamic Characteristics 

Results of the tests are presented in figures 3 to 14 with aerody
namic coefficients plotted against angle of attack, angle of Sideslip, 
and flap-deflection angle. Figures 3 and 4 show some scatter in the 
data, particularly in the pitching-moment coefficient. It was sus
pected and subsequently confirmed that this scatter was due to sting 
and balance support interference. Appendices A and B present results 
of some auxiliary tests which were conducted to explore the possi
bility of extraneous effects on the data. Appendix A shows that 
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there are no effects on the data due to the possibility of flow con
densation on the leeward side of the wing at high angles of attack. 
Appendix B shows the results of tests which were conducted to illus
trate any sting interference effects at 900 angle of attack. For 
the 900 angle-of-attack case some sting interference was present on 
the drag results. 

Longitudinal Aerodynamic and Control Characteristic$ 

7 

The longitudinal aerodynamic characteristics of model A (rectangular 
holes opened) are presented in figure 3. These data show that maximum 
lift occurs at an angle of attack of about 480 for the flap deflections 
tested. Maximum lift-coefficient values of from about 0.73 to 0.80 are 
shown, depending on the flap deflection. In general, for all positive 
flap deflections, the model was stable up to the maximum lift coefficient. 
At higher angles of attack, the model developed a pitchup tendency which 
became progressively more pronounced as flap deflection was increased. 
With the exception of /) = -900 , decreasing flap deflection increased the 
relative magnitude of the pitching-moment coefficient and made the model 
neutrally stable over a large portion of the angle-of-attack range. 

The model trimmed at an angle of attack near 00 for flap deflections 
of 00 and 900 ; however, no trim points ~xisted for any other positive 
flap deflections. In the lower range of angle of attack (ex, = 00 to 15°) 
decreasing flap deflection increased the trim angle of attack from 2° to 
about 120

; at high angles of attack, the data showed that for flap deflec
tions of -200 and -50° the model had both stable and unstable trim points 
throughout the angle-of-attack range. 

The longitudinal aerodynamic characteristics of model A (rectangular 
holes covered) are presented in figure 4. In general, covering the rec
tangular holes reduced the magnitude of the pitching-moment coefficient 
and increased the value of the maximum lift coefficient. Maximum lift 
coefficient still occurred at an angle of attack of approximately 480

• 

The basic data for model B are presented in figure 5 for flap deflec
tions of 00 and 50. A data comparison between model A and model B is 
presented in figure 6. Decreasing the wing thickness by a factor of one
half caused the model to become neutrally stable for flap deflections of 
00 and 5°. As would be expected there was a decrease in drag coefficient 
and a corresponding increase in maximum LID. 

The basic data for model C and model D are presented in figures 7 
and 8. Results indicate that both models are longitudinally stable over 
the test angle-of-attack range. The flat-bottom configuration (model C) 
had a slightly higher LID and a slightly greater lift-curve slope. 

CONFIDENTIAL 
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The effects of angle of attack on the aerodynamic-center location 
for model A (rectangular holes open) are presented in figure 9 for vari
ous flap deflections. It shouid be mentioned that fairing the pitching
moment curves for the various flap deflections (fig. 3) was somewhat arbi
trary because of the considerable amount of scatter in the data. There
fore, the results presented in figure 8 should only be used to indicate 
trends. In general, the aerodynamic center for all flap deflections moved 
forward slowly with increasing angle of attack for 0 < ~ < 450

• When 
angles of attack up to about 450 are considered, the configurations with 
negative flap deflections showed a sudden decrease in stability n'ear 
~ ~ 200 which did not occur for the configurations with positive flap 
deflections. At an angle of attack of about 450 the aerodynamic center 
for positive flap deflections moved forward very rapidly. A maximum value 
of aerodynamic-center position occurred at about ~ = 560 • The aerody
namic center for negative and 00 flap deflections had approximately the 
same maximum forward location. In all cases the aerodynamic center moved 
rapidly rearward with increase in angle of attack once the maximum forward 
location had been obtained. 

Flap Effectiveness 

Incremental values of lift and pitching-moment coefficients of 
model A are plotted against flap-deflection angle in figure 10 for spe
cific angles of attack. The data presented in the plots were obtained 
by taking the test value of the coefficient for a specific angle of 
attack and flap deflection and subtracting from it the test value of 
the coefficient at the same angle of attack for a flap deflection of 00 • 

Figure 10 shows that there is a negative incremental lift coeffi
cient produced by small positive flap deflection (00 to 200 ) at angles 
of attack of 600 and above. The pitching-moment data do not show a 
corresponding reversal, although the data for small flap deflections 
(±200 ) and high angles of attack (800 and 900

) show that the flaps are 
not effective under these circumstances. The fact that a reversal in 
lift coefficient does not cause a corresponding reversal in pitching
moment coefficient is attributed to the fact that increasing flap deflec~ 
tion also produces a drag force on the flaps which acts below the model 
moment reference and creates a negative pitching moment. 

A decreasing incremental lift coefficient with increasing positive 
flap deflection might be expected when the sum of the flap-deflection 
angle and the angle of attack are greater than the angle for maximum lift. 
The data presented in figure 10 do not closely follow this expected trend. 
For example, the lift-coefficient results at ~= 500 show an increasing 
lift coefficient as the flap-deflection angle increases from 00 to 200 

•. 

This case corresponds to increasing the angle of the flaps with respect 
to the free-stream direction from 500 to 700

• 
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Referring to the incremental pitching-moment data of figure 10 
shows that, for flap deflections in the range from 500 to -500 , no loss 
in flap effectiveness occurred as the angle of attack was increased up 
to about 70°; further increase in angle of attack produced a reduction 
in flap effectiveness. Flap deflections of ±900 were completely ineffec
tive at angles of attack up to 50°; however, a reversal in flap effec
tiveness was experienced at an angle of attack of 900 and the flaps did 
become slightly effective. If a vehicle corresponding to model A could 
fly at an angle of attack of 90°, a nose-forward moment would be obtained 
with a positive flap deflection of 900 and a nose-rearward moment would 
be obtained with a negative flap deflection of 900. 

Effect of Rectangular Holes 

The effect of the rectangular holes ahead of the leading edge of the 
drawer-type flap is .shown in figure 11 wherein incremental lift and 
pitching-moment coefficients are plotted against flap-deflection angle 
for specific angles of attack. The presence of the rectangUlar holes had 
very little effect on the values of the coefficients when the incremental 
values were referenced to a flap deflection. of 0°. However, significant 
differences in the values were noted when the incremental values were 
referenced to the no-flap condition. 

Sideslip Characteristics 

The sideslip characteristics of model A (rectangular holes opened 
and 0° flap deflection) are presented in figure 12. The variation of 
side force with ~ reverses direction at an angle of attack slightly 
less than 300 • Fbr the low-angle-of-attack case a negative sideslip 
angle produces a positive side force as might be expected. The nega
tive side force which occurs for negative sideslip angles at high angles 
of attack results simply from the fact that there is a component of the 
normal force of the wing which contributes to the side force. 

Yawing-moment results for angles of attack greater than 300 are not 
presented because of inability to repeat the data during check runs. 
These discrepancies are believed to have been caused by some small amount 
of roll which was unintentionally set in the model when it was aliped in 
the tunnel. The yawing-moment results of figure 12 show that the model 
is directionally stable at angles of attack of 00 and 300

• 

At 00 angle of attack the drag coefficient increases with sideslip 
angle and at 810 angle of attack the drag coefficient decreases with side
slip angle. 
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The effect of canting the small tip fins on model A is shown in fig
ure 13 for angles of attack of 00 and 300 • Figure 14 shows the effect of 
canting the large tip fin for an angle of attack of 500 • The results 
indicate that canting these tip fins outward approximately 150 produced 
only slight effects on the sideslip characteristics. 

CONCLUSIONS 

An investigation made at a Mach number of 2.91 to determine the 
aerodynamic and control characteristics of four lifting reentry configu
rations indicated the follOwing conclusions: 

1. For configurations with rectangular holes ahead of the flaps, 
maximum lift-coefficient values of from about 0.73 to 0.80 were obtained, 
depending on the flap deflection. Slightly higher values were obtained 
with no holes ahead of the flaps. The maximum lift coefficient occurred 
at an angle of attack of about 480 for all test configurations. 

2. A midwing configuration had a slightly lower lift-curve slope 
and a slightly lower lift-drag ratio than a similar flat-bottom configu
ration. Another configuration comparison showed that, by decreasing the 
wing thickness by one-half, lift-drag ratios could be increased. 
Decreasing wing thickness decreased the longitudinal stability of the 
model as might be expected. 

3. The presence of rectangular holes ahead of the leading edge of 
each flap had very little effect on the incremental values of lift and 
pitching-moment coefficients for flap deflections of 1200 • 

4. Fbr flap deflections between 500 and -500 no loss in flap effec
tiveness occurred as the angle of attack was increased up to about 700

; 

further increase in angle of attack resulted in a reduction in flap 
effectiveness. Flap deflections of 900 or -900 were completely ineffec
tive at angles of attack up to 500

; however, the flaps did become slightly 
effective at an angle of attack of 900 • 

5. The configuration which was tested in sideslip was directionally 
stable at angles of attack of 00 and 300 • Canting the tip fins outward 
approximately 150 had no significant effect on the directional stability 
at the test angles of attack. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va., July 7, 1960. 
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APPENDJX A 

DEWPOINT CONSIDERATIONS 

The moisture content of the wind tunnel was kept sufficiently low 
(dewpoint, -100 F and below) to prevent any flow condensation in the test 
section; however, because of the large amount of expansion required of 
the free stream when the models were tested at high angles of attack, it 
was speculated that some flow condensation could conceivably be realized 
on the leeward side of the model. If some condensation did result, it 
might have some effect on the measured force data and could possibly 
explain the scatter in the data. In an effort to determine this effect, 
a limited number of tests were conducted on model A at angles of attack 
to 350 and for flap deflections of 00 and ±500 • Results of the tests are 
presented in figure 15, wherein lift and pitching-moment coefficient are 
plotted against dewpoint. The data showed that the aerodynamic coeffi
cients were essentially invariant with dewpoint. 
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APPENDIX B 

EVALUATION OF SUPPORT INTERFERENCE 

In order to evaluate the possibility of support interference 
affecting the data, a limited number of tests were conducted on three 
preliminary flat-plate models. The models had approximately the same 
wing area as the wing of model A and the planform was varied to include 
a circle, a square, and a triangle. The models were constructed from 
O.25-inch-thick brass. These flat-plate models were tested in an atti
tude normal to the free-stream direction in order to simulate a model at 
900 angle of attack. Drawings of the disks, illustrating physical dimen
sions, model designations, and sting locations, are presented in fig
ure 16. A photograph of the models is shown in figure 17(a). Fig-
ure 17(b) shows a photograph of the circular model mounted in the tunnel. 

Tests were conducted with the flat-plate disks positioned in dif
ferent longitudinal locations in the wind tunnel and with three different 
sting attachment points on each disk. (See fig. 16.) By testing in this 
way, it was possible to alter the structure and the manner in which the 
wake from each disk intercepted the sting and balance windshield. The 
resulting effect that this might have on the interference forces could 
then be determined. 

The results of the tests are presented in figure 18 wherein drag 
coefficient is plotted against sting length for the three sting posi
tions and model shapes. The drag results appear to be sensitive to the 
value of L, to sting location, and to disk shape. The flagged symbols 
(for circular and square disks) denote data wherein the pressures on the 
leeward side of the disk have been measured and used to correct the drag
coefficient values to what they would be if free-stream pressure were 
acting over the entire leeward side. The data in the plot at the upper 
left of figure 18 show that when this correction is made.the square disk 
and the circular disk have abqut the same. drag coefficient. This fact 
indicates that the difference in the data for the disks with different 
shapes is primarily due to pressures on the leeward side. 

It was expected that the variation of drag coefficient with 
increasing values of 1 would show no change at large L values; how
ever, for the triangular disk no such constant value is attained. Since 
sting interference would be expected to increase the disk base pressures, 
the drag coefficient would be expected to increase with increasing values 
of L. This is the case for the triangular disk. Although the drag 
curve for the triangular disk does not become level at large L values, 
the drag values at the largest L values are believed to be rapidly 
approaching interference-free values. This belief is strengthened by 
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the results of a drag estimation.. If normal shock pressure is assumed 
to act on the front of the plate and the base pressure coefficient is 
assumed to be -11M2, the resulting drag coefficient is 1. 871. If exper
imental results such as reference 2 are used to predict'the base pres
sure, CD = 1.853. These estimated values are slightly higher than the 
drag coefficient which is shown at the largest I value but it might be 
expected that due to edge effects normal shock pressure would not be felt 
over the entire front face. 

The triangular disk at sting location C and I ~ -0.560 is the 
configuration that most nearly corresponds to the geometry of the reentry 
configuration for which results are presented in the body of the report. 
Increasing l from 0 to 2.85 inches increased the drag of the disk by 
3 percent. This is believed to be representative of the drag error in 
the test results at a = 900 of the reentry configuration of the body of 
the report. It is believed that the error is less at lower angles of 
attack. Figure 4(a) (model A without flaps) shows a drag-coefficient 
value for the reentry configuration at a = 900 of CD = 1.58. This is 
far below the value measured on the triangular disk. However, the trian
gular disk had a square-cornered leading edge and the reentry configura
tion had a hemicylindrically blunted leading edge. The drag-coefficient 
increment due to rounding the leading edge was computed by use of Newtonian 
theory and was found to be tCD = -0.060. This incremental-drag-coefficient 
value has been subtracted from each of the values of drag coefficient for 
the triangular disk tested in sting location C and is presented as the 
dashed curve (lower right) in figure 18. This correction partially accounts 
for the lower value of qrag coefficient on the reentry configuration 
(CD == 1.58) as compared to that for the triangular disk. The discrepancy 

between the dashed curve and CD = 1.58 can probably be attributed to a 
combination of differences in base pressures acting on the two different 
configurations and in model support interference. 

In summary, it is believed that the 3-percent variation in drag for 
the triangular disk bet~een l = 0 and l = 2.85 inches is representa
tive of the error in the drag-coefficient results of the reentry configu
ration near a = 900 • At lower angles of attack the error is believed 
to be less. 
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TABLE 1.- GEOMETRIC PROPERTIES OF MODELS 

Description Model A Model B 
/' 

Wing span, in. . . . . . . . . . . . . 2.460 2.443 
Wing mean aerodynamic chord, in. . . . 3·271 3·275 
Wing area, sq in.: 

Rectangular holes open . . . . . . . 5.875 5·770 
Rectangular holes covered • . . . . . 6.401 -----

Wing thickness ratio, percent •.•.• 3·13 1.57 
Aspect ratio . . . . . . . . . . . . . 1.030 1.034 
Sweep of wing leading edge, deg •••• 

I 75 75 
Flap area, sq in. . . . . . . . . . . 0.2l2 0.212 

Tip-fin area, sq in. .. . . . . . . . . 0.400(small) 0.224 
0.900(large) 

Model C Model D 

3·179 3·179 
4.170 4.155 

9·539 9·502 
----- -----
3·97 4.00 

1.056 1.064 
75 75 

0.406 0.406 
0.441 0.441 

Q 

•••• • -•••• 
••••• • • ••••• 
••• • • • • • • 

0····· 2':-
"":I. 
H· 
~ .... L-" • • 
2': • • 

~ : .. : 
8 • • • • • • 

f-J 
\J1 

• • 
• • • •• • •• • • 
• • ••••• • • 
••••• · -• • • · -••••• • • 
••••• • • • • • • • • · ..... • • • • ••• 



o 

~ 
H 

tiJ 
~ 
~ 

Moment reference location 

1 
1.625 

. 077 R--<' 1 J 
I.. 3.074 -I 

~ 1.113 -1 
Large ti p fin 

.077R 1!--·031 

\ ~0--;-t ifiY \]0 \, $ ,It 
\..I.ooo-i'c-small lip fin --I LI5' 

8.250R 

J 

(a) Model A. 

~036 R y=j---' 
'I l ~-150 

.077 .89 

-1-'<-.015 

l. . .d 
I.. 2.443--1 

(b) Model B. 

Figure 1.- Three-view drawing of models. All dimensions are in inches. 

.031 
f-' 
0". 

••• • • • • ••••• 
• • • • • • • • ••••• 
• • ••••• • • 

• • • • • ••••• 
• • ••••• • • 
• • • • • • • • • • 
• • o ••• 

o· •• 
E;3. • H···· t::I. • ...... . 
~: .. . 
~:~ .. . 
• • • • • • ••• 
• •••• • · ••••• 
•••• • • •••• 



6.5° "I ~ 4.485 --==-,: ,- 1 

15° 

.I25R 

I- 3.625 .1 

(") 

~ 
I
: 5.218 
1-------5.875----

i 
H 
E:; 

. 125R 

3.o00R 

j 
(c) Model C. 

Figure 1.- Continued. 

..... 
• • •••• 
••••• • • ••••• 
••• • • • • • • 

(l •••• 

g 
~ ... 
tJ· • 
t::rJ. • ~ ... 
~

: .. ,. 
• •• • • 
• • • • • 

f-' 
-..J 

• • • • • 
• • ••••• • • 
••••• • • • • • 
• • ••••• • • 
••••• • • • • • • • • 
••••• • • • • • •• 



t 
\ 

6.50 f-' 
4.485 -I ~ 

ex> 
••• • • 

f • • ••••• 
I .875 • • 

15° 1 ----- .:>.,,-!uVI"{I • • • 

i 
• e • ••••• 
• • ••••• • • 

1.000 • 

~II~-t 
• • • • 

. 125R-

---------
, ••••• 

.750 • • ••••• 

~~ 
• • 

3.625 .... 1 • • e • • 
• • • • • 

0 

1= 
5.218 , .. I ~~94 • • 

~ • • • 
5.875 "'1.500 ' o· •• 

0·, ., 
H ~ .... fij 

\ H· • 

~ t::J. • trl e 
•• • 

H ~: ~ 
3.000R ~: .... 

• • • • 

. 
05°lr- • • 

-I ••• , 3.179 ••••• 
.250 O.::>~ ~ h@5 

• • ---.-
114 

••••• 
. 563 •••• 

.-.i • • 
. 125R~ + ~ ~ I )Y j •••• 

.125 r-1.I57 

(d) Model D. 

Figure 1.- Concluded. 



I 

I 
I 
i' 

... • • • .. . .... ••• ••• • ••• • .. • • • • • • • • • • · • · • • • • • • • • • • • • •• • • • • • •• • • • ••• • • • • • • • • • • • • .... • • · • · · · · ... • ... .... . .. 
~~ FItl :r.M. ... 19 .. • • ... 

1.-60-2500 
Figure 2.- Typical schlieren photographs of model A at various angles of 

attack. 

CONFIDENTIAL 

I 

I 

~ 



i 
H 

i 
~ 

L 
is" 

4 

2 

) 

-2V 

~ 

. 08 3 

Cm 

-0 I 

I 

) 

i 

~ 

CL ; 

~ 

I 

V 

, 
-4 

II 

-o 4 

1-"-1---

A 

V 

L6 
V 

kc 
jA) 

1/ 
V 

L 
V 

V 
~-u 

y-r---

-8 12 16 20 24 28 

I .8 

I .7 

l--- f-D I .6 

./ 
I-'-' o CL 

I 

V-
I--

oCD 
/' OCm 

1--1 
pp- "LID 

f-
I 

.5 

4 

3 

P 
I 2 

I 

I o 

I", h----< 1/ ~ 
.9 CD 

IP / "'-
V n 

.8 

K 
V .7 

1/ 
l;:i I'n 

6 

.Id .5 
/ 

~ 
~ 

4 

I'r, 3 

2 

o 
~ ~ ~ ~ ~ ~ ~ 00 ~ ~ n ~ 00 M ~ ~ 

~~ 

(a) Without flaps. 

'" 
Figure 3-- Variation of CL, CD, 

holes opened). 

Cm, and LID wi th angle of attack for model A (rectangular 

(Flagged symbols. denote check points.) 

f\) 
o 

••• • • • • ••••• 
• • • •• • •• ••••• 
• • ••••• • • 

• • • • • ••••• 
• • ...... 
• • 
• • • •• • • • • • 

o· • o· • • ,....,. ... ""'. . 
~ .... 
t:J. • 
tr:!. • 
~ ... . 
~ ... . 
• • • • • • ••• 
••••• • • ••••• 
•••• • • •••• 



o 

~ 
H 

~ 

~ 

1. 
D 

q. 

2 

J 

2 

q. 

o g 

Cm L 

-0 g 

g 

7 

.6 

5 

.4 

Cl 3 

2 

I 

0 

t-

-

If 

2 

II 

-4 0 

./ 

II 

/ 

4 

--, .8 
--I 

~ -----1 I 7 
'-" y 

V-
/' 

I 6 

I 
/ oel H 

oeD H I l-il'" 
oem t-1/ 
LlL/D 

I V 
L 

5 

4 

3 

/ I 2 
~ 0 

j --'L 

11 ,-r 

.1 

.0 

I ;::- / 
"f"i 

l"-/ 
9Co 

"-V 
IU~ 

8 

" -
"-

-f-
/ / 

/ / 
ID' 

7 

6 

.5 

/ 4 
./ 

rtr--Y 
I 

8 

" 
1"-

. 3 

~ / 
ru 2 

j-O 

1 '=-'-= 1 1 1 1 1 1 1 10 
12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 

a, deg 

(b) 0:::: 0 0
• 

Figure 3.- Continued. 

•••• • • •••• 
••••• • • ••••• 
••• • • • • 

d • 
~ ... . 
~ .. . 
~ 
.. 
• • ••• 

~. . 
t-t. • • 
• • • • • 
• • • • • • • • • • 
• • ••••• • • 

I\) 
f--' 

••••• • • • • • 
• • ••••• • • 
••••• • • • • • • • • 
• •••• • • • • • •• 



~ 
~ 
~ 

~ __ IIHloWI 
4 

k-
V 

/ 

2 

h 0 

.8 

r 

.6 ) 

.5 i 

t .4 

CL 
; .3 

) .2 

I 

o ) 
/1) 

/' 
IV' 
-1j. o 

~ 

/ 

4 

/-
/ 

~ 
V 

v 
;V 

If 

8 12 16 20 
a, deg 

/-r' 
1/ 

P 
/' 

24 28 

Y' 

32 

0 

Co 

36 40 

-2 
~ 

-4 

.7 

.6 3 

.5 5 

.4 ~ 

.3 3 

.21 ~ 

I 

o 
-4 

j 

V 

o 

(c) 0= 10°. 

4 

Figure 3.- Continued. 

) 

).J 

V 
/ 

/ 
/ 

;:f 
/ 

/ 
V 

V ~ 

.....tv 

8 12 16 20 24 28 32 36 40 
a, deg 

[\) 
[\) 

••• • • • • ••••• 
• • • • • • • • ••••• 
• • ••••• • • 

• • • • • ••••• 
• • ••••• • • 
• • • • • • •• • • 
• • (> •• 

o • • 
!:<:t • ~ ... 
8· · 
~: .. . 
~ ... . 
• • • • • • ••• 
••••• • • ••••• 
•••• • • •••• 



a 

~ 

! 

L 
15 

.8 

7 

.6 

.5 

4 

3 

Cm -.08 2 

-.1 

CL 

o 

.9 CD 

8 

.7 

6 

5 

4 

3 

2 

_ _ 0 
-4 0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 

(d) 

a, deg 

o o = 20 • 

Figure 3.- Continued. 

•••• • • •••• 
••••• • • ••••• 
••• • • • • • • 

(") ..... 
o· 
~: 
!j •••• 
'-' . . 
t:z;j • • 
~ .... 
1-3 

~
. . 

I\) 
\.>l 

• • • • • • • • 
• • • •• • • • • • 
• • ••••• • • 
••••• • • • • • 
• • ••••• • • 
••••• • • • • • • • • 
••••• • • • • ••• 



(") 

.~ 

§ 
~ 

41 'tr 
2 

Lo 
D '~ 

-2 

-41 1-

0' )[Qb", 

)8'-Cm -.08 

-.16 16 

.8'-. 8 

.7 7 

. 6 .6 

.5 5 

.4! .4 

3 CL .3 

.2 2 

I 

o ) 
) 

La 

ill l:r-l1 

~4 
~ o 

-

j)-,r I>-

/ 
/ 

) 

4 -8 

.8 

-A 
7 

Q 

.6 
./ 

'Y o CL I--

/' 
oCD 

RI oCm 
"'LID 

II 

.5 

.4 

.3 

L0 
v v 

V 10 
jy- II 

i .2 

l 

./ 
II 

),,1 
II 

.1 

.0 

1", bz r---
V i"--- .9 CD 

/' 

1M !,d. ~ 
.8 

V lR 1'0 
7 

Id .6 

1/ In 5 

:a: 
V 4 

.3 

:P 
V 

1'-' 
2 

'\ 
. 1 

-.l o 
12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 

a, deg 

(e) 5 = 500
• 

Figure 3.- Continued. 

f\) 
+:-

••• • • • • ••••• 
• • • • • • • • ••••• 
• • ••••• • • 

• • • • • ••••• 
• • ••••• • • 
• • • • • • • • • • 
• • • • • 

o· • • o· • S •••• ._". . 
H. • 
t:j •••• 

~: 
~: .... 
8. . 

• • • • ••• 
••••• • • ••••• 
•••• • • •••• 



<.":) 
0 

~ 
H 

~ 
~ 
H 

~ 

c~J tHillll W L 
D 

2 

o 
~ 

.4 

.3 

.2 

CL 

.1 

o 

P" 
-.I 

,....4 

) V 
/ V 

o 

/ 
y /' 

/ 
V 

/P 
~~/ 

4 8 
0, deg 

/ 
/ 

12 

I 
I 

Or-. 
~I 

I 

16 

(r) 

V 
-2 

.4 

.3 

CD .2 

.1 

yi 

o 
-4 

5 = 90°. 

/ 
p 

Figure 3.- Continued. 

'"--" 

-'-~ ~r 

n 

/r 
.-/ 

J~ 

l~ 
y'" 

:tV V 
I 

I 

I 

o 4 8 12 16 
0, deg 

•••• • • •••• 
••••• • • ••••• 
••• • • • • 

o· • 
0 ••••• 
!2:. 
f-:J:j. 
H· 
~ .... 
!2:. • 8.: •. · 
t;::!. • F ••• 

• • • • • 
• • • • • • • • • • 
• • ••••• • • 

f\). 
'JI 

••••• • • • • • 
• • ••••• • • 
••••• • • • • • • • • 
••••• • • • • ••• 



0 

~ 
H 

tiJ 
~ 
~ 

Cm 

o If! f J I + Iff 
4 

2 

-.08 

. 3 

. 2 

/ 
CL .1 / 

!V 
0 -cV 

( 
/' 

IP 
/ 

v -.1 

---

-4 o 4 8 
a, deg 

./ 

/( -f 

,-L-____ 

12 

~ 

i 

i 

I - 16 

hO 
D 

-2 

-4 

.2 

- Co .1 

'-o 
-4 

(g) 5 '= _100 • 

!Y 

0-

Figure 3.- Continued. 

f..-" -6 

J V' 
7( 

/ 
tI '" 

/'"' ~ 

V 
~fJ 

-t: 
D-!: r }--[ ~ 

- ---- -- --- - "----

o 4 8 12 
a, deg 

16 

[\) 
0\ 

••• • • • • ••••• 
• • • • • • • • ••••• 
• • ••••• • • 

• • • • • ••••• 
• • ••••• • • 
• • • • • • •• • • 

o • • 
o ·0 • • 
!2l • • • ~. . 
tj •••• 
\oJ • • 
t:rj • • 
~ ... . 
~ L .. . 

• • • • • • ••• 
••••• • • ••••• 
•••• • • •••• 



o 

~ 
H 

~ 
~ 

L 
IT 

4 

2 

0 

2V 

4 

.0: 8 

Cm I.-

-.0: )8, 

.8 

7 

.6 

.5 

4 , 
Cl 3 

.2 

I 

O 

It::. 

,/ 

L 

.ti. 

L 
k::: 

C 
~ 

Yt::' J 2~ J, 
4 0 4 8 

I 1.8 

P 
i:::::::r-

.7 

~ .6 
ill 

I oCl ~ L 
.5 

OCD L 
OCm ,-l:I:l~ 

"LID 'I ~ 

14 

.3 

I li: 
1= L ~ IV 

.2 

~ 
/ 

.L o 

t:' Q 
,~ 

»~ 
.9 ~ 

IT ,I L::: .8 
L D , 

-t:::: .7 

CQ , 
[:::, It'.-

.6 

l::',. , ;-/ 

/ !:':. 
.5 

r-L 
/ 

4 

-t:::: 
ru .3 

-

V F- .2 

t!: t- .1 

~ ~ ~l 1 I 1 L 1 1 ~ o 
12 16 20 24 28 32 -d36;:--'---;4""O,-J· L4-f4:;-L-::4~8~5d;2~--;05""6~6'!'O~-;;6'c;-4--"---;6o'::8:-L~7~2--'--c7~6:-L~80~--;:8!-::4~8;::';8~-:::92 

a, deg 

(h) 5 = _200
• 

Figure 3.- Continued. 

•••• • -•••• 
••••• --••••• 
--. -- . - . 

••••• 
(j) 
<!) 

~--. 
t::J- -
tal- -~ ... 
t-iI -

~ 
.. 
• • - -- -· . --. . • • - . ••••• • • 

••••• • • -. • 

· -••••• · -••••• 
- - -- --· -

I\) 
--.:] 

••••• • • • • ••• 



() 

~ 

I 
~ 

.b 
D 

4 

.0 

Cm 

-.0 

CL 

.8 

. 7 

.6 

.5 

4 

3 

2 

. 1 

.0 

9 CD 

8 

7 

.6 

5 

4 

. 3 

2 

o 
-4 0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 

a, deg 

(i) 5 = -500 • 

Figure 3.- Continued. 

!\) 
(X) 

••• • • • • ••••• 
• • • • • • • • ••••• 
• • ••••• • • 

• • • • • ••••• 
• • ••••• • • 
• • • • • • • • • • 
• • 

~ 
.. 
• • 

2: • ~ ... 
H. • 
t::J. • i··· 
~ .... 
• • • • • • ••• 
••••• • • ••••• 
•••• • • •••• 



8 
~ 

§ 
'H 
~ .. 

c

m08

f 10 HJJJlJ ,L 1 
0--

2 

L - 0 
D 

.3 
1 

, 

I . 2 

CL 

I-. 

) P-

I 
) 

)v o 

/ 
lC/~ 

-.1 

-.2 
v 
1 

-4 o 4 8 
a, deg 

l 

~ 

- -2 -----

Ip 
// 

!Y. -

I 

/ 
4 

.3 I 

I 

CO ·2 

~ 

12 16 
o 
-4 

(j) 5 = -900
• 

Figure 3.- Concluded. 

,-

/ 
v.:s-

/L ~ 

.----' 
~~ 

J.LY 

--

fD-.--r J~ ~ 
-qr-i _m-

.r---t .r 

o 4 8 12 16 
a, deg 

•••• • • •••• 
••••• • • ••••• 

••• • • • • • • §-••• 
:!:\ 
~ ... 
M· • 
!:2::. • ~ ... . 
~ .. . 
~ .. 

• • 
• • • • • • • • • • 
• • ••••• • • ...... 

• • • • • 
• • ••••• • • 
••••• • • • • • • • • 
••••• • • • • ••• 

I\) 
\0 



~ 
~ 
~ 

L 
D 

a 

40-
l-

2t-
I""-" 

) 

1""-"7 
2/ 

4 ,. 

3 
r-

Cm l-r-
t-

-.0 3 

3 

7 

5 

5 

4 

CL 3 

~ 

1 

) 

h 

I 

V 
/ 

l. 

l/ 
V 

---

>A 
I 

I:::: 
1/ 

!» j 

V 

V 1/ 
va / 

IL 
/ 

F )-' 

V 
V 

,/ 

V 

.8 

1 .7 

t---0+-
1 .6 

1 1 ,IT o CL r-
o CD -I /' 

OCm r-/ 

"LID 1 i:P 
1 / 

.5 

4 

3 

1 () / 
V P' 

2 

)-' 1 

V 1 .0 

D -1 

- 9 CD 

I" 
R-, 

.8 

r". 
"-

7 

.6 

.5 

4 

10, 
j"-

3 

1"'- 2 

" 4- 0 4 ~ . ..l..J 1 11 1 1 1 -'-- o 
8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 =!72",--L~7ob6,--L-rt80~""'8.c,4;-'-rt88,,-'-ri9'2 

Figure 4.- Variation of CL, CD' 
holes covered). 

a, deg 

(a) Without flaps. 

Cm, and LID with angle of attack for model A (rectangular 

(Flagged symbols denote check points.) 

\>I 
0 ••• 
• • • • ••••• 
• • • • • • • • ••••• 
• • ••••• • • 

• • • • • ...... 
• • ••••• • • 
• • • • • • • • • • 
• • • • • • • • 
~ • 
i··. 
~ ... 
I·:: 
• • ••• ....... 

• • ••••• 
•••• • • •••• 



~ 
~. 
~ 

~ 

.0 

Gm 

-.0 

CL 

4 o 4 8 12 16 20 24 28 32 ~640 44 48 52 56 60 64 68 72 76 80 84 - 88 
a, deg 

(b) 5 = 0°. 

Figure 4.- Continued. 

.8 

7 

.6 

5 

4 

3 

2 

o 

9 Go 

.8 

7 

.6 

.5 

4 

3 

2 

_0 
92 

•••• • • •••• 
••••• • • ••••• 
••• • • • • 

o· • 0.···· 
~: s: ... 
L-J. • 

!2!. • 

~ : .. : 
Fi. • • · . ., 

• 

\>I 
i-' 

• • 
• • • • • • •• • • 
• • ••••• • • 
••••• • • • • • 
• • ••••• • • 
••••• • • • • • • • • 
• •••• • • • • ••• 



o 

~ 

I 
~ 

4 TI 
J 
2 

Lo 
D 

-2 

-4' -4 

o ) 

l Cm -D8 

-.16 .6 

.8 8 

7 7 

.6 .6 

.5 5 

.4 4 

I CL .3 

.2 2 

o ) 

I 

v 

1/ 
V 

l/ 

-.2!.---'--k----'-+ 
-4 0 4 

/ 

Iv-

~ 8 

I 8 

hi: 
I"-f---; h ,---1---ru I 7 

V- I .6 

~ 

! k]o oCL 
I 

DCa >-

OCm 
f-L 
>-

) "LID L 

.5 

.4 

3 
/ 

10 1.1 10 
1/ P" I 2 

V 
1/ 

I 

kr j-Q r--
V ro: I .0 

VJ" Il=f l'-, 
L/ 

9 CD 

[7 ~ 
7 ~ 

8 

II ,> 
1/ r'" 7 

J/ " va 0 fA .6 

k'-' V I" 
1/ . ~ 

! .5 

) ~ .4 ! 

/ f'\. 
10' 

V 
3 

V '\ 

./ '\ I' 2 

..--J 

_ 0 ~'=-12 16 20 24 28 32· 36 40 44 48 52 56 60 64 ~72 76 80 84 88 92 

(c) 

a,deg 

o 
5 = 20 • 

Figure 4.- Continued. 

'VI 
I\) 

• 

••• • • · .. ••••• 
• • • • • • • • ••••• 
• • ••••• • • 

• • • • • ...... 
• • ••••• • • 
• • · . .. • • • • • 

0 .... : 
g ••• 
""< •• 
"';j H···· 
t::I • • 
t?;l • • 8 : ••• 

~ : .... 
.. . 
• • • • .... 
••••• • • ••••• 
•••• • • •••• 



8 
~ 
~ 
H 

~ 

L 
o 

'l-

;> 

) 

;> 

'l-

) 

em-O 3 

-.1 3 

3 

7 

.6 

.5 

4 

CL ~ 

.2 

I 

0 

I 

-4 

1/ 
/ 

V 
V 

0 

V >no f>--

V 
IJ-' 

IrY 
) 

l/ 
1/ 

In) V 
i~ I--- J--

4 8 12 16 

--,~ 

>--

, 

I r< 
/ 

kr ro- ~ r---- in. 
10- /" '---

Y I? 
in' 

1/ 
v-" 

V 
/ / 

1/ hn' 

1,...,-

/' 

V 

1 
20 24 28 32 6 40 44 48 52 56 

a, deg 

(d) 5 = _200 • 

Figure 4.- Concluded. 

-< 
~ 

v 
/--' 

o~ 

Y DCo 
-P oem 

~ "LID 
I'" 0 

"'" ,v 

---. 

"" 
~ 

-P-

rl 
f'--

I'( 

'" '" "" 1"-
~ 

60 64 68 72 6 80 84 88 

I 8 

I 7 

I 6 

I 5 
-

-I 4 
-

I 3 

I 2 

I .1 

I o 

9 eo 

8 

7 

6 

5 

4 

. 3 

2 

. 1 

9 IB 

•••• • • •••• 
••••• • • ••••• 
••• • • • • • • 

•••••• 
Q-' 
o· 
~El : ••• • • • • ~ .... 
t-3. • 

~ 
. . . 
• ••• • • 

\jI 
\jI 

• • • •• • • • • • 
• • ••••• • • 
••••• • • 

• I!I 

• 
• • ••••• ., . 
••••• • •• • •• • • 
••••• • • • • ••• 



Q 

~ 
H 

~ 
H 

~ 

~3HHtt IE·II tl Hit 11+0 
4 

2 

L 0 
D 

I 
1 

II 

/ 

./ i Pi-t-- C>-. 

1 f-6 

.8 

.7 

. 6 

. 5 ;:{ 

./ 

.4 

CL 
.3 

cI 
/ 

/ 
,J5 

./ 
.2 

/ 

. 1 ./ 
V 

0 
V 

)v 

-.1 / 
£L n <l R I? I~ ?n ?Ll ?R 

a, deg 

Figure 5.- Variation of CL, CD' 
holes opened). 

V 
/' 

. 

\ 

7,? 

rY 
f-D 

CD 

7,~ 40 

;-2 J 
p-

-4 

7;E-Efffff~-i-=r~~Tt=7~I~~+£rTTT 
. 6CIttiiTH-t++++W-UD=L tpf 
5 I ~-

4 / / 

/ 

3 / 

2 Id . 1/ 1 /JO . 

1 Irr
V 

QP-n t;-- l--A iY 

-4 o 4 8 12 16 20 24 28 32 36 40 
~~ 

(a) 0 = 00
• 

Cm, and LID with angle of attack for model B (rectangular 

(Flagged symbols denote check points.) 

\.>I 
~ 

••• • • • • ••••• 
• • • • • • • • 
••• C1. 

." . ••••• • • 
• · " • • ••••• 

• • ••••• • • 
• • · . ' . • • • • • . .. 

........ e. 
\.....r: .... o. • 
!2: 
I-::r:::I •••• H·· 
t:;I • • I?j •••• 

~: 
~ : .... 

• • • • • • ••• 
••••• • 

" ••••• 
•••• • • •••• 



o 

~ 
H 

~ 
~ 

~_II 
-.08 

4 

~ 21 

) !.. 0 
D 

/ 

/ 
I 

1.0' 
/-' 

, 
V 

If 

.7 

~ Ii 

-4' 

.6 ) 
/ 7 

j P" 
/ 

~ 
/ 

/ 
/ 

.5 

.4 

6 

5 
) CL .3 

/VV 

) / 
-, 

/ , 
/ 

.2 CD 
,3 

./ 
/ . 2 

o ) 

/,'-/ 1 

'----
01'-- f0-

-4 o 4 8 12 16 20 24 28 32 3.6 40 -4 o 
a, deg 

(b) 5 = 5°. 

Figure 5.- Concluded. 

v- I u-~ -.......; ~ 
--.., 

/ 
/ 

j1 
/ 

/' 

V 

I----' 
y 

r---
_. ,- '---- L-____ ... 

4 8 12 16 20 24 28 
a, deg 

n 

V' 
V 

V 

- '---
32 36 40 

•••• • • ..... 
••••• • • ••••• 
••• • • • • • • 
~.u 

tj .. 
s··: 
t! ••• 
ft" • • • 
• • • •• • •• • • 
• • ••••• • • 
a •••• • • • • • 
• • ••••• • • 
••••• • •• • •• • • 
• •••• • • • • ••• 

\.>I 
\Jl 



o o 
~ 
H 

~ 
~ 

CL 

a, deg 

Figure 6.- Comparison of CL' 

L 
D 

CD 

a, deg 

CD' Cm' and LID with angle of attack for model A and model B 

(rectangular holes opened). 

------ -- --- -- -----

\.)l 
0\ 

••• • • • .. .. .. 
• • • • • • • • ••••• 

• ••••• • 
• • • • • 

~ .... 
• • •• • •• • 
• • · • • • • • • 

o . • • • • • .- • • • • 

• • 
• •• 

•••• • • • ••••• 
• e.. •• 

• • •••• 

l 



o o 
~ 
H 

tiJ 
~ 
H 

~ 

.08 

em 0 >----<"~ k k 
>.r--}. .() 

--

-.08 

.3 

/'" 
~ 

4 

2 

L 0 
D 

-2 
) 

V 

~ ~ 

~V 
/ 

) ~ 
.( 

, .2 
VD' 

-4 

~ V 
) V 

/ r Ct-. 

) 
/l 

)/~ 
o 

-.1 
(/ 

-4 o 4 8 
a, deg 

Figure 7.- Variation of CL, CD' 
holes opened). 

• 

12 16 

. 2 

Co .1 

rh-

o 
-4 

o{ 

~ 
-

o 

.--D 
/ 

p.--:: ~ ..--1 " 

f( ..r ~~ ... 
-

4 8 12 
Q, deg 

Cm) and LID wi th angle of attack for model C (rectangular 

(Flagged symbols denote check pOints.) 

16 

•••• • • •••• 
••••• • • .. ., .. 

••• • • • • • • 
~ ... 
:3 
H 

,~:~: 
.' .. • • • • 
• • . ... 
• • • • • 
• • ••••• • • 
••••• • • • • • · , . ••••• • • 
••••• • • • • •• • • 
e •••• 
• • • • ••• 

'->I 
--.l 



~ 
§ 
~ 

0' ffFm4ILLI Cm 

-.08 

.3 

/' 
~ 

.2 /' -( 
v 

/ /) 
/ 

CL . 

L 
,V 

o 

f-{ 
V 

-.1 

-4 o 4 8 12 16 
a, deg 

4 

2 

1:.0 o 

-2 

-4 

. 2 

CD .1 

o 

~~ 

--r 

,...4 

/ 
/p> 

L l:--{ 

o 

v f-6 

}V 
V 

---- - - '----- '-'----- ,-

I 

, 

/ ~J 
V '.(. 

...-! V 
r-qr 

I 

4 8 12 16 
a, deg 

Figure 8.- Variation of CL, CD' 
holes opened). 

Cm, and LID with angle of attack for model D (rectangular 

(Flagged symbols denote check points.) 

\.)l 
en 

••• 
• II • • ••••• 
II • · . .. · . .. • •••• 
• • • •••• • • 

• • • .. . 
••••• .. .. ...... .. .. 
• • • • • ...... · .. 
. ~ . 

o •• 
i(). • 

i·:: s·· 
~ ... · .. .. .. · .. ••• 
•• ti •• 

• .. 
••••• 
•••• • .. 
•••• 



Q 
xac 0 

~ C 
H 

~ 
~ 
~ 

.6 .-
I 

I I I 
I-- I I I I 1 
I-- --t 1 C. I I .1 _ I-- :1 '\ i I 1 1 I 

. 2 

0 

-:2 

~ II \ -~T---l.---:~---L---

Ir-lt-~+_~1_11 i ,r,' a,dog

1

-

>- _~>- r~ II ~ if '+ ~"---- -~g HI I 

I

. I 1 -Jt- ' 1\\ ' -20 ~ I ,I I '" -50 ,L I I /,/ '\ I 1 1-
'-- _, ___ - ," ,~,= "I /' ~£' ~ , ~I==/r :r1~-'?.k t'-.,~, 1-
L -+-- - 1\ ~. T -I\~ I 

~ I I I J \ l'~, I -I I...L I LLJ I :--l i I --I---I -l' ~~ I -
J I I J-~ I~ 

.4 

-.4 
-10 o 10 20 30 40 

a, deg 
50 60 70 80 90 

Figure 9.-· Variation of.aerodynamic-center location with angle of attack for model A 
(rectangular holes opened). 

•••• • • •••• 
••••• • • ••••• 
••• • • • • • • 

Q ••• ~. 

o· 
~: H···· t::I. ~ 

tJ· • 8···· 
~

: ... 

\).I 
\0 

• •• 
~ . · .. • •• • • • . .. 

• • ••••• • • 
••••• • • • • • 
• • ••••• • • 
••••• · ~ . • • • • • 
• •••• • • • • ••• 



1-

... •••• . .. .... . .. . .. • • • • • • • • • .... • . ~ . • •• • • • • • • . ... • ••• • •• • ••• • •• 
40 

. .. • • · .. 0 · • • • • • .. • • • •• • • • • • • · • • • • • • • •••• • · • • • • • •• • • • ••• ... 0 • •• 
CONFIDENTIAL 

.1 

a, deg 
000 

500 

1000 

2060 

25 'VO 
0 30 I> 0 " uo 
-.J' 35 <l 0 

<-) 

I 40 [70 

~, 50 "\10 
0 

60 t>. 0 

70 Ll 0 

80 DO 

90 'J 0 

.1 

a, deg 
000 

500 

1000 

2060 

0 25 'V 0 
" uo 30 I> 0 
E' 

35 <l 0 0 

40 [70 
uo 

50"\1 0 { 
0 

60 ~O 

70 Ll 0 

80 DO 

90 'J 0 

-.1 
-100 -SO -60 -40 -20 0 20 40 60 80 100 

8, deg 

Figure 10.- Variation of incremental value of CL and Cm with flap 

deflection for model A (rectangular holes opened). 

CONFIDENTIAL 



. 1 

000 

20 0 0 

4000 

60 60 

90 'V 0 

- .1 

• • • · .. 

-20 

. 1 

a, deg 
000 

0 
II 2000 

ro~ 
E 

4000 0 
I 

ro 60 ~O E 
0 

90 'V 0 

- . 1 
-20 

• • • · 
• • .. 
•• • • • 
• •• • • · · • • ••• 

o 
8, deg 

o 
8, deg 

· .. ... ••• ... ... . • •• ••• • 
• • • • • • • • • • ••• • • •• •• • • •• • . • • • • · .... • 

• t eolfFInEMlAL··· ••• • • •• ••• • 

20 

20 

Rectangular holes open 

Rectangular holes covered 

. 1 

a, deg 

Q. 
0 

,.::: 

0 
z~ 
-.-l 

0 
I 

~ 
-.-l 

0 

Q. 
.2 
4-

0 z 
E 

0 
I 
c.() 

E 
0 

000 

20 0 0 

40 00 

60 60 

90 'VO 

-.1 
-20 

.1 

a, deg 
000 

2000 

4000 

60 ~O 

90 'V 0 

.- .1 
-20 

o 
8, deg 

o 
8, deg 

•• • • • • • • • •• • 

20 

20 

Figure 11.- Variation of incremental value of CL and Cm with flap 

deflection for model A (rectangular holes opened and covered). 

CONFIDENTIAL 

41 



••• • • • • • • ••• 
42 

•••• ••• •••• ••• ••• • •• •• • •• • • • • • • • • • • • • • • • • •• • • ••• • ••• • •• •• • • • • •• • • • "' • • • • • • ••• • • • • •••• ••• • ••• • • •• CONFIIYENrhl'" ••• • • •• 

CD 1.7'------'----llJfE~1 f,------,---I ±~I /~I\ I tttttti~~1 I~I I 
1.6-

C<~I·llTJ I I I I I rTttttttttf I I 
CD:I f 1.1 BHfRFRRflll f II 

CDJ Aff I III 

~]attl_11 
.1 2 

8 
p-.... I--

p--.. 
I--

(> .0 

---r--, 
P- I/ 

p--... II} V .04 

o 
--, P--- ~ 

'/ r--, ~ 
/" / 

v 

}/ 
-.04 

V / 

V 1/ 
-.08 

/- / 
./ / 

Cy -.12 

,/ 
-.16 

/' V 
V / 

IV I 
-.20 

-.24 / 

1/ a,deg 

1/ o 0 I--

/ o 30 I--
050 I--

/ l;. 81 

-.28 

-,32 

-.36 

-16 -14 -12 -10 -8 -6 -4 -2 0 2 4 6 
(3, deg 

Figure l2~- Variation of CD' Cy , and Cn with angle of sideslip for 

various angles of attack for model A. Small tip fins canted outward; 
8 = 0°. (Flagged symbols denote check points.) 

CONFIDENTIAL 



ft. • •• ••• ••• ••• •••• ••• •••• .... 
• • • • • • • • • • • • • •• • • • • • • • • •• • ••• • ••• • • • • •• • • • • 4I,t • • • • • • • • • .. • • · ~... . 43 ••• -c NF!I)!!!,rIM,- ••• • ••• •••• ••• •• • • ••• 

a, deg 

~ 3g} Tip fins canted 

.5 
2 38} Tip fins not canted 

I 

~ 

.4 

.3 

CD 

.2 

.d 

-<:> 
o 

.04 

.Jo< 

-1"")",,--f-i 
1- i.fI" 

L 

-.04, 

.12 

o~:::::: ~ 
~ ~ ::::-. 

.08 

f:::::: ~ ~ 
~ ~ ~ 

Cy .04 

o 
-= h ~ --T 

II N k 
j:t 

I,---'" "Q 
--/ 

16 -14 -12 -10 -8 '-6 -4 -2 0 2 4 j 
-.04 

(3,deg 

Figure 13.- Variation of CD' Cy , and Cn with angle of sideslip for 
various angles of attack for model A. Small tip fins canted and not 
canted; 0 00 • 

CONFIDENTIAL 



.... •••• ••• •••• ••• • • • • • • • • ••• • ••• • • • • • • • 
44 ••• •••• ••• • ••• 

1.2 

0-( p-
) 

[1:" "t 

LO 

.04 

o 

-.04 

Cy -.oS 

/-~ 
-'~ r/ V -.12 

V ') /J 

/ J -.16 

-.20 
-16 -14 -12 -10 

• •• • •• •• • ... • • • • • • • • • • • • •• .,a • •• • • • • • •• • • • • • •••• • • • .. • • ••• c~~!i'rtEl1rm • ••• • • •• 

o Tip fins canted 
o Tip 'fins not canted 

k-
H i Ih,h' ..-

i ~ 
[)"" 

'" ~ 
~f'-

~ 

./.. ~ r 
,/ l0 ~/ 

~ yff 
V 

-s -6 -4 
{3, deg 

~~ 

-2 o 

..-J. 0. ~ 
fJ 

..dJ 

f~ fY 

2 4 6 

Figure 14.- Variation of CD and Cy with angle of sideslip for angle 
of attack of 50° for model A. Large tip fins canted and not canted; 
0=0°. (Flagged symbols denote checkpoints.) 

CONFIDENTIAL 



~~--~ ---- --

(") 

~ 
H 

i 
H 

~ 

em 

o 

em 

o 

em . 
-.08 ~ 

-32 
Dewpoint, of 

-8 o 
Dewpoint, of 

16 

8, deg 
o 0 
o 50 
0- 50 

Figure 15.- Effect of variation in dewpoint on the values of CL and em for model A 

(rectangular holes opened). 

.... 
• .... ..... 

• . 
••••• .... 
• • • • • • 
a ... 
'0 
.~ 

~u: 
fl · . 
t:! . • • 
Fi · • . . 
• • · . ~ • • 
• • ..... 
• • 
• •••• . . .. . 
• • ••••• • • 
••••• • • • • • • • • 
••••• • • • ••• 
+"" 
\J1 



Circular disk Square disk Triangular disk 

I Area, sq in. 6.421 6.426 6.458 

(') 

~ 
H 

§ 
~ 

+ t-l --- -!-----.-Sting location A I " 
1.263 

i I · ,+1 
r-- 2.535 ---j 

Sting 1~)Cation B "\s:~/ I 
Sting location C ______ .,oNV 

(disk rotated 90° clockwise) J 

1---- 3.000 ------j 

Circular disk Square disk Triangular disk 

Figure 16.- Drawings of rear view of support-interference disks. All dimensions are in inches. 

+-
0\ 

... · . • • ••••• · . • • • • • • • •••• 
• ..... · . 

· to • 

• ..... 
• ..... 

• • 
· • • • · . ~ • • 

• • '-- . . • .l . • 
~ . 
~ ... 
S·· · 
~ ... 
• · . • • ... ..... 

• • ..... 
· • 
.... 
.... 



•• ... •• • ... ••• • • •• •••• ••• • · • .. • • • • • • • • • • • • • • • • • • • •• •• • ••• • ••• • •• • • • • • • • • •• • • • • • • • • • . • • • • • •• ••• • ••• 
0 • ... ... ~ • • ... o •• ... · CONFIDENTIAL 47 

(a) Three disks. 

(b) Circular disk mounted in the tunnel. L-6o-4281 

Figure 17.- Photographs of support -interference disks. 
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Figure 18 .- Variation in value of CD with sting location, disk shape , 

and value. (Flagged symbols denote corrected points.) 
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