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ABSTRACT 

Test data are reported for a spin-stabilized,  low-drag projectile 
without and with bore riders mounted at various angles of cant with 
respect to the shell axis.    Wind-tunnel tests were performed with and 
without spin at four Mach numbers evenly spaced from 1.75 to 2.5; 
some of the resulting aerodynamic coefficients are plotted versus spin 
rate, angle of attack or Mach number. 
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I.    INTRODUCTION 

The range of an artillery system is the distance over which the 
system is able to deliver a given explosive payload.    It is of greatest 
interest to the military to make this distance as far as possible. 
Given an initial velocity and weight, it is the aerodynamic shape and 
the flight attitude of the projectile which determine its drag, and 
thereby its range of flight.    Range and drag are related such that the 
lower the drag the further the projectile will fly.    To reduce the drag, 
a projectile needs an optimum shape and a stable attitude at small 
angles of attack. 

The Picatinny Arsenal, Dover, New Jersey, serving as principal 
investigator, and the Space Research Corporation (SRC), North Troy, 
Vermont, have proposed a projectile consisting of a long ogive combined 
with a boattail to fulfill the above mentioned requirements of shape 
and attitude.    The in-bore support is provided by four aerodynamically 
shaped riders mounted on the ogive and a discarding sabot located at 
the maximum diameter of the projectile. 

Previously, the feasibility of such a design had been demonstrated 
in a parametric wind-tunnel study (unpublished)  and a limited free- 
flight test1* of a pilot project that was carried out at the Exterior 
Ballistics Laboratory (BRL).    The present wind-tunnel investigation at 
BRI, is a further contribution to Picatinny Arsenal's research effort 
in extending the range of an artillery system.    Tlie test permits a 
study of specially shaped and canted bore riders and their effect on 
the aerodynamic characteristics of the basic projectile. 

II.    EXPERIMENTAL INVESTIGATION 

A wind tunnel test of five configurations, the differences of 
which are all in the bore riders, was performed in the Supersonic 
Wind Tunnel No.   1 of the U.S. Army Ballistic Research Laboratories  for 
the principal investigator, Picatinny Arsenal, in March 1973.    Figure 
1 illustrates the installation of the test model in the wind tunnel. 

A.    Equipment 
2 

Tlie Supersonic Wind Tunnel No.  1    has a flexible, two-dimensional 
nozzle that is calibrated for fifteen Mach numbers between 1.5 and 5.0 
with an accuracy of 0.01 absolute value.    The air density can be varied 

to cover a Reynolds nunber range from 0.04 x 10    to 0.3 x 10   per 

Referenoea are listed on page 22. 
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centimeter.    TTie supply pressure can be varied from 25 to 500 an Hg in 
continuous operation.    The test section measures 38 cm high and 33 cm 
wide, and allows testing of models of 5 cm diameter and 25 cm length at 
the most critical Mach number of 1.50. The angle of attack of the model 
can be changed from -10 to +15 degrees. 

A six-component, strair.-gage balance was used to measure the aero- 
dynamic forces and moments.    The balance has the following capacities 
(with reference to the center between gages). 

3400 N«cm        pitching moment 

1400 N.cm yawing moment 

700 N.cm        rolling moment 

TTie design of the projectile is shown in Figure 2.    The model 
consists of an ogive of 4.6 calibers length, essentially no cylindrical 
section, and a boattail length of 1.5 calibers.    Four bore-riding nubs 
are mounted on the ogive.    TTiese nubs are aerodynamically shaped to 
reduce thr drag.    The five configurations which were tested in the wind 
tunnel program have changes only in the bore riders:   no riders, 
and cants of the lengthwise rider axis to the shell axis of 0°,  7°,  11° 
and 15°. 

900 N normal force 

450 N side force 

350 N axial force 

Table I.    Model-Configuration Nomenclature 

Code Description 

80.00 Basic model:    4.6 caliber ogive, 1.5 caliber boattail, 
no bore riders 

83.00 Basic model with bore riders at 0°  cant to the shell axis 

83.07 Basic model with bore riders at 7° cant to the shell axis 

83.11 Basic model with bore riders at 11° cant to the shell axis 

83.15 Basic model with bore riders at 15°  cant to the shell  axis 

The model is equipped with an air turbine which provides the spin 
either clockwise or counter-clockwise depending on the installation of 
appropriate nozzle and blades. 

B.    Procedure 

TTie model configurations were tested under the following conditions, 

15 
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Table II.    Test Conditions 

Mach Number 1.75 2.00 2.25 2.50 

Total Pressure - - cm Hg 114 126 142 161 

Re/cm x lO-6 0.20 0.20 0.20 0.20 

A boundary-layer trip (No,  80 abrasive powder, sparsely populated, 
8nun wide) was glued onto the model 12.5 mm from the nose in all of these 
runs.    Base pressures were measured through a pair of tubes of 1.59 mm 
I.D. mounted on the top and bottom of the supporting strut. 

1. Magnus Force Test.    Configurations 83.07,  83.11 and 83.15 were 
subjected to a spin test to measure the Magnus force and the Magnus 
moment.    Data were obtained fo"»* all runs over a spin range of at least 
10,000 rpm above or below the auto-spin rate Cwhic^ the canting of the 
bore riders produces)  and at all even angles of attack from +14 to -6 
degrees.    The data were taken either while the model was coasting down 
or up, depending on whether the model had been spun-up to its maximum 
or slowed down to its minimum spin rate, respectively.    The limits of 
these spin rates were dictated by the available pressure of the air 
supply and the efficiency of the turbine. 

The raw data were reduced to coefficient form on the BRL computer 
(BRLESC) using our standard program for Magnus tests.    A linear 
regression was performed on the side-force and yawlng-moment data of 
each run.    A translational and rotational correction was applied to the 
side-force and yawing-moment data such that the regression of the data 
at zero angle of attack was reduced to zero.    Additional corrections 
may be indicated depending on the further analysis of these data. 

2. Static Force Test.    Configurations 80.00, 83.00 and 83.07 
underwent a static force test (no spin).    The angle of attack was varied 
from +14 to -6 degrees.    A sample reading was taken by the data 
acquisition system automatically every two seconds  corresponding 
approximately to a change of one quarter of a degree in the angle of 
attack of the model. 

The raw data were reduced to coefficient form on the BRL computer 
(BRLESC) using our standard program for this purpose.    The angles of 
attack were corrected for strut deflections due to aerodynamic loads 
and for the  flow inclination in the wind tunnel.    The derivatives of 
the normal force and of the pitching moment near zero angle of attack 
were obtained from a linear regression of the eleven test points 
between +1.5 and -1.5 degrees.    The yaw plane data from these static 
tests were not corrected for strut deflections and flow inclinations. 

17 
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III.    RESULTS 

The data are presented in non-dimensionalized form.    The side-force 
coefficient, Cy,  and the yawing-moment coefficient, C. , from the Magnus 

tests are plotted versus spin rate, PD/V, in Figures Al and A2, 
respectively, for the bore-rider configurations with cant of the nubs 
of 7, 11 and IS degrees.    The uncorrected yaw data from the static tests 
(CY and C ) are plotted versus angle of attack, a, in Figures A3 and A4, 

respectively, for the model  configurations without bore riders and with 
bore riders at 0° and 7° cant.    The curves of the side force and of the 
yawing moment due to spin do not pass through the origin of the plot 
(Figures Al and A2) because the canted bore riders produce a side force 
at zero spin (Figures A3 and A4).    However, for each configuration. 
Mach number, and angle of attack, there exists a spin rate at which the 
side force and the yawing moment are zero.    For this situation, the 
Magnus coefficients are no longer independent of the spin rate and can- 
not be represented as a constant (i.e. the slope of the data curve) at 
a given angle of attack and Mach number.    Although not specifically 
shown in this report, it should be noted that the center of pressure of 
the sida forces generated by the nubs at zero spin and angle of attack 
lies well behind the nub position and in the vicinity of the Magnus- 
force center of pressure.    These effects have been observed previously 
for helical serrations oh bullets and are reported in reference 3. 

The normal-force coefficient, CL, the pitching-moment coefficient, 

C , the base-axial-force coefficient, C^, and the forebody-axial-force 

coefficient, C.,., are plotted versus angle of attack in Figures AS, A6 

and A7.    The slope of the normal-force curve, C. , the normal-force 

center of pressure, N    , the forebody-axial-force coefficient, C.,., and 

the base-axial-force coefficient, C.. , were determined for angles of 

attack near zero lift and are tabulated in Table III. 

Table  III.    Summary Data 

Configuration Mach No. CNa % CAf CAb 

80.00 1.75 0.0333 1.60 0.162 0.02^ 
2.00 0.0356 1.84 0.151 0.035 
2.25 0.0371 2.00 0.134 0.035 
2.50 0.0388 2. IS 0.127 0.033 

83.00 1.75 0.Ü411 1.80 0.180 0.034 
2.00 0,0437 2.01 0.170 0.039 
2.25 0.0461 2.18 0.1S3 0.038 
2.50 0.0477 2.37 0.144 0.037 
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Table III.    Summary Data (Continued) 

Configuration Mach No. 

83.07 

83.11 

83.15 

ch No. CNa N cp CAf CAb 

1.75 0.0419 1.81 0.183 0.039 
2.00 0.0448 2.03 0.172 0.044 
2.25 0.0472 2.18 0.156 0.043 
2.50 0.0490 2.31 0.147 0,041 

1,75 0.0426 1.82 0.184 0,040 
2.00 0,0454 1.87 0.174 0,045 
2.25 0.04:5 2.18 0.159 0,042 
2.50 0.0492 2.31 0,149 0.041 

1.75 0.0421 1.84 0.190 0.038 
2,00 0.0447 2.04 0.179 0.043 
2.25 0.0464 2.17 0.162 0,041 
2.30 0,0493 2.31 0.155 0.039 

As could be expected, both the normal  force and the forebody axial 
force of the projectile are increased by the bore riders.    The increase 
in the forebody axial force amounts to 17 to 22% of the basic model 
(without bore riders) within the Mach number range of the test 
(M = 1.75 to 2.50). 

In Figure  3,  the zero-lift, axiiil-force coefficients of various 
artillery shells are compared with the results of the present study. 

4 
The  155nun projectile M101    is a conventionally designed and 

frequently used artillery shell.    The geometry of this shell is composed 
of a 2.69-caliber ogive nose, a l,39-(.aliber cylindrical section with 
rotating band and a 0,45-caliber, 8-dtgree boattail.    The zero-lift, 
axial-force coefficients  of the MIO]  sbell  range from 0.311  (at M = 
1.75)  to 0.251  (at M = 2.50).    They were measured in BRL's large and 
small free flight ranges  at Reynolds numbers of Re. =  15.8 x 10° for a 

full-scale model and Re.  =  1.3 x 106 for a  1/12-scale model.    The data 

for both models show good agreement at supersonic velocities. 

The  175iran projectile M437    is a low-drag shell of conventional 
design.    The shape  of this shell consists  of a 2.91-caliber ogive nose, 
a 1.6-caliber cylindrical body Kith rotating band and a one-caliber, 
8-degree boattail.     Its  zero-lift, axial-force coefficients of 0.262 to 
0.211 over the Mach number ra.i^e of the test (M - 1.75 to 2.50) present 
a significant improvement in drag over that of the M101 projectile.    In 
a more recent study**, the zero-lift,  axial-force coefficients of a 
family of low-drag shell with similar shapes—105mm XM380, T388, and 
155mm XM387—were  compared.    These coefficients   lie between those of 
the M101 and the M437 projectiles. 
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The highest zero-lift, axial-force coefficients  (C.,. + C..) which 

were measured in the present investigation range from 0.228 Cat M = 1.75) 
to 0.194 (at M = 2.50)  at a Reynolds number. Re    = 7 x 106, held constant 

over the range of the wind tunnel test.    These values pertain to the 
model configuration with bore riders of 15-degree cant spinning at the 
experimental auto-spin rate, which is produced by the cant of the bore 
riders.    This auto-spin rate lies within 16% of the matched-spin rate, 
PD/V = 2 tan 6; and within this range, the drag coefficients are nearly 
constant.    Nevertheless, the drag coefficient is still lower for the 
configuration with zero-cant of the bore riders and no spin.    This test 
condition simulates the actual flight condition of the spinning shell 
with matched cant of the bore riders. 

In all cases of the present investigation, however, the drag is 
less than that of the conventional and low-drag projectiles used in the 
comparison, and thus it appears that the advantage of the long-ogive, 
low-drag shape is not nullified by the necessary bore riders. 
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5YM.  RUN NUMBER  nACH  CONFIG  RE/INCH ALPHA 

x JLT ? DO ej.rj7 499472. fi 35 
M 51 P. 00 63.07 4050!6. ■4.22 
2 

rD2 2.00 63.07 439194. -?. 10 
■ 5? 2. 00 63.07 493095. • 1 . 04 

r:i 2 DO 63.07 500274. 002 
IM 50 2.00 63-07 500425. 1.08 
mi 

IS 43 2.00 63 07 501004. 2. 13 
A 48 2.00 83 07 500551. 4.25 
^p 47 2.00 63. 07 500802. fi, 1R 
4. 45 2.00 80 07 501406 10.49 
>^ 44 2 DO 63 07 501433 12.52 
■ ■13 2.00 83 07 503fj4l. i4.54 
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a-2.    Model Configuration with 7° Bore-Rider Cant (83.07) — 
Mach Nunfcer 2.00 

Figure Al.    Continued 
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'jYM.      RUN  NüflBfR 

ft 

Ü. Ci 

"1 
:.i  04   -| 

i I I 
i 10 
103 
me 
107 
i Ob 
IOJ 
04 

'03 
'0? 
101 
i 00 
03 

M. \CH CONF G RE/INCH ALPHA 
1 20 BO 07 502199 -6- JO 
? 25 C '1 07 50!777 -4.20 
? 2ri 07 501520 ■2 IQ 
2 25 07 50(530 ■ 1 .04 
c 25 07 50133' 001 
I 2rj L3 07 501705 i .05 
? 25 r.'") 07 501050 2 IQ 
•3 
C 25 ao 07 500766 4.20 
? 25 03 07 502l25 6. 30 
2 25 00 07 502125 S 37 
L. 25 < i 07 5Q?eM IQ 4 1 

25 •_v-) 07 502254 12. 14 
? or: 00 07 50237 1 14. 4S 
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a-3.    Model Configuration with. 7° Bore-Rider Cant {83.07)- 
Mach. Number 2,25 

Figure Al.    Continued 
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5Yn.      RUN NUMBER       NACH     CONFI! 

x 
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4C64?7. 
466053. 
466547. 
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483318 
494968. 
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a-4.    Model Configuration with 7° Bore-Rider Cant (83.07)- 
Mach Nunfcer 2,50 (over-spin) 

Figure Al.   Continued 
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Yfl. RUN NbhBER MACH C0NF1C Rt/!ICH ALPHA 

4 309 ?  50 03.07 495624 -6   26 
A 308 ?.50 63. C7 497359 -4.13 
M 307 2.50 03 07 493617 ■?  09 
z 106 2   50 83.07 4995^3 1 . 05 
\j 305 2.50 03.07 500223 0.00 
a 304 2   50 63. 07 502fi3-7 i .04 
E ^g^ 2. 50 63.07 497237 2  07 
£ ?9e ?.. 50 83.07 497623 4    17 
A ?97 2.50 63.07 437447 6.25 
T ?36 2   50 £3  07 498235 6  31 
1- 285 2. 50 83  07 4 96600 10. 34 
x 294 2.5Ü 63.07 493263 12.36 
■ ?93 2.50 63  07 496766 14.36 
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\ Number 2.SO Cunder-spin) 
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YM. RUN NUnBER  MACH CONFIG RE/!NCH MPHA 

♦ 130 .75 S3. I i  439551. -6.37 

x 129 .75 62. I 1  50005? ■4. ?4 

w 126 • 75 03. i 1  500048 ?.  13 
X 127 • 75 63. i 1  439921. -1 . 05 
V 126 .75 63. I 1  439921. 0.01 
a 125 .75 S3. I 1  499737. 1.07 
8 124 .75 S3 I 1  500171. 2. 13 
IB 123 .75 83. I 1  ''9954? 4,27 
A 122 .75 03. I 1  500167. 6 36 
T •21 .75 63. i 1  49S9I7. e 40 
f 120 .75 63. I 1  499913. IQ 55 
x 1 19 .75 S3. I 1  50029'. 12.55 
■ i IQ .75 03. i 1  500275. 14.EO 
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Mach. Number 1.75 (over-spin) 

Figure Al.    Continued 
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cjYn. RUN  NUMBER       MACH 

4 ?rj6 .75 
X ?ri5 .75 
w 2'J4 .75 
j: 253 .75 
v ?b?. .75 
a ?rj| .75 
H EGO . 75 
S ?43 .75 
A ?48 .75 
<M ?17 .75 
+ 216 .75 
X ?45 . 75 
• ?44 .75 

Q.Ofi  - 

03 

S3 
83 
03 
03 

E/INCH ALPHA 
5016-1! -6 38 
501645 -4 25 
50103fi -? 12 
500774 - 1 05 
433837 0 01 
433?b3 I 08 
5QP3 39 2 14 
50I45R A 2ft 
50220& 6 39 
501500 S 4 8 
5Ü?P34 IQ 5'* 
50P356 12 50 
5Q3bZ2 M 53 
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b-2.    Model Configuration with 11° Bore-Rider Cant (83.11) — 
Mach Number 1.75 Cunder-spin) 

Figure Al.    Continued 
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3Yn. RUN NUnQER  MACH CONFIG  RE/INCH  ALPHA 

4 143 2.00 83 l|  501967 -6.35 
X !42 2.00 63 1 1  502649 -4.23 
u 141 2.00 83 1 1  502CJ?3 2 12 
x 140 2.00 83 II  502195 -1.07 
9 133 2.00 83 M  50174Q -0.01 
a •36 2 00 83 II  501932 1.Q6 
IS 137 2.00 83 1 1  502093 2 10 
IS 136 2. 00 83 U  501816 A.24 
« i3rJ 2.00 S3 M  502159 6.32 
Y 134 2.00 83 M  501131 e *? 
■t- 133 2.00 83 M  501613 10.47 

x 132 2.00 83 11  500553 12.49 
• '31 2.00 83 M  5Ü07 3I l '• aü 
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b-3.    Model Configuration with 11° Bore-Rider Cant (83.11)- 
Mach Number 2.00 Cover-spin) 

Figure Al.   Continued 
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4 ?ft9 ?. DO 60. I 1 ^iie. -5.35 
K ?65 ?. 00 60 i 1  502115 -4.24 
N 267 2.00 63. I 1  502619. ■?.  13 

r 26fi 2.00 fc3 i 1  502355. -1.05 
B ?r^ 2.00 53. I 1  502213. -0.0! 
S ?B4 ? DO 63. i 1  501834, 1.05 
B 26J 2. 00 63 l 1  502344. ? I 1 
IB ?6? 2.00 63. i 1  5Ü3027. 4, 24 
A ?ni 2.00 63 i 1  502117. 6.35 
Y ?B0 2 00 63 i 1  501630. 843 
+ ?rJ9 ? QQ 63. i 1  501563. 10. 43 
X 216 2. 00 63 i 1  501737. 12.12 
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b-4.    Model fconfiguration vdth 11° Bore-Rider Cant (83.11)— 
Mach Number 2.00 (under-spin) 

Figure Al.    Continued 
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SYM.      RUN 

v 

x 

NUnf3FR MACH CQNriG RE/INCH ALPHA 
161 2.Zrj 03. I 1  503472 -6.29 
'60 2.25 63. i 1  501333 -4. 19 
'53 2 25 53. I 1  5Ü5P06 -2. ID 
158 2 25 63. i 1  504007 1.04 
157 2.25 03 I 1  504598 0.00 
'56 2 25 53 I 1  504063 I .05 
!55 . .25 03. I 1  504053 2. IQ 
154 2 25 03 I 1  503326 4.20 
153 2.25 C'.T  1 1  504209 6.30 
'5? 2.25 03 i 1  504266 0 36 
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Mach Number 2.25 (over-spin) 
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IL_ 

j- DH 

YI1. RUN NbdiUR •IALH 1 UNr   G Kh/ INCH ALPHA 

y 273 ;J c-j .J ^J ■ i     b03T73 -b. 3\ 
V ,'7S ^ ^i ' O       ' 1     5U3rj7.'-3. ■4   31 
^ ,'77 2.::!i l^ .1     1 1      liJJ7f:p -?   13 
E ?7 6 ? j'j C'   -)       | 1      1.023 12. !   03 
& ?75 ? ?'... fjj 1 i      'jCo70a. 5           t   1 

A. .'74 ? . c' J tj.   ! I      303752, I . U'1 

v ?7:j 2.2rj •'j J      ' 1     'JO-I?^ ?  03 
+ ^72 2    r0^ , J -^ 1      301335. A    1 'J 
X u7l ? ?■:. u i    1 I      304!32. 3 ?y 
• 

x     • 
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u'7Q ,■''    u"; 
C     i        I l      303133. 3   34 
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b-6.    Model Configuration with 11° Bore-Rider Cant (83.11)- 
Mach. Number 2.25 (under-spin) 

Figure Al.    Continued 
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YM. PiUN NUMBER MACH CONFIG RE/INCH ALPHA 

4 174 ?.rj0 83. 1 1  433677. -6.27 
X 173 2.rj0 63, 1 1  500434. -4. If] 
M 172 ? rJ0 03. 1 1  500602 -?. !0 
z 171 2 'JO 83. 1 1  500280. -1.05 
V 170 ? c50 03. 1 1  50!621. -0.01 
a '69 ?. ^0 63 1 1  502130. 1 . 03 
B 160 2.ri0 03. 1 1  5014'6 :. 00 
IB '67 2 rjO 83 1 1  50I4I8 4. 17 
A ! 66 2.r30 03. ' 1  501657. 6.25 
? '65 2.50 83. 1 1  501774. 6 01 
+> 164 2 50 83. ' 1  502653. '0 34 
x 163 2. '30 83. 1 1  501941. 12. 37 
• '62 2.50 63. I 1  50!908 '4.36 
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b-7.    Model Configuration with 11° Bore-Rider Cant (83.11) 
Mach Number 2.50 (over-spin) 

Figure Al.    Continued 
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YM. RUN Nungfs MALH CONFIG RE/INCH ALPHA 

x ^3^ 2 50 ej. i 1  438752 i    26 
N 230 2 rj0 b'_i i 1   4987e-7, -L' 10 
z 263 2 50 03 i 1  133513. - 1 .05 
J) ?be 2 50 63. 1 1  13306'. -0.01 
A ^Q^ 2 50 63. I 1  136317. l .03 
R 286 2.50 63 i 1  501132 2 06 
QB 2erj 2 50 83 I 1  501501. 1. 18 
A 261 2 50 83 i 1  502237. fi 27 

w 
-5C; T 2 50 83 i i  5019-11. G. 23 

4- 262 2.50 83- i 1  502^59. 10. 35 
X 28" 2 50 83. I 1  502106- 12 J7 
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b-8.    Model Configuration with 11° Bore-Rider Cant (83.11)- 
Mach Number 2.50 (under-spin) 

Figure Al.    Continued 

37 



SYM. 

♦ 
x 

* 
« 
B 
DB 
A 

+ 
X 

RUN NUMBER MACH CONFIG RE/INCH ALPHA 
?43 1.75 83. 15 501444. -6.39 
242 1.75 83. !5 501568. -4.27 
241 1.75 83. 15 501947. 2.13 
240 1.75 83. !5 501633. -1.06 
238 1.75 83. 15 501327. 0.00 
238 '.75 83. IS 500453. 1.06 
237 1.75 83. 15 501885. 2. 12 
236 1.75 83. 15 501634. 4.25 
235 1.75 83. 15 501758. 6.37 
234 1.75 83. 15 501682. 8.46 
233 1.75 83. 15 502255. 10.53 
232 1.75 83. 15 501933. 12.58 
231 1.75 83. 15 5Ü30D2. • 4.58 
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c-1.    Model Configuration with 15* Bore-Rider Cant (83.15)- 
Mach Number l.'S 

Figure Al.    Continued 
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5Yn.    RUN 

M 
z 
v 
i 
a 
m 

▼ 
+ 
x 

NUNQER n.ACH CONFIG RE/INCH ALPHA 
?:.ID ?.oa 83 15 501604. -63(1 
ZZ3 ?.0Q 63 15 501604. -4. ?4 
?2d ^.oo 63 15 5024 14 -?. 13 
?Z1 2. 00 83 15 501705. ■1.06 
zzs zoo 83 15 501073 -0.02 
??5 P. 00 83 15 501073 1.05 
?ZA Z  00 83 15 50?169. 2. 10 
?Z3 2.00 83 15 503 354. 4.23 
zzz 2.00 83 15 50?f544. 6.33 
zzo Z  00 83 15 501986. 10. 4? 
ZiB z.oo 63 15 502543. i2.5Q 
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c-2.   Model Configuration with 15° Bore-Rider Cant (83.15) — 

Mach Nunber 2.00 

Figure Al.    Continued 
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5Yn. 
z 
* 
a 
R 
B 

+ 
K 

RUN NUMBER 
204 
?03 
?0? 
201 
?DG 
!96 
195 
194 
193 
'9? 

MACH 
2ri 
25 
25 
25 
25 
25 

2.25 
2.25 
2.25 
2.25 

CONFIG 
83 15 
83. 15 
83. 
S3 
83. 15 
83. 15 
83. 
33. 
83. 15 
S3. 15 

15 
15 

15 
15 

RE/INCH 
50671 I. 
507103. 
507699. 
509155. 
51 1714. 
507615. 
506802. 
506802. 
507412. 
507046. 

ALPHA 
-6.31 
-4.21 
-2. 10 
- 1 . 05 
0.00 
1.05 
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c-3.    Model Configuration with 15° Bore-Rider Cant (83.15) — 
Mach Number 2.25 

Figure Al.    Continued 
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X 

w 
J 
t 
a 

NUMBER MACH CONFIG RE/INCH ALPHA 
?I7 2.r50 83. 15 500745. -6.2G 
?I6 2.riü 83. 15 501137. -4. 19 
P15 ?.rJ0 83. 15 500745. -2.09 
214 2. 50 83. 15 500823. - 1 .04 
?I3 2.50 83. 15 500876. -0.01 
?I2 2 50 83. 15 500840, l .04 
211 2.50 83. 15 501801• 2 oe 
210 2.50 G3. 15 502100. 4. IQ 
209 2 50 83. 15 501922. 6.26 
208 2.50 83. 15 502981. 8 33 
207 2.50 83. 15 502625. 10.36 
206 2.50 83. 15 503113. 12.38 
205 2.50 83. 15 502194. 14.39 
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c-4.    Model Configuration with 15° Bore-Rider Cant (83.15)-- 
Mach Nunfcer 2.50 

Figure Al.    Concluded 

41 



uJ 
o 
C_) 

UJ 

o 

3: 
<- 
> 

•0.3 

YPI. «UN NUMBER MACH CONK IG RE/INCH ALPHA 

x 6b • • /b as. 37 430151. -6.37 
M 67 1.75 62-07 ■136550. -4.23 
x 66 1 .75 83.07 436434. ■P. ! 1 
B 65 1.75 83. 07 435827. - 1.04 

63 !.7S 83.07 433746. 1.08 
6E 1.75 83.07 433633. 2. 15 

B 51 1.75 83-07 43204?. 4.26 
A 60 1.75 83- 07 432626. 6.40 
^P 59 1 .75 83.07 432347. 6.50 
4. 58 t.75 83.07 432100. 10.57 
x 57 1.75 83 07 433326- 12.60 

56 1.75 83-07 434334. 14.61 
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a-l.    Model Configuration with 7* Bore-Rider Cant (83.07) — 
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YM- ^UN NUMBER MACH CONF !G RE/INCH ALPHA 

♦ 1 1 1 2.25 63-07 502138. -6.30 
X 

1 10 ?. 25 S3 07 501777. -4.20 
ti 109 ?. 25 33 07 501520. -2. 10 
z 106 ? 25 53 07 501593. 1.04 
H 107 2 25 83 07 50J38I. 0.01 
A !Qß ■? 25 S3 07 501795. 1.05 
B 105 ?. 25 03 07 501850. ?. 10 
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YM. RUN NUMBER MACH CONFIG RE/INCH ALPHA 

x 98 2.50 83.07 468427. -6.27 
M 97 2.50 83.07 486053. -A.  16 
X 96 2.50 83.07 468547. -2. 10 
V 95 2.50 83.07 487977. - 1.05 
£ 34 2.50 63.07 468048. 0.00 
B 93 2.50 63.07 466363. 1.03 
m a?. 2.50 63. 07 467724. 2.07 
* 31 2.50 83.07 466120. 4. 16 
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YM. RUN NUMSER nACH CONF1G RE/INCH ALPHA 

> ■309 ?..b0 «3.07 43SS24 -R.?e 
x 'JD6 2.50 83.07 487359 -4, '9 
w 307 2. t5ü 63-07 4366'7 -2.09 
s .^06 2.

C
JG 63.07 499563 '.OS 

V 305 2.50 83.07 500223 0.00 
A 30-1 2 50 63 07 50203-' ! . Ü4 
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3YM.  RUN NUMBER  MACH CONFIG  RE/INCH ALPHA 
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Mach Number 1.75 Cover-spin) 

Figure A2.    Continued 
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Yh. HM   NbriBER MACH 

4 ?c:6 1.75 
A ^^S 1 .75 
\,i 2r51 1 .75 

253 !.75 
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Figure A2.    Continued 

48 



Yn. RUN NUnSER n^cH C0NF1S  RE/INCH ALPHA 

^ !43 2-00 eo M  501967- -6.35 
3^ M? 2-DO 83 ! 1  5026'10. -4.23 
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Yfl. RUN NUMBER MACH CONFIG RE/INCH ALPHA 

4 ?ß9 Z-DO 63. 1  50?5ia -6.35 
x ?5S ^ 00 63. 1  5G2518 -4.?^ 
w ?67 2 00 63. 1  502618 -2. !3 
V 266 2 00 63. 1  502365 - 1.06 
v ?65 ?. 00 63. 1  5Q22I3 -0.01 
c ?64 ?. 00 63. 1  50163--» '.05 
8 Z63 2 00 H3 1  5023^4 ?■  i 1 
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Mach Number 2.00 (under-spin) 

Figure A2.    Continued 
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^UN NUMBER MACH CONflG  RE/INCH ALPHA 
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160 2.25 83 !i  504339. -4. 19 
'59 2.25 83 M  505206. -?-  10 
158 2.25 83 11  504007. - 1.04 
157 2.25 83 11  504598. 0.00 
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Yn. P!UN NUMBER HAGH CONFIG RE/INCH ALPHA 

* '74 ?. r;Q 63 ' 1  430677 6. 27 
X 173 2. 50 63. ' i soorj-i -4. ! 6 
M 172 2. 'LÜ 83. ' 1  5Ü06G? ■?..  10 
-* 171 2.50 63. ' 1  500260 - 1 .05 
V '70 ?■ "30 63 i 1  5016?' -0. 0! 
A '69 7.rj0 63 i 1  502i30 1 03 
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+ 164 2. 50 63 i 1  502553 '0.34 
X 163 2.50 63. 1 1  50 194 1 12. ::-7 
■ '62 2. 50 63 i 1  50 1 LJd5 '4.36 

0. 4 

0.2 - 

U- 

o 

r: 
r 

< 
> 

0. Ü    ~ ~"i   I—i—i—i—r i   i    r 

H 
I 

i"!   •'   -> 

-U. 

G..;I 
"i—i—i—r~i—i—i—i—i—i—r_T 

FD/V 

1—I 
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5YM.  RUN NUMBER MACH  CONFIG  RE/INCH  ALPHA 
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SYtl.  RUN NUnBER   «ACH  CONFIG RE/INCH  ALPHA 
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4 243 1.75 63. 15 501444. -5.39 
X 242 1.75 63. 15 501566. -4.27 
M 241 1.75 63. 15 501347. -2. 13 
X ^'ib (. 75 P3. i5 50I68E. -I.Q5 
> 239 1.73 8315 501397 0.00 
a 238 i.75 83.15 500453. 1.06 
■ 237 1.75 83.15 501885. 2. 12 
■ 236 1.75 83.15 501634. 4.25 
A 235 1.75 83.15 501758. 6.37 
w 234 1.75 83.15 501882. 6.46 
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YM. RUN NUMBER MACH CONFIG RE/INCH ALPHA 

M Z30 2.00 63. 15 5QI60'-; -6.36 
229 2.00 83 !5 501604 -4.?4 
228 2.00 83 15 502414 -?..  13 
zzi 2.00 83 15 501705 - 1,. 06 
226 2.00 63 !5 501073 o.o? 
225 2.00 63 15 501073 1.05 
224 2.00 63 15 502189 2. IQ 
223 2.00 83 15 503354 4.23 
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YM. ^UN N'oMBER MACH CCNF !G RE/INCH ALPHA 
,, 20^ ?..?5 £12 '5 50671 1 . -fa 31 
v ^03 2 25 63 •5 507 103. 4.2! 
a ?D? 2 25 on i 5 507099. ? IQ 
Kl 201 5 2'3 15 509155. - 1 .05 
IB ?00 ? 25 33 15 ,1714. 0.00 
* '96 2 25 63 15 5070 1 5. i.D5 
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c-3.    Model Configuration with 15° Bore-Rider Cant (83.15)- 
Mach Number 2.25 
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YM. RUN NUMSER MACH CONFIG RE/INCH ALPHA 

♦ 217 2.50 63 '5 500745 -6.26 
A ?I6 E.SQ 83 '5 501137 -4. '8 
t) 2!5 2.10 63 15 5007-15 -2.09 
s; 2M 2.rjQ 83 '5 500623 - 1 .04 
« ?I3 2.50 63 i i, 500676 -o.oi 
a ?12 2.rjQ 63 15 500840 1 .04 
K ?.M 2.50 83 15 501631 2.06 
IB ?I0 2.50 83 15 50? '• QG 4. 16 
A ?09 2.50 83 15 501922 6.26 
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RUN NUMBER MACH CONFIG RE/INCH 
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SYn. RUN NUMBER 
+      318 
K      319 
.       314 

MACH CONFIG RE/INCH 
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2.00 63.00 445516. 
2.00 83.07 433226. 
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SYH. RUN NUMBER 
+      323 
x      324 
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MACH CONFIG RE/INCH 
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SYM. 

+ 

0.10 

RUN NUMBER 
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riACH CONFIG RE/INCH 
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