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RESUME

Dans cette Note technique, on publie les profils de vitcsse
mesurés 4 1'aide de la technique des étincelles consécutives au cours du
programme d'étude du sillage des c6nes hypersoniques. A cause de la
prisence d'angles d'incidence d'amplitude et d'orientation différentes
lors de la plupart des tirs de cénes, il n'a pas été possible de déterminer
la distribution transverse de la vitesse axiale moyenne comme dans le cas
des sphéres. L'utilisation de ces profils a &té limitée i la détermination
de caractéristiques de vitesse axiale au centre et i la frontidre du sil-
lage turbulent et & la visualisation de 1'asymétrie du profil de vitesse
axiale. Cependant, ces mesures contiennent de 1'informatioii additionneile
sur la structure du sillage, information qui ne peut &tre extraite i cause
du manque de données statistiques mais qui pourrait intéresser les spicia-
listes dans le domaine.

ABSTRACT

The purpose of this Note is to document on the velocity profiles
measured with the sequential spark technique during the program of study
of cone wakes. Due to the presence of angles of attack cf different
amplitude and orientation with respect to the spark traces, it has not
been possible to determine the transverse distribution of the mean axial
velocity as was done in the case of spheres. The use of these profiles
has been limited to the determination of characteristics of wake axis and
wake front velocities and to the visualization of the skewness of the
transverse profi’e of axial velocity. The results, however, contain
additional information on the wake structure which cannot be extracted
presently because of lack of statistical data but which could be of
interest to specialists in tle field.



1.0

2.0

3.0

4.0

TABLE OF CONTENTS

RESUME/ABSTRACT

INTRODUCTION

PREREQUISITES TO THE ANALYSIS

2.1 Flight History and Drag Coefficient
2.2 Wake Deflection and Width

METHOD OF ANALYSIS OF THE VELOCITY DATA
RESULTS

REFERENCES

TABLE I

FIGURES 1 to 121

{CLASSIFTED
ii



UNCLASSIFIED
1

1.0 INTRODUCTION

An experimental study has been carried out on the wakes produced
by hypersonic cones flying at a velocity of 15,000 feet/second in Range 3
at the Defence Research Establishment Valcartier (DREV). Two basic cone
shapes have been flown: 0.7 inch base liameter, 20° included angle cones
with either sharp or blunted noses and a 1.0 inch diameter, 44° included
angle, sharp nose cone. Because of the complexity of the flow field
generated by these cones which usually fly at some angle of attack, the
experimental study was limited to one set of ambient conditions, namely,
cone velocity of 15,000 feet/second and ambient pressure of 100 torr of
air,

The sequential spark technique used for the measurement of the
wake velocity distribution was the main diagnostic tool of this experi-
mental study of cones wakes. The technique, which has been described in
length (1), is based ~n the formation of an ionized luminous path in the
wake by a first spark and on the periodic re-illumination of the displaced
iorized path by successive sparks. Additional diagnostic tools included
the photo-attitude and velocity measurement system of the range which were
used to determine the flight history and to measure the drag coefficient,
and also the schlieren technique used to measure the growth and deflection
of the wake behind cones flying at angles of attack.

Over one hundred profiles of velocity were measured behind the
cone shapes. The measurements have revealed the presence of an asymmetry
in the transverse profile of axial velocity and the presence of a lateral
velocity component in the wake of high 1ift to drag ratio cones flying
at angle of attack. Characteristics of the wake axis and the wake front
velocitics have been derived and show good agreement with other available
results. The results of this experimental study of cone wakes have been
published in Reference 2.

The purpose of the present note is to document the velocity
profiles measured with the sequential spark technique during the program
of studv of cone wakes. Due to the presence of angles of attack of dif-
ferent ampljtuac and orientation with respect to the spark traces, it has
not been possible to determine the-transverse distribution of the mean
axial velocity as was done in the case of spheres (3). The use of the
profiles of axial velocity in Reference 2 has been limited to the deter-
mination of characteristics of wake axis and wake front velocities and to
the visualization of the skewness of the transverse profile of axial
velocity. These profiles contain additional information on the wake
structure which cannct be extracted presently because of lack of statistical
data but which could be of interest to specialists in the field. The
method of analysis of the spark data is described and results collected by
the other diagnostic tools which are required for the analysis of the spark
data are included.
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2,0 PREREQUISTTES TO THE ANALYSIS

The presence of an angle of attack on most cone firings has
necessitated an extensive modificaticn of the method used to analyse the
spark data on spheres (1, 3). A number of effects of the angle of at’acl
have been observed on cone wakes: these are increased wake diameter and
axial velocity which are related to the drag coefficient; wake deflection
and lateral velocity which are associated with tie 1ift forces acting on
the cones; asymmetry in the form of a skewness ot the transverse profile
of axial velocity in planes parallel to the one defined by the cone axis
of symmetry and the angle of attack. The presence of these effects has
set a number of prerequisites for the analysis of the spark data: an»
accurate determination of the attitude of the cone in flight; a good
knowledge of the drag and 1ift coefficients as a function of the angle
of attack for the normalization of the data; a knowledge of the wake
deflection.

2.1 Flight History and Drag Coefficient

The flight history of the cone is determined by a series of
stereo flash X-ray photoattitude stations located at various points along
Range 3 (4). From the analysis of the stereo X-ray films, the pitch and
yaw angles and the coordinates of the position of the cone center of
gravity are obtained at discrete locations down the range. A series of
chronographs operated in conjunction with the X-ray stations are used to
record the time of passage of the cone at each station and the velocity
of the cone is calculated from this record using the distance between the
stations.

Because the cone attitude is known only at discrete positions
in the range and knowledge of the attitude is required at intermediate
positions for the interpretation of the data measured by the spark and
schlieren technique, it is necessary to interpolate the data between the
discrete points. Interpolation of the position of the center of gravity
is easy because the amplitude of its oscillation is relatively small and
this interpolation is made graphically. As for the pitch and yaw angles,
the oscillation of the angles with respect to the distance down range is
usually large and graphical interpolation cannot give the required accuracy.
Consequently the interpolation is made through the least mean square fit
of expressions of the form:

2
o(x) = 90+01 sin(ii-x + ¢e) 1
for the pitch angle and
TORERNRELICERER
v

for the yaw angle where,

0(x) and ¥(x) are the pitch and yaw angles at any point down
the range
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Op and ¥, are trim angles
01 and y; are the amplitudes of the harmonic motion
A, and A are the wavelengths ir feet which are assumed to be
© v

equal
¢e and ¢w are the phase angles in radians.
For both the pitch and yaw angles, four parameters have to be fitted ty
the data: the trinm angle and the amplitude, wavelength and phase of the
harmonic motion. The trim angles are caused by imperfections in the
geometry of the cone due to its construction or to deformations resulting
from gun launching under high acceleration. The analytical expression
used to represent the variation of the pitch and yaw angles with distance
down range is a first approximation of the expected behavior. The damping
of the oscillatior has been neglected because the measurement covers only
one or two wavelengths and also the roll of the cone seems sufficiently
small to be neglected. In Table I, the values of the paraneters of the
least mean square fits of equations 1 and 2 to the pitch and yaw d.-ta are
listed for each firing on which a wake velocity measurement was obtained.
For each velocity profile, the pitch and yaw angles were obtained by
evaluating equations 1 and 2 at the location of the spark station in the
range (X = 83 feet). The use of the pitch and yaw angles at the spark
station leads to some error because the segment of the wake at the spark
station has been produced at some distance upstream and has been convected
to the spark station by the flow velocity. The knowledge of some 'average'
velocity of the wake is required to determine the position in the range
at which the wake has been generated for each axial distance. The data
of Table I is given to ailow correction for this error.

The flight history data measured by the X-ray photoattitude
system have also been used to determine the drag coefficient as a function
of the angle of attack for the three models used in the program. The total
drag coefficient (CD) can be determined from the relation:

where

V. = velocity of the cone

Jx = derivative of the cone velocity with respect to the
distance in the range

= ambient gas density

cone basec area

= mass of the cone.

Zwno
"

The parameters o, S and M are constants which are determined from the
flight ambient conditions or from measurements on the cone. The velocity
V and the deceleration dV/dx are obtained from the flight history by
fitting a straight line to the velocity data as a function of distance
down range. The velocity V is an average velocity over the measured
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interval and the deceleration dV/dx is the slope of the fitted line.
Frem these values, a value of CD averaged over the measured region is
calculated from equation 3.

The next step is to determine an effective angle of attack for
the drag from the fitted expressions for the pitch and yaw angles
(equations 2 and 3). The RMS value of the angle of attack is given by
the following expression:

1

The effective angle of attack from the point of view of the drag coeffi-
cient obtained from the cone velocity history is given by

1
2 102(x) + v2(x) |? dx, 5
X
1

a =
eff- X2'xl

where X, and x, are the limits of the interval of the measurement.

Measurcments of the total drag coefficient for the 20° vertex
angle sharp nose cones are shown in Figure 1. The measurements were
made on two model sizes: the 0.7 inch base diameter conmes launched in
Range 3 and the 2.0 inch base diameter cones launched in Range 5. The
dashed curve represents a calculation of the pressure induced drag (Cpp)
made by Laviolette (5) based on the modified Newtonean theory of Gray (6).
The skin friction drag component was determined from the mean deviation
of the experimental points with respect to the theoretical curve Cpp-
The total drag curve (full curve) was then obtained by displacing tKe
theoretical curve by an amount equal to CDF'

Figures 2 and 3 show corresponding results for the 44° vertex
angle sharp nose cone and for the 20° vertex angle biunted nose cone.
The theoretical curve has been used to normalize the velocity data in the
case of the 20° blunted cone because the small number of experimental
points does not warrant the determination of the skin friction drag
component,

Figure 4 shows the 1ift coefficient curves as a function of
the angle of attack calculated by Laviolette and which have been used in
the normalization of the wake deflection and the lateral velocity data.

2.2 Wake Deflection and Width

The lateral deflection of the wake on cones flying at angles
of attack is produced by the vortex system generated by the cone. This
deflection is in the direction of the windward side of “he cone and is
observed usually on bodies with high 1ift to drag ratio. The knowledge
of the wake deflection is essential to the analysis of the velocity data
measured with the spark technique in order to relate the velocity profile
to the position of the turbulent core.
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The schlieren technique was used to determine the lateral
deflection and the growth of the turbulent wake. Measurements of the
widtk and deflection were made on a large number of firings for each of
the three cone models used in the program. The results for the 20° sharp
and blunted cones are presented in Figures 5 and 6 respectively. The
deflection in base diameter is normalized to the 1ift coefficient and the
axial distance to the drag diameter (CpA)2. Normalization of the axial
distance with respect to the base diameter results in approximately the
same scatter of the data. The normalization to the drag diameter was
selected for convenience in the analysis of the spark data. The full
curves in Figures 5 and 6 represent the mean curves calculated from the
data. These mean curves are used in the analysis of the sparl data.

The 44° vertex angle sharp nose cone exibits no vortex induced
wake deflection. This absence of deflection is explained by the small
lift to drag ratio of this model.

Figures 7, 8 and 9 show wake growth characteristics for the
20° sharp and blunted cones and for the 44° sharp cone respectively. In
each case, the cone data are compared with sphere data measured under
almost identical test conditions (7). A value of Cp of 0.9 was used in
the normalization of the sphere data. Cone and sphere data are in
excellent agreement except in the case of 20° blunted cone (Figure 8).
Part of the deviation in that case may be explained by the uncertainty
of the drag coefficient for the blunted cone. The wake growth data given
here may be of use in determining the position of the turbulent front on
the velocity profiles.

A more detailed treatment of the results presented in this
section is given in Reference 2.

3.0 METHOD OF ANALYSIS OF THE VELOCITY DATA

On sphere data, a fairly simple method is used to obtain the
wake velocity from the spark traces (1, 3). The axial velocity of the
wake is calculated from the projection of the sparks in the xoz plane,
where x is the direction of the flight and z is the vertical axis of the
range. The radial position of the measurement is calculated from the
projection of the spark in the yoz plane where y is the horizontal axis
perpendicular to the flight axis and o is the position of the projectile
in the transverse plane of the range at the spark station. A lateral
turbulent velocity of the wake is also calculated in the y direction from
the projection of the spark traces :n the yoz plane. Thke assumption is
made in this method that the turbulent velocity in the z direction is
equal to z2ero.

On cone wake velocity measurements, this rather simple method
of reduction has to be extensively modified due to the presence of wake
deflection, lateral wake velocity and axial velocity profile skewness.
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In the presence of wake deflection, velocity profiles must be traced with
respect to the wake position which is a function of axial distance. The
assumption that the lateral velocity in the z direction is negligible is
not valid in the presence of a pitch angle. The presentation of axial
velocity profiles as a function or radial distance is not acceptable due

to profile skewness. Finally, the velocity profile skewness prescribes

the reorientation of the coordinate system in wh’ch che measurements were
made in such a direction that the axes of symmetry cf the velocity profiles
are aligned.

Figure 10 illustrates the transformation of the coordinate
system of the sparl data required to align the axes of symmetry of the
velocity profiles in the same direction and to take into account the
deflection of the wake. This transformation consists in a rotation and a
translation of the coordinate system. The argle cf rotation is evaluated
from the pitch and yaw angles at the spark station oy the following
expression:

¢ = arc tan 0/y 6

The coordinates Y and X in the rotated system of the point
(x,y) in the original system are given by:

Y

z sin ¢ ¢t x cos ¢ 7

Z

x cos ¢ - y sin ¢ 8

In the rotated system, the wake deflection due to vorticity is in the
positive Y direction. At any axial distance behind the cone, the wake
deflection is determined from the mean curve of Figure 5 or 6 and the
axis is displaced to Z1,

The Y axis is the symmetry axis of the axial velocity dis-
tribution. Velocity profiles measured along the Y axis or parallel to
this axis should show a skewness toward the positive Y direct’on; velocity
profiles measured perpendicular to this axis should be symmetric. Further-
more, the lateral velocity induced by vorticity will be in the positive Y
direction.

The determination of the axial and lateral velocity of the wake
is illustrated in Figure 11 which shows projections of the spark traces
in the original xz and yz planes. The rotated and translated system of
axes is also shown. S, and S, in both views represents segments of the
first and second spark trace: of the sequence. The points of these segments
are the actual points measured on the projecting equipment. These points
are measured at constant intervals along the z-axis. The lateral velocity
is measured in the direction of positive Y from the measured point on S,
to a point obtained by interpolation on S, (second degree interpolation on
three points). The position of this interpolated point is then projected
in the xoz view. The axial velocity (in the direction of positive x) is
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then calculated from the corresponding point on S. to the interpolated
value of x on S,. In the case where the spark trace was parallel or
nearly parallel to the y axis (¥ = 0), this method could not be used.

The vertical displacement of S, with respect to S, was then determined
from the wake deflection curves by evaluating the increase in deflection
corresponding to the interval of time between S; and S,. To avoid large
errors in lateral velocity, all cases where the angle between the positive
y axis and the spark trace was smaller than 45° have been rejected.

Figure 12 shows a typical result for one sequence of sparks.
This figure also illustrates the format used for presenting individual
measurements of velocity on cones. The firing number and the type of
projectile are indicated at the top of the graph. 1In the upper left hand
corner, the test conditions are indicated: cone velocity (V.), ambient
pressure (p,), axial distance in base diameter (x/D) and drag diameters
(X/vCpA), the angles of pitch (0), yaw (v), attack (o) and rotation (4)
and the spark interval (t). The graph on the lower left shows the position
of the first spark (full line) in the rotated and translated system of
axes. The origin of this system of axes is the position of the center
of the turbulent core. The positinon of the projectile and the diameter
of the turbulent core are indicated in this case. The dashed line is a
straight line fitted on the spark trace. The axial and lateral velocity
profiles shown on the upper and lower right side are plotted against this
fitted line with the beginning of the velocity profile corresponding to
the cross on the lower end of the spark trace on the left. These velocity
profiles are cal :ulated from the first and second sparks of the sequence,
As mentioned earlier, no lateral velocity profile is obtained when the
angle between the spark trace and the Y axis is smaller than 45°,

4.0 RESULTS

Figures 13 to 7€ show the velocity profiles measured on the
20° vertex angle sharp nose cones. The profiles measured in the wake of
20° vertex angle blunted nose cones are presented in Figures 79 to 89
while profiles measured behind 44 vertex angle sharp nose cones are
presented from Figures 90 to 121.
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Cop =0.0286 Ve = 15,000 ft/sec

C STANDARD DEVIATION =00li8 P =100 torr
° O 0.7" BASE DIAM.

& 20" BASE DiAM.

(0] 1 1 1 1 1 ! 1 n L 1 1
i 2 3 4 5 6 7 8 9 10 H
Qpus (°)
Figure 1. Measured drag coefficient of the 20° vertex angle sharp nose
cone.
Cog =0.0578 Ve =15,000 ft/sec
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Figure 2. Measured drag coefficient of the 44° vertex angle sharp nose
cone.
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Figure 4. Theoretical curves of the 1ift coefficient as a function of
the angle of attack.
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Figure 6. Normalized wake deflection as s function of axial distance
for the 20° vertex blunted nose cone.



UNCLASSIFIED

13
10%r
L -20° VERTEX ANGLE, SHARP NOSE CONES
Ve * 15,000 ft/sec
PaDe* 70 torr-in
Ow |
JCoA
Ty
- _ﬂ." LMS FIT ON SPHERE DATA
s - o Ow//EoA « 0.9(X4A5h)” "
L s ] SPHERES
Ve * 14,500 1/s8c
PaD * 27-200 torr-in
- 90°% CONFIDENCE LEVEL
'ooilllll 4 2 i1 4 42 4123 I i F U U VS S Y W |
Toad i0® 10*

X//CoA

Figure 7. Wake growth of the 20° vertex angle sharp nose cone compared
to sphere wate growth.



UNCLASSIFIED
14

1

Y ¢ v 1 1§

20° VERTEX ANGLE, BLUNTED NOSE CONES
Ve * 15,000 ft/sec
PeD* 70 torr-in

Ow
Son
o't Aol
| o R
i n“; o
s ® ® 9
s 9 o0 .-
g
- - -SPHERES
Ve © 14,500 f1/s0c¢
- PeD ¢ 27-200 torr-in
[

Atxnxn A A b b A A A A A A A O GRS (O S W e |

Figure 8. Wa¥e prowth of the 20° vertex angle blunted nose cone compared
to ‘phere vake growth.



UNCLASSIFIED

15

0%

| ———-44° VERTEX ANGLE, SHARP NOSE .CONES

Ow Ve * 15,000 ft/sec
ﬁ-. PuD 100 torr-in

10'} 5o

| Vi * 14,500 ft1/sec

ReDe 27-200 torr-in

0 0’ 0’ 10°

XA/fCoh’

Figure 9. Wake growth of the 44° vertex angle sharp nose cone compared
to sphere vake growth.



UNCLASSIFIED
16

WRET OIFLECT.ON

& r
Figure 10. Transformation of the ceordinate systea of the spark data

required to align the axis of rvametry of the velocity profiles
and to take into account the deflection of the wake.

Figure 11. Deternination of the axial 4nd lateral velocities of the wake.



UNCLASSIFIED
17

D4 sr0M1,0 0.7° aast Dian., 10° mary ANGLE! BRASP MOSE CONK ey, ¢
1 ) FEES T IS T N EEEE 1 PO I
Ve * 15100, F.PS  Pae 100 YORR  [iiiIHHEEN I
. (LR X} s : L] ; :l ] » : |"l l!. L] ‘.
LU FH R R I L EEH EES W H
X/0e 101, LA DI IO N o o o EEEEH N LA O _i';
2 HIH SR ST T i O e
¢ - .4 4 + 0% ot [t Tinjirgefruacfes 1
g ' g EEEE e AR A D R
« . TRN $ ¢ .00 R o By 7 by : CLEH B T e eE
F s el MMC - eoegas R 1
i {1 RN
i E |. i...' -.‘
' S B
'
iy gt
"y .

i HEitH i
L i
- 1] e R {111
|1 [ i
s i HE
i =4 [
[ |

Figure 12. Typical results for the axial and lateral velocities obtained
from one sequence of sparks.

e st 0.9 st siaw., 19° mals sl taasd wmi come 0 ¢
€ by

l Ve ¢ 5.0, FPL Paoe (00 TORK
X/0e rer, ST e b

H ;:

o o LT ® * yer s e v

R

s
o OO - -l
: - ‘:- .Et \' A = i S !4;’
i Jed 7 I
""‘L"‘f"‘“ i ) S |
g+ T D, i -L;; T - — i .
! g : [l I
Ed 4l i - -

E =
pt
=1l
3,
s . -—an-—: b

Figure 13




UNCLASSTFIED
18

D0 sa0%),0

0.7 past Pian., 10° wALr EENLE, SEaEE w0

L]
We ® iisii PR Pes 100 TORS T : 'r 4.

8

Figure 14

"W 0D, 0 0.7° 0as2 Btam., 10° mals amual, saasr w12 COmR Y. 0

Vo * 140543, 7P% Pa * 100 TORN
X0 1, L 7Y v TP 1y

[ 10,11 | 2 5 )

[ I 11,99 ¢ - 21,29




UNCLASSIFIED

19
LI 0.7° BASE DIAX., 10° WALP ANGLE, SMARP NOSE CONE E5T. 0
.
Va ®* ta1.0,FPS 100 TORR
X/De 2410, ST “!‘.*
N V.!
* 4,00 =%
. R 2te,0¢ o X
e 1tu,. MSEC i
i 0 [
S 30
-

st0e. .2

Figure 16

0.7° BASE DIAN., 10° WALF ANGLE, SNARP MOST CONE

£3T. ¢

Ve ° 1scye, FPS

X/0» 2e2,
b4 =3,
> 4,88

® 130,06 M3EC

100 TORR

Yo ¥2

Ny, c0

Clygr

tse.

Figure 17




1

L]

EST.

0.7" BASE DIAM., 10° HALF ANGLE, SHARP NOSE CONE

68113,0

RD ¢

UNCLASSIFIED

20

19

igure

F

~ =
b 5 ==
" rhel -
..M..I -
BoBA .
7
pe
sang
it w
3653
TR
o83
Bod
217 w
=
[1.34 m ..w
-4+ ""
T
b+r m w=egd
3es & i
312 = Braih
1t w szess
1.1° - b o 5o
fegl sedge Dol
t:u ﬂ. = .H.m
5 S By 2
ps — m [aas > 5o
3aaed [ sacse eda STIEL] “mu” Sedul
+ .
b [5] m soes bed el 1T
w 3331 1
-] . s
jas4]
o
@ 1 - @ N sy
3 t 3 c <
o = b 1
-
z - saes
o 8| o
(=] HH £33
- 1 @ © (] A
= 1332
-3 a - g
L] (& ] L] 4 - It
s be e wﬁ
~ o [ pp8s
K T ~
e x e 2s% | & X -
o Y
3
. R o1 133!
n o " < o
a ® g w jgspdyase: 738"
- 313t -
L . ~ o X N - = Saah 2
. W ~ s - B +H
=1 - . s © S04 Soed SaRad S22 03 fncas shevs LRI E Sonny oo . i
- N ) N 13 Peats SEEss SRS Salwy bosee PESts t2das oot Py o o . « © 3334 fooe]
o~ o seteprssepodoofoiondecesty + - 3 © - 4 bos .fm
w w " =) o -] hod
TERT iT : T T . - o
- - I YOS B8 T POL I SO pa s 1 100¢ w 44001H< IS 800 b6 pop et pe
S8 508 12532528 204 : 3 = - - 3050s Toaas banas sacas sased IE0Es bebed Fooss sou: w~,LM
t - oaas 5084 T
-
= & s . ssesae HEH = 233 525 ol » & o o & £ : §e257 S235: toves - H
(] m o Saoes o SEORS Soens b o < o t T P ERod LS ot
b~ 4 b o i 4 pOSes shew s — poat i + - T
> @ ¥ & 313 Imun:»Y joge seaa: oes Sosatsuss: v. ~ ® “ » 39 seuys pus nes PRl eets 3T s ot > 3% o
SETEs ERER LEred CTEs saes) QUIRS fooasosns Fzuut psaga puc: - » Saa s Seess sose] sessaeasassnss tasns dodns donet suradestagis.
—L : 3 523221 H i ey 15182882222




RD ¢

AB115,1

[

9.7" BASE DIAM., 10° HALF ANGLE, SHARP NOSE CONE
|- P

UNCLASSIFIED
21

EST. ¢ 1

Wy
nip=

tape . FPR

L L

F

T [P

o8 TonN m

RD ¢

Ve ® snifiy, FPE
Wige

690011

d '

Figure 20

9.7" BASE DIAM., 10° HALF ANGLE; SHi®P NOSE CONE

Faos 100 TORE

1J.LLP0 T
j[‘j;TfF A

L2

LLLTY

wy -

SR s ..“..:.
r1ﬁ=§ﬂ71rﬁéigﬁ£ﬁ

smw p T
o TRl beel]
=t

Figure 21

pa

---'—-' g "B A g AR



UNCLASSIFIED
22

RD ¢ 69002,1 0.7" BASE DIAd., 10° HALF ANGLE, BBWMSED NOSE CONE EST. ¢ 1
o SHACP e
m}' EEEel FE| "
Vo * 15155, FPS. Pw» |00 TORR
X/0» 135, x/m. 469, i Ml
8 o 1.06 } S ~4,85
o . 4,97 ® * 1s4,00

T @

150.0 MSEC.

SRR

:I.'I
i

ml

RD ¢ 19004,1
o [H HTT 11t
o * 15380, F.P.S. Pe» |00 TORR ':!' H
X/0e 140, X/SfCR s 525, I}[Ir b i
7] 1
8 o 2,55 L ) .80 TH
« 2467 ¢ = 73,00
® = ki8¢ MEEC

222 22 B AR

i = ST .".
it el o]

Figure 23




23

UNCLASSIFIED

1

EST.

8.7" BASE DIAM., 10° HALF ANGLE, SHARP NOSE CONE

6900c.0

Figure 25

RD ¢

3 - s T3EE
} e b & B
- . - .
T- (o ar nx..nn ) B
0 56
| “ Fea 2
P w.
2
S e
= =%
P e P
I
] 3
Z 3
g 5
3
L] +
8 S
= 3
{ 4 !
¢ Y 1if3
T T
> VNL 4
¥ 1t mh
- : = =0
==t b : B 1 B3
- 14 (- s@c pey % 2
Z 70 f s o SHEHT umin 1§ “1i
< e i ES © BTy o 44
o fae 1 A oy gunas 129 Spnae vy
18 8 K0 §ned 1T ) e 1 poas
(] m iebe & e sana: + s
11 :
= % . it L 1=d EER b2 scs fana ety
2 S Al e s SEnaspesagat T gt P
i 1 P e 2 <« o ey [E3el [33t a3g; mas £att
= 5 B 2|l o - o o i it} o
[ = bad a4 = = 13203 JoTI LT o] Spgnrovenn
P = a ~ o Bgiaghest st ipgsside
o - @ o | w " fug jos: 1+ 13}
- v o » - 1 pos soes
-3 I 1 88528, ess d3tie
L] o ad o3ens jad spdas
- = L} [ ] L] 1T aos SERRI 2as g oe s v
~ - 1 T T s g
H . [ K, 3 + 83 Sesss Extes segnt
S .
o > @ - £ 3 e 23
x N ] ES 5] Rt o
w - A 13
- - 3 yE O BL + + asuaa T
s (7] o ++1 L se_saem 2a Sage
n = a w fac I 13248 o 1 I3 scans
L = " = B w “ 1 »u,.‘ g g et ooat 1.«% 1 ' 2
i, . o - Hr 29288 sengtfassansteg sassi bacasteses
ak A .4 zt T . o ~ o uh ad: onx xVM: BSI 28003 pogne & 1117
- " ey - “ “ ? s O sunes + 41 aug SN g o agpnuw Hu NM.TT T
- - - N e T 20 8B00S pads 1IT
- = o I o iaate iy §20 jagpagened shdby bus T
w w3
L @ + e rofeie —
o =l - J5¢ 53283 adu! mu P s 20 ¥ Fe e
® . =y 1 oagyl regad nHAREEATE m
o [] . pr =13 T e
y 8 A S
5 - 4 STt i
L VO S @ ¥ & : 3 T Tt
- o 1 + o iy
x e 1 :m 1 resal il onee ety
m I8 A REe T ittt +104]




UNCLASSIFIED

24

£3T.

69009,0

RD ¢

— i e

0.7° BASE DIAM., 10° HALF ANGLE; SHARP NUSE CONE

T o
[ 4 - * o
[=] o~ o
- . .
o ~ 2
o e L
o
L] [ ] L]
8 X
a x > @
s“ ik
a i
F L3 o - .
. o o ~
2] - . L] -
o ] ~” [
- -
- -
a a - e L]
s 2
> x @ ¥ &=

Figure 26

RST,

0.7° BASE DIAM., 10° mALP ANGLE; SHARP NUSE CONE

69009,

sos.

100 TORR

14205, FPS. Pase

Ve

=e09
J.24

150.0 MSEC.

295,

X/0De

¥

B3

+
b
+

.-. 3 TR
vsqe 3 * 4
333 B¢ XSe §336
3t 4 33t
53453 : pogosgdsse
Lo .3
}+v4+4 4+ >0 0
187 B SR st
peols pooes 23033310033
132! T
fm 33 =3t z.m
3
o 3331
2
fi= $
=1 1
2ot 3
s :
STIT: ores
3338
3 josss iy
< + - *4-4-+1

13t

-

4
-
-

Figure 27



D

UNCLASSIFIE

25

0.7° BASE DIAN., 10° mALY EELE, EEAES .

$9010,¢

"o

saimac

100 TORR

Po o

1s01¢, F.PS

Ve *

83,

X/0e

=1,

199,00

¢

10,0 M3EC

v

Figure 28

0.7° 8 E DIMR., 107 RALP AMCLE, §816P B%E COWR

s86 1,

100 TOAR

1sc2s FPS

Ve °

.
-
-

X/0e

b)

o8

.6 wsecC

4

Figure 29



UNCLASSIFIED
26

C UL L [BEE R - Th ] L
i E
W * dhign, FPR Be e i L DEE 'T
o i
e aEE g % 5 5
[ Ll L ian L ! 1
- . T w® = =t
¥R A WL - & |
at ]
! = adE 3 =
.- 4 mn i FERRREEET ] -
= =|[¥tEes = il
ap F -!-|-.'.'I :.: 1§ 1 | 1 I
< | |
| H
I ; = |
: g 12T
H ! A 1
# N |
= FEE ] o
it A 14 |
T I
RRE! IET
i il E
Figure 30
e )¢ 0.1 Ban Gise., I'I'"u'.“u“-- L
T i
Vo * 16010, 7 P8 Po o 100 Tl
il T '.__
B/0e 1. AT, 101, ) g
]
- | 11
d o -0, 4} [ 21,48 - -
&
. o Y] ® ° Jei, 68 3 |
v o 1,2 L .
: : T
== £
L]
it -
T = - -
P o iz
o [E

Figure 31




UNCLASSIFIED
27

W asevg, s 0 1 Gaee Miee . BV GNP eNTAS. IAIAF WMD CERR me §
Ve ¢ i..)‘." [ 2 Y Pa o .“'m - “?'— u.j:"- - l - 1
i (] 4
R0 tee, q_lm. IRTTT N i { ] P .
¢ =« Y o o tets g g —— "'! =fe—rd
I |
® o Tt ¢ o XN T ke 1AL 25 . l—-.—-.-t:c-d
¢ o fui,r Wl - ; } = l—-l——-.—zi a8
' L
T e 1 - S |y = i s
ot 111y o b - _r e e et -
L3 8. ) (R ! I
| I | 1 |
sz hauusy b g g —— -8 el
- ) volisessfinne _-_—5 i L] = oo
i
1 . T} e L S R r§ an-d l— —
# - L‘ .d.‘ai- --:_-! = ._..!.s{’: i
i = heuu u'-u—l-,a.‘-._u-u
S e | -
: i el |
|

s
pn.

U Il i i
PRGN s S e HEE ot R S DT S 1
L0 L T 2 F";;!l;H" :
e H1 T I |- , .,h

il ;_?"H- .-‘ 5 2 “‘,ﬁ'ﬁ‘ - l:......_,...

Figure 32

R

3 !

W srrie,b O aaan phee . (V" SRAE GHERS, EHAAE WRA (NN
[

i I
Ve * r1g0s, POS - L ILH ]




UNCIASSIFLED

28
w0 wrpie, 500 sadd dise. . 1T iR MRA, HAAE WEM THen I
o ¢ I e
et . FEL Bg e e Tees 4
Pl Pl m' i, % , | Al
[ B A ¥ w T - 1
. - Wani # & siggei o L ; —11
R -
lh-:'l ” - 3 I - '
1 UL e T il r|r I ,i_-t
B I :q i ik il o
= 411-} E ] u--l .-J .——‘.- ~J
1 |:' E ; T
—~ ==l .’ _ i
= : s i d i ' sl
| - _i.'l A r !
| +
c-:
Figpure 34
ey asgen,s B Rk A SR, e -

~4$ﬁ$llﬂﬂﬂiﬁ
M%Eﬂ-”ﬁ'ﬂﬂ
:F%mmuw“ﬁll:
- W ® = e . '{‘H% ﬂ““ Iﬂ.
vo we Sme = ¥ O
D - 5 1 2 s
“WF'”'rM%ﬂﬁﬂﬂﬂ#ﬂﬂnﬁﬁ
e i 15 R O 8 88 541!:*‘:-‘*31'152!&!?:&-'1 %

i E‘. ﬁlgit Fil&unu
-'“g_ - SHECIR IONNS
'i-‘bf”r' iﬁﬁlﬁiﬂl'-

acts Lo BB RS

'5 . 1

Rk = E o S = e

‘*ﬁﬂﬁﬁﬁlnlllm

FEI AN SRRE SRS
Mﬂlﬂﬁﬂlﬁllmq

M R

Figure 3%



UNCLASS I 10D
9

W0 arene,s 0V sars diee ., 19" a8ds SR, TRIAR WS TENS (¥ B
"
We * apie, PR Pas i TEes i chi 1
(& 1 oy [TV =~ 0 ree Bl m il ' -1
' L IFLL] ' L Y Ii
L nl * e W =
PR T o 11 S
il 1 B f i & "o
: 2 = 1 J1 (53
1
'k { | -
. - B ¥ T
W M i1
|
Figurs &
©w e epae, LR R T T e -
e m—
Wa e P RE B e TEee L
Lo LI [T =~ PR [ 12 -
L bobe L canl — -
- (T ® * sm e
LN .
=F 1.
I _—
' [
"8
i
]
i o
- 1 3
"

Figure 3?7



UNCLASSIFIED

e ssrup,e 80 sadk gAee . 107 AP SNEAR, TAaAR WD (UNN @ o
¥ - pe
Va * 140, FPE  Po s 100 7088 ] .I ]
|
B0 s1e w. ' F o
' |
e o =R, 80 ® o “4sn 8 - { I
& o o ® Fre, uy beaesg 0 -
L 4 "'-' “ 1 S __5
e 2 g ave Beeos .__;
. =1 {7 ] f
o
i g 1 J 1
*

g 7 ;
1 - - N
1 |
LT oI
4 e s
' I |
i
Figure 38
T B e e

e ¢ e, FRL  Re e g Tpla

[ T L e, w. .

L Pati [ ayB¥
- - Ha bk » = [T
v s teae mene

-8

-

TREER

SR A0 28K 2
Fs

BERGERT 52l

H .

.

IHI.."E. F Ty

L



IMNCLASSIFIRD

A}
L RS N O AR Raee |, (F ke S -
e & gy FEE B e W TEEe ! e .
[ & 13 TN, I#n Oy . -
[ (T L '
- gk o e ’ r ! {
¥ & R0 EelL i s
e i
. 2 L s r
¥ i = ; iy INIme
| | M . Vs
— & 1 T T
i '!' [l
o m——
F—
4 T
¥
[ ¥
Figuie 40
0 avise, $ 7 et pdee . 007 A . e -
 — [] 3 -I;
By ¢ arpi, FEL By e sl Yeae :
¥ TR TV R ] +
L B M ® = e : !
- e i 8 | R » ]
v e tens EWE . '
i il
- — ' '
= = |
- - =
- i
|
- '] 2 §
2 2=
'

Figure &1



UNCLASSIFIRD

32

= | gerwis 8.0° seas Sism . 19° asdp amiLE, BesRr Emi (Tws g2y, 0 0
i ® ogeeer : - T ]
Vo ¢ 113,708 Pa e 1007008 “-‘... i B | 2
R/ ., .,ﬁ:{. see, .*;!‘ﬁ |
EER )
¢ - =8,00 [ 2 0,00 ; Ll t
L .00 ® v e sand 9 M
i
e o tt.r wiLC |

- F AN

'.- L
| & L
[ ]

wie i, FiRE
LT L
g

(]
R et

WL i - al+||lllt|.'.JJn
f'

e ﬂﬂ’l". :; mhmmm
o 8 0
% 101
R

1 .q :" :? H. 1 1ot {: *r Ii'| n 1! H!
8l &4 i :-

"1:611 'Iii"‘uin |!||'

,‘: 08 i o a.vmmm

| E m | I' 1= | I.' i.I i WLl II r¢
o TN r'ﬂli'l il
I L, R

3 lH“‘H

i A A

Figure 43




33

UNCLASSIFIED
9.7° BASE DIAN., 107 WALF ANGLE, SHARP WOSE CONE

V%048

{in
-

) “ 2!
s L G- M T ‘l = - i
EE Sirine i T8 3 : =t E
1 i il " ”
5 ° 0 =
-® e
€ - o o i & A e
o -~ - o > © - ©
- - - H 2 - . -
1 L] - el »
© o o © ] o
) - B 1] .2 -
e a M r 3
L] . L] [ ] ] .
.
o ~ ~ 8 N
a x * e el &8 ® & o
“ : [ ]
y Tt a
[ S - - - &3 . [ .
. - | - L) - -~ -
- - - - W + ¥ “ o . .
= - -~ - .-H ! Py w - - -
=] H -
= = s -
®
° * L] ® @ “ [ ] [ ] L] [ ]
o o
J <
i > % ® 8 ® AT S B B E: 3 el ® m @ ¥
] e .

Figure 45




UNCLASSIFIED

34

EST. ¢ 1

9.7" BASE DIAM., 10° HALF ANGLE; SHARP NOSE CONE

69044,0

RD §

Figure 46

T I I
= Bs Sosas geses
=2 wﬂ v._ (] $8e 3
~33 s>t %4
SEIRAANENA 3
[ 17 IRt Ioe
¥ =50 |SIRE g peoey
sbgas e £
Fot £ ¥
= taiant @8
$ o] EEp ST
Treag-berfrirs
“ ] ;.%u" S Basdsish]
o vt e gy tdd
- e X reos tund : reet
3 T +
o S5t basss [esal stse; 31
e + T
o recoish ISt 1
- 1 lages 1§ sosns 1
T PP Es bus $4 pang
[ ] 1 + ¢ be
1 1
pagas joona b7 989 S0y 33 1
» jeRes 194 POy SDRES LSVEE N e
€ NS st B :
gt podds busing ¢ fyed 10808 o4 x
. . Hbrret 1y Foeere 5 T
@ 1] L‘karw B 435 4 1
e w (EhE HHA TS RO
3 (24 PeTeestes } 53T R23T] ey oe
'S . o i E =i regus piaTete I8 $8sed D 1
. S ) 3 jeosy nagss jo¢ud 88891 4 1
re T
o (-] . . O 2 35 iy 1T T
o - © o . n8es gaitae asas spsus vt :
o 1 ] 8884 i ¥
b © EEHEH fies] Hgaae 3
== 1 be +17 1
be - be
oY e 4 + s
- . o . 1 33 = 3
(o] T T T )¢ T
(N 1 e sasesss casussnse:
> - ] > Joass 84 2300T PEURE e T pe e
bo o0 ds 1 13 1880 1 jon
A DG DU DS T 1T )8 SE 08 OB e
b 1 1T i - i b 4 )0
. S ea———

69044,

.7° BASE DIAM., 10° HALF ANGLE; SHARP NOSE CONE
100 TORR

14990, F.PS.

Ve *

578,

X/De

3.95

w & J&8.,0 MMC

reEggays il

Figure 47




RD & 69045,.1

Ve *
X/(ra

8 =«
o =

is000, F.P.S.
LRl

4.70

v ® 200.0 MSEC.

Pa = |00 TORR
AT
=
' -

.

A
Fallll

UNCLASSIFIED
35

EST. ¢ 1

s SEEERI B 1
L “ LLLt_ :L

#

LLEES
&
|

1H

RD §# 69046,0

8.7 BASE DIAM., 10° HALF ANGLE; SHARP NOSE CONE

Kripw

Ve * jpaaue. F.RE

L ™

w T

I FY e

0.8 MSEQD

Fm = |00 ToORN

LEd ™

=l 8%

e

-

i vy
1 Vi

i

i
H

il

Figure 49

Avanis T

ot il




UNCLASSIFIED
36

RO § £9046.3 9.7% BASE DIANM., 10° HALF ANGLE; SHARP NOSE CONE BT, B 5
P O SHHER T T
: Ve * 14990, F.PS. Pae 100 TORR [IIHHTE o1 1341 Bhaas asd dsahditat 44
! i

Y/De 841, X/fCoA 3230, ::E:'& -

r Q. e 76 | L ~2,09 I
o« o 2.22 $ * 148,00

| v ® 200.0 MSEC i

s gﬂ L] e L

T i i
HEIHE 'Eﬂ'

f
)
|

RD ¢ 69047.0 9.7" BASE DIAM., 10° HALF ANGLE; SHARP NOSE CONE

Vu * isgje, FPE Fas (00 TORN
Xos 18, LT¥ - dan, pHS
i
-
Ld

» (T | A =Faii

= bl £ = wiene
* Wi, MSEC

Figure 51

e



UNCLASSIFIED
37

RD 4 69047.1 9.7" BASE DIAM., 10° HALF ANGLE; SHARP NOSE CONE EST. ¢ 1

_FI:'; i |!E -.?Tr 1 ::_‘; .“ T : :

Ve = ranio, FPSE  PFa s 100 TORA
Em= iRty LE¥ s LR

2 = (T #oE =

.;r]‘l'! 8 tHE

i I:11I”I

il

- Bagl = Frraen
v = iW0.5 HIEC

Figure 52

RD # 69051,2 9.7" BASE DIAM., 10° HALF ANGLE; SHARP NOSE CONE EST. ¢ 1

Py ) 9 IRERE P 1L SO PRES REREY
LR T R R T

!FO-':

Ve * jifpe. PP  Fs s 100 TOAW EF
i 14 AT - fasta

[ —F W * = =8, %

e 17 B
I: 1
T

-
KR

e

L Talln L R R 1
¥ « Hl6,2 WREC

REE R, L

-

Figure 53



UNCLASSIFIED
38

RO 9 69088,0 B il Bl , Il".i.r—l P

Ve = ciwin, FPAR  Fe s 00 TORR ﬂ | iad Ealt A

WA i

3] Wl
e II. Il 2] I &
. o HE Wallin i
r
* ot T T
T ARG il R W |
121 et LESdE AN ML |0
[ TN T T e
] i1 i
a2l {0
ifenct i
T
1

i !Tiﬁlikhui i)

i

%m%mmﬁmmﬁﬁJ
B

e

e
!

ﬂ
g

H O 1

Hﬂ.fﬁi H hﬂ

i e

Figure 54

RD ¢ 69CS8,1 0.7° BASEZ DIAR., 10° MALP ANGLE; SHARP WOSE CONE

ﬁmﬂm%ﬂﬂﬁﬁﬁﬂﬂ.

ST, 0

Vo * lasie. FPE Pee 0o Tomm [ i e

PR s am

[ «EI e B -.II --.ii - t: i {1 ~4

T e TER [T e o
L VaTl [ O RN T | 117 ek ERERE 1T

¥ o+ lin.n WBEC i e i T R Lk e 1]

i) (EPR ISR e ks o
il
4 i Feb) 118
! 1EE] Bt AT AR T FRAEY
. i
. i Ok
R I
Yo AR e

Figure SS




R S ——— (AR e

UNCLASSIFIED
37

0 40, 0.9° skt Bian,, 107 aals Amcle, smase emE COwe 0y, 0
ol
Ve * 14018, 7 P8 Pases 100 T0AN
.
X/Qe $e 0, .[m. rege, “': ::-
o ¢ o, [ 1 “jo0e e
« o t, 40 ® * 111,00 -
v o 00,0 MmMC
=] F 19 e i in O N [ R R
i ¥ { FeApe (1 e PO SAL ;
! b = £
T i B 1 : = A i e
i i TR 15w i A T S A ATl T
5 '
-l
i R
F |‘ lulilnj} L8 wf =i
1 ;:! - ada = § -_I. & B et HE A i
el ol -‘:ll -l1 '|" B L--u
e 7 S | O M B .::’;r:: =23
tRd. iyt
o IO ot i e e =
FH or T | P EHEH D O Ve E e D T

[(RI LAY

Figure 52

Ve *
X/De

rerse, PP

¢ =le08

b t,01
e Jt0,0 m3tC

.
o8 s *a
Scafas 58
It =s X3
9 N aa
8 = b
.
o |
a8
I .
B,
B8 s ma
s
s fea
3 It
aan ss Il s
5 ase
. ase
It - .
a8 i oy BpY
588 3 a H
8§ a “§on
Ecfasocf - - = -
ax 5
.
e, a
3 »

i "i‘:-..i -

0.7° nast i, 157 calr Muae; savse et Coms
°

Po e

IIJ:TO

’
¢

100 Toaa | il

1845, L

= W
=1} Hiti WS
118,09 e 1

i ™

N .

-“880 ‘:
as s :o‘ i o- »
L e

a (]

o [

S alhi it ebl=—1s,

i i =
[= 41

ol R

L]

4 1 § = sy
£ it T )
(31 — '
ST
TERTL S|
H #4 l"
H L) N

Figure S3

L}
o i I
ja
—»II —u’l o
P W
o .
steiplt -4 :!"":i
: $ 4 iy i
i | l 1

.




UNCLASSIFLED

18
o EvhEE, s PRl TN s e L
- ¥ T 3 |
%ot camn. P08 Pas wervese L[ IWEHECL LT
P . m. g b . EI -I|; 1 :p-
il
i = 1] ¥ e T -
- e AL L LI - " !
v wee = . :
> - : s il
Ll 1
" g i e
: 1|1 . i i
: g . 1
s A1 =1) ] E 1 '
. e ¥ pRe P i e
. -l I i
. = h .}i = d’ —-‘.1—!-—!.-—-—1
= l -{
N = rI .I
1 1
1
== |
Figure 54
o N mEEEA, O S T S B R e [N
- - e
e * capawi. FEL Be s aii FREE - . e
T T ™ ~ ST i 5 T
= -WE [ T -
. = ah ® " e ’
= s BT ‘

Figure $$



UNCLASSIFIED
19

wa sseef,d 6 00 sade Gdem ., 117 ehs MR IR0 WA cree e ¢
) s —a.-oa-q
Ve * 1:9: FPE Pgos (00 7088 T'_E:T-I :_:_,_.
]
8/00 [FER w. TN | - -
§ o [ ' ¥) ® 1,88 g 4-.._?_,
. o (X ® °* pe,90 ‘- S S
¢ 0 te,t wotc —'—g—l »
. - [-—
) ™
ade a1 ]
a I_ [ ] = L
r' == n'l - -—lnl-l-!-—< e e
= - v [ | |
-—i-—!:; e & o o i
nx ’ v e ale choomg —;-i—!—d— v
: 2pett |
- “‘_’-ﬁl‘ p—— 1--:1
’ -a i——.l
| {
u -i S
]
Figure 56
- e esgar,d o T osaan adee . 01" emas eias, swnaw wmn cowe “we o o
i —
Vo o 1114a,7P8 Poe 1001088 - * P
7 T AEE: e BB w Bt % i1
§ 19,08 $ o %8 : I-i {
L s, 80 . A4 28,30 i _ r l F)
L I L
' . I I—’— i
: . I --mj
| ¥

Figure 57




UNCLASSTFIFD

40
W aeTee, 0 00 eadd pise . 1F° emas saRA, dsate wmd cowd 02 4 .
‘]] t‘—-.—m‘_—l- ' i 1-::
Ve * ctaye, FPS Po o 100 TONS r il - i
! | |
K8/De e, Wo L2 1- ‘ —L= - @ e
N i 1 }‘ i i
 » 1,00 [ 2 T '
[ font ¢ ° Yy bseeg ¥ p —_— oo
g O O
i
.‘L: Fovny-S—_ - sons p—
: i ! : l (] ' ! I - -F'l
| |
. ' LS J
¥ 1 |
— . - - ‘;""' g -”‘—‘g
_' - '_ 11 ' T v P- -—-L-u-x =N o
=1 ; — =
_.1— Lﬂ-lL. E
; G EL e I
- “—!HM-J &
B = i 4 = 4
" . N i I | |
. ‘ - 'r!_ 4
= e -*-un-‘-;a --- -—-
& ;. I =k E i i f
1 -
- - A | -
P
Flpure 58
oy seea, B i . , 117 4P NGRS, 19339 WA (TR L L
o — 1 . =
e+ tisii, PER By e slg ToEE '
[ | e
e Wi, [¥¥ =~ RIS 4
J a i
[ o, b # = i g i
® = et | I h 1
§ o8 FRELL EERE ; : fl
SLE . [ [
T . i il
5 ] ]
Fra b |
1y 1 o iy 1
- > [
i A i = '] r 2
'. 2t
- T 1 -
1t
L
-

Figure %9



UNCLASSIFIED
41

e estas,] 0 0 s hem ., 177 Galr SR, BmiAE WRd (oRe (% 2
y ¥ . |
Ve * 11185, FPL  Po e 1007088 A ]
woe TN [TV o= U T
& o N [ - : > |
- W T L T . d
v s wn mEed '
i+ ] L | I
- p— - - - - -
S S = = = i "
* L3
- I T = ) = | W —
st =k matih T __ B 11 I :
=ttt —F—t et
i - = ‘T = —=) .;u 1
= p— | L] t
bl R ok = " N |
| - L
= —t - F P T3 I
i # =L T
{ . - b |. .
A
< a4 -
Figure 60
e astat,d 0.7° sauk sdam . 77 RS SWELE, EAEAP WA [ENR oy o ¢
g . o
Yo ¢ 2153, FPS  Pa e 100 TOAS : i r—% J l
2/0e TIN W. seny, i oL s, . -
| ¥
§ o a ¥t $ o [ Y TN R
o o (% ¥ $ o [0S 2 | | b 5 il
e o 11,1 WHEC faadoodt . - -
T 1 1
; s E = *
—_ (1 = - -
Y : i = b = l
A ' - " )
m-ﬂmﬂ‘“
e =
! ¥ y
= B ams [To%
[T HiTE E:
o 1 I -

Figure 61




UNCLASSIFIED

42

g — 1 eas M L 107 cals ik Baase we g s
i

1| =ifa 'ﬂ
Ve ¢ 1qiss, PPS  Pe o 100 100N i *;r |
; Tl e g2 bl E 1

R/De e, W. oo, -
'!'3 I 1
0 o e e et 1
. o 2,44 ® o XN i 2 14 )
¢ o tf,t WL él I
- .Fr- < i |

'n'=
T iR
Al
it =
=3

as o8 ]
ot = 3
i
' snssgans Y
= E mr"
) i 50 N T
e s e ]
3 i =58 1=
r ll + - -4
T
Figure 62
" s s, I.F__,f"__--
1 -
W ke, FRE By s D0 THEE
R "o [T = CEETETN
" L (L ' - ha®® Y
- i b ® % e L]
® & fhk.n ML
s
-. =

Figure 67




W9 nosktee,

(X ' Y Y
[ [ 3 ¢ e, e S | .
L .t M3EL

IMCLASSTIFIED
13

81 sads Mlem 110 wma2 swEmA, tnsad s crmy - .

p¥ Ol & !' * ¢+ - d

Ve r i, 0P8 Pes 100 ToRa : ENREES
™3 = .

I Y O T % 1 R

=1

L L L L o0 mmem weme o e e g wee o,
We*t i, PEL Pas potoes | 1 ] 9
e ani, w.. Fivig < !

I | =
l L] R ™ 1] ' ™ WL 1l .“
. - L ‘ L ”! L i
v e e : ;i
1 i ':_.:I: :
312 — g R
1 <y =
= Ei| 1 =l —Ei -~ :':.:"I'H
34 +f | T _‘_ i
H ! :

=5 — — IE_' .;

T = ;. -

' $—4- |

: . L4

it His 1 e i

X .' : :
A > DI =l B




UNCLASSIF LRD

44

-T I T |

- §

i 1

F E

 J

wo.. vdu

w- a.u. —

[} -

- -

il & o

dilg: = A =

s o Lo

2l o =~ §S

- mo “

w L ] '\'

- 0

- a > o
- o
. b3
- - - » W
s N B R

- B \0-

s] -

-

H . ° e o 9

JAFF «ns

]

Figure 66

=T,

® maLr awciE; Smasp wosz Comt

9,7 BAES Olam.,

a0 28,0

.
ava

(=]
>~
(-]
e

[ ]
L J
¢
a
“
[N
'l
.« &
o e
-~
-
-
* °
¢ 9
> un

*

o 00,0 WSEC

L 4

Figure 67



UNCLASSIFIED

45

t

87T,

san

L]

i . I I
S S i e

m oy o )
i1 & | ] ] | | 1 - B
] 1 1 .thﬂl!lw 1 R AR

} § . | )| : 1 :
. m T

“ | 1\. 2 of
1t + :

-t =

0.7° oABE 01AN,, 10° NALF ANGLE, SHANF NOSE CONEL

-
o
——

o - <
a - . In

o S S5

= P 1 :

o - ] i

e . - =1

| R LS

. > . . " - “ _

L -~ 4 :
a x + e ot

- u 1 M m

. n S
- o - ) 1

e o - . e

’ - ] - - i {

< - r 1

- o e
s e e o o BT BRI
o - EE S e
> u @ B * m i 3 oS e s o

Bl fibod cogeesadiloifiics

Figure 68

EST.

69021,

RD ¢

0.7° BASE DIAN., 10° MALP AWGLE, m NOSE CONE

100 TORR

Pa o

15100.F.P§S

Ve *

S8, X/

X/0e

4)

158,00

¢

200.C MSEC

[

v

e
79 0900
1
oo
2
13434
b &
+
s
i
e
coes
+oseftersdoses
eeea
sotodocotbecis
Y08 11:T
*ode -
sesdcess
T
20’ $1 o
S9¢
Yeectescogeess
covoforestooee
ns D8
1223S £
peoos o1
{oen’ 3 %
POP $ 999 ¢
§2222 99069 084
sesapeseelecis
23 290 e
pbo
L ol

Figure 69



UNCLASSIFIED
46

RD ¢ 69073,0 9.7" BASE DIAM., 10° HALF ANGLE; SHARP NOSE CONE EST. $ 1

el serh i E= ) FEERE TRRR B! TITigrie 3 ELEE
ey H I v IR
e |ll.' e |

Va * 18130, FBE  Pas (0D TOAN

} i !
311 FREE 1T Tl

Kibe T Ty L T ™ ,':1_ i {1t |
i BE

# —Hatl # = _1 : i

T FEHRESTAL
- b # = prinn “."'".i‘f?.. R ERTH T
-4+ K B H 13
o R, WSEC I 1| s

EhER L il

RD §  69076,0 6.7% BASE DIAM., 10° HALF ANGLE; SHARP NOSE CONE
T

Ve * lauri. FPE  Fes 100 TORR T {EHEEE L
IR LETRER i

winw 11H L EF, e, 5 £ il s

@ = LM L L ™

Figure 71

PELERE—



RD ¢ 69077.0 0.7 BASE DIAM., 10° HALF ANGLE, SHARP NOSE CONE

UNCLASSIFIED

Figure 72

RD ¢ 69077.1 0.7" BASE DIAM., 10° HALF ANGLE; SHARP NOSE CONE

a

EST. 1 |
Il' p 0 TR T
Vo * gsuz, FEE Pee igoTomm [ H it chall Wi I
Hrbw B, LEN . _l-'—_irh . L I}_ )
{ | HEH
S L | I Y i T' T | _ i
o = 1P * = jin.ise -I S T 3 :
T e ME Mges 1 IAER) 1R AL 2 o cha
il il ] T
ST : E::ﬁ::::
i i

EST. # !

Ve ® amy, FEE Fe s 100 TORR ?L:Pﬂ'

X/De= $EY, L PN o TR T ..;...!l

I “fa Tl L =ha 2

_IF

- = .72 # =  pis.00

v = JNb.l MEEC

B T O

TR 1 :

Figure 73

47

"‘1.——“ il e———



UNCLASSTIFIED

48

4

EST.

0.7" BASE DIAM., 10° HALF ANGLE; SHARP NOSE CONE

69078,0

]

RD

v

| Sma
et
o1

xS

pr]ieels

bbb las
RS I

pugsd geiod pi0ey

(e
. BRSs 1535
A ISR -
=1 Hlﬁo il
i N ReRfa ks
i jpehe pna st
5d A e
SRl e
. “a.m” : S E A
< iail 5 1
@x o . e 1 t1+
x <« - o bsgted] itk et
o = o rda [RROE B¢ s, H
- . . To IEs! Srosagoass
S9 Hoss ks fepes SRas
o wn oD w.‘q JEEEg gun
L S oy popen
S e o Hh SPETESEE
< 08 m;»f ppout hyvs:
A t [poet Syuna
L] © . . : Ftity i+
s jhes [akcaiatss
a x > e = taeasane
.4 »wa 1
. S . T
« - =
o w I
. 0
[ . o o = Sl
. w - 3 1=
w o . . o h_u
o~ - | - .
C2 o
- w
L] . L] L] . :
s 9
> » @ ¥ a1 1
b
— I

Figure 74

Y P

0.7" CaSE DIAM., 10° HALF ANGLE,

69078, 1

RD ¢

T e

caman ol 2 aqp:

100 TORR
w EFTa

S Per
.3

P

14825, F
571,

Ve *
X/0»

1adl

<00

144

L]

1.42

200.,0 MSEC.

*

Figure 75




v

UNCLASSTFIED
49

RD # 69083,0

Wa = 140 | PS Fes |00 TORA
EiDE 1 ETY e
LR ST " =11

" -. a1l & = g0
r = . HMIEC

£ __:_i-_i-____iuj 'Ei__; I-h-i Er_'

=

Figure 76

RD §# 69083,1 9.7" BASE DIAM., 10° HALF ANGLE; SHARP NOSE CONE EST. ¥ 1

Wa * taruh, FPE  Fa= 00 TORR 'ﬂﬂ 321 2228 BA0S EhAE

Qs i, AR 10a, -‘E i R

L Fa il * . — oAt

- = Fall $ = T HH .
* = k.7 MWSEC HH

B L




UNCLASSIFIED

50

LY.

0.7° BASE DIMM., 10° MALP ANGLE, SMARP NOSE CONE

69008, 1

RD ¢

3

100 TORR

Pe o

14150, F.PS

Va *

308, 12

X/0e

=1.09

1,12

150,0 MSEC

v

Figure 78

r

B0 Al gEam, L0 mRLe GERLE. SLOWES SN FR

69086.0

RD ¢

:
8
:
m
:

Figure 79




UNCLASSTEILED
51

o oastee,t e 1 saas piam . 15" MaLs awiLs, SlawTee wma (ve LT N
e 1 1 1
Ve * a0y, P P8 Pee i00TDAN | | +..,_ foa—b ey
X/0e 1, WK b Nt - - uj
. Ve |
® =0, %0 [ Y} = | paas hma ¢ pee=t
L S,et ® °* se.vr 3 e = % .l—:__.i—.b |
¢ o .is,¢ WMLC __% $ i o enmep
: Blas ) ages D o a il - 13 x = dvansd s 1
. R ‘“ k\'\wk
- = - savond soe§snoe §one § roeed
. bt S it 54 Bt P i |
- L b bt B e : 1
: 1 ;o W ER S
..5- * - - ! s
f - -y
-
i —
&
|
; it
4 i
! s
Pl i
Figure 80
W4 8008, 0.7° sast pite,, 19° sals AwSLE, SLEWTED wmE (RS “e oo,
! .?:::.': T I 11
\ Ve * 10030, FPS Pa e 100 TONR & i,
s : |
X/0e 1, L TY oy O e, &i — I .._[
Ve '} ! ]
o o .18 [ A =), 88 =l 1 1 1
“ . a0 R FTI 1) T ~f ! !
v o 100.0 wWSEC d. d
s § somm § enned
i
i 3 |
-3 et
l e S S
i1
= ‘

Figure 81

_—



UNCLASSIPIED

52

0 csise, 8 s 0dem . 11T MNAR ANCAR. ARNERS WUWA CEWN "y o,
Y We—— »
a st t : f 4 Pty
Vo ® 30, FRA Po v 100 YOG ST - N, W - =
200 LEX ll‘:‘o 00, b h‘wu— S | I s Qi)
8 o (N Y] . TPEY "":3'"""' rt 'é !“"l - by
i ! o
. o t, 08 $ * sve, 00 TRy St o, $ .t e
v o th,t wetl s s = — _-‘- -5 R |
a1 I = - -'i-.s la . Q -g f—— 8
1] L P } f
cesgin m—.qu-anu- /2509 - 00 fi§eas i fumms § rans > ‘ I .- -l = S
T' ' " { V1N | 1™ -y
5 i < .
RN
b [
P 4§ = Ex 2 N“!.“-_‘I—-
s e et u--u-n!--._ =g
: i []
’V_, =
gy --J--{:m--l
. ' -
1 :
;-
i:J' l [ a2 l-i: I i

WY YA 8.1 sty giee ., 137 A LS, SLEWTRE WM (o 1. 0,
l !
Va ® 11131, FPS  Pass 100 708N
| 7413 et .lm. €34,
0 « 5.0 B TR Y - . -
o . L ® * ise.t0 :"7“ r
¢ o 16,0 MIEC .l__q ¥
(i Il
™ ek 1 o |
F: .:-:1.. k a1 —‘QM |
'.. ??.i-':. /
i —» ST |
3:al T . e
_-i ‘I [ X4 Bmond s
== ' ! .|
U 5 Ay B
| JEE g § H |
3 —quu v. ‘L—-ﬁ- a g g o o foms o f oo =
" 1 .
[ ‘."’...zuq Gt _ﬂ-:.wj e ; N .
M ek dd
| | ]
4 o -
P11 ol .- des ml ey
H
- - (Y L LAar 3
i i : l i ! l

Figure 83



UNCLASS TFERD

53

e svbeg, 0 1 sast sbse . 15" easd A . BiEEewS SN ey -
¥ 7

Wet wwi FEE Pae wervess | 0001 ‘___J__,_+._‘

' B LM - 1P - ._'- -
w A =i | T -—-.-!. - g
. - i | Y

LT ™~ =11

L N T B * wr,ew .1 |

i —

. . el
=
L
p

=3 el = R | h =q" !'_"I' - o
1 ”E:_. | i I - _" "I e
HH | L
! ! 57 I S| O I 1
- - . . = . |
! L | i o il T T | s
I R -1t
i ii =4 s - | = 'i: _.:__
TTithrieh el g 5 Y -. . ;
1 T o R LT P e = - i 114 ;
[y By = | E 1= I| I I
o4 730 i it L= L Gl T it
B B ,- 2 :1= .= =" ::] '

Figure 84

8 ssdsp, 0 0,00 sass otaa,, §1° eals NN e Ee—— =t ¢

Ve * 15521, FPS  Pe e 100 TORN it i

¥ 1 i, (VY o 9 e, ’ A
: H s ||

o - Y ¢ o Y

L 1.0l ® * ur.8e o bl N ™
e o 100,80 B3EC :

L] ipe 113 LI
4 ELLRY
. It
. H “p-w Tl
] sseffl o Ay ¥ 1 1
sssafls e B EE
. a ¥

e
AYLd




UNCLASSTFIRD
54

~» ¢ [T R LY 2 R ASE "V BET Y 0N |'3‘ s34d McAS, SLANTE) waNd TWNS L= L B '}
s N p—
Va * ttirs, PS8 Peos 00v088 | & 1 1 L. 3 TR S T SN R
{ Y
g8/0e 48, .’*n" $0°, leen !“ i . aan-iu—? : fomne
- A B S
e . ’..' ' . ‘..' > T \i“.. B § S “Ea' ...-
® T ¢ * 1. issag § 4 b .‘4. E.... -*..“é--.
¢ s+ i, WIEC | . . !.. ..i‘....i. ..i. i....... .i Y P
1 i i
.- o 1A ‘”: ‘{ e § seas FJ“: .P‘g— I: :I -,F. n!— »a i
PPy iy S : ens 4 - *i'-— PR PR ¥ Y oy Py | g .u-E s0a -.-ai--u—.
B i ¥ ‘ 5 i ! ¥
o i mdnomnbabi i i i é 3
! = s e sifarens sseh a ansagecsng ¥ 8 ' 4 * ¢ ) g
1 1 i an ¢ H i ‘ ’ | i
1ﬂ. - TR & 3 awnad sba _snsg F e s -u! —-i s .:..-;u-l
TEL IFE . ] i
i e
- P - Y -
——eb o
»
ansapur af) sass e saad
; e b
‘ feteteion

a9 ethey, 0

Figure 86

0.0° sass Gias., 197 S A, TS e

et ey, FRE

(7 TR L
$ = =ighi
- BaE

w & B0 EEE

L]
e s WwoToms | N
# o ha bl i
@ % aEp,m l

Figure

|
i

i N

T a8 it 2R '-F'-J
11 e O T
R W R (RS
FH 24 EE 11
P T R L
B T RO
228 i
bt HEH el FLR 5L
] ik



IMNCLASS R I ED
55

VO padd biee |, 1t7 sess il e Sl wE T #
: L] el 1.- l|--—.|-- - p—
e FRE Pas e Tome | i ny 1 i -
t' i - # 1' -k ¥ .
L 4 L
[ _— i
I
—

H -
- —
I |
ij B I S e
[T T A e R o ) #i5.
SREtE 24 ey | |
i
- T ml ¥
Figure 88
W osspat, €.1° pars tiam., 1t7 sals awCLS, RLEWTED Wit (Tmg L3
®
7
Ve * 12e3, FPS  Pa e (00 T0ORN ] i ' -4.-.)1.,,.! -J.:..#
]
X/0De 1, LYY v O e, ...!" l i *..! !.._‘
= V'
e - tete [ 2 t.t) I
- . T ¢ - te. 50 b 6 '
v o to,0 msee
o v~y
louy .
_;.."“ : oo l .
E. — . l