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damping, roll-damplng and Magnus moments for a General Purpose
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configuration. These aerodynamic data are used in a special digital
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derivatives are evaluated, theoretically, by Wood's method and
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U. S NAVY ZO-MILLIMETER GENERAL PURPOSE PROJECTILE

‘The purpose of this réport is to present aerodynamic data from

wind tunnel and ballistics range, together with a stability analysis

based upon thesé data. This werk was sponsored by the Naval Weapons

Center, China Lake, Callfornla under Task Number NOL- 483/NWC ~005=31.
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INTRODUCTION:

The purpose of this report is twofold: first, aerodynamit static
and dynamlc measurements are presented for the Basic 20mm general
purpose. prOJectlle and for conflguratlons which are simple modifications
of this basic .shape; secondly, these aerodynamic data are used in
a spec1ally developed computer precgram for the rapld evaluatlon of

projectile stability. -Details of this program are presented in this.
report.

'This investigation program was carried out in several ‘phases:
Initially, a number of - éonfigurations were selected from 51mple
modlf;cat;ons of the basic shape. A 51mp1e mod;flcatmon is defined
as: a single change in an important feature of the shape, such as
smoothness, length, base geometry, étc. 'The change of two or more
of these salient configuration features would be consmdered a
compound modlflﬁatlon. In this early phase thesé modifications
consisted of a 0 6= and ‘0% ‘3-caliber length ekxtension, a seven-
degree 0. 5-ca11ber-lcng boattail .and, finally a smooth body. This
last ‘shape was formed from the Baslo body by -omitting the rotating
band and f£illing in the crimping and fuze grodves. The Basic
configuration, whlch will be discusséd in more detail in the
next sectlon, is a 4.9-caliber= long 20mm projectile 1ntended for

general use within the U, S. Navy.

As a result of this ifiitial investigation it was decided, for
various reasons, to retain the -Basic conflguratlon as orlglnally
formulated. However, it ‘was felt that it would be of value to
obtain a fairly -detailed set of aercdynamic data on theé smooth
body. If removable, or consumable, rotating bands have wide use
and if improved projectile case bonding eliminates the crimping
groove, the low-drag advantages of the smooth configuration might
be approached.

These tests were carried out in the Naval Ordnance Laboratory's
Supersonic Tunnel No. 1 and Pressurized Ballistics. Range. The
wind tunnel was used to obtain nonlinear variations. of the normal-
force and pitching-moment coefficients and the Magnus force and moment
coefficients with angle of attack. The ballistics range tests were
intended to obtain the damping-in-roll and the damping-in-pitch
derivatives which were not available from the wind-tunnel measurements.
The ballistics range also furnished the normal-force, pitching-
moment and Magnus derivatives, providing a common ground for
comparison between the wind tunnel and ballistics range.

In addition to the aerodynamic data, this technical report
presents a digital computer program assessment of the stability of
the configuration under a variety of conditions. The program is
presented in detail in one of the sections. Finally, a comparison
is made between the wind-tunnel-ballistics range measurements of
the normal-force and pitching-moment derivative with an analytic
evaluation of these derivatives based upon a seimempirical method
due to Wood. A computer program formulation of Wood's method is

presented.
1
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SYMBOLS
drag coefficient, D/QS

normal-force coefficient, -FZ/QS
normal~force derivative, BCN/Sa

pitching-moment coefficient, My/QSd

pitching-moment derivative, GCm/Ba
damping-in-pitch derivative, 3C_/d(qd/2v) + acm/a(&d/2V)

rolling-moment coefficient, Mx/QSd

damping~-in-roll derivative, acl/a(pd/ZV)

vawing-moment coefficient, MZ/QSd

Magnus moment coefficient, acn/a(pd/2V)
Magnus moment derivative, Bzcn/a(pd/2V)8a

side-force coefficient, Fy/QS

Magnus force coefficient, 8Cy/3(pd/2V)

Magnus force derivative, 32Cy/8(pd/2V)8a
reference length
drag force

force along the Y axis
force along the Z axis

moment of inertia about the X axis, axial moment
of inertia

moment of inertia about the Y axis, transverse moment
of inertia
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K, nondimensional axial radius of gyration,‘ﬂi#x/mdz
Ky nondimensional transverse radius of gyratioen,
\llyy/mdz
. M, rolling moment
My pitching moment
M, yawing moment
m body mass
P spin rate (rad/sec)
pd/2v, p reduced spin rate
0 dynamic pressure, (1/2) pv?
S reference area
3 1/8g reciprocal of the gyroscopic stability factor
é Sq damping stability factor
g v airspeed
ﬁ \ vehicle velocity along Y axis
E w vehicle velocity along Z axis
E X,¥,2 conventional aeroballistic body axes
3 X horizontal coordinate axis, range
f y vertical coordinate axis, altitude
é ' o angle of attack, tan™} w/V
,, op total angle of attack, \jaz + B2
} ’ g angle of side slip, tan "t v/V
? GR yaw angle of repose

8 flight path angle
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TEST FACILITIES

All aerodynamic data presented in this report were measured
in the haval Ordnance Laboratory Pressurized Ballistics Range
No. 3 and Supersenic Tunnel No. 1. The Pressurized Ballistics
Range is a three~foot-diameter 170-foot-long steel tube that
can be evacuated to a pressure of 3mm Hg. There are 27
divergent light spark shadowgraph stations along the range tube
spaced alternately five and eight feet apart. At these
stations, high-quality shadowgraph photographs are obtained
in both the vertical and horizontal planes. A complete
projectile trajectery is determined from this photographic
information. These shadowgraphs are very useful for flow
phenomena studies also, although no flow visualization was used
in the present work.

Model launchers available for use in this facility include
& variety of powder guns, both rifled and smcoth bore, as well
as a two-stage light-gas gun with a smooth-bore launch tube
of 20mm diameter and a smooth-bore launch tube of 1.25~inch
diameter. In these tésts of the 20mm projectile a rifled
powder gun was used. For the smooth projectile tests, a driver
plug was used to engage the gun rifling, with the plug in turn
keyed to the projectile's base.

The wind-tunnel measurements were carried out, as mentioned,
in the NOL Supersonic Tunnel No. 1. This is a blowdown facility,
having a 16- by 1l6-inch test section. Stagnation conditions
are essentially atmospheric. The Pressurized Ballistics Range
Ne. 3 and Supersonic Tunnel No. 1, as well as other NOL Aero-
and Hydroballistics Facilities, are described and illustrated
in Reference (1).
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CONFIGURATIONS

All aerodynamic data presented in this report are centered
around the Basic 20mm General Purpose Projectile or configurations
formed from simple configurational modifications of this basic
shape. The Basic configuration is illustrated in Figure 1. It
will be noted immediately that this projectile has a number of
surface irregularities due to nose fuze, rotating band and crimping
groove. While all these contour undulations are necessary on the
operational projectile, it was decided to construct a Smooth
configuration as a datum to assess the effect of such irregularities
on projectile performance. Thus, the Smooth configuration was
censtructed from the Basic shape by removing the irregularities.
This Smoaoth configuration is illustrated in Figure 2. Most of the
data, and &ll of the analysis, in this report are concerned with
these two configurations.

In the initial phases of this program other configurations were
studied. Two overlong shapes were formed by adding 0.3~ and 0.6~
caliber cylindrical afterbody extensions to the Basic shape. Both
of these shapes had satisfactory aerodynamic performance, as will
be pointed out subsequently. A 0.5-caliber long, seven-degree
boattail was also investigated.

Some of the relevant physical properties of the Basic
configuration of the 20mm general purpose projectle are given below:

Length: 4.9 calibers

Maximum diameter: 20 millimeters or 0.786 inch
Center of gravity: 2.21 calibers from base
Mass: . 1.00578 x 10-% slugs

Axial moment of inertia: 5.283 x 107" slug-ft?
Transverse moment of inertia: 6.0133 x 10~° slug-ft?

The geometric details of the Basic configuration are given in
Figure 3.

DATA ACQUISITION

In the Pressurized Ballistics Range, spark shadowgraphic
photographs are taken of the model as it passes each station. These
photographs are etched on glass to provide a permanent record. Model
attitude and down-range position are read on an optical analyzer.
Drag and aerodynamic derivatives are then reduced from these
measurements by the methods outlined in Reference (2).

In the wind-tunnel tests the model is mounted on a four-component
strain-gage balance. Since a Magnus test requires that load
measurements be made with the model spinning, it is necessary to
provide means for supporting the model in spin to keep vibratory
interaction with the load-sensing gages to a minimum. In addition,
there must be some source of torque to drive the model in spin.
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Figure 4 illustrates the essentials of the Magnus balance.
In this figure a representative Magnus model is shown mounted on a
Magnus balance. It will be noted that the model makes contact with
the balance via fore and aft ball bearings. Torque is generated
by means of a two-stage air turbine with air entering through
the sting and exiting from the model base. The operational procedure
is something like the following: Air is admitted to the air turbine
at about 400 psi. Once the model has attained a spin rate of about
500 revolutions per second, the air to the turbine is terminated.
The strain gages are sampled about 80 times per second as the model
undergoes spin decay. A magnetic tachometer, located in the model
as shown in Figure 4, provides a nearly continuous record of spin
rate. If gage readings are converted to aerodynamic coefficients
by means of the balance calibration and a knowledge of the flow
properties, it is easy to conceive of a graphical record of force
or moment cnefficient versus spin. Actually, such a record is
essential to wind-tunnel Magnus data reduction,

The view indicated in Figure 4 is such that the plane of the
paper is the yaw plane. The component indicated as the Magnus
flexure lies at the heart of the Magnus balance. A set of these
Magnus flexures is illustrated in Figure 5. It will be noted that
the flexure is essentially a miniature beam mounted such that it
will be loaded eccentrically by the main beam or balance as the
balance is subject to bending by the aercodynamic loads on the model.
For example, as the balance is subjected to yaw loads the flexure
is eccentrically end loaded. This induced secondary bending results
in the flexure acting as a mechanical amplifier. This secondary
bending is illustrated, although with considerable exaggeration,
in Figure 6, Because the Magnus flexures are used only in the
yaw plane, the sensitivity of the balance in yaw is about nine
times that of the balance in pitch.

DATA REDUCTION

No discussion will be given herein of the methods used in
reducing ballistics range measurements. An outline of the
mathematical foundations is given in Reference (2). Several
formulations of ballistics range data-reduction methods have been
nade for application to the technique of wind~-tunnel free-flight.
One such report is Reference (3).

In the wind tunnel, force and moment data were obtained using
the Magnus balance in a rotating sector arm. The model-balance
combination is brought to a desired angle of attack, the model then
spun to the desired spin rate and the drive air terminated after v
the flow conditions are established. After tunnel flow has been
established, the tachometer and the strain gages are sampled at
about 80 times per second. These signals are digitized and
recorded on magnetic tape. This record, together with the
balance calibration and flow characteristics, produces plots of the
force and moment coefficients as a function of reduced spin rate at
a specific value of Mach number and angle of attack. The variation

6
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of normal force and pitching moment with spin is usually small and
considered negligible in this presentation. However, the side-force
and yawing-moment coefficient indicate a nearly linear variation
with spin rate. A representative plot of side-force and yawing-
moment coefficients versus reduced spin rate is given in Figure 7.
It will be noted that even at this rather large angle -of attack
these force and moment coefficients are linear with reduced spin
rate. 1In order to discuss the Magnus data-reduction methods as

used in wind tunnels, it is necessary to consider the analytic
formulation of the Magnus effect.

The Magnus force, ?, will be defined as a force depending upon
body spin rate and angle of attagk, and acting normal to the plane
established by the spin vector, p, and the free-stream velocity

vector, V . Mathematically this force, F, and its corresponding

-
moment, M, can be expressed as

—

ié = p;<fgd<‘;éé) {1)

and

T

where k is a scalar constant for a given set 6f flow conditions;

r is the vector distance from the center of gravity to the Magnus
center of pressure, along the body's axis of symmetry; and, P is

the spin-rate vector defined along the axis of symmetry.

All forces and moments are referred to the conventional aero-
ballistic body axis system, an axis system which is fixed to the body
and shows all its rotational and translational motion, except spin.
In the axis system, the X axis is forward along the axis of symmetry;
the y axis is to the right when the store is viewed along the
positive x axis; the z axis completes a right-~handed triad. The
origin of this axis system is at the moment reference center taken,
in this case, to be the center o{ gr%vitx, Unit vectors along the
X, Y, 2 axes will be defined as lz. The wind-tunnel

constraints are such that the x, z plane is vertical; and, that
this plane contains the flow velocity vector.
-»>

Since p = p Ix' §w = (Vwcosa)Ix + (Vmsina)Tz, Equation

may be rewritten as

?:—KE\DS\V\%]XY’*F\/J-Y (3)
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where the side force, Fy, is equal to -kpV_sina. This relationship

demonstrates thut the Magnus force is an odd function of the angle
of attack with spin rate. The Magnus moment equation also may be
rewritten using the components of the spin-rate and free-stream
velocity vectors. That is,

p\' —K,[Pl"gmo(}J*" M;.:é{, (4) ’

where the yawing moment, M_, is equal to -kpr sina. It can be

seen from Equation (4) thaf the Magnus moment is an odd function in
center-of-pressure location, spin rate and argle of attack. For
example, the Magnus center of pressure is usually behind the center
of gravity, giving a positive Magnus moment (nose to the right as
viewed from the rear).

The yaw-force and yaw-moment coefficients are defined as:

¢y = Fy /QS Cr= Mx1QS3 )
The above coefficients depend upon the body _pressure dlstrlbutlon,
which, in turn, depends upon the compressibility, viscosity and
unsteadlness of the flow field. To indicate the degree of simulation
of these effects, it is necessary to present coeff1c1ents as functions
of the appropriate flow similarity parametérs.

Since the free-stream velocity is in thé vicinity :0f the
speed of sound, it is nccessary to regard the medium as compressible.
Simulation of compressibility effects is assured by tésting at
identical free-flight Mach numbers. Also, since the Magnus effect
on the forebody originates entirely in the boundary layer, it is
necessary to test at the anticipated Reynolds numbers to simulate
viscous effects. Finally, since each surface element on a steddily 8
spinning body experiences a cyclically changing flow field, the test
must be made at a parameter which matches flow unsteadiness. 1In
Magnus tests this flow unsteadiness parameter is designated as the
reduced frequency, p. Testing at identical reduced frequencies
assures a matching of the flow angularity at similarly located
surface elements on geometrically similar bodies. Thus, it vill .
be postulated in a Magnus test that the coefficients must be
expressed as functions of Mach number, Reynolds number and reduced
frequency, as well as body angular attitude.

If the Magnus force is assumed to be an analytic function of
angle of attack and reduced frequency, the yaw—force coefficient can
be expanded in a truncated Taylor series in a and P, as:

¢, (4,})= Cylo, o)+aC 30y 4 aC (a’ty 3

f: < &“GF) (6)
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where all derivatives are evaluated at o -and P equal to zero. Since,

Cy(0,0)= G (o) = G(F)0)=0 (7)

it follows that all but the cross derivatives vanish. Thus, Equation
(6) becomes, as a first approximation,

(8)

A\ o jﬁ: s A
Glup)e ao‘c\lsg #p= Gy P

A similar relationship for the moment coefficient, Cn, would be

Co(, P 2% _ a&as) = n?&’PoL (9)

The terms on the right in Equations (8) and (9) are the
familiar Magnus force and moment derivatives, respectively, for linear
aerodynamics. It should be noted that Equations (8) and (9) are
compatible with Equations {3) and (4) for small angles of attack.

Before coming to grips with an analytic description of the
problem's nonlinearities, it is important to recall the methods
of data acquisition. :Side-force and yawing-moment measurements were
made while the model was undergoing spin decay at a fixed angle
of attack and immersed in a flow of constant Mach number. After
tachometer and strain-gage signals are recorded, the angle of attack
¥s changed. The model is spun again to some predetermined upper
limit, the drive air is terminated and the procedure repeated.
After the entire angle-of-attack range has been spanned, the Mach
number is changed and the procedure repeated. Since it is noted
that for configurations without fins, the Magnus force and moment
coefficients are linear with spin rate, Equation (6) may be

rewritten as
C,®,})= a¢) /ap = G b 10)

The variation of the Magnus effect with angle of attack is represented
by the derivative, BCy(u)/Bﬁ. If the Magnus effect varies linearly

with angle of attack, then Equation (10) may be replaced by Equation
(8). Experiments show that, generally, the Magnus effect varies in
a nonlinear fashion for angles of attack greater than two or three
degrees. Thus, the wind-tunnel procedure is to obtain sC /Bp for

several angles of attack at a fixed Mach numker. Since the
ballistics range data-reduction methods are based upon linear
aerodynamics, the Magnus effect can only be represented by the Magnus

9
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derivatives of Edquations (8) and (9). Such a limitation is usually
acceptable as ballistics range tests are usually limited to

a few degrees angle of attack, Wind-tunnel .measurements can be
compared with ballistics. range measurements by obtaining the slope
through the origin of the 3C /ap versus angle-of-attack graphs.

This slope, a/sacacy/ap) or C is the Magnus force derivative.
po

AERODYNAMIC MEASUREMENTS

As mentioned several times earlier, the aerodynamic data
contained in this report were obtained in the NOL Pressurized
Ballistics Range and Supersonic Tunnel No. 1. 7The flow ‘environment
experienced by the range and wind-tunnel models might be summaiized
in a plot of Reynolds number versus Mach number. Such a plot is
presented in Figure 8 with the Reynolds number being based upon

body diameter.

In the ballistics range, two pressurization levels were used--
one atmosphere and one-tenth of an atmosphere. These levels are
also indicated in Figure 8. The wind tunnel, being a blowdown
facility, has a total pressure héad of one atmcsphere. At the lower
Mach numbers (below Mach 1.5) it will be noted that a higher Reynolds
number is achieved in the wind tunnel. This higher Reéynolds number
occurs because the wind-tunnel model is nearly three times the
linear size of the full-scale ballistics range models (2.0 inches as
compared to 0.786 inch for the ballistics range model).

Figures 9 through 17 present the wind-tunnel measurements of
the normal-force and pitching-moment coefficients for the Basic
configuration; Figures 18 through 24 present the same information
for the Smooth configuration. It will be noted that the pitching-
moment coefficient is linear through the origin ané remains linear
up to about 10 degrees angle of attack fir subsonic measurements
(see, for example, Fig. 11). Supersonicclly, the pitching moment
begins to give evidence of nonlinearities at about eight degrees
(see Fig. 15). This same sort of observaticn can be made for the
Smooth body, indicating that nose geometry ravher than surface
irregularities is the main contributor.

It was mentioned earlier that a variety of configurations were
briefly examined in the ballistics range at the inception of this

program.
consisted of a 0.3-caliber cylindrical e ion, a 0.6-caliber
cylindrical extension and a seven-degre Sf~-caliber-long

boattail. The normal-force and pitchir. it derivatives for

these configurations are compared with t .-, of the Basic body in
Figures 25 and 26. It will be noted, foi example, that the 0.3-
caliber extension gives a pitching moment about equal to that of the
Basic configuration; the 0.6-caliber extension seems to make an

appreciable increase in the pitching moment.
has a significantly lower pitching moment. It should be emphasized

10
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that the Smooth body -data, given in Figures 25 and 26, are
questionable and should not be used for comparative purposes. Due
to a defective plug design there was gas blow-by which seemed to
distort the model base. This design was corrected in later tests.

Since the most important configuration is these tests is the
Basic body, it was desired to have a falrly detailed data coverage.
Figures 27 and 28 present comparisons of ballistiés range and wind-
tunnel measurements of thé normal-force and pitching-moment derivatives
of the Basic body. Figure 29 gives the center-of- -pressure location
from the body vertex, calculated from the data of Figures 27 and 28.

The correlation between ballistics range and wind~tunnel data is
quite satisfactory. It should be recalled from rigure 8, that
the Reynolds numbers in both facilities are fairly close up to a
Mach number of 1.5. Figure 29 shéws that the center of pressure
moves rearward with increasing Mach number. Figures 30 and 31
present the normal-force and pitching-moment derivatives, respectively,
for the Smooth configuration. The data for the Smooth configuration
are much more sparse than the Basic configuration, with only one
data point available from the ballistics range. Figure 32 presents
the center-of-pressure location in calibers aft of the vertex. 1In
comparing Figure 29 to 32 it appears that even within the scatter
of the data, the center of pressure for the Smooth configuration
is slightly ahead of that for the Basic configuration.

One of the most important single measurement made in the
ballistics range is drag. Drag measurements for the Basic and
Smooth configurations are presented in Figure 33 in the form of
the zero-lift drag coefficient. It is gquite obvious from this
figure that the Smooth configuration enjoys a significant drag
advantage over the Basic configuration.

In Figures 34 and 35 the damping-in-roll derivative, C2 '
p

and the damping-in-pitch derivative, Cm + C_ , are presented
t! .

o a
respectively, as functions of Mach number. The damping-in-roll
derivative is reduced according to the methods of Reference (4).

The roll angle is determined by pins located in the base of the model.
The damping-in-pitch derivative, unfortunately, has a great deal

of scatter in the measurements. Since this derivative is essential
in specifying the dynamic stability criterion, sd, there will be

some uncertainty concerning regions of dynamic stability.

Also vital in the determination of the dynamic stability of
a configuration is the Magnus effect. The Magnus effect had been
discussed earlier in the Data-Reduction Section. Magnus measure-
ments were carried out in both the wind tunnel and ballistics range.
In the wind tunnel, both the side force and yawilig moment are
measured as functions of spin rate and angle of attack. As pointed

11
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out in Equation (10), the force and moment are considered linear with

spin rate and are expressible as force and moment derlvatlves
with spin rate. These derivatives, 2C /ap and 3C /ap, have beén

designated as the Magnus force and moment coefficients, C and Cn '
P
respectively. Figures 36 through 41 present the Magnus force and
moment coefficients for the Basic configuration and Figures 42 through
47 for the Smooth configurationh. It will be noted that while the
slope of the Magnus forcé coefficient, the Magnus force derivative,
remains negative over the entire Mach: number range, the Magnus moment
derivative changes sign in -going from subsonic to supersonic Mach
nunbers (compare Figure 37 to 38). The above observation indicates
that the Magnus center of pressure is sllghtly ahead of theé center
of gravity subsonically and slightly aft of the center of gravity
supersonically. It will be pointed out later that a Magnus center
of pressure ahead of the center of gravity always results in dynamic
instability. Thus, it would be expected that the Basic configuration

is dynamically unhstable subsonically.

Interestingly enough, the Smooth conflguratlon appears to be
dynamically stable over the whole flight regime as the slope of the
Magnus moment coefficiént, Magnus moment derivative, is negative for
subsonic and supersonic Mach numbers (compare Figure 43 to 44). The
dynamic instability of the Basic configuration is not serious as it
would ‘be expected that this progectlle would only be effective in
the moderately high Mach number range (Mach 2 to 3.5).

In examining the Magnus data of Figures 36 through 47 it will
be noted that the variation of C and Cn with angle of attack is
P p

nonlinear for angles much beyond two degrees. This is particularly
true for the Basic configuration. For small angles of attack there
appears some justification in linearizing the Magnus effect by
representing the Magnus force and moment by the Magnus derivative
(see Eq. (10)). This linearization has been done for the Basic
configuration and the resulting Magnus force and moment derivatives
plotted as functions of Mach number in Figure 48. These data appear
guite ragged because the Magnus derivative is formed by twice
differentiating experimental data, once with respect to spin rate
and again with respect to angle of attack.

In the ballistics range an entirely different procedure is
used. Since the observed motion (as obtained from the photographic
plates) is assumed to be the "solution" of a set of linear
differential equations, the Magnus effect can only be expressed in
terms of the Magnus derivative. Also, as measurements were made at
only one center-of-gravity location, only the Magnus moment
derivative is available.

Figure 49 presents the Magnus moment derivative as a function
of Mach number comparing the wind-tunnel and ballistics range
measurements. It will be observed that the Magnus moment changes
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sign somewhére around a Mach number of 1.1. Thus, one would expect
that the proiectile would become dynamically unstable below this

Mach number.
ANALYTIC DETERMINATION OF THE STATIC COEFFICIENTS

There are a variety of methods for predicting the normal-force
and pitching-moment derivatives as a function of Mach number.
Probably the simplest is that due to Hitchcock (Ref. (5)).
Hitchcock's method is entirely empirical and has the disadvantage
of ignoring compressibility effects. The normal-force derivative,
CN , and the center of pressure, h, are given as follows:

o

Cudf'- ﬁgf[.653+.0223A~.6n3%—.0014C+.363§D +.64713 (\/Eﬂ ()

(12
?\-- 0747 +.0443N +1.019% +. ¥032C +.3454D+. €0 §30\/E) )

where

is the angle of the boattail in degrees

is the length of the boattail in calibers

is the length of the cylindrical part in calibers
is the length of the ogival head in calibers

is the radius of the ogival arc in calibers

BOOQ W

If reference is made to Figure 27 it is possible to compare the
prediction of CN ; using Hitchcock's formula of Equation (11), with
a

wind-tunnel and ballistics range measurements.

With
A=20
B=20
C = 2.41
D = 2.49
E = 7.40

Equation (11l) gives

a
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This value, which is invarient with Mach number, is higher than
any measurement made in either the wind tunnel or ballistics range
at any Mach number. According to Equation (12) the center of
pressure is 2.17 calibers aft of the vertex. The Hitchcock
relationship predicts a center of pressure which is too far aft.
The pitching-moment derivative, Cm , determined from Equations (11)
o
and (12), is 1.85. Comparison with Figure 28 shows that this value
is lower then any of the measurements, regardless of Mach number.
Supposedly, the empirical constants of Equations (11) and (12) could
be adjusted to bring the predictions in better agreement with the
measurements. However, the primary shortcoming of this method is,
as pointed cut earlier, its failure to account for compressibility
effects.

A second method due to Wood (Ref. (6)) is available which
does take into account compressibility effects. Wood defines the
normal-force derivative and the pitching-moment derivative about
the base, respectively, as:

Cy, = (28, /9)+5]4, (1)

L X
S VQLUMEH -

where Sg = (S + sb)/z and where S and Sb are the reference area and

base area, respectively. The center-of-pressure location, in
calibers, forward from the base is given as,

+\ = C\’n\; /CN& (15)

The pitching-moment derivative about the center of gravity is
easily written from Equations (14) and (15) as,

Cm&: (H - G\CN& (16)

where G is the location of the center of gravity, in calibers,
forward of the base. The functions, fl and fz, are empirical

functions of the fineness ratio and the Mach number. These

functions are equal to unity for Mach numbers between 0 and unity
and are available, in graphical form, for Mach numbers in excess
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of unity. Graphs of fl and f2 are available in both References

(6) and (7).

Table 1 presents a listing of a BASIC program to calculate
the normal-force and pitching-moment derivatives and center-of-
pressure location aft of the vertex. In order to use the fl and

f2 functions in the program, a seventh-order polynomial was

fitted to these graphs. These polynomials, together with Equations
(13) through (16), were formulated in the BASIC language to
provide a fairly good semiemphirical estimate of the normal-fecrce
and pitching-moment derivatives and the center of pressure.
Estimates of CN p Cm and center-of-pressure location from Wood's

a o

method are compared with wind-tunnel and ballistics range measurements
in Figures 27, 28 and 29. The agreement may be considered fair
and probably limited to preliminary design estimates.

BASIC COMPUTER PROGRAM FOR THE RAPID DETERMINATION
OF PROJECTILE STABILITY

In this section, a computer program developed for the rapid
evaluation of the stability of an unguided weapon is described.
This program assures that the forces and moments acting on the
body arise from linear aerodynamic loads and a constant gravitational
field. More elaborate simulation of projectile characteristics
is certainly possible in six-degree-of-freedom programs, such as
Reference (8). While the increased precision of such programs is
obvious, the lengthy table preparation and long computaticn time often
discourages the use of such programs. For example, it is not
uncommon to have a computation time 2000 times longer than real
time. 1In this program only two second-order differential equations
are solved. Other relationships, which might be written in the
form of differential equations, are approximately integrated and
it is these analytic approximations that are programmed. The
assumption of linear aerodynamics avoids lengthy tables. This
latter assumption may not be severely restricting, as a designer's
first performance studies are usually limited to estimates of
the stability derivatives. Even in considering operational
vehicles, satisfactory performance usually restricts the projectile
to small angular excursions.

This program was written, primarily, for spin-stabilized
projectiles although it is entirely adequate, within the restrictions
of the force and moment representations, to spinning fin~stabilized
weapons as well. Regardless of the stabilization characteristics
of the weapon, the program operates in the following manner:

A particle trajectory is calculated to provide the dynamic pressure,
velocity and Mach number. These guantities are then used to
calculate the reduced frequency, the yaw of repose, the damping
stability parameter and the gyroscopic stability parameter.

15
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Various print statements provide these quantities as a tabular
function of altitude and time.

In carrying out the computation there are three distinct
sets of equations. First, two second-order differential equations,
nonlinearily coupled through aerodynamic drag, are used to provide
a particle trajectory program. This particle trajectory "locates"
the weapon as it moves through a uniform gravitational field
subject to aerodynamic drag. Since a solution in closed-form
is out of the question, it was necessary to solve these equations
using numerical integration.

The second set of egquations provides reduced frequency as a
function of arc length. If the Mach number is assumed to be
constant, this equation may be integrated to give reduced frequency
as a function of arc length. If changes in Mach number affect
the value of the drag and roll-damping coefficients, it is necessary
to carry out the integration piecewise over intervals of constant
Mach number. Such a procedure avoids a lengthy numerical integration
procedure and keeps the program formulation within a reasonable
length.

Finally, a third set of equations is needed to describe the
angular motion of the body. Two coupled second-order differential
equations are integrated to express the *vaw and pitch motion of
the vehicle about its velocity vector. <.ne integralsof these
equations are used to formulate the gyroscopic and damping
stability parameters. As in the case of the spin-rate eguation,
this integral of the angular motion is valid only over intervals
of constant Mach number. The result is that the above-mentioned
stability criteria will vary with Mach number.

The sketch given below illustrates the variables used in
the trajectory equations. It will be assumed that all motion
takes place in a vertical plane, with the "y" axis vertical
(defined positive upwards) and the "x" axis horizontal (position
forward in the directions of flight).

16
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If the gravitational and drag forces are resolved into the
vertical and horizontal components (according to the above
sketch) the equation of vertical and horizontal motion may be
written as,

dVx __ DGsa__ DV (17a)
T T T Wy
\y = dx 74t (17b)
dw. D _
E‘ &__.EY:__SS_;#Q__ = "-%'-%V'-‘a’ (17c)
\ = dy/dt (17d)

Where Equations (17) have been rewritten in alternate form by
replacing cos6 by Vx/V and sin6 by Vy/V. If the following

substitutions are made:

ey ariag

D = Al x = X v =Y

m=W ax -y & -y
dt at

g = 32.174 v, =0 vy=p
av av

vV =y X=0 _X =Pl
dt dt

Equations (17) may now be expressed in terms of computer variables

Q= \iélw )Q (18a)
K= (18b)
D) = (A\#P )_32,\,7:} o
Y\ =P (184)
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All computer variables are defined in terms of problem variables in
Table 2.

The second equation needed in the stability analysis is that
relating spin rate to some independent variable, such as time
or range. The most straightforward approach is to first state
the following easily established identity.

d (£)- 1dP P dy (19)
de\lv,)  vdt y*dt
where p is the spin rate, t is the time and V is the free-stream

airspeed. From the roll-damping equation, or the equation relating
deceleration to the roll-damping moment, we have,

e S () (Segy

where wa is the moment of inertia about the longitudinal axis, Cz
’ p

the damping-in-roll derivative, m the mass and K. the nondimensional
radius of gyration defined as Ixx/m' Next, the drag equation can be

written as

My
du._Sas o Sofrs )

m

Inserting Equations (20) and (21) into identity, (19) gives
d [P\ [psv\/ B\l
c—ﬁf(V)_ ZW\)<V)[Z-KXCQ\,+CD] (22)

The above equation may be rewritten changing the independent variable
from time, t, to downrange distance, x, through the following

operator
5175( )g chi‘}-x( )
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Bquation (22) then becomes,

3 (%) (V)PSYLy2 b
5(8)- Gl [ RCerSl) =2
Equation (23) can be rearranged to give,

d(b/V) <Cosey (7am )[_ ;ZCQ}:+CD]CJX (24)

where cosf = VX/V. An exact integral of Equation (24) in closed-

form is impossible because cos8 is a function of x, which can only
be known by integrating the particle trajectory. However, if

the integration is carried out over a short enough time interval
that cos6 may be replaced by a constant value, say its value at

the beglnnlng of an interval "i," the integral of Equation (24) may

< )SXPE(Cose)(’Zm)[Zk Cﬂqx ]

( v )H-l
If the numbex 5 is attached to a symbol to mean the value at the
beginning of an interval, it is possible to rewrite Equation (25)
in computer variables.

26).
E5= EXPCCV5/Q5)% (CCR¥S)/ (23w ) % (Ko¥I) % -5 # E +A) % (X- X5) (26)

P7= CPS%V)/\S

Now P5, the value at the beginning of the next interval, is
P5 = P7*E5. Again, reference is made to Table 2 for the definition
of the computer variables in terms of the problem variables.

Equations (17) describe the position of the projectile as
a function of time as it moves through a uniform gravity field.
It is obvious that no interaction is assumed between the angular
motion of the body and its trajectory. This is obviously a
simplifying assumption, but is justified on the grounds that the
angular motion of a stable projectile should be small and, therefore
interaction terms, such as lift force, Magnus force and angular
dependent drag, can be neglected. The question arises as to how
one can be sure that the angular motion will remain small under
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response to an initial disturbance. In order to answer this
question, two stability criteria will be developed to provide
the necessary and sufficient conditions that the projectile's
aiigular motion will not grow in response to a disturbance. These
criteria will be formulated in terms of the body's mass distribution,
spin rate and Magnus, damping and static aerodynamic characteristics.

Murphy, in Reference (2) Equations 4.24 and 4.25, introduces
the complex variable

5_ NoAtwW +-\W (27a)
which, for small angles of attack and sideslip, becomes,
Cg_—_/g+iog (27b)

The above formalism allows the differential eguations of lateral
motion to be expressed in terms of a single second-order differential
equation, rather than in two second-order equations in the real
variables v/V and w/V or B and a. As indicated by Murphy in Equation
6.12 of Reference (2), this equation of motion becomes

E'+ (i P)E-(M+iPDE=G (28)

where

"

H (Sd)[c -2Co- 5 K (Gopr G )] (29a)

3
G
B (/ zswcnJ \)[CN.Z Corz K:/ZC‘%J (29¢)

£’ —1393 c
G o (29¢)

<

Equations (29a) and (29¢) differ from those given in Reference (2)

(see Eq. 6.12), in that the coefficients C + C and C are
m q md mpa

multiplied by 1/2. This factor of 1/2 is necessary as NOL dynamlc
moments are nondimensionalized with respect to pd/2V whereas in
Reference (2), pd/V is used. This factor of 1/2 occurred earlier in

Equation (23).
20
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Since Equation (28) is linear, its solution is given as,

l +i +v S)+(Ka°é :.o) e(l'l:*‘i ¢zs)+ g

AN T NBIR 7

? (X2 ‘b)e % (30)

Since the requirement for stability is that

‘ >0
€
it is necessary and sufficient tnat Al and A2 are both negative.

The exponentials of Equation (30) may be written as,

L i R A AR R N ST PR Ry

oo b

ll)zﬁ&; :i:[i P-H fJ4M+H"— P 4 20 P(ZT-H) ] (31)

DB s

If the Magnus-lift coupling term, T, and the damping term, H,
are neglected, one has

Mo tid, = yips [4u-e ]
| (32)
E vj—)[\i—\ |- ‘/53}

2

S SN 5

NN

E where l/Sg = 4M/P? and is designated as the reciprocal of the

gyroscopic stability parameter. Thus, in a spin-stabilized vehicle
it is necessary that l/Sg be less than unity for the vehicle to

be stable. A fin~stabilized vehicle will always be gyroscopically
stable as M is negative. If l/Sg is greater than unity, X would

? equal l/\/l/sg - 1 and, being positive, would result in divergence

of the projectile from its initial conditions.

If l/Sg is less than unity and Al and Az are both zero, j

G T L e o

[-1 * ‘/33 ] (33)
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Equation (33) followed from Equation (31) after T and H were
set equal to zero. The exact values of the frequencies ¢1/ and ¢2/

will vary with the relative magnitudes of T, H, M and P; however,

Equation (33) is usually an excellent approximation for the modal
frequencies ¢£ and ¢2/. The criteria for such a approximation is

that: ;o
4’\<b1‘$>;K|)\L

Murphy (Ref. (2)) then goes on to show that, regardless of the
values of ¢1/, 9,7+ Xy and A,, one may write,

kl,‘z_""g"‘[l :\-— [¢/‘1> ':.] (Sd—‘.)} (34)

where Sd = 2T/H or the ratio of the Magnus-1lift coupling to the
damping. It follows, from Equation (33), that P/[d;l - ¢2]
must be less than unity for a statically stable missile and greater

than unity for a statically unstable missile. In either case,
Equation (34) may be rewritten using Eguation (33) to give:

M= —%[\ SPE il ] (35)

Conditions for stability (Al, Az < 0) are that

l >\ hl \
J1-/84

or equivalently
2
ol

> A,

The boundary between stability and instability follows as

S

(36)

which is Equation 7.7 of Reference (2).
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A dynamically stable model must have an inverse gyroscopic
stability parameter less than that given by Equation (36).

If a trajectory is determined for a given projectile and if
1/%g and Sd are calculated at a fixed interval, then the locus

of the curve in the 1/8g - Sg plane readily indicates the stability
over its flight path.

It is possikle now to write 1/Sg and S3 in terms of the

aerodynamic coefficients and projectile mass, mass distribution and
geometry. In terms of problem variables, Sg is:

Ao P = 25y b (37a)
S 4AM I, eV Cong )

or in terms of computer variables,

(2% (TAZ)¥ (PS5 A2) (37b)
T2 % 3.1416% REDS3) x(WA2) %D
similarly,
| -2
= 2T 2(COng- GI+7 K Cmm (38a)

R T (G263 65 (Grg = Cm))

and in terms of computer variables,

2%(D-A+.5%(KL/T* F (38b)

St D- 2 %A —-5% (Kb/T2)I%C

It has been shown that the solution of Equation (30) will be
stable if 1/Sg has a value no greater than that given by Equation

(36).

The third term on the right in Equaticn (30) is the steady-
state value of £, this term is designated as &g and called the
yaw of repose. This term is, according to Murphy (Ref. (2), Eq. 6.13),

23




NOLTR 71-95

3 - ""'.P - SA
é & [Mi—i?T] N >

: Inserting the appropriate values for M, P and T from Equations (29),
F the above expression becomes, after rationalizing the denominator:

) (40a)

Since pd/VO is the order of 0.1, the imaginary terms in Equation (40a)

T o Ty b9Cos s . G
: &7 eIt e (reig B

ey S W NIy v e e

Ea X YR s

can be ignored. If this is done, it is ‘possible to rewrite
Equation (40a) in terms of the computer variables as,

g3 - (T1% PS5 % 64.34¥% Q/ V) (40b)
(R %S % D5% (VA3)% B)

In calculating Sg (Egs. (37)) it is necessary to insert a
value for the density. The density, of course, changes with
altitude and this change is assumed in this report to be
exponential with altitude, y, as:

/0"‘/00 éK (41a)

; The main assumption in deriving Equation (41la) is that the
; atmosphere is isothermal. In computer variables, Equation (41la)

becomes

B

R= .002377% EXP(= 31582 E-4%Y) (41b)

The aerodynamic coefficients which are necessary to
calculate Sd’ Sg and g£g are entered into the program as a

table with Mach number. Mach number is, of course, the ratio
of the body's speed to the speed of sound as

24
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M=V/C (42)

The body's speed is obtained in the particle trajéctory program,
Equations (17). The speed of sound varies solely with the
temperature for an ideal gas and in the English units may be
given as,

¢ =49.0 [T+ 460 (43)

where T is in degrees Fahrenheit and ¢ is in feet per second.
The speed of sound may be written as

Cnc°+§_£\a_-co+a_.c.a.§‘k6— (44)

3‘& a 33_

where

ac - 3q /2¢,
am

from Equation (43) and 3T/3y (partial derivative) will be taken
at -0.0039 degrees Fahrenheit per foot. Thus, Equation (44) may
be written as

C = W\1T7—-0042Y (45)

The Mach number may be written in computer variables as

M= V/UWT = 0042%Y) (46)

Equation (44) and, hence, Equation (46) are assumed to be valid
only uvp to 36,000 feet. Above this altitude the temperature
and, therefore, the speed of sound are assumed to be constant.
In this case, Equation (46) will be replaced by

M= \/797) (47)
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Table 2 gives the correspondence between the computer variables,
as used in the BASIC language, and the problem variables,
most of which have been defined in the list of symbols. The
general rules of the BASIC language and terminal apply. One need
only supply the input data starting on line 1890 (see Table 2).
Data are input in the following order:

ERTRy N EARE Xy

TS initial time (seconds)

X0 initial horizontal displacement (feet)

YO initial vertical displacement (feet)

VO platform velocity relative to inertial space
(feet per second)

V1 projectile muzzle velocity (feet per second)

¢ initial flight path angle (degrees)

H program parameter to control integration step
size (seconds)

N program parameter to control the print-out frequency
(integer multiple of H)

W mass of projectile (slugs)

D5 diameter of projectile (feet)

Il axial moment of inertia (slug~ft?)

12 transverse moment of inertia (slug-ft?)

P5 initial spin rate (radians per second)

z9 an integer designating the table length (number

of Mach number entries - maximum value is ten)

Following the above data are the tables. The tables are
supplied per line:

M(J) Mach number
A(J) CD
B(J) Cm
o
/ C(J) Cm + Cm-
3 q
J D(J) CN
f E(J) C2
4 jo
"
F(J) Cp
: pa

26
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The input data should appear as follows:

1890 DATA T5, X0, YO, VO, V1, O

1500 paTa H, N

1910 DATA w, D5, I1, I2, PS5

1920 DaTa Z9

1930 DATA M(1), A(1), B8(1), c(1), D(1), E(1), F(l)
1940 DATA M(2), A(2), B(2), C(2), D(2), E{2), F(2)
19.. DATA M(29), A(29),. B(Z29), C(29), C(z9), E(z9)

Typical output from the program is shown in Table 4. As
indicated, the first part of the output is the coefficient table.
After this table is printed, the quantitites H and N are printed.
These numbers indicate the step size and print-out frequency,
respectively. The remainder of the print out is the trajectory
parameters and stability derivatives (as defined in Table 1).

These data are presented in pairs. Each pair contains TIME
(seconds), X (horizontal distance -~ feet), Y (vertical distance -
feet), V (speed relative to inertial space -~ feet per second),

p (spin rate - radians per second), 1/Sg (inverse gyroscopic
stability parameter), Sd (damping stability parameter), Yaw

of repose (radians), pd/2V (reduced frequency), MACH (Mach number).
Following the initial conditions is a print out of the above
trajectory constants at the appropriate step dictation by the
quantities H and N. The program automatically terminates at zero
altitude. It will be noted, in Table 3, that the projectile
velocity relative to inertial space, V, is calculated in line

430 from the platform velocity and muzzle velccity.

STABILITY ANALYSIS

In considering the stability of the projectile the analyst
must, in some way, limit the infinite number of initial conditions
in altitude and velocity that the projectile theoretically might
encounter. A relatively small number of initial conditions can
be chosen which will represent typical operating conditions. Since
the 20mm projectile under considerection is intended for general
purpose, one must consider firings from high-speed aircraft,
helicopters and ground.

In order to represent firings or launchings from high-speed
aircraft, the gyroscopic stability factor was calculated at the muzzle for
launchings frcm aircraft flying at 300, 475 and 600 knots and at
altitudes of 0, 5000, 10,000 and 15,000 feet. 1In addition, since

27




T T

Diomi

V’;»g —~%

TER, T T

NOLTR 71-95

atmospheric conditions are influential, it was decided to carry
out identical calculations for a cold day (-65°F) and a standard
day (-5%9°F). Using the program described in the preceding section,
the gyroscopic stability factor was rapidly and easily determined
for these 24 varicus launchers.

Figure 50 presents results for the cold day and Figure 51
for the standard day. A comparison of these figures indicates
that the most critical firing condition of those studied occurs on
a cold day in firing from an aircraft having a 600 know airspeed
at sea level. Clearly, the projectile's stability decreases with
an increase in speed and decrease in altitude of the launch aircraft
and with decreasing ambient temperature. Both Figures 50 and 51
indicate that the projectile is gyroscopically stable for all
conditions studied.

It was stated in Egquation (36) that the necessary and sufficient
condition for projectile dynamic gtability is that

and

Ao S Z-'Sg
Se d ( ) {48Db)

It can be shown that a good approximation to Equation {38a)
might be written neglecting the normal-force, CN ; and the drag, Cpr
a

contributions

o TyyCmpu {49)

S, &
47 T, (Cng +Cng)

Now since Ch * Ca. will always be negative, it can be seen that

q a
the sign of Sd will be identical to the sign of the Magnus derivative,
Ch - It will be noted, in Figure 49, that the Magnus derivative

pa

changes sign from positive to negative in going from supersonic to
subsonic f£light. Thus, in light of Equations (48), the projectile
will be unstable for subsonic flight. Figures 35 and 49 alsc point
out that there is considerable scatter in both the damping~-in-pitch
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derivative and the Magnus derivative. There might be some doubt as
to the projectile satisfying the condition that Sq < 2. The

stability conditions, as specified by 1/Sg and Sd' can now be
examined for a number of representative operational conditions.

Since projectile stability becomes more severe the higher
the platform velocity, it was decided to examine the trajectory
of the projectile fired from an aircraft flying at an airspeed of
600 knots and at several altitudes. In Figures 52 through 55,
the reciprocal of the gyroscopic stability factor is plotted
versus the damping stability factor for launchings from an
aircraft having an airspeed of 600 knots and altitudes, respectively,
of 15,000, 106,000, 5,000 and 500 feet. Certain conclusions
about projectile stabil‘ty may now be drawn from these figures.

In Figure 52 it will be noted that the projectile remains
gyroscopically stable throughout the entire flight. This conclusion
was made on the basis of Figures 50 and 51. More significantly,
the dynamic stability factor decreases steadily with diminishing
flight speed. Thus, an error made in the location of S4 due to

scatter is not too serious as the damping stability factor decreases
steadily through the flight. In comparing Figures 52 through 55
it will be noted that stability becomes more critical at the

lower altitudes, not only gyroscopic stability, as pointed out
earlier, but damping stability as well. It is interesting to note
that at 15,000 feet the unstable conditions are encountered at
between six to seven seconds after firing and around 13,000 feet
downrange. By contrast, at 500 feet instability is encountered

at less than four seconds and at a downrange distance of about
7500 feet. In both extremes, projectile velocities are comparable
at the onset of instability.

Since the projectile under consideration is general purpose,
is was decided to examine its stability under conditions of
horizontal firing from a stationary platform and a 45-~degree
firing from the ground. From the stationary platform the instability
is encountered at less than three seconds and about 5,000 feet down-
range. For ground firing at 45 degrees, the instability occurs
at an altitude and range both of about 3500 feet (see Figs. (56)
and (57), respectively).

CONCLUSIONS

This report has presented aerodynamic data on the U. S. Navy's
general purpose 20-millimeter projectile. The data were obtained
in both a pressurized aeroballistics range and in a supersonic
wind tunnel. A computer analysis was carried out to determine
the stability of the projectile under several operational
situations. It may be concluded that the projectile is both
gyroscopically and dynamically stable under all conditions
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examined. Gyroscopic stability becomes lessened with decreasing
altitude and temperature and increasing platform velocity. The
dynamic stability decreases with decreasing altitude, although
it is relatively insensitive to platform velocity.

In addition to the above computer stability analysis,
attempts were made to calculate the normal-force and pitching-
moment derivatives, CN and,Cm . respectively, using Wood's .
o a )

semiempirical method. The agreement is considered only fair.
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TABLE 1
PROGRAM FOR CALCULATION OF NORMAL FORCE AND PITCHING MOMENT DERIVATIVES FOR A SHELL

100 REM THIS PROGRAM CALCULATES NOKMAL FORCE AND PITCHING MIMENT
110 REM DERIVATIVES AND CENTER OF PrRESSURE Far A SHELL.

120 REM THIS IS A SEMI-EMPIRICAL METHOD BASED UPON BRLBS4

130 REM C1 IS THE NORMAL FORCE DERIVATIVE

140 REM C2 IS THE PITCHING MYMENT DERIVATIVE ABOUT THE BASE

150 REM C3 IS THE PITCHING MAIMENT ABOUT THE CENTER OF GKRAVITY
160 REM S IS THE STATIC MARGIN

170 REM CO IS THE CENTER OF PRESSURE IN CALISEXRS FKOM THE NOSE
180 REM R IS THE FINENESS RATI? ,BODY VOLUME/(rEF. AREAXDIAMETER)
190 REM G IS THE LOCATION OF THE CG FkOM THE BASE

200 REM L IS THE LENGTH OF THE BADY IN CALIBERS

210 REM T 1S THE CENTER OF PKESSURE AFT OF THE VExTEX C(IN CAL.)
220 REM A) IS THE RATIO @F EFFECTIVE BUATTAIL CRBSSECTIONAL AREA
230 REM TQ REFERENCE AREA» (AB+AR)/2%AR WHERE AB IS BOATTAIL AxEA
240 REM AND AR 1S THE REFFEKENCE AREA

250 FOR I = 1 TG 15

260 READ M
270 LET R = 3.83148
280 LET L = 4.9

290 LET Al =1

300 LET NO=.14331

310 LET N1=-9.32777E-2

320 LET N2=.453401

330 LET N3=.581451

340 LET N4=-4.97192

350 LET N5=26+.97863

360 LET N6=-3.80723

370 LET N7=.736042

380 LET MO0=.192947

320 LET Ml=-.112361

400 LET M2=.872645

410 LET M3=-2.37587

420 LET M4=1.33114

430 LET M5=.924154

440 LET M6=-1.07323

450 LET M7=.26358

460 LET G=2.21

470 IF M>1 THEN 510

480 LET F1 = 1

490 LET F2 = 1

500 GOTO 580

510 LET N = SQR((Mt2)-1)/R

520 LET F1=NO+NI*N+N2K(N12)+N3*(N13)+N4Rk (N1 4I+NSK(NTH)
530 LET FI1=F1+NG6*(Nt&I+NT*x(N17)
5S40 LET F2=MO+MIkN+M2%X(Nt2)+M3k(N13)+MAk(NT14) +M5%(N15)
550 LET F2=F2+M6%(N16)+MT*(Nt7)
560 LET F1 = FI*SOR((M12)~1)+1
570 LET F2 = (F2)%SQR({(Mt2)-1)+1
580 LET Cl1 = (2%A1+.5)%F1

590 LET C2=2%R%F2

600 LET C=C2/C1

610 LET T = L ~C

620 LET S=C-~G

630 LET C3=C1%S

640 IF 1>1 THEN 670

650 PRINT ""PITCH«MOM+","NOR«FORCE" > "STAT+MAR"»"CePe", " "MACH NO."
660 PRINT

670 PRINT C3,C1,8,T»™

680 NEXT 1

690 DATA +451¢5102510551475,2524553+345
700 END
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Computer Problem
Variable Variable
A CD
Al D
A(Z) -
B Cm
a
B(2) -
c Cm + Cm
q
C(2) -
D CN
a
D1 -~
D2 --
D5 d
D(2) -
E Cz
p
El --
E2 -
ES --
E(2) --
F C
npa
F(2) --
G -
G5 --
H -
I ——
Il Ixx
I2 I
Yy
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Table 2

CORRESPONDENCE BETWEEN COMPUTER AND PROBLEM VARIABLES

Definition
drag coefficient, current value
drag, CDpSV2/2

drag coefficient array
pitching~-moment derivative, current value

pitching-moment array
damping-in-pitch derivative, current value

damping-in-pitch derivative array

normal-force derivative

variable used in Runge Kutta
variable used in Runge Kutta

diameter of projectile, reference length
(feet)

normal-force derivative array

damping-in-roll derivative

variable used in Runge Kutta
variable used in Runge Kutta
exponential part of Pd/2V formula
damping-in-roll derivative array

Magnus moment derivative

Magnus moment derivative array
counter

switching variable

step size

counter

axial momer: of inertia (slug—ftz)

transverse moment of inertia (slug—ftz)
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Table 2 (Cont'd)

Computer Problem
Variable Variable Definition
J ~ index variable
- Kl -~ variable used in Runge Xutta
K2 - variable used in Runge Kutta
K3 - variable used in Runge Kutta
K4 - variable used in Runge Kutta
K6 md2 mass times reference length squared
(slug—ftz)
Ll - variable used in Runge Kutta
L2 - variable used in Runge Kutta
: L3 - variable used in Runge Kutta
; L4 - variable used in Runge Kutta
M - Mach number
Ml - variable used in Runge Kutta
M2 - variable used in Runge Kutta
M3 - variable used in Runge Kutta
M4 - variable used in Runge Kutta
M(Z) - Mach number array
N - print-out frequency
N1 - variable used in Runge Kutta
N2 -— variable used in Runge Kutta
N3 - variable used in Runge Kutta
N4 - variable used in Runge Kutta
@ ¢o initial flight path angle in degrees
P Y dy/dt velocity in vertical direction
‘ Y in ft/sec
PO - variable used in Runge Kutta
. Pl -- ap/dt, P, dvy/dt
P5 p current value of spin rate in rad/sec
P7 - nonexponential part of pd/2V formula
P8 pd/2v current value of pd/2v
Q Vx dx/dt, velocity in horizontal direction

in ft/sec
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Computer Problem
Variable Variable
Qo -
Ql -
Q5 Vxo
p
S S
Sl Sg
Ss2 Sd
s3 8y
T t
TO -
TS to
\Y v
VO -
vl ~—
V2 v2
Vs vo
W
X X
X0 -
X1 dx/dt
X5 Xo
Y Yy
YO --
Yl dy/dt
7 .
29 --

NOLTR 71-35

Table 2 {Cont'd)

Definition

variable used in Runge Kutta
dQ/dt, Q, dvk/dt

previous value of Vx in ft/sec
density slugs/ft3

reference area ﬂd2/4 in £t?

gyroscopic stability factor
dynamic stability factor

yaw angle of repose in rad
time in seconds

variable used in Runge Kutta
initial time in seconds

velocity of projectile relative to
inertial space

velocity of platform relative to
inertial space

muzzle velocity

total velocity squared in ftz/sec2
previous value of V in ft/sec
mass of projectile in slugs
horizontal distance in feet
variable used in Runge Kutta
horizontal velocity

previous value of X in feet
vertical distance in feet
variable used in Runge Kutta
vertical velocity

index variable

table length
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100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
2990
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730

REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
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TABLE 1?3
BASIC PROGRAM FOR THE CALCULATION OF PROJECTILE STABILITY

THE PURPOSE OF THIS PRBGRAM IS T2 WBTAIN THE STABILITY
OF A PROJECTILE IN TERMS OF THE RECIPROCAL OF THE
GYROSCQPIC STABILITY FACT@R AND THE DAMPING STABILITY
FACTOR. THE FOLLOWING IS A LISTING oF THE REQUIRED
INPUTS TO THIS ~ROGRAM.

T5 IS THE INITIAL TIME(SECONDS)

X0 IS THE INITIAL HDRIZONTAL DISPLACEMENT(FEET)

Y0 1S THE INITIAL VERTICAL DISFLACEMENT(FEET)

V IS THE VEL. OF PKOJ. REL. TO INERTIAL SPACE(FI/SEC.)

VO I3 THE PLATFZRM VELOCITY xELs TO INEKT. SPACE (FT/SEC)

Vi 1S THE PROJECTILE MUZZLE VELGCITY )FT/SEC)

@ 1S THE INITIAL FLIGHT PATH ANGLEC(DEGKEES)

H IS PROGRAM PARAMETER TO CONTROL INT. STEP SIZE(SEC.)

N 1S PROGRAM PARAMETER TO CONTKOL PRINT-QUT FREQUENCY
(INTEGER MULTIPLE OF H)

W IS THE MASS @F THE PROJECTILE (SLUGS)

DS IS THE DIAMETER OF THE PROJECTILE(FEET)

11 1S THE AXIAL MOMENT G@F INERTIAC(SLUG-FT Sue)

12 1S THE TRANSVERSE MOMENT OF INERTIA (SLUG-FT 5Q.)

Z9 IS AN INTEGER INDICATING THE LENGTH @F THE TABLES

(NUMBER OF MACH NUMBER ENTRIES-MAXIMUM NB. IS 10

THE TABLES ARE SUPPLIED PEK LINE AS FOLLOWS:

M(J) 1S5 THE MACH NUMBER

A(J) 1S THE DRAG COEFFICIENT,CUD

B(JY IS THE PITCHe MOMENT DERIVATIVE, CMA

C(J) 1S THE DAMPING-IN-PITCH DERIVATIVE,CMU+CMA

D(JY IS THE NORMAL F3RCE DEKIVATIVE.CNA

E(J) IS THE DAMPING-IN-ROLL DERIVATIVE,CLP

F(J) IS THE MAGNUS DEKIVATIVE,CMPA

PRINT » PROJECTILE STABILLTY PRUGRAM"

PRINT
READ T5,X0,Y0,V0,V1,0,H,N

LET

V = VO + VI

READ W,sDSs11,125P5S

DIM MC10), AC10), BC(10)5, CC10)» DCIO)SECIO)S FCIO)

READ 29

PRINT "COEFFICIENT TABLE"

PRINT " M A B c b E F
FOR J=t TO 29

READ M(J)» ACJ)» B(JY» CCJYs DCJIs ECI)s FCI)
PRINT MC(JIBACII3BCUISCCIIIDCIISECI) SR (D)

NEXT J

LET Z=1

LET S=(3.14159%DS5t2)74

LET PO=V*8IN(2/57.296)

LET Q0=V*(9S5(3/57.296)

LET Ké=(wx(D5t2))

LET TO=TS

PRINT

PRINT "“FOR H ="H3"N ='"N
PRINT

PRINT

PRIN'I‘ "TIME""'X""'Y"’.'V""'P"
PRINT

PRINT *1/8G'","SD","'YAW OF REPOSE"™,'PD/2V'",''MACK"
PRINT

PRINT

PRINT "INTITIAL CONDITONS:"
PRINT

LET T=TO

LET TO=TS

LET X=XO0

LET Y=YO

LET 0=00
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(CONT 'D)

740 LET P=PQ

750 LET XS5=X

760 LET uS=u

770 LET V5=V

780 GOSUB 1620

790 LET G5=0

800 LET G=0

810 LET I = N

820 LET G=G+1 )
830 IF GS5=0 THEN 1400

840 LET G5=1

850 GOSUR 1560

840 LET KI=Y1%H :
870 LET NnN1=X1%H

880 GOSUB 1590

830 LET LI=Pl%H

900 LET M1=0Q1xH

910 LET T=TO+H/2

920 LET Y=Y0+K1/2

930 LET X=X0+N1/2

940 LET P=PO+L1/2

950 LET C=G0+Mis2

960 GOSUB 1560

970 LET K2=Y1*¥H

980 LET N2=X1%H

990 GOSUB 1590

1000 LET L2=PlxH

1010 LET M2=01+%H

1020 LET Y=YO0+K2/2

1030 LET X=X0+N2/2

1040 LET P=PO+L2/2

1050 LET @=Q0+M2/2

1060 GBSUB 1560

1070 LET K3=Y1*H

1080 LET N3=X1*H

1090 GBSUB 1590

1100 LET L3=PIx*H

1110 LET M3=01%H

1120 LET T=TO+H

1130 LET Y=Y0+K3

1140 LET X=XO0+N3

1150 LET P=PO+L3

1160 LET 0=00+M3

1170 GBSUB 1560

1180 LET Ka=Yl*H

1190 LET N4=X1%H

1200 GOASUB 1590

1210 LET LAa=P1xH

1220 LET M4=Q1%H

1230 LET Di=(K1+K4)/6+(K2+K3)/3
1240 LET E1=(N1+N4)/6+{N2+N3)/3
1250 LET D2=(L1+L4)/6+(L2+L3)/3
1260 LET E2=(M1+M4)/6+(M2+M3)/3
1270 LET YO=YO+D1

1280 LET X0=X0+E] -
1250 LET PO=P0O+D2

1300 LET QO0=Q0+EZ2

1310 LET TO=TS5+H*G

1320 LET T=TO

1330 LET Y=YO

1340 LET X=X0

1350 LET P=PO

1360 LET Q=Q0

1370 GOSUB 1620
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(CONT 'D)
1380 IF Y<=0 THEN 1400
1390 IF G<I THEN 820
1400 LET B=B(ZY+((B(Z+1)-B(Z)I*(M=M(Z)I)/(M(Z+1)-M{2))
1410 LET C=CGCZY+(TCCZ+1)=CZIIR(M=MCLID)/ (MLL+1)=MC2))
1420 LET D=DRCZ)+((DZ+1)=DCZIIRIM-M(ZI I/ (MCL+15-MCZL)) 2
1430 LET FsF(LI+((F(Z+1)=F (L)) (M=-MCLIII/ (MCL+1)-MC2)) ‘
1440 LET Si=(2%( 112)%(P5t2))/7(12%31416%kR4(D5t32%x(V12)%H)
1450 LET $1=1/8)
1460 LET S2=(2%(D-A+S«(K6/11)%F))/(D~(2%A) =« 5%{K6/12)%C) A
1470 LET S3=(11#P5%6443484(0/V))/(R*¥5%DSk(Vt3)%B) %
1480 PRINT T>XsYaVsPS
1490 PRINT S1,52,83,P8,¥M
1500 PRINT
1510 PRINT
1520 IF Y<=0 THEN 2030
1530 IF G5=0 THEN 840
1540 LET I =1 + N
1550 GOTO 820
1560 LET Xi=0
1570 LET Y1=P
1580 RETURN
1590 LET Pl==(CA1)/CA¥V)I%P-32174
1600 LET uUl==-(CA1)/Cd%xY))*x0
1610 RETURN
1620 LET V2=P#xP+ux0
1630 LET V=S0R(V2}
1640 IF Y<36500 THEN 1670
1650 LET M=V/971
1650 G2 TO 1680
1670 LET M=V/(1117-.0042%Y)
1680 IF M<=M(Z+1) THEN 1720
1690 LET Z:=Z+1
1700 IF Z> Z9 THEN 1880
1710 GO T@ 1680
1720 IF M>=M(Z) THEN 1760
1730 LET Z=2-1)
174C IF Z<1 THEN 1880
1750 G TO 1720
1760 LET A=AWZ)+((ACZ+ 1) ~ACZL) )% (M=-MCZ) D)/ (MCL+1) =M L))
1770 LET R=«002377T*EXP(-+31582E-4xY)
1780 LET Al=(A%*SxR¥V2)/2
1790 LET E=E(2)+((ECZ+1)~ECZ)I*(M=(4CZL) I I/ (M(L+1)-M(Z))
1800 LET P7=(PS5*V)/V5
1810 LET ES=EXPC(VS/Q5)%(((R*S)/ (2% Ik {(K6/113% «SkE+A)*(X~-X5)))
1820 LET PS=P7*E5
183U LET P8=(P5%D5)/(2%xV)
1840 LET XS5=X
3 1850 LET 05=0
N 1860 LET V5=V
f 1870 RETURN
1880 PRINT "ERROR MACH N@. = ''M" NOT IN DATA "
- 1890 DATA 0,0,1000,1010,2700,0
- . 1900 DATA 1,510
b 1910 DATA 01005785 « 06562, « 5283E-55 +601331E-4, 10285
1920 DATA 10
1930 DATA 05 ¢2552¢55-22e5515-¢044,~1
. 1940 DATA ¢85 ¢27552e845-22¢5520195=e039,=676
< 1950 DATA 15443552¢985-22¢552+425-40375,-4+45
1960 DATA 1¢15¢5155,30065-22:552¢525-+0375-.2
1970 DATA 125 ¢523,3¢095-22¢552¢635=+03655.15
1980 DATA 1455¢5534135-22¢5,2¢95-403455475
1990 DATA 254412526925 -224553¢225-4031551415
2000 DATA 2¢55¢3352¢485-22¢553455,-+0285,1.2
2010 DATA 35 ¢28551+885-22¢553645~-4025,1.3
2020 DATA 55 ¢27551¢885-22¢553¢45-+4025,1.35
2030END
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TABLE & SAMPLE OQUTPUT FROM BASIC STABILITY PROGRAM

PRIJECTILE STABILITY PRIGKRAM

CILFPICEENT TAnLR
49 A s C D E
O 2% 265 =0202.5 I -+04a4 -}
e W 21Y 244 =2205 2419 ~4039 =476
1 2433 2498 =225 2.42 -.0375 =445
Lol 515 1.06 -22.5 2.52 -.037 ~.2
1.2 «523 3.09 -22. 2.63 -.0365 .15
1eS o5 3413 -22.5 2.9 «.0345 +15
2 Al Py =22.5 3.22 -.0315 1«15
¢S 33 248 ~22.5 3.5 ~.0285 1.2
3 e 245 LeXH =22.5 Je.a -.025 1«3

5 275 148 =22.5 3.4 -.025 1.35

FUr H = .1 N = |0

TIME X Y

/56 5D YA® OF REFOSE

INTIFIAL C2ONDITINS:

0 G 1000
«53%756 155077 Te12572E-5
e 308647 985718

» 4569929 1.4607 1e347382E-4
2. 524029 Q48669
2333251 117706 3.00232E-4
3. 673179 Br4e587
216424 « 534758 6+84T08E~4
A 795%.41 H24+715
1550438 -.033304 1+28484E-3
Se K9P a4 59 136.226
130926 -+ 198919 1.8462E-3
45 9682376 6264746
119224 -.270147 2+33565E-3
7, 10625.8 N96.081

« 11054 ~+305403 2+84106E-3
L) 11363.2 345.051
1034 ~«3357a} 3.36913E-3
9. 1204%.2 1744379

Yo Ta16KE=2 -.361018 3.9C519E~3
10. 12679.2 -15.2999
J+23185E~_ -«382419 4¢43269E-3

38

v

P72V

3710
9.09571E-2

2560.05
+ 115776
1300.31
148163

1326+ 18
184213

1063+04
212915

929.799
s 224696

846664
«233327

7307385
«246913

1264424
«2549 49

681.208
262545

643+ 423
«269791

MACH

10285
3.33394

9033.52
230043
glag.g2
146175

7445486
119127

6898439
+95465

64%1 .
334718

6150.03
7597171

587584
+ 700308

5644465
65118

5451 .
«610255

5290.76
575995

AT

RS A $ rn s mh,

AL sy

AL Lheas s

e sy s
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MAGNETIC BALL BEARING

TACHOMETER

/ Lododndondnidlondn

AlR

2 ™ EXHAUST
> AIR

INLET

MAGNUS FLEXURE MULTI - STAGE
AIR TURBINE

FIG. 4 MAGNUS BALANCE DETAILS
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GAGE IN COMPRESSION

YAW MOMENT

o _U— o 2

1
2

\ TENSION U A/K\/- TENSION | :
PITCH GAGE

S s R i By

i1l s

“ GAGE IN TENSION
: FIG. 6 MAGNUS BRIDGE UNDER YAW MOMENT i
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—— BALLISTIC RANGE - ONE ATMOSPHERE c

1.5 —= ~— BALLISTIC RANGE ~ONE TENTH ATMOSPHERE i
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P AL IR I XTI e T
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FIG. 8 REYNOLDS NUMBER VERSUS MACH NUMBER




NOLTR 71-95

e e N T s IR H It 1
T P A o FETH FESS FEER 23!
it iee eied ettt o] st HAE 3
Y p 14 PROUE PESES PUTOY ppuey PRL T Peey
sl TYETSS! LI T EE TR ) 5
e R i oot B el B S it
s SR ) T e e =
t it N LN ST L —y
O] 134 £424) Eeand beFRd RS PR a4
re (o3 eepey poeny rreny pUeyy Prew PN pas
55 P ] O B ; e !
ST Z Ve et R b et shad B3I RIS IS B S IR T RN R IT e et Foss]
G BmpmlEEsER R el e e s
H O mnnlees i h s nei ey RIS BNt AT R e Tt ot
i e BN B R i Ehe ] ol el
[T wou gt o YTy FUEIS SEYRY PrPEy provhly BEDId pring purry Ye cyre rees Fvave rewws pued
oedpe » 83 spned bads 7 b 3a0ad Folid 304 bl $04.8 Beoed pod ead
. o1 R T ] e 80 L B S 31 Hasl B B st
Reeibeee Sy b eel Ty P I TN FE S So R R ONEY K32 Y IER] KOS T vosnfer ~hetov)dyrod e bt
Eat1si UL prett b=t EICH i ks t] Hood bt o] pelat 1o SR R RIS 4ot st i
-t 24 ’— ;0 5 IZEES BRSO rofiadagarms oo | U R R A PR R IR Y
Frarspes : e = ISE T
B 0 ] Bl s e T [ R R = 5
Pise83s8s E RERER S e g PR e i a1
dpnnt s [oed bute] Sasdn LARES FETE4 SRED] bonal boasd ERo st FORRL FAaed AR YA [add
i i S i et o e Rl o, 900 &
- qous Freftr Tl P BT Bt ] B shee] A TS
RN 2 G ERE BRI ST £
50 0] 5y B3] B IREEt HeH Bpe (ST PR 81 RERR ISTH1 S P E33 I
3.1, 8 3 foges Fooad hotd ke baday iapat B S M TR
Reqpinss Z 3] 4 Peas 2ot RS RS PRANA 205 FY FDS4 R R I I
& yt — I . nn rea] ey ::Tf ’;l; -a;. vow e s fmber o -t
i 6 SR pacT] poghs Fhbe) Foald asd RS8P R RS B
v [SE2 Foatt Pooud Spay oY MIVSY ey prwed P e foe M
HiEd = g L RR e I N I e ol
PR HEsHd trisd R cfhes 19891 el ks N B et I
BT FFEsl PETYY TR S Foed Ry FEee] Foees F24ee KTTTd YT SRR AN
gE1biaes bl IS Hed freh bt seam Poves Bl R S Bty et it
! : {IRS] [T B .2
paas baaty Z ﬁdl'ﬂ- faasn badad foead braay padid pizid PhF 43 Bty BN “;; 203 Fod PR3 s T i
SO Hg gl iys i /R R s 0 PITCHING MOMENT, C
Irtirtie] &~ Ve pe s e P B L A T DL L LT ey o -
reseesty 1 AT S R e Lt F fant e ey Loees Lot el aome yolled Radbl Keoiq oadl Drecd PReds poedy Foss
HiER E e I e s e e AT B R R SRR A R B e s
- - . . v 4 e e } PRNIrDg purtrang | ' 41
rasi ] iglmzy.»;»m:.’{ir;;pm:gzzayign;;,sw», b 14 o
33 «}: G SAERunS Saknd bubsd puand banuy bauy b Aus boodpe LAPE punad b aad beund swact £ NORMAL FORCE' C st
B et paoss e e T ==
+1 = "s + fouad Rivud budiy AR o dind {tt' (el 24 jod Fod bved
i 3T i1 i3 Rt ey AR (ool pe i el v Femng ey ot o2 By P Pongd pesey g mey eaed reeed oo
é: H i S I.H H.J b o m‘/"? [roet Bered bt R oet b bl IREsi B r P sy et osd
! st O Ly ¥ Jogtdiinsd bonst puny
' T U EEL Faacaaanaten
3 T ) = reed) Faa st fstetses!
’i: -4 .2 —‘;n- (&) 1} &:}‘: ’:Iﬁ_ ﬁf :.i"i +ofmv LVJ,n + resel boosd Foot) s od bRty FET R o0] BER 2R bot ey po aa IensY Bos s fadaa £ 234
N 3 Fyi- 8 puna) seapejosnd 2ot YA
2 sl @ EEnlEEE
A i e/
4 ot FrY b
i s < Hib :':% AR
T 43 flaes E _Lo ] et b ]
# T e S H
i o) [aizeid padus by PAst
3 Pealbates O A L TN
pEsg gae N @b ) i
g HEHZ 4 ?I, .t‘h/‘ s
b R s s R f’z:‘.f:
34 iEE] [ ity
e 2R
R s L
g8 () S20% pooug ppe oy
RN T1 13723 £ TS o ey Forss oot e
- 4 - -
f- 4R R
fbery
Flh [} fETe T T e
H AL s bt s
Tiga frper J4votfeged
| it ]
e Sadpfprief b, ok
: T A ik s
Ttelire "0.] SiTE eiptfest
Hat Lot nlEn
FIG. 9 NORMAL FORCE AND PITCHING MOMENT COEFFICIENTS VERSUS ANGLE OF ATTACK AT
.
A MACH NUMBER OF 0,59 FOR THE BASIC CONFIGURATION




LA A TR st

iy,

Rl

R
R TR AT TR T N

o

a3 0

(S fasiiasans

faeag e i

LA g b

’%‘-

P

2

NOLTR 71-95

cheigruen ,..6 .6. negaerey b eesp g crep s - sanrshsnn e nntany
g srihe x\Ua © 3 frovtf vevf wv “3 drat fr 0 hew rfeesd e R IR I
sheeonpees U5 s Y SRR 4 EEST BEAN FREET IR R [SEd b ad b5 o1 pheal s3 04t Fokel L
H B EERYPO N A srifichpibiinniehy
htare e M T MY ST TR arwwhe wxf vaglosso)-bosfrerster
FEPTS SURES KRS ENFEY SRR RN S SUORY CEDNE IS NCEFS IS0 IO oI IRl IY e beaat Bt 130 101 %L
SN : 0 R FEE Rt e B B I e 1
PETTY EREXS SELSE RNt RN ST RN IR LR LY T T ITELS Y ralasseiyvesfessctoqpitotesfiveasis
REE RIS PAESE EONRY IRUN EOSd : B I T 2233 20408 100y §4004 F& 1134
i HSY T i e RN e R R R
. xe< IR s 12 MRS 2 - . « - eoflorrobrosetrecsfvony iy l f» I
#ae o 23 FETNE TN D . %8 e I crpriel iy it S5 44 28
0.5 . g oo it i i E ! s
Y ESR e ER il O RS EOES] IS BYER b B e R H Ei e e ted b T
40t | I i KA Lo P ot paged HAREased ¢
3 L I I - [ B0 TR B SR e FEHY e il
: . R e e pasti e e ftai e
rSYes I3 E M e iy . B - ry  ye Crd] el
e G o : Hesitisnl ks
i A H i i iR
HEI Y -~ 1. N iy
»r - ‘- 4: N - a2 . - lr—?: :’:‘ ‘r
T e Z 0447 iHashn
L ZoE R R
e O T N aolanfn
S : . . it R
S R 4. : e ]
: & 0 : . B i
-
et P ] TSt RS BT LT TS FER T L £
G O ISR S SN R st e
ZEO .0 0 PITCHING MOMENT, C, 3
s 3
32 LT . i . ICTROVCTPIRETUIVR TRUI b S
xe] L% Batet bt et FOR Fe by bt BT ITE S LB b
b 5. t:;:iimlmr.!m:lrztdm:lwxh*; tHh
Qg & 1 NORMAL FORCE [
RH - it ! N:“ b
fh 3 ST ettt B
L8R 3 —<-l . Restiestiarnd sty tensiiotsqfeeitss
eeroly . Fadts 130t Feereta sl PRSI BEIRY ¥
S (U et f W e R HE
L2 Z 'O 13254 ponce hedad folind Maue 4 b e s
v vt -_— P I e I I L I I Fn ey ey
preeal, f Subg e irofepdsdrere ) rrpyfosesfig )4
AR % 6 B s i sl i gl piii e it
el & N Toewfirbyhegmy R broofeietfonda fobtd]yei
nnLpLoya e jdad br3bd odod b2 bo gty L HH
¢ o ISLSS 18804 puiag paded Jodad bused bostd sooud bs
AR h Bepecengen I R LT Iy 1oy tened pawyy -+ 13y
S I N O et Bt Tat IOy Bt EEsed Eered PR A Ae
i . St Hiogt e e et st Fpnasaaat 421
15284 IDENE IR DY e SIS S I TR ST I SRR I
IOCHE IR LN I i FRH FE N IR T R
0.1 x:r;::::::x:::;’::ti:”:z: it
I L IO e BN B ERbt T e TR s st o
N bodoy wnigs jravy fesy
o LT e & = el
3454 M . B patts dds ety faid
1+ y&iebdrerfode
arerfa Ry g g 4
: Lo ft:i .tz% it .E.
— jagay i adiveng husd
v T v s vetisrel ot
TS ~-~ : :' .-:_ .——-T‘ -4 4941 4
IR Jatt Hidat MG 1. sty
Targereefore * I ye e
Py S Rt 2y . . 8 . P34 pEgiene L
TR H S i : 3| RH i
T 1= ey
T ISR 0 8 ACK, DEGREES iR
* 7 . popad E ,‘ 4 $5e1
I rInninan o ie §e I XK sriply bretlies
B BT A : T - : RIS
3 R A . NEE i :*ii:f 317
TET reTeage - - g Beyey toevy traze yay;
IS IR T ¢ 7 Rt Ay N . . ' . . 94 $3994 tug e
-0.1 i st 3 e sy
iS4 EEH HIN N K I B I IR N L et por st pesed KTRA] F RS

FIG. 10 NORMAL FORCE AND PITCHING MOMENT COEFFICIENTS VERSUS ANGLE OF ATTACK AT

A MACH NUMBER OF 0.79 FOR THE BASIC CONFIGURATION

2w

g

s,

Ot




e

Al

NOLTR 71-95

O N LR T R R TR T L AR AP

4
¥
$
- 3
i
H
[an TETI ISl LY 23 ened boedd baand hosbd Paoed Inal bosad Yetud pownd buatd Fonod sebes padad husey repegesyerey
g bestibithygry lacd e84 ss el i Bea nd Feetd R et feoet R Rt BB Loy hansd pasdq Mroth REct] boasd bEoqs botsd sus i
s .y - - e v e
1 f"“’ L st Pt el Pas e tea e Iet | ErEe] Paae] Faee) Farud S0 Kot Frocd I3ird Eae keoad POgc! b3eatacet 52 g
= 113 y e s Sued ppoag beus pE2s fuss
Aaithnion e Eniineing e i i s b [ i s me i s e g En f
bcfrosoforedfoieifrrne rbfrirrbipor avty frbsoforietes -
3 1 T Joved badeq bidas baged hadg) 7 (o002 baoal bagad bhasd fanseiided beost jonad fiudqbeset tas 3
3 Tileiaity 1eve e = e Fontd . e
: slagtinnitn :ig Jaadpates paasd pORS] rovnt partt et nr ] Pt ton] [Rasq Rhd Bosed Bousd e Baanp sttt attitas 3
3
e STl LTI LT q
teencsbocid barat trirdbosel funsd funed fessdfrzal b ped phded fonad pensd Fabhy ovid IRAH [atal Fraed patos pet iy fEa1
paiaiizads s ET i e e e an s R RS R R s e e na s e :
by - - - - Bl e el
i 3333 {331 Eeans Eeals ix;: boved fedig how A pouet HESTianing sast beted parat beety L’ e fusd ;
T il ienad eas] i faa T paa e PR e T Root i g1 1oial beent fatet [Rut] Sonkd pirad fos el ottt bostd tatl
L - . sty abeyeefodyale e e I I R N I I T e e I ¥
3 3 UE; saifreiipdan] b rn‘uf .7‘5 Rt eort st coayy sa7 /] ketss poees Eostdpose ETres poosd sPSE otad Easd facted fod] i
Hig 7 pafitasgpaisfbaoad fuonshiiig fhbag jaas R ged pabod boud peged JAAAL hparidt Fid : ot ol h
pasiis - povee
- 4 ey - — poes -y -
Er e 1 e Fa 2 P Pt ] Enved it HIOR] H A ESed 1 o P bt Ry Iy et ] et SRS EEE R et o 3
i ‘] 1083 55354 bund paded $3ont bopey ¥ JSAeS pIUSY SpEud Loand bhomd prind poss rofnd fopid fus -
H ~.Z B : : ;
Posaye e v yow o PRIVE ey PRy papieg s £
::EEZ YR fsed bend Exe] [oaa Fiaad Feasd Kos) ied (oo o723 Pated Footd Feasd Kb e FRead Doty oy ESEt Pl Fradd B !
B223 e ey s i) k2228 R3524 Rangd Rass] 22304 datny Fony et Aot pOSS pon o5 Eomma e pived brets phaet paMd
sosaid
:::E_q:-l"-'l- u—- ;T;;;_; o4 ”\" 924 a2 “’t't:‘ rretiefy i ) Baad buyes Lsogd bousd pasgyiiis] Fiavd buuss Lia b ased baradd i‘{’: 7
RO e ns S8 Vi e st ase] o) ¥ 3
by 44 w it haad andhas 2k L oant s
e - jad
»«EE:jnu_ w -0’3 S oasl faed thees boaed Cosed seve i Sol 571 Foson ston: it § oe 7 mrt £
asensd paa st Hnawd Anaad 28 esy dul I Pt 5904 punad ynuas baout be o]t vt
B O L rfe e e R o s fereestops s et e o
sy ¥e) () 3 pesid puads biasd i :‘LI’ r3as {basadsagat pebed bnyaabaing [pastoray bedet bantapaved sI0] E0ed uasl a1
a o 333 ey oy Jo8 S4B 133117 bt b3 el
O & R AR R NORMAL FORCE, C,, 3
e ae b . —————
Roes s Z unq ban] EobAd Faknq ERORT Lol s sdparnd Eny besasfase; ! N 3 113
kW S pusid bonad feond Ene 184 143 i rensapessd pddacd
T s e .
O ¢ etdsaaddaonsaennd fas’ty fates bu: setasattsssitongspasayfariy ++ . 108 oo
asesd > dsa 2
Hitor E saat dasad fuged huaid ooy b he assgpasad pendd Flaes 1y resq puany edad hapag raowd potad REIRSRT
Hr - S=d poa R At nealkseans sav Hih jand sanas bul Jeng Boncg bante sosad sRacs bt
<....L<.4>O 0 2 sens it £ + S + § 1+t —+ +
SEE
et E 2VeL LT uninmrinntnt i ins 11t 1ot itet ferreiy ottt trentey ettt itiress -fepe
s ywa uit Suutd badng pot 1y o phand funuginnag punnd b0 honet shud fhuss 18T 88 8oy
<$ii3 + ity +{+4 8=+ 04 J 4 08a BhoRe 3 ‘t"""YYY\'y GA3 hossdpunes poud
mni O paesagsadl beaa]badt- 45/ a1 pensd s i gaads! t : 7
Facasd
ppowe rw y-b rory 0 + oyt je + pows e ¥ 4
WES 7 Hiasininsialan s eo e e e e e e e e e ey
pas :‘fx fongie 2828500 $2208 35501 Sivtg P 41 F] fosug phuad fongd buvag sbee I Ruus baesl Poutn ad v pess
Banded
a0u e 49 srfrisritierrs Fovond puand sonst buad '] paws 01 Sitpard b jaans sead
HEO § 3 SRt e o (] e md i) et kel B e Koeka et st et o] e EEER ST EXe B
Eesed pe } Pl ot §I8 a1 3 SREL & " Z 54 Ao 0g
pas: "Z - 4 3 ] [TELs
HI T - = Frfitst f44 S f e bi |t =t £ g + [ nd bites fasasllas: oesiieey
sadsy — 23 A‘ ; Z'H-% pusad rhangiiond taml badlid ooty benat boaad PiEad Midl a8 rritiriiied
o, .0 l .4 33 T jany be funol pases bunad i dacod banad puas] peved booat hanussdes T 3
=
‘ol 11 »r ;-!trw - vf prae (B Y Eouid Fosal rusad Foams bEnay baetd baaes fasas fReas fescy BT .»:i, = i
e dybridys ¥ 3 phsng knasd fased uad At *+~' >
861 FSE 008 Wiy hosed bs k5§ be ppasd & Basi) Futhal fonend by t Foug heas red Suny
P pa {- + o .- — Sl
faast fa3taiffes agi [aoed savay Saazt busd] basne Cebuy fupws $34uq hukd begnd Foned Pynas boosd Eaous buasd beasy bousd sead
esgnrsisg bavad boony posns punel Lotnd poaed paond fuans koans neied RAuad uded pekes oo s Augtoes
' 4 g pe PrewYy +
1 194 §4 SR NS4 BRPUA SN
pASSy SHAIY PAENS Saoul —r +
paan: g et fosad bad e bacas panay sand
ya T
s Sanc] uowd benae somad [nend pasblsncas son
ot o] fooud Sasad it Fubad fonad huand snend suns puan
3 Y, haes s g Ay foweg buned Raand funng be ks *
-4 SRRl 2R SR R R
+ (345 ih; JeEd p3nas puetd pass e
1 = 1+ + PUsas paaus hAuTY By Seatine e
: ANGLE OF ATTACK, DEGREES | i i o e s o
'y remes 7 — ey pore
FEEHER RS s R e s e e e e e
8o baray ey el e ot buan fanet ooty e B ] e 12 e Y £o o] Fe Bda LLELs bansg Buss Fand FRpas Reced postd Eoss
+ 1
+ 44 )e " e FPuwY B O iy e = [= o rt
i R pee s e e Ry RaRed poend Poaey Fuehs fuand Fuked egvd nned pra] kAbad bocsd Brbal fRisd Eywas sosut foag boEdy ERO
10 2. 0. 14858 eSSy taa] Feseatanag ) oot Pansd fauudlabed rabed bEon] rron] benas hastq pus jound Fesed puvyd banal
t =Y -4 " :
e o § 9pdon § ooiee ol DS BN ARt ) hot 33 badsd Le ooy Pawes Faaog pReoy o
e e e TR S T Paa [uhd peea) Laed [rent [oi=] ERRN] Faak] [Euea FERE] I3oey Bonad RECE: Bachd FonY bocc: Bzod txaai fEael

. FIG, 11 NORMAL FORCE AND PITCHING MOMENT COEFFICIENTS VERSUS ANGLE OFf ATTACK AT
A MACH NUMBER OF 0.90 FOR THE BASIC CONFIGURATION




NOLTR 7195

e . P

[0
- . 333 idd il 1 o1l 3 — St FREBNE SN
- i3444 diw b pidd Fadon TO8 DY SN LY FPE PEUNT FLUEC PUTEY 44 dined it 134 0 ¥ I Tt _H
< o & —t 3. - —t tHuH PuNY i —tte 4 rRd S SR N St T
o) E 1 s poas 2es
o) T pod (] e 1% ATNEN bornd Faena 51 Aoed s omag pua 158 81 <
ry > Ttz s —— 13t iy PP ra 00y 304 b #wod 3 burs s s
T Py peuid $o7oy b IR = TR + kg B3radsncd]sustitored manus be: T
o= ~ STt - =i Zaeds = sweriass vy = O
o 3 b B3 S e vt i 20 re0d suw e i Tt e »Lm" pots sasay 3
oo piney S Bt ok pd vard o= yos re e i
be b jod I . > + e ot § St 3 Fuy Teisl. L
- - berdfroesd SIS hesapatd ppudy ...wt fes T3] g o ftoer errfes ) ey b w
J4 SRS piay 24 PR asq Puyewy i pas a3y ve ol ot 4 LS 2edy
u‘wHWHNe'!T- rv'h,ygozxt&.qbﬁ R BEaehr £ - chod i G
=} ry ey posryswrey prrya el @ Qe pod-vA e e bret La e Le ey by hoee s Z
jong bpbed ot Luﬂnil»ﬂm..,.vH»s 11\1M Vnu % Faead soet T3 T 1EL22Y souts bacoa e et
jrod St bontd fndod foooy poldn Jovd pucsa 9 .».mO jont guedd faseg fonulntesyfasl poned sada] Feoon saues we <
e FE s FeTt] ey Foosd SRt Rt O =HEY%- gl fo=] JE3%] EE3s] Foo sl posky FEsay Yozt : s v
122 Saoad fovad : ot E +H =+ : = ;
oo iest peotl iged Mg > nin-d 13 i peety] paseq beang tvpy siwnd bresd sags; =R D
(oo [oat Bsed et My PR Pt fusaa b t.d...ﬁ.A Er) ey 53] % 133 Feats Feied feel reg e Lopus prevy Mo.H vy
powed bonsd Fwb § b - Pk v by paned ot 1 : st o - o
s PO SRR Sagird hduy Roady po- iufM by S g 3 3 s e 1L .4 e S 4
f3d Rosag Praey poted PRl heteiTrnnd foted bo ju e L3 g3 beges jogeigess) 2wy EN .
Foet BBt Eovty Ee i Bee! POt et ey O o] A R B E R R P s b Sy >
vind pishal $5584 LoudV fals 9 Taesls be ot 2 3 I s bosd
nlpmpasoast e hnlanitge 50 B asdseie: 1 it 52
Fhed Fous JES i Eongl SECOE SOL3Y W1ESS 2 pame I“N ety [aumd kohas bunpos FAohg pua gy T,
el B P Dy T DI Lt 'Jh R =3 Sovd feaua sl e ¥ Fire Tyt | ol
Fsed coetl s ooty Tl CEaud Fesud Eeutt 130 oy b i MW ] o PR o prv s Eanaq seoty pasuasvend bL: 2 e] PStEy Rraat pams: T ZE
jopd o248 paoi Pt Jpgad PEadl hat 3 pemes snua joaus poaud funey poags Exest o~ w
=3 Ty sy 2oy P ¥ —
[S42 TETE Swwsd pirpeg pueay puawy Pogy Fir p . e wwwey e
e S By bR TOCES FoSrs oSN pabas b 1 Saney poung buasd o pyasy puwey g ub.mpruwtott ba [onsd pons CU
jiwd hald joegl Ropad pupse PR et peted faped pby sou owyi bawwd ke ot prutd sepind jutnd spnsy pased faiyd Suen SIS o
e LR R L e LT e ey ey 1 + - . Pavnd panenli Ll benes saned bo N T Ny, 4
PG hiwpdny bapall bl 36 EaTee Lov: vaﬂvau%“ has P34 s paud phouy Fird ] Eoemy pEose eosal : s
58 p-Aad Sig boTug Loodly umad Sauis + ey b b3 =y Legu
joog o it yhaed bl vt g il Raaq foqed hou [e2ad pooud prane g poroey 3 I Y] T ow =
ool BB T e R TN Ea IS T e r e bt b ol e e e s e a2 T > = O ;
fozd Eea It Ot et ponay KL b aa bouty Fa8v B2 50] pomad EE o 82321 FE2a] bend recod bicta paked naacF LA £aoet foess oo S A O
j 634 g biodn IR SOl PRI NERT M2 2S 1R 0ss pivnd puned pumun puned bidid Foayy pgnsf busiy pe jamne I
LT3 $oLoy Sr g e vpees prens gon o povn roq v > [ iy Eey Eoey mers o) [©]
pied BRI L L e O ey S Eouad fotes Erqed fusd Eucad Bepeqsutud CUSut ook Joota Losse abal FREet Lessata gy Foce L
PN Lot Eo v Lav g o ahy Ntk puwlh P S phuat ho peshd poe puna 3 l» ot puing und N. )
srpeabretaoon ety Il 2o ad Feaa] Keond bacey pywe] Febed Frast [oatd Pouad RXNANpyd Eooey Eoel FRe g T B
pa pas gl Suadg hay >4 Pe i . 84 hannd gnont fe 3 Py I8 frioiny PR A4 puvud paiud s M
E4 Sa3od (200 pro ol ESd BAR: 17 18 FESad 1S 1 fesed bisss bass) fonsd tasty presy procy baged Fyasy pouty puoed pociify B2 FEoed IS0 yios <
oy A e T - . — POS BRI S DG GU g Se) by Py O fos)
poihg ot bovad ool buand badty 2134 hyuy Jneed foH 24 Prsas s ned fured P petyfyess Buied Focad Fueed torad ESTRr: (bt boved kooey RS
pe 24 hadad bandll puaqy bud js gbwag i buirng puaye fuas rand bognd konay b wed Lusy SahL gt EoTes parsy Pevy
[oq) ootd roget porig sogwl heal PO RR2STREST ) RITELN 1T AR IR NT bunsS PuAte ot Aiceg padvy Provy buvey buaus feso] s seead feevy pes i) T
pees] porwy [y peeny vanay pwras puges powen) e sy o gwes I
St Ee et BEeal EEE N oy EONE FEaa FaRy Eov £t Yaead oo Causy Povny Eousd poey ] S e T s oy ot
pe b b9 Cdery s g ianter. Pt oYy ronts hhginy Phauy gt Sorsd o b SORES Savas ke
el Pobol SEOIN v phoqy METER [IE 0] BR324 povay Snana s Sans SEd $ry of FUneS brvned FPass enung Rud o Byl Subad Sover pd pond puaid by od
o bartd $500) betadt baballl EFIN RESE PRSI ERLE bR ods vaved boa b taged L]«  SE Pand bbead ewugs Fusay Kl Fragl Baaed andy o oSS g § aod 4
- Pt e - - e 4 - R =t - - * + b T O 1 Py
jod S ibed pOpae Mpguil Fepdnt NS borett MO0 4 bau ey B aud bodu b, roon. $1iGg phad > e IS Powint P vt oo
bt hoops Soo gl Fubag phbunt b4-bund oo Pl et £t o4 pound péund padn, bpdsdy tqid pondy Sagid hodal el Poddy pedn R ot 220N LS
e I S LI R I L Tl e T Lo et s 19 Py puguig rogmt pwngey rawey nnxr_.._H T ey
R Fs30 1 Fopts 0Co e P ERENN AR o osd FRact Foac] Ean) Faded Fodey Oud | & SN Fitag Fobt Eosch Exaut FARES FOrTs baw Ed F2oas Loce] Lol © QU
Ml boogl o . T el paoue be Ehg $A383 Sosby b KBy o S04 Sunind gy by o z =
PSR SS SR Sugiy bodag Siges My [ SRR R PPN 04 0Sd POnEE Poun] ROSeR prbe | SERL S TSNS PR Oug S Pt SIS POr ] G Paoug posie | and 0”
- - — —e A f o ——— Rt P
R I L I R Do ST 00 IR ST T Y Y v TY pown yumiry Sl pwwird P, i | Foans bavet Phaed Fal [on N JR Sy -
33 POt oS boned PICR) $EE0T Lovdl Podon OMA..ﬂ Hno [aed PIRIE Lo Eoaed bomas hubm 14 el Pt LI Lo e N» e casdl hae] o
PE3S pe 20t Ju il bovad SRR Po3a4 S0y $S0Y by a3l z B4 honded Soghe oo ves if ponal bundd v il bavy 33 PEouy Sacwl kned
pags braasetet boagd phadl iyt ad PRRTR peod 1o3n1 L2008 batrd [ouil beved powod IRovd BARN [0 ) rr 1 Lo Sevay fxbul fav oy =il o ‘
I3 Freee pamey 1 PpTy prows eyva, SR T Tt [es D Popre pemy ou s L.
ST ETIeI CEoot Res SR DOr X aNE Lot PO IR FEo ks J3aaR TRood Faol TRlod BONIR FEE o Brond sX320 Fades ioul Foutd gty mufw SEelE e Z o)
P - Rl EINEN SSEUS § 4 PR $44 JOR 2221 CLURE $O5 5 pugiil gt £:54 publ Bo agh s pupgg béna ~ 8 hhony Gl
34 SRl FAES HETdy EECes 1ol Foogs Futed FOCUR Teop] ot Eoned Eos Jovsd ool {hved EAAM Hioyt CXEP) oot Eaons basay eosil ot JE LT .
ps - P24 Fe o)) Doty peag pyvs o
cpreridesarporsnfiocalynorbe +ofbpbrdrornliioc gawwihry -t |3 Fosny poeod nka Potald Fusen NS (354 FLhed a2 Ik Dasdl Eavdl
e ot B e SO Ey e rrs FRTR (Eec] (o) PN DEORd [ecd Foosd MO 200k [oaaa || o VEse] [Eed FR2T) FOgss EEuss Ficuuengry
LIt At il band ol 1221 PN i [ Ed Lot baaad batnd aetid Dhid haid il bt baiied i DS By L eeos Eaatl satad ax o A v B
TP ALt ST ad Lot o RSt poaoy REwTy r oy ot paar o b g bat I3 ETRY pirahe porry (oot Fonad fese oy o Sl -ty O M
B Rt e et R ES L IR S EEbed ot YA e ftet (3oed totla Russ bad kuass pes Lt ohs S2ous Exadl 22 [ Ay Souy tooay b aiNGM
SoestymEniadisisdl enitiiocjneil s 3 (e pond fhat Pe e YU IPRICTE {a0 et povet pousy fise; EN e e p .
bed - +. s & . R -
Pt et erret rever errios by tooes prgos prel e bires prows soeg swel e Bucy swuve poers e Sdes ey FEes TT = el
FSR7 Babd Sorsd Euset bepad MuIRS R oly FA R EREOTha bit 2001 banus bantll FRusd REckd boe ok beohl prats rorsd frotd Prons feevd sooai i et INed
gt pa - PeRes [ures Sutdh b 84 03¢ $ 08 S] pbuid fu-tbg Ju -
333 pao2d teoh] preng Se oY) $ - T
e e ~ T <
Tarleesetrenifonestenas oW o Slld Bt ey See Ies
ETEREDEEEEE D CINIIDII430D LNIWOW ONIH Id 3 S e e R aR s e ]
b 4 LR Saakd 0'.2 P atd et renet taad “ A—
P teteasrfearviruesfe ».‘ ot bd Sonve Faned Fbel P p3
e I e R e U ._.meu_mn_wOU Y0 TYWION ¢ jesTi ety L SAgd rosed pessytaces bocd
- 3 o3 :
f3ed poapssesyy pud Jorvy v Jrowspeesey veryeest fioes foots J LIRS o (3 THET )3 o Z
233 Sorr3 bost] San3 PAees poeed Py 0#0. ot Nho.u ?!Hﬁ:ﬂhu feass broad Hnn¢mvto¢ AHMA ﬂ.ﬂ.ﬂu Pevel bhoe] —QM fosss ozes saesy N«O A
] $osas 4 b4 by ased Miscd
bodd beaed fod 4 Pesed rond Fooey [R24] Pl $ATSS by 2oS WL pooad péadid R R e e R LS o) e S es boncs Do o~
—
.
—_
(338
.
Y sy S 2 g et N Ao e s S B P R NN -~ — :
R iy y SRR AR MRl ARk Bomarsia- bl OURL Rl 0 B A R N - v . . . - e e
i R ikt ¥ IR ’ FT? R T e TR AL A e g o it Lo e o S g 2 g




[Nand pusel ponsy

- <
Exd R g L -+ b d o d g voee o
IRtas brred Covad Josod Fooed Fosod Losdl baued bosbd kosid iaed faset poosa Socdd f2ast B M ol
. m} o joges $8 544 pabdd baney §Eoaq Rro ] POSRE POpag SRR Rty | pd
T 7Y ET=us povey rrevy peves peasy FETYY Petrs posws pepey prwny e <
e njnnian 3543 b3 Y et Faas braea bt fass feead boss
- P2 Qrbdy pESUR pbty SOody PERSY paS S S B4 4 1 Jae by o foe J4ays ooy u
> ~ ok 2 ot diredowivdorivifeooiforintioes Pl batad cadd
3 Sindiees I dboy exory prees Suvey Paeg Fetey ooy poves pEAT: oiaehs O
- v=gs Q e331 SE02] SRR S boaod bustd Kaved [2eed b3 1 faasd pbd =
: =1 peaEssdd brdnd bos : Sord PR
rZ =i [0 pawe § poidd poad s Sooy paaes Faba S84 [24ed poSeg baes wi
TW TR s Shrolealenlemire e el e ke o
< D LTS Y S 20 Sl botd =~ POEGS PRPAS PO§ 04 P eSs P S 0g S0
H M rag M 108 $E 004 buass bobdd botod pansd poag S5 4N Faoed poess ttat Ros G
MO Shniiesen juged taaig peave re ot 2o posed S ¥Ng poy
n 13 < ITTTI Tl I bt TR N el
'Q Th« T FEEs] ) P e E Fee P s hEhy 2
: ias & Sasl bersdtuasd bount bodad 3354 It EeS 3 £
I SO B SA rossd pesad ppoed Eenni et h] peodq fidad PRip: sujnefitgs <«
==t
T roy +8 tillires yrevs rusee ppsey bores pReTy evea yr=re pevE T73 SxTra revey ppe
%G bl m - yourm puaeg 2% |nm b33 34 = jees N«.. prdd pedag bodad pdnd w
: t 21 SSaid poand $4214 e i s £E223 conbl beas 5968 Feags f23
S Hff o BiERbEE R 3 a2 \
- ot be-w - I3 % 2 - - . - -~ - p s fmad ¢
14 ThHE b2 EEed peoqd et EEEH ERS Y RTINS TN OO §E o e
by s $353 frads bess fe ot L1oET ot RE I whink
T e pid puagd fouug bodal betsd bresd focel SRo0E FRdhe Aaefrerafeis w i
TOU T [ liron pouye prpgs pavey paiey powres prasy FYpeg Frew T e e ecfrer > .
8 pal 5 Lag DO 30 0D PODAR KOS S pa DA M Vo POg SRR R4 1
F el oY o4 bl buatd lowed bodld kradd e iy LN RS PE4 41 b B 2RI pasd wv ,
— PUg DGR puded PEDAE Il G A gy Ratey B P T PRy Bag —_—
To. SR Z SEransemnnn i ienaian FRr S trree pon = ;
- pea &4 Ffesi-friacfoemilivoviocinfoieifovai e orn prwcnBuna N
- e 4 .t - e § g f b 0?.»4 -y ke O.or R "% ’
Eel X) B D Y R e R Nl Rt + e §od 4 - e ducs e [TT] ,q
T Feon peat puwyy por FTeTs frres praee e T =
[EE3) Eesd ERabd $LERR futoy BRond Revud B2 0] [E00] Boetl co0ed bov [353 FASE PN O 2 |
3 3258 S232d £5a 28 804 FEadl cBOE: I AT LESHE Lii P
foea] [oAE] oehy pokad ppets focay teoct Piavypee by khont byl Lyt denpngnals ¥ 1
o >3 poory TTen T wn i Ty
peettkyangpast [S228 o pag sows hptng buged 1 129 oM w o
fRoed bagnd pavey yitrfovssfrorsforrsfivt  froeetpencavis p {15 B Rueoiip iy 8
w Corvef ot tofovielosveliiocforesfooocotmifivi Jlivefrot  focie + I [TV L 23 svafe w N ~——
el T ST ISl R CET N S S Yy rerey you
o e e eR e b R P e mnkn . 009 A
HWYW e LWH& puSss paet 9 4 o pe fates §d vk fobec . e fe
1 hid BO008 PO ud Yot B 4 t) §oass s g bud il buash pady iy ERe eed N [ Q
< - Foona prouy heyy) peses prrey pared feued neeny pewgs Frway tregy PoT Fryas v - J
~ joasd poussy badls panag oy paved hiwdl banid POl b ot POl SUY P —
f - OGNS MES S SESOS ML DY A S-SR $og 1 onr Fuer Jiu C
o E 2524 Fracd coosd tonsd boasd Saned rese fages busnd boac] keeey prol by Zz O
- P32l FEst 130l Fo ooy suceq oaud ool breod bosd based bases auhefesineias mrfsrlin wwv
- [DAE PSSR POLAR DS 0oy 40.“& PEEes b4 Sty 1 - [RgS bupad e e e Ll S P et hos g grer e A
re- Joreilose fibrcfonitfor an posgl binsy pangs pabby pobay [poY poa .o St fuee fuex
o EoY Eo Co sl ET TRl SErey o] ot Fem aor R fea ] Foget Eoa e P Tad SEotd Faned fre=d FRend [eaed Fovad Ete hEEln Q
N g pepa SOl yoeE L% ] Fes R et s b st fiorefeogrledinfove ona fevds foeeh oot bocd us
pad rorbol bo ol Sanay Qaﬂ)w Ceeatade i ¥ [ g SO PR D4 ) e - T
IS ey ST el e PR ot Iy e FEE o o B e pet o el Rt o ed Prewd ool Lon st Kote] fyoey beel Foed -
[teg bastditen owﬂ.. PSR Pragd EFdu adand Jauad obe 4 g agt g po ond o bea il bu pol jhairh pogel Soed G
bod beanad Esoel pégatpinof bubig ba g pooch b TN B e T e LA S onny RO ous hauet Rt ad jobus NR
" potaay pary o pabuy Y S0 v & P Sy Py —— iy
b ey Bl e ERea bR pa ) Ferag ena bt it 12 > o1 Feao) fesey FETRT ERLC) Eeol RS feasy Iz b3 O
R=g poesd s poess [o3 33 PRnod berad Feliy Xiand savd b0y fdud Stand pewal benad £44 basad tasag buld
pidl boaot bossd fonad fugag bonch pnpal Satag  Aded fha e v.lul.oc dyﬂx bawian) boa i ponpg Enudg butad § 56l phvad Fotgl poed T w |
Sy FYTog rEred pred prves pui by pwany teeeg reey £o > ey permey ey gy peee t=T= O
TR R e ra e e e ST RS R B e e sEETER 28
pad $o0of tatull baded brogh Frouk puapd pootg poanl podud gutesd jorin babyy gl 5, W Foseg poogy ROty toteg PR30 Perol fongy pom =Q
Tias o issiarianisr srinnisnpaieries pere) sSal LY et BEoad Freel peesd il % —
e - el badd - - - Lod Dt Y K e e . - § e § ot s - §beoe f 4w
pog E3Tes fa sl Bosrd poerd Fady bePil rroch tistd heastcared bunnd Fpusy futed bandy y iiudl o N Tooag poau Rodey gaabg snoud peclN o WTH
r 1
Proy froeud eveng precy peees T Frw pumey vy pevey pr== o= i
Bl Roasd Fovil Puail Fo sl Fven fodull bradd potus fad o §os gl pouel frend ppoag foong bos e v il el be o Z O
=1 = [Eoey i) P B T
s o be foto-fo b fiwpe fi g foeidfeven o84 Faags R g g P St o ons bt Cantl bu ke . e
jpdss pAper puadl) 3o ponal pusy poLag hodng padds jadig pumvad St fooud bbvad T s < o i
e e = [rrmg cumant pruag ressy pron perwd peons s pors
o ER SR ECTe] e EEo ooty Fooad foed FRasd Fesh snond ool oot Fodal boend Eotegsavas fReni ooy, e oty w W
Heoitn i joand Poka T = Srs @ .
oad fovan feund pashy ponid gasvd prosd bo) ol Bensd punsd foxed foged puiauy fiodg puded su) £ (U]
: Trpears ees & =
HYSRsottyoat bubagped . Juand botnt ....!m»o)r [e3e sud M suey Vb dng hoe PR v puswerd pa nad g ne — )
S g ™ SHEn R Sy nnEan . fis . s o ®)
® eied B3 peoiy puy pats pavey L39S BoN i et oo g b odne ok N
o = = TEsr © =T = (=] T T [
P o3 Soseg Sosag Sod) 3 P s x THESHS shels 1 B
Sinristiza_, : : E <
e T E
=i O (INIIDIHII0D INIWOW ONIHDLM B3 T Q
3 l‘.H.O. (3 % < e - T -+
P 3 NS N 3 T T A
4 3 i L oZ
s 3 ) YWION I 2Tt [ToTaryass seess son : o=
- -y 3 < TIeT S S B
pros be 3 ¥ PR e 15 1 38~ e T fee. N
+ forrettort 7 <<
shd bRysdendas b1 reet kg hennd i 10 hanud Aongy Bay I yot 8 | e 3 3 3T
—— f by .- - 1 "o 1) PRSER POADE powd y il + . . -t —be
e S T aatarad iaald tant raned ¥ . o
—
.
o




E re e o e s e,

NOLTR 71-95

. .
PR “
» *
- L N
%]
3 T
ok : §gped f dad Hidet izt =
VR H 1 t HREERR T <«
FTTEUCYPRETY & faanlbyne s sovnd et 1 i T [ o 1
I . $ 4 1 g ¥ 15 +1 ot T o4 .
4 g4 fAER A br o b 0§ A as hrbiidd bt rapsasalecsiiteadfadnitaiadfisnlly 3 + ! 1T 4 + serssangract]fhcaprondondsals
o i s — 022 + 143 s 44
b ny bespeshasd foces bas et bonse i avy sEbty - e % ] 5% bee oy bas il o
[aneyq peeye : Tl vy pote ¢ e 3 Q) s3sasypren tvef 1t %4 be s 44 by eahas 53 e ird e
o 3 I: - ye i v < 4434 - — —e > T 131337 4t .
{eststea] poand fRsibusnd fastiuvamh fu3 £ X sz2st e = Z e i T giesdeasaaseindreaalieistiese s
"+ po] 14 204 w8 be /g vy f W T ﬁf £ 13353 + b utg han et
R |y S i HERIEEES BiEOT SR hE R s =k O
Sretfrerets 411 : (M,ﬂmm =t adye O R R s e
bopars B o boudt b ncrd broat b sil s 3 Doon e vy o foeds vlwﬂm & 4 hakad ponnd b
S R R e anfanbmfanine i~ oh st dnt e bl s e e Bt Sieah 2
v 1“2 I3 pepsipeneqtoded Ieay w,«mw mru mv UM 2113 (9) ety o HH R e e s e e w*uuw' 1 <
> e jA 24 3 . pad be re 3 L e ++ kud pus s . -2
»wmﬁ mu»»m +i .,w.n sy Tty 2 :'L e Fine nhmhg i Wm mmw ety b2 .m mw% Fossittecd punas poras £r 4 W\w
Ldaad $E253 5044 ey soritINE wﬁv ¢ W 4 §2ed B3is] pEodl FESMMTIE] EaSE ¢ - T [t b
RO N R e me 1 ww pefae jHRHEHES Lh.m peq g Tl [ i T wmm' Nmf oL ﬁm e T 2
Lot s ~ » hrog yw $. penhe } ¥
ket past i el b PRt pasct s oL T ey ﬁL.I_ Hing m»f. hapispst SHaH Hftn bt oy eead Seos iaak .
: syrsieiis Feed FEVRE TR Fedes . 2 §eesd g2 = oY peersd puarey mpmat Frrretlie el
e s e e (R e R s [ F S e e e s ) P ot e e >Z
- et 123 Feoas Sonsd fandd <4 palod ivfes wihnis rwn i ot SeisiEbs ol ptaas jadd s posad (S ERLY poany -
< aimbdpeifit ielis ey PR 1 hoved ¥ m n epod Brond babed susvs Pl 9w ou : Y puwey Frwwn T 1t w»v
[R5od F3eks PEESS o7e3) o) F2e3 B3z EY3e i S mﬂm EX1 00 l§m e ' SERSIEmRsianianies sHlEREmani 2 =
facag pSoge BN i ot peritiee O o= H Ess a3 o] I3TT M fg 15211 § o FE s hnss
baea b oaq LEvet Fvtd RO ey POeSE P 22d 6T, PR TR IS ?M = MEO o4 1828 e I R e e puses 1“4 i =z
badaid Sbdd ~ prsInTn by : - . 1 ba-§ Soed Ll b4 44 Hed= frr suey Soene
o IR BRI Bt Rt PR o 4 OR2s] Eotad 2 lom gurniiaiisiagbarsiysihiorissin iw
D et I I ed PNl L 2 P e tEsss Raab] sRE28 B fes e ;13 M vﬂu <+ : jon Faale lagpa bupsd bau: T HER =
o] FEES] AW T (0 b et s [ FE] FE R R [t Fat W £ Lot =1 o] A HEJEE| R S s S TR O 2
< TR R PRty 3R o0 Bt DSy PO 353 s e b439¢ foesl [£321 $owtt 0 0y Py nal B dsbifdpde i dii e o vy S u o Rav biwes fawidl ﬂu.ﬂr % Hylel 2 G
Tt RSt EOEN MO IOEEE T g s bt [PEa] §3831 sisrfices - prees e Es A bt LR (o o] pRaet faLd] FRoEY b eed FERS: et oongal w ¥
st UL L L & ] B e B e e e i ] e i R a T e i s e e et el = W ‘
Ry s o pory FHwEs pue prdrfeee 1 Peabe o boird » £ MM,( t Ao , M asd ba Ve pUu S puraet 1v'w «u janug M i
e ST RESY IS RN I T S R MRS et EINE ¢ Fivrd Feird [Rdat phand Bod ba - reinn b ienistin =h =z )
L ES EE T Dy roeed BN G FEEE FEN PO PEN) toue trve SRR R e s R s e e atian Il eg an Q0
H SLT T RTLG T . ™ [ FER Y SR e £ T : ud R facassal 4 b4 ol - rg gryes orews .
RT3 LR P RS Py o W ] ) T chek PR i 1o 3t o |2 5] e b e el e e EHER SR EEEEE © O
- o TN, . e ad res bl - 44 ) -+ 1 &y [ R ] 1 S
Lol reR FEced Fhbal O] Eidy it B B B s R e ummr& Peaed Haeq|2isq beeci eIt Eond FRte) Foeot |l JotRq b i e pEr o
LA r2e et IR hnay Vet sy e ey st sEeasetaite iy I T = s
FEEES REESE 153 DOESE SEEHN 3 3t a4 .UT : - /\1." 13351 k4! T e B e e e *&. wepes IS R34 S3val sAE ot H1 -
(A4 R4S SO0 IS BRI £5 %l b284 35 ) 4 it it [SNeS b et by DR 56 B hiray hadl =08 Folihs ST ol Sad irf 54 w oy
1281 Ebert 0 ek EANe 1 14 1Y S RN L e e e e S R E et ] et L RTOE ooy ot e =<
N I538 IR IS PR sredde ¥4 ki .4 83 et feia ity
O EE SO FE R ER IS R S8 S Rial TR8 51 13w DREH AR L RS ERSSY EEEed ERTEY ERSRT East E3EIN MaBRLN o f2 6au baund he=ed m -
E30Y EOOOE OSSO S0 L3 R AN TS Lo B 3 m,:. H» u/,,tu S Rl e P R et e SEffasstocH PEaakexby Ronst she bistt ikl Hlidy o] et pE T el m w
siadftee §.00 i A RE R IO 105 $ - "y 31344 jaged fauiy Jak: Fioeferias fits
o R IR R ¢ sl iu LT IUT: i S sighssgirppibsnng indad - SEIEEe] ESRt FEEEE SanaY el YLTT i T
T EE B IR R BT R i BTS2 Rasul hooad Rei pacag 1Y 2w 2310 S Tl (B3 FBaty FRoe AR R 1A»L baid ERSed BE1E B !
il PP ISR SN 14508 N PAR £12% FE e PREad Apety Pius ARt e I T ey fo ey SOt pIRGY Pkt o B HERn M..m it $4 Epand hiudl biull —
= TIN 0S3 Sig s SXind NN £ T LT I B LIS X jEastenea peeatrhest Foxvt foned Eanaq eospt fussa : MR O
i i S EETIN UM TOH1 EE3Ed EOped TSP RO IR N it B T R R i R R [ S ] in O R e et Ik s U R
I L L I 122 [ 1204 Antad SEVN, fSa ot SR AN bod il IO IREad BA54 54 EERES Eonat fTaa Sound roukd BT »%1.ﬁ..n [t nd $E 58 b8 bounf sha B 4
.1 L N $50 4 S0 N s i T > hd - g SSRERIE: - + Rl &b Y IF +TH e PR s O
i bR Y198 seaad haddil VORRS P ol $ L34 xS N SR EICH ESRET ECR I HH ek fas i wBl puuny sound punng Bab; hpatt fings o eid b iud basd b4 - =
Lot IR IS S - XS Y TRt el IR AN SRR R l,w e w*u% 4 r’.mﬂ,m padn-g 21 L peig] pangd foasnd haned pos Bl iy oY b [Tt 338 raved Fxdl S T u
- R £ PRI ISEOR TS LY T V0N fi-fan 333 - NAK_ it iSRS Ra ey SVI biaad Pl boell Pty IRral Ekad Eon sl wrr—al;, ponall by tall pomdlh b
: M FESRE LOvs Pt dd EARRS BRURE F<5 38 HH TS [S 85 g2+ * ot 3 oy RN S W Moy Se T3t buna g basdlh bawiy foud Pet T ST ohugg phude i 3= b O
b TN FLEER R SN AT ARl O+ cr feri fads R X Ee I EaReE L3R5 Rrona b4 SESHS 8 saual Lited SR 5 us bRt S BES by suntd 3 pae O
i O EEra ot ety Cott SO AL L L e it Ea St Fald S Kol i [ i i1 ESt] HE o Soe e e o eel el I T 2 R
SRR T B R et R hE e [ s LT T e i el e £ 8
g Fi CEVOR STl ELOUR AR EV 13363 YEN) 400 o1 EE O W bl i et foie] et HTR PR (g EE L e E e O =1 AT
. S R e R IS0 ol FEEE LB 23 P08 L2 It  Eatss batet Fotid Fhesq 0E o0t I25e2 e FTTEE LYS! LTk EE
RS SRR (35 Rl R 3R B35 He ?mn EESl ETRl AR KO TN [3E08 IPRAR e e n t R3shasyits Hr fRpabpad = o ke vl u.
tia . [oash PRREE ¢ * i . bR DR 2 nd py 1 T pog ey b £ — .
St T LA O S0 O 1 P m m s>y rerad tev P *mu He um : . e e 2235 Lar B £01 L=t Z 0O '
R I : B TN YT O ST ET ! : - O e :
N I O R S e et e fR e et e o e B R I HEPESHEIO HH-EE Loy < o
R DN PR IS e 30 D508 Bt Rl RSN FRT oY B2 R 98 Feaal EX S M ; i ~ g po 23 PR LS BEe ot it CENN SEDNE O
S TR AR I N e b St T e PO T T ET s 7:.»3: it o N s s e e e=e i H a%
RN BT LR N i m.n IR LN u.w .mN qRCIEC A T s St FEIE] FEES JEom FeEct Friad Fhis, SRE P R hit & =
! IRRE S0 I ‘ g oat i fes i} — + rORDY e fe i BOURS biba pd + PR Pg husug b S0y § S
LEad FRESE SeS I Fod ol Fo vy b2 o b4 PO wnt e T Rkt < fradefeie RS pided hos il Fid T ie S3 901 w;? 1 nig ot SRESY an et o A
LETEN SARMN SSA54 p1s S R TN IR I I REresaieeh m -1 1t g» w” tafi dingd e ww.%f PEE0S fynag bae -~ S g 1 O 2
- - b pertitaye e sl o8 tudd ool bus it butos it PN (RO RS baunt Ed - pREwg posay gy e S84 ety st o3y &2 .
FEEo A P L b g B by [ e P foes b R e g] AN Sofhnin ey e s ST En e SRR N o u- Z
(S04 14 Iube SARNN iS4 Suadd $44 01 = T ey e s mem uﬂ...(An. wm.gw i3y mw» 31 .nw mel »»Hn I e HbitTipty n.iOo pafpes +H; = fazas LR - -
e e S gnge Fean-fra TisTa3s v m& SR SRl 5ot e 4 5% S 4 = ron ga »ue sovey 4 - s bt
pad Bl boRY bl e IR Fei e Fa i s Bed 72 £E 0N 31 A Xt teasd Ecdd S S il i O T O I [REEs oY 1 3ep] bued F3ae » - 4
ritshoes i ied JEEE G T i GO T R RS T s L pess s Bu = 2] bhn o8 bRAES bex pY = (@)
LRI ek 1 [=rrretvard pewes sodl o) [ESS NS LT L P LS s a T e s on e PR tas IEYS S4Tn L purras ywwey nan
E HEE F A0l T BTH A i [7H I R AL S e N, DI4430D IDYOL WWWION Tl Sannien i il 2 AMH K
-9 - ad T 2 e wog bysel sipsiin +
[RE32 Sovis ts 1D AN . S EeEatpiiadisutysstat iy -t O
194 peydy 44 ] f4 e {820t §orded 4 ) boages § T i o o) TR T
GEaTa D “INIDI30D INIWOW ONIFDL | 2., ANAPDIHI0D 3DYO: I e R e R R
W u.n“ 9m 2 N H rErpote LT T bd [ EXEM TEET e EIbTY SEs g Fokal wm xxm Higet wmﬁu 44t wmx 4 qaag R3S 3 PRond yrode Enad H
SIS Tl (et fews Josiide .t Fvoen ¥ seErteay - friaaley s gsagdbal 3 W bt L 11 it i 53 1o - +
TN T e T e b e e B R T B B B E R B R e = =R En] | IRl nealesl <
bood Fhoge WPEIR FeU R 12333 SIS Fued fvand by [rsd $aged Faead Feadd B Ko 193] Rge + HleRnn it 2%, i noedbeshi 4 »Aﬁw niniil —
REEI PEIN POCIR TR Fa b Y 2301 1t fssys pavedfuetd T nn R e jestisdey SFEeaitebit, 4Egsnd PWssnchdfint puned fodl
23228 LI L2 08 SLEE $20 ST R FEs ey e P ey u»w 3 wﬁw H HHEHE S e i R e et 22! .
- “fter Xser foverle r..AM p854 b1 e aand bos ‘
e Lt Ry Fe sy I IRT] Foi k. w% S eedbass] w;« sl en i L (V]
t22ed RS Lrend (2uad 13508 t8 S0 e el Roged 2] i
.
AT T
s o R B A e e i ot i
. R P A A Lt LR S XY, =
5 A T O T (R DR LR N .m.l"s.. PR TR TR AR e Rt e - =




3
;
NOLTR 71-95 .
+f e + I
g+ (9% roul - o fsurd [ 0ad Ravud 9S4 bouad Fooht ponad puded pdoad bollie poutd 4
JERaTT! Iy T3 %01 f2 06 FUBY Rrats beced pused Rapet Sussl buda ] 13528 banet RREed LESH bo paes: i) 303
patsels 3] B 1313 i.:qq’ 5’3 2 g Jayipti Q—;‘? M} = 1 6}? i iett h?i 5951 bas il Kuaad bwees Pustd Prad eteticust $ostd Hodl f315)
e (2] FURU NS FERRY et IRvha F3ed FREed Pt FRISU TR oo Ty EEARY EREUY PRt ECST Fors FRRRY 52t Eovt FEES
. 4 by 1 - PRASg paghs
FHIERHER TR G R R R R R B s e it e epdd FSA 4 Fbad piby
k3 3ak bhasd ikl isd 0. 81 = Bl R LTI BT B B3] s e S BRI el :
8 3 o5t R VY s 382 e peted i
EEthd i best] 12320 FL A FEE 1 et (2208 HOE] ESe HiEe] ELats Erabdbases thEe1 0SS Epoti baang hett M i
. 129 Sy qUERTSTTITRIT H » + H . - :"“"'i!:"‘" v-:”’
Pt O g A0 I P e S 25 iRl R
! i ik OB EFE] E204] dubd bags rrerlanfie .
aats ,?1 L2214 1 t4 »74 [ (] s P v T ;" _ M e T e e ;ﬁ’;"?‘} :
T T PUSY Fhws Puety g I srty [59 Py i - - 4 .
et T Rt Eec PRt e BB PR et Mot et LG poa e BEX B2 basi et po2!
MR BIRERIBS R Hredrier i alths LiEs e L1 Ee
At hee TEPE Breat - ~tti i alsnnianisr
EaR EE s e Raohd Eoh] ERact PETE] PIROR TR ot POTRL EEeed e FOC Eo Rl oti LS p Faaea Fyto T peesd
ALK SRASS Sty ..7 Rehas kaaid Aed L . . . S R Bt E e Ty
T T Al o Rl e M RIS EREST R R R .
Ye ;fg,, SOHIEY Y A e R 22 - jpod - :
. ezt Lisah 1 Eant Papon tares sl P arbanrialEahge
}:‘ T %_:w;z»i ;:;:.: R PR o BEoET IoTET Lot S M E220 akeet
€ + P ewad MGy FROUN - - Pl FOgint SRbef Fae iy i opts i
1§ ¢ . Suant il A& PR D . — .
il o ot ke N e
H ]I ] Had [ Bl Bt et B R EH e s R EE
il Himthrtin o R IR P EEN Sl s e
T 3553 EEw it ioasd IS4 PRoTH ot Eooi BURTE Foogd [SUNN BEINN NN Bt : e Bavhs Aebedideny
. ] R 1s] fRid] a3 e FERY il FEsy ehe ) 155t o P o S Itk e It & LN e £ e Pt ‘
TEe, g 0 z 'r;o A - :u« PUUS Py PIPNY FUYRE BIte § SUNeRE STTRS PETy MR ReTRy FYewY peege [oe] kooud kS Seves
s>y peey 4 Ot el I3t boed) ety . - .
prsigtinitses 4:‘\").:'. ixz e HE T X
+ 7y :’Q subed <
4414+ +T14
T BilEEE R
L weede
R e ] B
aseiiess %E ToRtid ihii] dadad baae ‘
$29 Fooey remey peaa .
e U, sedbasyl *On poiod
fo s 4 Fad2X Eanl
1231 25311130 VARG 90 X
IRtz 1L ianing )
jrens 1 $eape :; |52 1808 Bk
Roansleve] 4m » nn g:» pz:
T Tfmzzo {201 S024d Fned kape .
Poras Tpe FIee
IR e] LD el Eea] Foe '
e pteat i AR RA R PRRAA -
SIS B ; :
it By AR 2 ;
SRR 0,4 P U] R et ol Eed O
seeee ooy DI e PR3 Robad T3S B $5e 8¢ bnoas
paeiy T i+ faas Fa 53 PESES Bk X
. T "'U b - e R et T e :r‘ﬂ,»—», 4.-:}:.:‘:1
- > : X Bl e .
e FlLE PITCHING MOMENT, C_i=s :
it R - R LUS7 £25 20 ;
o e G ey el e P e e e et P e o :
5004 PORSE bbb FEEEABAN1 > gt o pvA hatng Kby b4
e s £ SESES ER g feasd by ; re~vs Poyee pumey pEa m»—q::&:g.;[:; [ones peRay To3onl
+ + e § is : pavd .
i HEEE 7 HEn phaey A3 ahee ETEEEEENORMAL EO CE, N e
il e Py Powy prseny
() < pey T f2aes
Tt a.‘) .:0.3 ErTes ﬁ SUDE DUDEN JUUN NUSUY Diey poowe poysy brotd bovss ;
b ] P B d P I
SHE Tyt AL L= = = et
: goltz micahes Do e s e e ExEes pren ey by oms e .
i¢ bausd b4 fpay ot paad pud vy ) sued
: +HiH w! E sesni il ey JOROY poswy Fuwny > N
el pari et bt Eodtd bound Eoand Sanl 4§ s 4+ h
: T0 RS [I25] Bonud kadiy brnny parey Eoe] nbnst haas nanes
e Eecas ba Srjeast be : i
AL i ESEed Ftel EovEs Feal) [ESt FRE] posv pesseposes)
154 fonad b TN w3 TRG 51 FEo v renq s b o poged bonsd howt prace]
Sesatencysenet bV ANELI GRSl ERaes 154 Eoagy Fpard fogan bu b4 Eadin o = pracs )
4 pwewy pw
= O "'0:2 ITY3 taee fas peeal bl pend hosud puand hawd b". = .o -
HERIERIED 2 St s g pusel Foin) Ea3d fotag Poas] Boesy faved fonst PAEY Eout: :
+ S -1_" 14 £2331 Dty Foved Juked frael Pibe] becal ooty el Fvsd brot] boves
suse Eoa ol BT ETES P sas SR al EXURI 17,7 8) Foed Buvcd fhaxe Bousi LIg et bet: [Easy pu g roped Sunny brsed barps Budied puwad panes .
=+ HHO I pei pvad famui yiy Lol 1RREe ERn ] aons REES] Fo oy padel Futus srwan FRmkl rubed bt * .
2 L : - parey FRasy povsq beoe:
‘io I FTRs] STy poes] -4 ou fustd buadd bossl
e 84 ) e b ?‘E"“I *T“ et )
pritiiiniey iy ! Pt bond foded pauus .
f4-4-4-4- :;-‘ by 114 Eaee e Sagel] N
5 < HIBHERLE R
sascapas: § =0, He—ti= Htreeis].
+ . 43 e roes bassd
e 1L ;1,5 B 2 = ;
T hanad Fout
Bl e f ot 44 O._-% n:qrg }1?_: FErest phete bres) ;
i ; =
1t Ol —— k
44 TYav PUyRe- PUE! 84 P aef <> Sayet b o] ]
4 41 4 P84 bt RY) 87 phe I v aos [l §res
R issasatust bas/ havel Tt e | .
4. RORSS B Ay ::‘; :3::” :
b i josy bed poasd Supés
HHIT HE i pae
t :
s0unaEURShasnE AR ) . — e 5{‘4 E:,:E )
. - 453 !e# ety }fi £ et Jhesykuysd pade;
d21ecealasatibe’d Iant ek e = T EiEni .
e R A et ACK i 143 g s
I pa L5 E =t = S
22 - —t+ + =t
ye > Tea b 3 Pooet
T BT o uh‘ Hil essefeathbens )
ves tictsistitiadiand ikint b i T reee fe ey
. tuey > %W 1nas 1 peets pav! passs
i i) 2 123 oy
$-d. LRSS . &
- - pm I I T L D e P O ]
el bl ks Eoesa boved bosnibacey Ionl B nhmidninng 2
HEH it AnlE e e i B R R
sas Her RS83 ERast Then Phvad otas Resq bhens i
teas : v e — JE3E: FEURT EOREY TEX Sy SETet EYUn] Reed b v
Fafs e fauy + hpoid BEoG4 bagig Senod 4 Teofpgei fonss frmod fon b
SesglEis o 4:“}1 BRRS Eppey Eaid DRSS B2 iad bOcrd Eaact Retad CORRE Louty PEPES puped bones pucts
1 i I} A . . 3
o8¢ H
FIG, 15 NORMAL FORCE AND PITCHING MOMENT COEFFICIENTS VERSUS ANGLE OF ATTACK
A MACH NUMBER OF 2,0 FOR THE BASIC CONFIGURATION
s—s \5




reemee

e

.o

e

rra-

B

.
.
«
A - T
. <
3 t K
T .
, 7 3 <
b ros I
’ T T H <
- Wﬁ: a ut I TN '
1254 3 4 3 it
4 44 B4 b 1«qu fuoal O '
il T San 22158 '
- - 3
H e s Y w
i b HHET aexals faddotnarends 0]
o T + < 4 ¥
: HiH S ]
44 44 1 +f+d Fett o1t 3 - =1+ hnn N .
HIHS T g Fas s et it e st poes g <
"y -+ 3. b4 Py ey r
. gals e 3 aokd s : 1T
egonge et na: 3t e bpis iz 3 SaEE: 4 tons paas v
11 335t be 4 paasats e 1 PRess s Thi 4y j2end £anss HHHIT o oy o
ftiseaets e 34 aar L HHEES THHE e 2
y o] Jmm m.‘ﬁ pigsila ’ rmw Tl +31 (®] utw it 1] e {4 .Y_u.uv%.A wad B anes .H.r&mu“ 1 4;: it java: &2
<} +13d L s 1 w8l ha =y euda: g L.?i_ e
1T 1 154 b m: o e ~ I4e 1T s Rs23105=. HEaes s »: N b et
seenpes W..rv 3 22 3 W.Nmmr s e mmm e 1 ..MMC o5 wsiyr .ﬁﬂmmf wu_.w > .ruu et H.\T )mf & wmwnuw» > -
T b 4 SSTE b ey 3 -t - - F -
R E I VEREE Bz Gl EHER G S el
vy igfeuat Jqﬁnv 4ot Tiel Mwm m“r w t »qu. kiws pui T 2) xﬁwu‘ Tt 11t . LT84 sy iy wﬂ a4 o5 SO
33 fand e + £t jadsed sriy H o < [ =] fou Hir iy i ok, Basy pbes [
‘ SR SEH s EE i il P2 HIEO HEEE it il e Bl Bl il Z iz
. 4 esttE it Ty abdfissl T = . o £ 1 3 dfssiigad ,Truf-uitl ‘ - M
it < -t L1 e o [ ! " 13 kw r * 5T
BRI HEtHRlE BN ﬁ.nm.%wgm&méff m@ﬁ ] 4Hm§m.m;‘timwﬁfﬁ A i i fiea mu
g R 32223233128 T T gesrdiiss]adanis .“L..x.r A +L,T.f,~.x+t-v. HH G g B :
et ST 3 FHEH | H HE R Eribditat s L3 Ry J=s s soted 14 geaif et i 3 &m,»z i =
Tt 123183220 02 peasdfeaisites: o S Fied s R s B 2 b s R T Tl i SR o :
SR e P et et i o At L S HED |
il BEan 2efiss wumq : - qiE): Heiely c< o 1y HERIE BT e HHHE FETH B i,
v -t feie * — da 4 Ax.‘(LV 4 Hﬂm, .wﬂ - ® N.U— o 8. pa . - Mﬂw =i Y ..4 Mm;.ﬂt F o s Lok i ny §adBe s ,N
— st ad £ fudst paasd e 4 = jaybets e ot j24 T S4E83 E—t oy 15 HA HH nd % Reet Bamad sha doa) HHPE O
}oiﬁ»ik.ﬂ« s pyes T W..vw» 3. TRt i3 B 3 : L»_&HA 1 - - %1 pasiy vt 121 Fas pugs: Hriperd youl Euna Ly err = et CO
pardifete fee peersjasss - g Eaphs 21314313 *mu - R 3? st 4 HJU s e e raos salaEaisy Ehe presyrs -t t HH 5l b
2aIse: ek 2 yod bhnd foetihes eeth 8y 4.4 3 HiV fHjas 11h O Hif 4 143 F13 [0 T Enan aen A e TY] g Pyl Jags hi O
3 s SHbEt et $H T AR HE ot = ¥ +Z s2x jeeaiss i N F%s] o ey Feee] h ik [
64.f¢ ¢S¢.h i Eeds Aasgbins B Epded i it L Lels hand F tr + i jee - foat & wan I3 Ravat 524 o =
e esibes: =ian 334 H el tadises e Hit s SeEs sl g o TR e Hi{H ieifetsipies 3 pues el =D T FEsad baps: Hil = ($)
T‘N.n b Potid b e t..m 1 3 4 11 4 [ e .m% + Thids P Lﬁb.P. 13 +- =+ + 1 50 0Y o 1332 H EE3: et 94
Besel ¥ 1A SENE 2 BHHER T 133 T i T L Hihis S FHSt Faiet ot T i 1 &
gty — pea: e i gs ey s=at ThE .Q»ﬁ a3 Therd .mﬁw iy v iy - (223334 T peaal the PO Fr Hrr $HS rﬂMD T7 jeaid o <5
&w.nun: nrna! u.»uut..r-oo o : 1233 T: I3 T T It ? 1 .’,4r : ﬁnx 1T Hilfas e et EsnlEes ETl AIA
. un.ﬁ... wbe = ¥ 3 ended - 4a~hwu“+. 3 sSetls %u ¥4 B 14801 s b 1 3 rys s — 4 T s s (81 1S PR E] oo :
pEo 12221 st tnwa.m i1 e o xf.ﬂwu 122, R FHpEHE g wm»m L3t HHEE wm uw HHEHEE Thitth 28 i HElH B e B S H ey mmw = Q=
f.i“ﬁrﬂn. = FaiEs i1 HERE ‘w.“w_‘i. £ ! 4 ﬁm Vil HHIEY 2l TR Loe) jafeas E it wL.mtwf it Mgl e lhe EE Tt ;Npupm
i Eieal pyted ias el Ehest e T ﬁ,mm. hHiaa Iy THE =3 THIEE 4 ,:»..:L: oyt e = 8l FEE:
g e R i i it i At kil B (e e e e O =
13 =15 124 11} i o : 3 TNt S $ £dsdpeds i [HE R HEHi jiesa el 7
TR 13353 st 334 sloriye AT - "A‘mi B CInag 1383 iiiu 1 i i T jaegd i) iumr
G.vznk&r t. RTH T il T ._er::. m.m: : :mﬂr .4%.%1» H..ﬁ Q“T,ui‘t:T‘,, B EEt i, Z
iz e 11533 25%e wm.v seailts Aeli et —+ H {510 Mgl TR s Fe1beisassd P e frakdpe TH .Mﬂ pages << wvum ks T = o)
SEE S EEETE e S iR i Al st R R I i st G JELIIE = |
3 : 44 191 1Y g 4 21 b ey fod 141 b4 et T 5t fAudn R EEE: H T thris + w 51 [T
' 2532221 S - 333341 22 H HEE " SEE 131311 X 03 j2asl i3] M sl gt ¥ Jii1e Hifhy 3 pren It =1 G
B S vt 183 .*mu_ S BB : ST v T T EeeRE bed or iy gt o8y )it Hans: E=S21 142 s}
-J.iy - 12383 et b S5 ER P gas T Lt ttf T : s it O.,r‘v.s fad) = :
bhging § v bt vy yee et pe e fada red S 4 ey n‘w o wod £k it Ryziid Lﬁ(fv § 4 tiribEe - Xtvou o 1343 = L - — =5 =
st 1A B usik i SHIR s RETIRRE o 3 14n 134 sk Aty sl fasils i it 1 T Tt S I o e iy 11 o & )
Pl dy 4&:3'7, nnw.ennu T 151 22+ v aht N 1133 Ty ;u,.mwr thmH: HE o1 fg ! et 228 N .NXL? iy
japoal - i pud b Feivd : 1) MH e FE A= b P40 - M " By v v vt 1T S e v ¥ jugss b b - ] I - I ouwe
. g4 S 33 9g g9 t.'H.‘—t ¥ iy by S0l by o84 e M [{§38s PPN H R8¢ s UHW,\.n«y+ >31] .«;\J. -~ IS e pivk ] [« .
=it [23%) HEnis = o s T sy 1351 Iy t 11E ajas Sh e aanet I i3 BRE Hi < jggase pas i H
srqess essi foant bt .wammmm - 2».%1. T 133 1 peikess 3 e R B e ERINE 151 5] T \HG.« - Ty o)
bwd $a Sore e pIRSS 04 ¢4 i j20ed b 3% 4+t $17)88 STon i 1 :/P e Bonat kot 2 3 ite i - ey else 9 i Z i
B s e iy =il )izt ..m.,ﬂ..:: st RN 2 s 2k R tet »-fﬁ.n«. GRS ey sasd ,-n»-: Hire ’
. mvgmm red Phaw, S n'\y.,w».. q.ym.ﬂo R e Thee ot Jt.ﬂlrlw. .oqr | ile .m.«.ﬂ. “J_ Aww u.._r Mmmu Hrh oy \VM 5 M.UM e o .t. e .m.q‘. w.l »HHH» wHANn e s i B w.m» < R
..wt awmn,..t, tnr,,%x T b Hs it Hias i Tan: 3t - 15 TG e b sl besiy o e pResiie - .Aurt“q Lt
prelbs atds ol reae] L34S £ el L {ieitint 1 THIE 13 T <4 L & i Mithy oot i 1.4 it [sSl buoy ja e o [Eve4 ==
[ e jaoed e "we 4 RES rwunv. tite wo‘. w3 d (348! Hie b 1 T hpot «%ou 1} o o o THT i @)
el rl»r;.i a‘rh? s tihite ‘*.»f.gw:. ;fnwnww, Py I ) o 1o 111 = yres o Noit
s vad - -3 - - ot i 8e4 )4 ISk A i + b & porg [EtT3 0. &5 $he B Hi it T pS be iy S FRTEe b i o
el p32) L,»—Ltw gt ﬁ&rﬁ. r »?. o By 33 BE jEsd 18 11 w i uxt 1t < Logs o .u&u F-1et SR FETH b 5
hwl e (dodd be e ey 3t * 13y 0,41,3 1% u‘bw. a Sy I+ 338 0.«~H» T N - - 7 f.ﬁ H - .mv tedfEoas
&  emlanka o N b3 T BRI 2 B T DR = IR = R iR THITEGER U T s I i Ll HEY o Z ,
o~ Bl T 5 B .1&:‘ + S .arlv., : Hh1e 1103 e ik ks Hid e .tu..z.;J I jor BRI e SOo3 t4 1520 Tt pot!
[ SR g2 HHEHE = i biadtin i i Ay, T 1l 8 2ol Jhiss 41 H s g 53 Py ¢! i 1251 I b o
- R &2 s ks S FRHHR =2 Pl Y i i T S R AL ik e R i HhE e Hh TR =9 & HH L5
. i) Hed - i} TS “Yeryt b . 3 b 13 g¢ St al b 3 -
e Erjsnan TR xS AR 5 is] fiid Il HEEIHE TR IR B HEH I IR R AR E ki T | S <
= B 5433 b SRR i s HEHER HelRk N I sl et RN EYHH IR ¢ JEH{E R e s il S et P =
oo lad #ad 553 Py +7 h o0l Su 2 TN et i [ 3oTH H jped oy M!n JEE3! T, FERSs i v 5L Ehad 3 it R332 o) w‘ 1 T T o 2
v by F e b 1 i | prs B IE S LI 22 it S B I T HiRlE % FET M» R L Y AT Bl T T =t Ty
O H.d» b4t ﬂa T nm.u wmﬁ w'.hm (3N »mwu -.«m T« 150 u.w“ am U.A ﬂ.ﬁwmwwm ks T »m: ff Hu P A.ﬁw. .a..i jpead ; u;m, WHL «Hﬁ Eesssiare] il Z T \ﬁu» z <
E AR s B SRR I eres 5 ETLIEl -4 By i S IET ees T 1 el e
, < 1 5 B 2431 2 i e e {EH EE3 HELE WL o 31 7ol S dHreag Bl 340 Rl HE EEE]
'o4<| +rn¢u —— M b ,‘.1»r4v. . ' . - N + 3 i 133 SRS P01
Hilfi T et B SR il U Fara RN R Eabiki, HOV R EHEE T L YO TYWY 2231 ot HHHEH = s
I v R N IS R - 33 ji o4 12 % SN N..&. ¥ s b 84 L e . P L e 34 Fares ) 3.t puynd 3 38288 - »!fut..* iy -
i (ot Lo e o | A, 4 T e <m “Piage i Tt I3 3 544 i FEEE A3 213 TIEL WI\ s re e [s=F 4.7 T WauE bie ] Sond 0¢1MNA+M
il = =R NS o it . 7 e S0 LN IBY} sl S T T (o)) S laas EEm] + py AN s2a) featd s #H
padil o praen st 1 ! " o badan TS it it heon i " w A i T |nw it BN g powy ISENs s i Hat foaad
[ H SR I 3] IO L2 1o 35 I hefd 1. Higqon oy +Ey 3104 Fre84 I 5 POET] Pas] el ey sead foiy rees sood b =
[ SEa PP A R I I 2 e 13 Shiiant S - v i et g ENEHEDE HEE R i
by -t [ I e . v b Fa 3 994 54 i jaoed P4 Py gy : $ . T s, : = 5 R £oe b T rol puas - o o8 ot
o B el W B i R s =t gttty 12 i VLZU »f SiE FEIERINS 2L HHEEE e ShitER g
I B oy Lo T, Hi + 8 n-” = ...m m.ﬂ ks 10,4 L «4,2 t 11d i ISl 5t — ,vﬁj.r + ad 131 = i 2341 1 Sl e th 1« 3
el i R IR F3l S HiH HEY it e 3t o= ONIH Chilanld it etend i1 HHiHaH ey 31 HiHH
i e It 34 Haqsn st feakd O It j9nal b Ty AL it j334 BIl e Fesas shesd i o5 ¢
f33 Ma R B s e it R B = . \E..,-u:* iy I st Eesy e HiHH
FE308 e T Sl it EQ D LNIWG i e 1 it R Hiit w FHHEH
e S i3 P E3a3 — 33 v S 7 . e kv s PEIES e Wit m (r1red HES i
| ol R I A HETN - . ._d_%w.x L = . ik “ i w.r 4_1 it o
S R B g - Tw Zw..,n“ 3L 15 IR Es 33 slisifs pais et Y
22 RS i el 2 1 Tl il bt alailiig el byt
) i e 3353 e teialY ool i T L (L EiBGls T eit #
S3538 AP BT Tt pE3Re o5 el S =30 FEA T el 25t naline muw +
AN i-to.» [ba #51 o IRANE B0 o2 $ 89 i3]~ pe it
N T Tt B e B i 1 i Ere I ! HEl BEEHEHE
pdod 35 22N T =N e b g s Hm 333 podidgs.
BEERIRLIE b Hiift
=i Ers
* N - e
A.'f: Qv.h -
33" Eaad b
s
£33




L5843k I 3 . i s a4 lidtyr
Hift it an e %mg tn jastsntininss tperdantd
3 ot 3 f38dbrddpaset s
posé (3332seisednsissef fatod forttrrel tobed thavtivers frsd frisy =,
- s iferra -t 4 M
1| RIS e B B e e b R e H
+ 11t 14 s
Easititssd fnead e et H R S T Hi e ] e i
o %o powes payed posey peadl PP PETPL pe R renI g
B3 S L e s L L R e e e e e e
Fnaniaams th [res] ferrghonsd frsfiaceiseevt oot Eina e ot bapritiiet iinnily
| pob e re oy (-0 Seapd PY PEINTINNS ey Moyt ot i pulte g 0
ittt s R R B e sspisst BH A S EEH G e Holes e £
Bigagen .li'f popitinatoslin b $94 $94 S AMECS 3o ad 4303 Bhted Eobyd Hobod bered .
%oe T erS? i prrpr Ty s ’ yryes
dibednnlnebods i betalasiudenisigi s b imisn)].
’ $3¢d begvdted fart 24 biwbd Syt pHribade]
H oty i1 Eree Eaait o] brety HiT Rt pabidhandinenel sl biet § buold faved 1404
et 4l bgfee v * Ay [ Eatel ks - baad
1321t 153 m I Til}e ”?' poyed Fagid 134 0:1.5 :..g 1‘1“ it ;»« [SSEitet 2 atst brend idnad
svidtassdld : padai tared . trde,,
susgiovad thang b 1,,10:7 §rag 1 Sos g PURRE bndiin L2948 o B 2 sy das
pe: At e prioes peirad MRSy e Epuee Py Fosap Py PO R Frimr ¢awrs Soney
gt e R T S L e Y e I el S o st rol PR ks £
. pegineifeset pood O i penat koasa sty Mot MRS PRI L2e R4 LpRn] Seagd putard beold b Lupd iJ had hghs & bauis §
Se At se st eyl st OIS i it poats pete] Fynt tiend perd Y ;.'32"' Jelreanin et reytesat
. 3 2 hs 1 RS Y
H 1 pimty v 33 on gl bada paBE] budve. :
3 I T e U e i et i et [ sy nn|ien
4 y 34 Py Do = Ax of §oemn ” -
IR & GISEls R al e ha PR e R A e ET R T Lt
i 25 fordsies A iasy of $3 i
bassitesyseeg sty bl s erert fest drcea ive bant fpscd o utd kog e bi0 b PG ot Feost fops
;
e e [owptrere etuwif b ox + PER L2 20% FRGFY SRPM% Do 1 aawy
- Ht: Mll § v“ ;,'U,’; b SRl 1% :‘ P tfLe] ovel ety b £
p asehoedrny 40 frreitiody bext)tonc] tosed rars oSt b el p it e i
i R
Wiy povwd 1 TR 2] . Ty g ey T e Py
e e e L T e o e L L e ey ey Pt PR e o]
Saadhs 43 ~jired bipasiiresstst izt ovad s/ arat Fisspiied Foced puntt B
3 jost pasd trdeia{d :
434 4 94 4 ol . g pat saperigfrascfodif dotos)e., ‘
H e R e e B b Rt R A e P R e pomet
L9 359 SRS g oo S oo poeh [$223 L o0e1 po oty pevad 4-[’ 4 -4t ppse-
* e % 3 -t o e K e
2t g T B o Bl (R E U it B (U el By Wl et e
¢ Preddt £/ peas]
rh 44404 F it pin] Fooed £ bayae pPo4Y I asd Mind fiuked b Pt $30 14 Pyeg koumd
v e oy Ay § o g § 35 por § pobaa H et e el b el blad
DUEe S 3 Lﬁ: oy bt manal: 43 3
bet Tl inig Tiixis Y ot pe et bent] babad
- e + "OM it .-;; P 5o] peis) »ie %;M treedreratiotifs
Qo aad ==
+ . ey T pe PO , K v} e d
S Pese ek ) i e e S P s T e e e
BO 24 Qx thoeanyrricforrsloscefessafaiindiimrtiasling e v Jiga vt b
posenfernsroas s 4 PPRhy payiy [3 57225 20 A twl puaey 3 fra et ws s v § St fbwmsnr,
ye or pPyreys =
ERhimie O Badestan et it i nenteis Tl
- -4 » g - - -t
Brianimii S Flia st IR e e S i ST ke
3 S e L R N I y
teerfireeies
baqad pnaed sobun w24 Fored faoad
oded b -GZU-) puied b oty d
T reioit ficsefrere Fpnea
:: Shn b it 1 a2l
HERER R D i
Pres feerefoeemitary - 14N e +- sepe
oaanbusod buk o fos Ty ) Yo nod -
1928 85554 Las ot fyjtasjoted Phos
sxssl Ioval Frs AT Fesid Ry pereed
reved fued femd N sidgvnd featy e
3 i SBnRisw i
o .1;.'__ i aard beotd +beel
’ 33 8tes :u% spatyhaes 3l
[$ 28 RE P24 el wo 3 praee Sypes
tarirr L) AT ¥ el
R < py o= 1310 apes 228 posse i}
itmin s phining g cangfosel geesi
¥ vy Mo 4} raer ! Aad )Y o o by st f 4-oread 44§ 4 -
¥ BN W Hiaiiy V4 [232d suicit fiSad Ty .
b : 1 * 1854 $uJ s byt baa C T,
mriahipnist S B oy e LIo3e 2 eh agmd feeny EEEPITCHING MOME T, C
TR ) ety B e e L T e EeTTa FE sy b
3 1 ‘f poyesRes v PS 250008 bends boisid pavnn pourse
$aoe PUSEY B9 o Fh 003 L3 54 yrens
résfes Fret rfeesttne 3nf ot -t
b eay brad Y] 13 ;”"ﬁ peaed 138y k' o] poe: by bhaes kot $ade f‘ \l -
114 e ng V] A 41 it - M»—qu«wﬂ"trlo " O ,
4N‘w0 'O.2 :y ,a‘}.::q> Py PERT Ppivy e R ALE RCElC
; = el oiae e T N
. SS vl sa beevd bust] Vb PREst Eatad Foadebuati Lotoutiecd Lo SN
pase + e et vbi-q 4 g b % | 3o jpows § g SOy
gt e [ o § 3. . - L2 R LT B i d
S mHE e g i B S Bl B R R i R e et e e
. < $i3 3 3 S+ X} nsd
gy busid po1 Z 1§ 3594 fogad grrid bosd [LEsraet) pyned by dnd foesd phhed ot heted peut] poooy
SIS e s o BRI T BHO R e R ] B B Fa s e e )
A3 " of 3 essils voriles Jutby (S0 N 2pued F 9oby Frand buths buss {9 (et B g o[ oy 4b
2574 §o00d Ok bnsif Sedoutnves it fafield j3324 tesed Hioel Fi 23 el pobed b Prid cnled
v ry PYEeUPe rY ITY LY vy PeeTTION rEvYrvserin [y Ty prees &
ownd $3¢ Z i Fo8s $ubd bosa .4.3 hod bys LE :.I'.‘. fepastyndpd Fised past] 3-31’; poved
et ? o 3 woedhe 4
it # FSYSL 12 0T poteg Luesd bhowy dadud foohd s abad Foste pibel
re e e pevey pwee
st st fets PEeElcoasy pzas bra e pasdboans Prosd ho: e
S84 ss2d fEs prasgteget farel osddfadag bedadpones bavks 222,
I PESPY preey praue tyee rpery powey :
133 3"33 shanimiE s Emeny oy
: 3 CESHS
o0 4 puyéd $95 ¢4 1OOu] brnet b 4ond bty buidd hanid buswd Pwus bhers
4 otrd § popt > ey botefodasy Dol hoaes
2] HE L et ey f e Pt e e e P Ee
> hov 4 35 04 fevrd bed 04 busind hoyid pxoid Fnsod sbonsd bunes besst
¢ he 3 $1pesal o ﬁy prat bhasd 73,3§ Fosl Se Y betnl Lol St ol £3384 FEaat ZZI} s o4
3 13113 b ¥ -
et A ah g e ing .‘??i pasl]poved padeq theid shbed hedsfodst
v : puve
. P i EE s ] e B et B e e e e R e e
! o4 fs . - oS gt 358 Ao
R 3 podag possd rpdudjpest fasdd :1..",. Sipasad tegie ot ifiesd ipwa] phove fyvlfrdio i1 5e ool
Frreins eass pebet — weetesbb)rree
2 ) - b
it s IR ANGLE OF ATTACK, DEGREES 5:|5ala:
- 5 §-o¢ * e 34 § Sl I3 od Dot & s e L Rdtd A aasd buaid ot bhnd
iz bl e R B HE B B o st i e P IR B
podnd 3 prasipeds 194 2404 §4 544 bidad Likped MY pRa S Souig
. :
pats e Pt ras FeeTd pehr EnBea boct] Eaueq PR eed bt beved
[t deety bad et brad] poed et
pasl [e2 3 paeisbabeq ot ag puded fr¥ed Hadd foedd s3004d buassd e bl
b &9 5§ r'e aE Ahb -
3 .E; 1?% ristisesy %g, 3‘15 § .JH, %\&k Tane iy ~1§’-:.
poy ’ 4 T 24 buead b+
i IR Bt e I e e f e e p e P oot
- s g -, L d e - v g § A
3 ::71 tt*! T ITiT} Sejerer il :ﬁ- pousy bupag bebed
PRI DRSS PIE S DI d PORAT PP 4SRRI AOAS b 2240 i

FIG. 17 NORMAL FORCE AND PITCHING MOMENT COEFFICIENTS VERSUS ANGLE OF ATTACK AT
A MACH NUMBER OF 3.0 FOR THE BASIC CONFIGURATION

51

m-




—

<

V4

Q

<L

=

<

.

: t T T i SN St i o

+ T ﬂm it A WWML ns ...11:.: cw nﬂm N it w

3 wlefid S G ‘N4 et o G

i Z5HIT £

thd § & nard i : IIKNH M why
Y - T L winh s Ot <
: 1 R O=HE o ; 3
-

= 3 : 18 Qo : o)
3 T - = 2 =] Z nZ
sebggyesqggudd el g £ ..5 ﬂn.._o
* < e ertiiirs TFAT4S T |t et i N0y VI.
;: HIih r T e 7 thH oe =
= s 22210) 2 -3
Lt I b S s +: z>5
22258 y : 1 satd shitray: &5

1= ey o =
pEiseatsisisent 1 pestifesiiiasalpuattisiiateingiaes ‘) \ O T O
1t + 4 3 ot 41 4 sEdysen U 131 ] % ey N
“ bat; Bassiiaee; RIS T s - FANKHERIERHE 5O
o 1TT it Hyn e g s et 1 se3lss R 7 Qv
X Sp=t s o R Y 35 Hith ' HE O <
N e s9¢ zxm rhety #9444 pi-y o - 443 14 4+ + [
“nK_ zwnw 9 jonn 133 ST ﬁWn T wywm .L . .oy oo s i 8 4 it N—lVr w L Tlo
s sy peaaatreat prpad ieen R HER B LT Bk 3 HEH s 3 _..N..O
<0 peadsidyfes: i gexjacty feailbzatisels Sedsh WS R et =+ S =
r«.ﬁ?ﬂ.&nﬂdq«_‘,. peny Nw!‘-% 31+ -3 [oucl bresd bhe og 1t + Lode Ty ERey LWJG 1 o) Wy
4 HE e aH i RS R R e : B ok i H,N RS mE
IRTes boacy fasl fonsy = e Boer Fecaqboaay boal] Sl trr] ot taTiTeet)ere ] ST b v =T he o
. mmwt.nmwmur dr%.- e A AT mﬁr Sijasetiescy bizd Hﬂ.fxm WJMAJ} Thie A<nv,r¥ rH oF
{ el Tt e el i e et e v T 118! e e e ] b - Tritietit %! [
i e R PR R R e B BB S R T e PR NS R N BRI 26
T ] 3 R e e R N B e R A N R i AR R R e
S EE R R A e R R i N R R O g
ezt el tvislatissvedfs e Hr s Eogs e et e iy 233138 H TS Sy - e
R ek s B e e pn e e e el B i g s R R R R e .L.%‘um BH{EHE .
¥ -+ rpdirstleem i i e et s foreadass 2T 46 et 2TV e tr baseabebid e Resd pos b et e 07 .
o T R B O H R S i R B Fr o B B = H B NN J.A.u.m %20

T we gl e ThEeos <1 jTan o T by
i e e Nl ek B i e e e e T e s ] Y e A T
3 e Lo e Sans - ﬂz Fé iy ks - vot Jotorfoes U2
£ D “INDIAFHIOD INIWOW. ONIHOLId D "IN312134300 3040 TVWION HN e mRu W
A2 od =< 2 b4 b pmi o3 b4+ +

nitismitie s intinubnn e elrhd e By I333EEeet: TR peaileasitistt eREshtes H oW
| BT e B n B R B R L R G G R R i SN U HE LM

rps ces f b = S Py SEdFeasl $33s s PEncssost Eoreatecbile - < <l ANy = Jrapes v ae pye <
SR N E R B ER R e B B iR BE SRR, 8 g 3 m

" (=4
o=
Z <

0

P

.

Q

.

g -




N L2

LR CORN T et i i (T 4

L A

Peen

NOLIR 7195

T “ e o a: i pis N s e TR T
PuRY yams pairng BaSe Pray phEee Sl ; T RUFeS pped pett SouSS Pulges v
7 =3 e FEeH o o] s et PSR! < )R] R e e B e e S B
13313 T EO o paned pudsd basstfnnis buasl j332en4 bldlte2el bnpud bysnd buiid bosnd ipgil br o) SRSNE HIEST SRS 22 ad paas )
ot +iret ¥ i fonsd ¥ - ¢ +
dy - Oedfermneme b inoinsien b monnnbaaises e e i e e
Z 7, HEag o feas st Rt it et socsd BRs sl fa St b-icd FRasd fedd Lomo] Rakbd pagad AEadd foond faded tizeahaes,
- T yywes srond poe < e oy
QO Tt “ SEngestd pusy 3 it phos {},_” I HE i okl pynsd amey pent e e e s
g - ks T * t T 1
L& Z, HEsE et S e o YHETE N PITCHING:MOMENT, C HIt=
w et SEYSE pid - 14 $2 854 b Bow) T JEven i - e
Z = 1y pyeqbsasdtised Mibassenanssyn r it e aagad by FUTUCTIVUN PRVe) o} TOUI IR 6l bus:
5 O Wt it Baos £11 jassyiiess cinel ir-a §agad pinadeasss jgansiste: >
- pos pe oy t 1 ;
- < : saut bas. ? 24 ung hasun bint Kl fRnas [reunbusts] juaad fooed phast $ueae
w [oud based boss k4 B as bs shrpirniimmatertils i T338Y
T Sedes + L owad + +H [ T
O a5 ot fhait e besia sl sk R NORMAL FORCE, C\ 312
ey 'y ) 4
- b ’e by *re
ic O s e A e o e e e crpr ey st o B
w .G ik o3 Eaeas bavdd pwmud panns as9d ({583 bengd PZee] hawu} raped poBay $ Sy halud ] foad fuass boundsute
3 yuws hoo pirave prwtey prrews pemgy pony
O, g F00d Pektd uned kanat yue s beas (R35ens Eyxad pashd bubet bueed paged I va rertersy
3T > 1+ esed o ¥ Hott
O "Z- HHEREE B el i i sy east poaet s $ yas:
. e
Ny el bttt rra sl et bl b e td bs Y u el Rnewe b SRy en banod x refie: 1 ey pooed
Wy 4 piesfiarippritiisy :J;: povd Eovnt i Sages puacy b ibas pwud b foad fo: [Read beoad basss txses
(5} 2 ns 4 pased pods thy piesy £y fidonagt pihnes Bl ol nest T " 14 oy pat
ez o O AR e e s e ISR rTEEI b o :
Han 244 4 whe PP4od [aass iakad L wed bunat puaispunpd b A Req Poosd asy vused
(@] g 0"*,' sealEnss]paote ‘.“Jff!f}« f55d s ny pavsd rowed fouts Sannd pagig Soas: z z : 3
b e oy - 4 e —
v V. liahiy rord Tl e I e e e s e R e i Ty
-l 44y ¥ RERe YISV RS 3 o b baad ba ki 14 i pabtimadd fanel basnd Ehass Soats byt teved
o pasel soes paai A [ A8 Fnaed pagas iy b pa I s potaY Fudet EDagy SRSeE FEADE SR o dy 4
T T poy
. Bres]seacasst) sy Cane] ryre be! 129 Dakad peney soud Tunus bradl kool bues s o3
g. Z %X aous s/ my a0 Zﬁl:ﬂ:ﬁ.‘:{j*“' Fand Ehund banss pu sy e Fandiy 29 Pawid padod pases 3§,
= = jasndidag L) $of higped FuT pegas buos e i ft i
X 100 ] )~ <03 Fiden band 4 Faknd b5 wod S5 004 puss ) R d Sutpd Suwwl 1 +ioos
o G HuliEEnEEinge =l i . :
z el o2 vos ¥ rag fnswd pas + o - [ SRl bptnd o sns foadn bou o
7 oy T
- Fola oxu0y begtd poocy S44Se hans pois - b e ittt
o ' a. i Sohis beead T 11t 1 o T1T T : pes
4 by fondo add HEads PEGEs Janed 5 huues funpd bedeq suonl JEpES preag JEos to0 Tt ke ses thoal Py
+ o e prows -
soeadis ey A Terirrrelreet Sy ferriiitetds e Yoy
s 34 4434, +rftepefriee jiie U) ereiot T V: Gaatis 6-—91 Egred beoel
434+ 98¢ (44 feyos 3082 pasysas - it yoy Sape b St —
soal ‘Z,an: and panat tep ,17?"7" fesiy ey } ped peclgresd by HREE =T i Telieteleied -
} s wroes = ¥ee) B b e - . -
T + T . bebed Ertey F2] 3 fess Josey basss pabe
2 s atteni i GLE OF ATTACK,.DEGREES i)z 7 = =
e s AVN N ,L - :‘F s SR AT 228 Joe23e0bi PEaR) Fnacd Eody povay pebedponad saoat foste
4 T 1§47t tofodrafastsfricrirrd [oo st Linc) Ranws fovws + 41 passs
T 1 ¢ $9.831 } $ Sl sond funed REYS haawE bios Faiid hu o1 33 +
3 3 —— 3 It ‘ﬂi 1 T - 4 P P Bt L "y et b4 —
s EtSahass]tetetbaced tanng paged ERend JRESe ESacd FSNd KOus] Eok ; Jeseqpraattisabonts
sesay 1 “;A; nERie tret}irid k}:‘ (3551 peuad fpuat bonsa Snad jouaypassd fuws ol : Foit deyastaiee
Jon 3 0 ] Resd ookt busel punsh paun: 1 kasl Slied o nd ibhovs Sanat ' 1 2904 IR0 g put
ssa s - e
ry ey poRt 1Y g e — T oy
25 Ppybdi (1ot vt oty Boud HETa func ot PN RIS BSSid HEECY F2209 prmcd eoabs sened ppecd pod53 BESST R SR pa st 1o
444 sgausdsins H i Akyus biagy bevs hovny podi Py e Pl e ¥ 24 found §onad FRaee basey
asa. pos vy poo : regy Swnagieany ¥y ¥ + ey &3
HAHHE e et R Faes] [eey Eared FadatBanst tactdRRTad ERakienct besed taaky pivaa =T oS
jasuessy 1333t 3T 3 g pENEY 11 oy - T3 e § s -~ ot

FiG. 19 NORMAL FORCE AND-PITCHING MOMEIIT COEFFICIENTS VERSUS ANGLE OF ATTACK AT
A MACH NUMBER OF 0,95 FOR THE SMOOTH CONFIGURATION
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FIG. 36 MAGNUS FORCE AND MOMENT COEFFICIENTS VERSUS ANGLE OF ATTACK
AT A MACH NUMBER QF 0.8 FOR THE BASIC CONFIGURATION

; MAGNUS FORCE COEFFICIENT, C

n
P

0.2

0.1

MAGNUS MOMENT COEFFICIENT, C

-0.1 0] Cn

\

(]
0 C CY
P
-0.2 ANGLE OF ATTACK (DEGREES) O |

FIG. 37 MAGNUS FORCE AND MOMENT COEFFICIENTS VERSUS ANGLE OF ATTACK
AT A MACH NUMBER OF 0.9 FOR THE BASIC CONFIGURATION
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FIG. 40 MAGNUS FORCE AND MOMENT COEFFICIENTS VERSUS ANGLE OF ATTACK

AT A MACH NUMBER OF 2.5 FOR THE BASIC CONFIGURATION
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