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NOMENCLATURE

a - Angle—of—attack , deg

CA Axial force coefficient , axial force/QSr

CN Norma l force coeff ic ient, normal force/QSr

CY Side force coefficient, side force/QSr

CM Pitching moment coefficient, PM/QSr dia

CLN Yawing moment coefficient, YM/QSr dia

CL Coefficient of lIft, lift/QSr

CD Coefficient of drag, drag/QSr

Dia Diameter of RAW, 0.13335 in , (5.25 in.)

Fv Net vertical aerodynamic force

MDOT Mass flow from exhaust simulator , lb/in .
2

Mref Moment reference is about geometric center of model

M Mach number

Q Dynamic pressure (0.5 pv
2)

Sr Maximum frontal  area , 0.0139 m2
, (0.15 f t

2 )

Re Reynolds number

RPS Revoluions per second (spin rate)

A Speed of sound in air , 341.38 rn/sec (1120 f t/sec)

Ah Acceleration along horizontal flight path

Av Vertical acceleration (nominally zero)

T Thurst

Angle of inclination of thrust vector

m Mass of the projec tile

2
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g Accelera t ion  due to gravity

Densi ty of a i r , 1.2 kg/In 3, (0 .00233 slu g / f t 3)

U Ang le between spin vector  and forward velocity
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I. INTR ODUCTION

The Rifleman ’s Assault Weapon (RAW) is being developed for infan-
tryman support in urban warfare type conflicts. It is self—contained
weapon responsive to the needs for a versatile assault weapon. The
weapon is attached to the service rifle with an explosive filled war-
head . When the service rifle is fired , the weapon is ignited and a
desired spin rate about the thrust vector is obtained which produces
stability about the thrust axis. Upon release from the service rifle ,
the constant spin rate and the regressive burning thrust—to—weight
ratio motor will cause the weapon to maintain stability along a straight—
line flight path.

An analysis of the RAW configuration was conducted by the Systems

Planning Corporation in October , 1975
1. The analysis points out the

potential problem areas for all phases )f the round . The problem areas
that concerned the aerodynamic portion of the configuration was Magnus
forces, crosswinds, and drag.

A Magnus force will act on the projectile since it employs a
spinning motion at an angle—of—attack relative to the f l ight path. An
additional Magnus force, resulting from crosswinds, will also act on
the projectile; however, this will be very 3mall since the crosswind
velocity is low. The primary Magnus force will act perpendicular to the
spin axis and cause the projectile to accelerate laterally and move
along a horizontally curved flight path.

Crosswind errors are dependent on the drag, the frontal area, the
projectile velocity, and crosswind velocity. Since the crosswind is
essentially parallel to the ground , this error contributes only to
jateral dispersions.

The drag coefficient Is primarily a function of Reynolds number (Re)
anJ the geometry of the projectile. During a considerable portion of

the RAW flight, the Re is between l0~ and 10
6 (Re reaches a value of

J.0~ at a range of approximately 15 m and a value of 7 x lO~ at a range
of 200 m . In this region, transition from laminar to turbulent flow
takes palce and the coefficient of drag (CD) decreases from a laminar
value of 0.5 to a turbulent flow value of 0.1 as shown in Figure 1. It
is therefore important to determine when transition takes place so that
appropriate values of CD can be used to predict errors.

‘McDaniel, R. I., Meni, J., Lewis, E. W., Rifleman ’s Assault Weapon (RAW)
Effectiveness Analy,~~~ October 1975.

_ __ _ _
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Figure 1. Experimental value of drag coefficient
versus Reynolds number.

When the system is initiated , the rocket motor is ignited and the
exhaust gases are directed through a turbine cup which causes the
t urbine and the projectile to spin. When the desired spin rate is
achieved , the spinning projectile is released and propelled forward by
the rocket motor. The straight—line flight path is attained by con-
figuring the projectile to incorporate a regressive burning , constant
thrust—to--weight ratio rocket motor ; the thrust vector is inclined so
that the vertical component of the thrust balances the gravitational
effects. The spherical shape of the projectile provides an essentially
aerodynamically neu tral configuration which minimizes the effect of
lift and moments. The spin stabilization about the thrust axis main-
tains the inital orientation of the thrust vector and minimizes trajectory
deviations due to thrust vector misalignments, center—of—gravity offsets ,
and other asymmetries. The regressive burning motor maintains a constant
thrust—to—weight ratio so that the vertical thrust component is equal
to the weight throughout the powered flight. The force diagram of an
idealized RAW projectile is shown in Figure 2. The two dimensional
general equations of motion are as follows:

Ah = (T c o s® — D ) /m

Av = (T s i nO - m g + Fv)/m

where Ah is the horizontal acceleration and Av is the vertical
acceleration .

6
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Figure 2. Raw projectile force diagram .

A wind tunnel test was conducted at the US Army Aviation Research
and Technology Laboratory , Aviation Research and Development Command
(AVRADCO?I) , Ames Research Center , Moffett Field , California . The
primary purpose of the test was to determine a configuration that would
meet the accuracy required for the weapon during its flight. For the
Lonf igurations tested , the eLfects of the external shell configuration ,
spin ra te , ~1ach number , ang le—of—attack , and simulation of rocket
exhaust were examined to produce data that would best describe the
wfape’l in flight.

II. TEST MODEL

The RAW full scale wind tunnel model is shown in Figure 3. The
model has a principal radius of 2.625 in. and is truncated in length to
4.73 in. overall. The rocket nozzle (simulator) extends 1.23 in. out
from the truncated aft end.

Seven configurations were used in the wind tunnel test.

a) The p imary  configura t ion ( C o n f i ~ . i i , ~tion 1) was a smooth
spherical exterri.il shell including a spherical aft section and a
standard rocket ni -de.
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I
b) Configuration 2 was a smooth spherical external shell with a

spher ical truncated aft section and a standard rocket nozzle.

c) Configuration 3 was the same as Configuration 2 except for a
dimpled external shell.

d) Configuration 4 was the same as Configura tion 2 excep t fo r  a
highly polished surface.

e) Configuration 5 was the same as Configuration 2 except for a
large separation ring on the aft shell. I

f) Configuration 6 was the same as Configuration 2 except for a
:ri p wire on the aft section.

g) Configuration 7 was the same as Configuration 2 except for a
small separation ring on the aft shell.

A pho tograph of the model in the tunnel is shown in Figure 4 and a
sketch of all the configurations is shown in Figure 5.

III. TEST DESCRIPTION

The test was conducted in the US Army ’s 7 x 10 ft i.ind tunnel
at Mach numbers varying from 0 to 0.3 using a NASA internal strain
gage balance that had a normal force of 20 lb and a side force of
10 lb.

Force and moment data were obtained for the model while varying
Mach number , spin rate , mass flow from rocket nozzle sImulator , and
angle—of—attack.

Conf igura tions 5, 6, and 7 were not tested as extensively as
Configurations 1, 2, 3, and 4 since the Magnus force was not signifi—
cantty affected by the rings and trip wires on the aft shell.

An air supply of 3000 psi was used to simulate the nozzle flow.
Several mass flow rates from the nozzle were tested at different sp in
rates and Mach numbers by varying the pressure to the nozzle.

IV. TEST RESULTS

The data obtained from the test can be reduced to coefficient
form using the Buckingham Pi Theorem . Fhe implicit form of this theorem
for the parameters of tunnel condition and balance loads are as follows :

f (F
N
, F~ . FL. 

FD, V. D, p, U, A , rz , P, L) = 0.

9
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CONFIGURATION 1 CONFIGURATION 4

CONFIGURATION 2 CONFIGURATI 5

CONFIGURATION 3 CONFIGURATION 6

CONFIGURATION 7

Fig~. ~ 5. Sketch of ali configurations.

11 

i
-~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~

_ I - -~~~



- ,- — --- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 
_

~~~~~~~~
__ I• - -  - - I - - ~~~~~

Using the Buckingham I’i Theorem , aII explicit form of the parameters can
be arranged into Pi terms which produce the following coefficients:

f (Cs, C~~. C~1, G I N , C
L, 

C
D, 

RE, M , 2’PhV
2
) = 0

which are all nondimensional values.

The primary objective of the test was to determine what would
affect the lift , drag, and Magnus force on the configuration causing a
dispersion of the rounds. The separation ring, trip wire , and d imp led
shell were installed to determin e how the lift , drag, and Magnus force
were afle- rt ed due to separated tiow over the aft section compared to a
smooth shell.

A preliminary analysis of the data conducte i a~ the tunnel m di—
ated that using artificial boundary layer trip devices (Configurations
5, 6, and 7) did not significantl y (less than 2 to 5%) ch;i i~ e the
results , thus decreasing the number of potential test conhi~~t4 raLions.
Configuration 3 (dimpled surface) produced a (30 to 40%) hig her Magnus
force than Confi guration 2 for a value of 0.3 Mach number and zero
angle—of—attack. Configuration 4 (highl y polished surface) had a
decrease approximatel y 8% in Magnus force as compared to the Magnus
force of Configuration 2 for a value of 0.3 Mach number and zero
angle—of—attack. The Magnus force for Configurations 1 and 2 were
almost the same for comparable test conditions , but the lift at angles—
of—attack was larger (30% at 10 deg) on Configuration 1 due to the more
spherical aft section.

Any per turba tions in f l ight path because of wind , center—of—gravity
shifts , etc., wi l l  cause Conf i guration 1 to deviate from level flight ,
resulting in a decreased accuracy over Configuration 2. Based upon
this result and the initial criteria , Configuration 2 should be con—
sidered as the primary configuration and further analysis and commen ts
will be limited to that configuration .

Data obtained from the test have been plotted in coefficient form
for all configurations in Appendix A. Appendix B contains the data
collation sheets.

The Magnus force was determinea from the side force balance loads
and was reduced to coefficient form. The results are plotted in
Figures 6 and 7. This is the primary Magnus force acting in the hori-
zontal direction . For this configuration, the Magnus force has a
minimum value and will reduce the dispersion in the horizontal plane.
A small amount of Magnus force will act on the projectile due to cross—
winds but should be small as long as the crosswind velocity is low
(12 tt/sec or less). An increase In Magnus force cam be seen from an
increase in angle—of—attack for the projectile . The Increase is due to
the shift of the crosswinds.

12
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The 1ift coefficient was determined from the normal and axial force
coefficient obtained from t h e  balance loads. The data for this coeffi-
cient is plotted in Figures 8 and 9. The lift at ang les—of—attack was
minimized due to t h e truncated aft section , therefore reducing the
dispersion for the round and increasing its accuracy.

The drag coeflicient is p lotted in Figures 10 and 11. The drag
coefficient is primaril y a function of the Reynolds number and the
geometry of the round . The error due to crosswind is dependent on the
drag coefficient , f r on tal area, the velocity of the round , and cross—
tsind velocity. It is desirable for a transition from laminar to
.urbulent flow to take place as soon as possible during the flight;
this transition decreases the drag which decreases the crosswind error.
Figures 1 and 12 are plots of of coefficient of drag versus Reynolds

number using prev iously mentioned experimental data2 for Figure 1 and
wind tunnel data in Figure 12. The results for this configuration
indicates that the transition takes place early in the f l i ght between
Mach numbers 0.09 and 0.14. The transition time from laminar to tur-
bulent flow is decreased due to the spinning projectile. This transi-
tion minimizes the drag coefficient and improves the accuracy by
reducing the crosswind error.

V. CONCLUSIONS AND RECOMMENDATIONS

The potential problems that effected aerodynamic forces  fo r  the
fl ight requirements were the primary objective of the test. The con-
f i gurations tested produced data that gave a better understanding of
the forces acting on the round . After completing the data analys is,
it appears that Configuration 2 would have the most accurate line of
Il ight due to the Magnus , lift , and drag force.

Analysis of the flight test data should be conducted and compared
wich the wind tunnel data to determine the best configuration and the
riost effective sp in rate that would decrease the dispersion of the
round . These tests should be conducted before a final configuration is

~elected.

2
McDanlel , et al., b c . _ cit .
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Appendix A. PLOTS OF AERODYNAMIC COEFFICIENTS
VERSUS AL PHA4

- NOTE: RPM should be read RPS on all figure ,.
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