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STATIC STABILITY AND MAGNUS CHARACTERISTICS OF THE
5-INCH HIGH CAPACITY SPINNER ROCKET AT I0W SUBSONIC SPEEDS

Prepared by:
J. B. Greene

ABSTRACT: The static stability and Magnus characteristics of a 1,227
scale model of the S5-inch High Capacity Spinner Rocket have been
determined for yaw angles of O degree through 28 degrees and for spin
rates up to 10,000 RM. The maximum diametcr of the model was 6 inches,
These tests were performed in the DTMB 8 x i( foot lov subsonic wind
tunnel at speeds of 2il and 260 feet per secoud,

The results of this investigation show that the Magnus force and
moment characteristics of the projectile are non-linear functions of
the body spin rate and angle of yaw. In addition, the test results
also show that high rotational speeds meke the configuration less
unstable, stetically, and may, under certain conditions of spin snd
yaw, cause the rocket to be statically stable,

' U. S. NAVAL CRDNANCE LARORATORY
. WHITE OAK, MARYIAND

56AA 7190
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In connection with the NOL Mognus program, tests on & 1.227 scale
model of the 5-inch High Capacity Spinner Rocket at free-stream
velocities of 211 end 260 feet per second have been completed in the
DrMB 8 x 10 foot low eubsonic yind tunnel. This work was done
under task number NOL-A3d-453-1-55.

JOHN T. BAYWARD
Captain, USN
Commander

H. H. KURZWEG, Chief

Aeroballistic Research Department

By direction
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STATIC STABILITY AND MAGHUS CHARACTERISTICS OF THE
5-INCH HIGH CAPACITY SPINNER ROCKET AT LOW SUBSONIC SPEEDS

THIRODUCTION

1. The H-inch High Capacity Spinner Rocket is a spin-stabilized rocket
approximately 32 inches long and weirhing about 50 pounds before burning.
Eight rocket nozzles, canted at 12 degrees, impart a clockwise spin (as
vicwed looking from buse to nose tip) of apout 130 revolutions per second.
Maximum range of the rocket is approximately 4,600 yards at a velocity

of 780 feet per seccnd.

2, As part of a current Naval Ordnance Leboratory program to study Magnus
effects on typical projectile shapes at both subsonic and supersonic speeds,
a low-speed wind-tunnel investigation of the 5-inch High Capacity Spinner
Rocket was performed in tho 8 x 10 foot atmospheric wind tunnel at the David
Taylor Model Basin, - Although these tests vore performed at values of the
epin parameter, qu/QV, up to and considerably in excess of the full-scals
value*, or values which might be encountered under various "practical"
conditions, the primary purpose of these tests was to investigate the

Magnus and static stability characteristics of the configuration over a
relatively large range of spin rate and angles of yaw.

Aerodynamic Symbols

A body cross-sectionnl arca based on maximum body diameter
(syuare feect)

Cy nermal force coefficient = N/gA
Cgc g pitching moment coefficient referred to the center of
- el

gravity = QC-G-/qu

Cy lateral or kognus force coefficient = Y/gA

QP lateral or Magnus moment coefficient referred to the

Solg center of gravity = M o /qu (llagnus moment coefficient

due to spin) iy

d maximum body dizmeter (feet)

* Wwd/2V = 1.0 for 6-inch test model and 10,000 RE4 at 2860 feet

per second

wad/ev

]

032 for full-scale 5-inch Hirh Capeciiy OSpinner Rocket at
T80 RIW and T80 test per second
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Aerodynamic Symbols {continued)
M Pitching mouent about the center of gravity (inch - pounds )

A body length (feet)

M".c.g. lateral or Megnus moment about the center of gravity
(inch - pounds)

q dynamic pressure {pounds per square foot)

v airspeed (feet per second)

Re* Reynolds number = QV.£/4¢4

N aormal force in the plane of yaw (pounds)

Y lateral or Megnus force acting at right angles to the plane

of yaw (pounds)

W body rotational speed (radians per second)-positive when
clockvwise as viewed by an observer looking upstream from
model base

/LJ absoilute coefficient of viscosity of air (pound second per
foot squared)
Q air density (slugs per cubic foot)
Y angle of yaw (degrees)

* Re x 10'6 = 4.9 at V = 260 feet per second

6 based on total length of model
Re x 10" = 4.0 at V = 211 feet per second

Experimental Procedure

3. The models were mounted on &n interral strain-gage beem which was
attached to a stand positioned in the cen*er of a turntable in the floor
of the wind-tunnel test secticn. Holding the engle of attack at zero
degree in the vertical plene, the model was yewed (in the horizontal plane)
in steps of 4 degrees through a total engle range of -12 degrees through
+28 degrees, a positive angle denoting displacement of the model to the
Tight as viewed by un observer looking upstream in the tuwanel,

4, To provide spin, & varieble frequency motor wes attached to the
forward end of the balance beam and ¢ccupled to the forwzrd section of the
cylinérical afternody. Spin rates vwere measured by = two-pole marnetic
tachometer in the motor section.

CORFIDEUTIAL
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5. Aercdynamic measurements below +16 degrees angle of yaw vere taken
in steps of 2000 R#f up to & mawimum of 10,000 REM. For angles of yaw
above 16 degrees, interrmedicte valucs of modol spin were used whenever
deemed necessary.

6. All the model configurations were constructed of aluminum. Figure 1
shows the pertinent dimensions of tho %-inch High Capacity Spinner Rocket
model.

Data Reduction

T. All data were reduced to non-dlimensicnal coefficients as shown in

the section under Aerocdynamic Symbols. Tor various test yaw angles, the
zero spin data indiceted small lateral forces (acting in a vertical plane
relative to the tunnel) acting on *he model. These forces were attributed
to air loads resulting from asymmetrical positioning of the model in the
pitch plane. The curves of lateral force and moment have therefore been
shifted parallel to the coefficient axis uniil a zero lateral coefficient
vas indicated at zero spin rate. A table showing the magnitude of the
shifts may be found in Table I of refercnce (a).

8. The accuracy of the test results presented in this report could not

be subjected to a statistical analysis due to the lack of sufficient repeat
data., However, on the busis of a few repeat runs, the average uncertainty
of the plotted results has been estimated to be not greater than +0.0L

in thycoefficient values.

9. It should be noted in Figures 2 through 9, that no signs have been
prefixed to the indicated anglesc of vaw except for the curves showing
normal force and pitching moment coefficients. Taking into account the
uncertainty of the data, the measured values of the acrodynamic forces
at equal positive and nepative ancles of yaw up to and including 12 degrees
were in such close agreement as to allow one curve Lo be representative
of forces and moments at equal positive and negative angles. On thic
basis, the lMagnus force and moment data at angles of yaw of 12 degrees
and belew are indicative of an ebsolute value and do not indicate the
direction of the applied lagnus force or the sign of the Faprnus moment.
However, the correct sign of the Magnus mement at ancles of 12 degrees
and less may be obtained by examining the center of pressure plots,
keeping in mind the direction end sign of the corresponding Magnus force
which was consistent throughout the test, i.e., positive and directed
upwerd for positive yaw angles as shown in the sketch under "Coordinate
Axes and Sign Convention". The sipn of the Mesgnus moment for data at

16 degrees and atove is as shown in the various plots.

v

esults

10. Figures 2 through 7 show the Magnus end static stability charucteristics
of the 5-inch ligh Capacity Spinner Rocket at free-stream velocities or 211
and 260 feet per second. From Figures 2 and 6 it can be Secen that the

Magnus force is & smeoih, non-linear {unction of the spin rate and angle

3

CGe ,‘I.L Vid LJ\IJ

&,




CONF IDLNIIAL
NAVOLD Report 4093

of yaw. Holding the cpin rate constant, the MHognus force Increacce
slowly with increasinp yow up to appreximately 16 deprees; wbove this
yaw engle the kHornus force increnses ropidly to values, at 20 deprees
yaw and 10,000 Rid spin rate, as high as 89 percent of the measured
norimal force at corresponding spin rates and angles of yaw.

11, Figures 5 and 9 show the iMagnus force center of pressure &5 a
function of yaw wungle for spin rates of 2,000 Ritl and 10,000 RIM.
Center of pressurc positions at intermediate spin rates fall betveen
these limiting curves. The lagnus force center of pressure is
relatively insensitive to changes in spin rate but varics considerably
with angle of yaw, moving rearwerd epproximately one caliber in the
yaw range 12° <€\ = 28°.

12. Figures 4, 5, 8, and 9 show the static stability characteristics

of the rocket at angles of yuw up to 28 deprees and spin rates to

10,000 REM. It can be seen that the static stability varies eppre-
clably with spin. The normal force increascs up to values approximately
¢wice those measurcd under no-cspin conditions. It is interesting to
note that increaesing the spin rate increases ihc static stability
(center of pressurc moves aft) of this configuration and way, under
certain conditions of cpin and yaw, make the cenfigurations statically
stabl?. This deces not mean, hovever, that service rounds operating at
these "special" conditions would necessarily be dynamically stable.

—
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COORDINATE AXES AND SIGN CONVENTION

NOTE: POSITIVE DIRECTION OF COEFFICIENTS,
SPIN, AND ANGULAR DISPLACEMENT i$§
DENOTED BY THE DIAGRAM ABOVE
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