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STATIC STAEILirS AMD MAGNUS CHAmefKRISTICS OF THE 
5-INCH HIGH CAPACITY SPINNER ROCKET AT KW SUBSONIC SPEEDS 

Prepared by: 

J. E. Greüiie 

ABSTRACT: The static stability and Magnus characteristics of a 1.227 
scale moäel of the 5-inch High Capacity Spinner Rocket have been 
determined for yav angles of 0 degree through 28 degrees and for spin 
rates up to 10,000 RFM. The maximum diameter of the model vas 6 inches. 
These testa vere performed in the DTMB 8 x 10  foot low subsonic wind 
tunnel at speeds of 211 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 make the configuration less 
unstable, statically, and may, under certain conditions of spin and 
yaw, cause the rocket to be statically stable. 

U. S. NAVAL ORDNANCE LABORATORY 
WHITE OAK, MAKY1AND 

56AÄ      7190 
COUFIKiKTlAL 



COHFlDKHTIMi 

HAVOBD Report «4.093 
18 August 1955 

m connection vith the NOL Magnus gj^»^^ a? Jr^trl^ 
„odd of the 5-inch f^J^^S haveleen completed in the 
Telocitiea of 211 and 260 ^e* P« J^J a Thl8 work va8 done 
OTMB 8 x 10 foot low subsonic vind tunnel, 
under task number N0L-A3d-'*53-l-?P« 

JOHN T.  HAWABD 
Captain, USN 
Commander 

H. H.  KURZWEG, Chief 
Aeroballistic Research Department 
By direction 

11 
conrir^'.TiAL 



COinriDKIlTlAL 
IIAVOED Report i+093 

Contents 

Pago 

  1 
  1 
  2 

  3 
References  5 
Coordinate Axes and Sign Convention   6 

Introduction  
Aerodynamic Syrabols.... 
Experimental Procedure. 
Data Keductlon......... 
Results  

-. 

Illustrations 

Figure 1 Sketch of the 1.22? Scale Model of the 5" High Capacity 
Spinner Rocket 

Figure 2 Variation of Magnus Force Coefficient vith Body Spin 
Rate - V ■« 260 feet per second 

Figure 3 Variation of Magnus Moment Coefficient vith Body Spin 
Bate - V «a 260 feet per second 

Figure k    Variation of Normal Force and Pitching Moment vith 
Angle of Yaw - V = 260 feet per second 

Figure 5 Variation of Center of Pressure vith Angle of Yav 
V ■ 260 feet per second 

Figure 6 Variation of Magnus Force Coefficient vith Body Spin Rate 
V = 211 feet per second 

Figure 7 Variation of Magnus Moment Coefficient vith Body Spin 
Rate - V = 211 feet per second 

Figure 8 Variation of Normal Force and Pitching Moment Coefficient 
vith Angle of Yav - V « 211 feet per second 

Figure 9 Variation of Center of Pressure vith Angle of Yav 
V ■ 211 feet per second 

Figure 10 5-Inch High-Capacity Spinner Rocket Mounted on Test Stand 
for Force Measurements- 

iii 
COIffIDHi?riAL 



COJIFIDISNTIAL 
MAVOHD Report ^093 

STATIC STABILITY Aim MAGNUS CHABACTIRISTICS OF THE 
5-INCH HIGH CAPACITY SPINNER ROCKET AT LOW SUBSOTIIC &BSEDS 

INTRODUCTION 

1. The ',)-inch High Capacity Spinner Rocket is a spin-stahilizcd rocket 
approximately 3^ Inches long and weighing about 50 pounds before burning. 
Eight rocket nozzles, canted at 12 degrees. Impart a clockwise spin (as 
viewed looking from base to nose tip) of about 130 revolutions per second. 
Maxliniun range of the rocket is approximately U,600 yards at a velocity 
of TOO feet per second. 

2. As part of a current Naval Ordnance Laboratory 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 the 8 X 10 foot atmospheric wind tunnel at the David 
Taylor Model .basin, • Although these tests were performed at values of the 
spin parameter, ^d/SV, up to and considerably in excess of the full-scale 
value*, or values which might be encountered mider various "practical" 
conditions, the primary purpose of those tests was to investigate the 
Magnus and static stability characteristics of the oonfiguration over a 
relatively large range of spin rate and angles of yaw. 

Aerodynamic Symbols 
■ 

A      body cross-sectional area based on maximum body diameter 
(smuaro feet) 

CJJ      normal force coefficient = N/qA 

CQ      pitching moment coefficient referred to the center of 
C-6"  gravity = MQ   /qAd 

Cv     lateral or Magnus force coefficient = Y/qA 

lateral or Magnus moment coefficient referred to the 
C-G'  center of gravity = M    /qAd (Magnus moment coefficient 

duo to spin) ■^■ 

maximum tody diameter (feet) 

* U>d/2V = 1.0 for 6-inch test model cud 10,000 UFA   at 260 feet 
per second 

u^d/2V = 0.2 for full-scale !;-inch lilrli Capacity Spinner Rocket at 
TOCO RPM and 7Ö0 feet per second 

1 
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Aerodynamic Symbols (continued) 

pitching moment about the center of gravity (inch - pounds) 

body length (feet) 

lateral or Magnus moment about the center of gravity 
(inch - pounds) 

dynamic pressure (pounds per square foot) 

airspeed (feet per second) 

Reynolds number = ^V JiAiu. 

normal force in the plane of yaw (pounds) 

lateral or Magnus force acting at right angles to the plane 
of yaw (pounds) 

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

absolute coefficient of viscosity of air (pound second per 
foot squared) 

air density (slugs per cubic foot) 

angle of yaw (degrees) 

^.9 at V = 260 feet per second 

U.O at V = 211 feet per second 
based on total length of model 

Experimental Procedure 

3. The roc-dels vere mounted on an Internal strain-gage beam which was 
attached to a stand positioned in the center of a turntable in the floor 
of the wind-tunnel test section. Holding the angle of attack at zero 
degree in the vertical plane, the model was yawed (in the horizontal plane) 
in steps of h  degrees through a total angle ranrc of -12 decrees through 
+.=0 degrees, a positive angle denoting displacement of the model to th° 
right as viewed by ^n observer looking upstream in the tunnel, 

fc. To provide spin, a variable frequency motor was attached to the 
forward end of the balance beam and coupled to the forward section of t&e 
cyllncrlcal afterbody.  Spin rates were measured by a two-pole ffiaimetic 
tachometer in the motor section. 

C01F1LZ-.~IAL 
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5. Aerodynamic measurements below +2.6 degrees anßle of yaw were taken 
in steps of 2000 KFM up to a riaximra of 10,000 RH>1. For angles of yaw 
above 16 degrees,, intermediate values of model spin were used whenever 
deemed necessary. 

6. All the model configurations wore constructed of aluminum. Figure 1 
shows the pertinent dimensions of the 5-inch High Capacity Spinner Rocket 
model. 

Data Reduction 

7. All data were reduced to non-dinonEicna 
the section under Aerodynamic Symbols. For 
zero spin data indicated small lateral fore 
relative to the tunnel) acting on the model 
to air loads resulting from asyraniotrlcal po 
pitch plane. The curves of lateral forou a 
shifted parallel to the coefficient axis ua 
was indicated at zero spin rate. A table 
shifts may be found in Table I of reference 

1 coefficients as shown in 
various test yaw angles, the 

(acting in a vertical plane 
These forces were attributed 

sitionlng of the model in the 
id moment have therefore been 
'11 a zero lateral coefficient 
howing the magnitude of the 
(a). 

8. The accuracy of the test results presented in this report could not 
be subjected to a statistical analysis duo to the lack of sufficient repeat, 
data. However, on the basis of a few repeat runs, the average uncertainty 
of the plotted results has been estimated to be not greater than +0,0U 
in th; coefficient values. — 

9. It should bo noted in Figures 2 through 9, that no signs have been 
prefixed to the indicated angles of yaw except for the curves showing 
normal force and pitching moment coefficients. Taking into account the 
uncertainty of the data, the measured values of the aerodynamic forces 
at equal positive and negative angles of yaw up to and including 12 degrees 
ware in such close agreement as to allow one curve to be representative 
of forces and moments at equal positive and negative angles. On thir 
basis, the Magnus force and moment data at angles of yaw of 12 degrees 
and below are indicative of an absolute value and do not indicate the 
direction of the applied Magnus force or the sign of the Magnus moment. 
However, the correct sign of the Magnus moment at angles ot 22  degrees 
and less may be obtained by exaodLnlng the center of pressure plots, 
keeping in mind the direction and sign of the corresponding Magnus force 
which was consistent throughout the test, i.e., positive and directed 
upward for positive yaw angles as shown In the sketch under "Coordinate- 
Axes and Sign Convention". The sign of the Magnus moment for data at 
16 degrees and above is as shewn in the various plots. 

Results 

10. Figures 2 through 9 show the Magnus and static stability characteristi« 
of the 5-inch High Capacity Spinner Rocket at free-stream velocities of 211' 
and 260 feet per second. From Figures 2 and 6 it can be seen that the 
Magnus force smooth,  non-linear function of  the  spin rate and anale 

CCIS-II^.^IAL 
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of yaw. Hold in,; the Spin rate constant, the tegana force incrcaccG 
slowly with increasing yaw up to approximately 16 dogrees; above this 
yaw angle the Msgmie force incrcaces rapidly to values, at So decrees 
yaw and 10,000 KfW spin rate, as high as 85 percent of the measured 
normal force at corrcopondin,- spin rates and ancles of yaw. 

11. Figures 5 and 9 show the Magnus force center of pressure as a 
function of yaw ancle for spin rates of 2,000 BH! and 10,000 BH-l. 
Center of pressure positions at intermediate spin rates fall hetween 
these limiting curves. The r.ar.nus force center of pressure is 
rolativoly insensitive to chances in spin rate but varies considerably 
with angle of yaw, novinc rearward approximately one caliber in the 
yaw range 12° ^\y Ifr 

-- 

12. Figures h,  l),  8, and 9 shew the static stability characteristics 
of the rocket at ancles of yaw up to 20 degrees and spin rates to 
10,000 BHn.  It can be seen that the static stability varies appre- 
ciably with spin. Tho normal force increases up to values approximately 
twice those measured under no-spin conditions.  It is interesting to 
note that increasinc the spin rate increases tho static stability 
(center of pressure moves aft) of this configuration and -nay, under 
certain conditions of spin and yaw, make the coofiguratione statically 
Btablo. This docs not mean, however, that service rounds operating at 
these "special" conditions would necessarily be dynamically stable. 
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NOTE"  POSITIVE   DIRECTION   OF   COEFFICIENTS, 
SPIN   AND ANGULAR   DISPLACEMENT   IS 
DENOTED  BY THE   DIAGRAM ABOVE 
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ANGLE OF YAW 
3.2 

BODY  SPIN   RATE (RPM X  lO-3) 

FIG.2   VARIATION  OF   MAGNUS   FORCE   COEFFICIENT 
WITH   BODY   SPIN   RATE 

5" HIGH  CAPACITY   SPINNER   ROCKET 
V=260 FT/SEC 

■ 
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ANGLE 
OF   YAW 

8° 

-5.4 2^66 
BODY   SPIN   RATE   (RPMXIO-3) 

10 

FIG 3 VARIATION OF MAGNUS   MOMENT   COEFFICIENT 
WITH BODY   SPIN  RATE 

5"H!GH  CAPACITY   SPINNER   ROCKET 
V=260 FT/SEC 
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BODY SPIN RATE 
(RPM X IO-3) 

-y-YAW ANGLE 

FIG 5  VARIATION OF   CENTER  OF   PRESSURE 
WITH   ANGLE   OF  YAW 

5" HIGH   CAPACITY    SPINNER   ROCKET 
V=260 FT/SEC 
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ANGLE 
OF YAW 

0 2 4 6 8 10 
BODY  SPIN   RATE (RPM X 10-3) 

FIG.6   VARIATION  OF   MAGNUS   FORCE  COEFFICIENT 
WITH   BODY   SPIN   RATE 

5" HIGH CAPACITY    SPINNER   ROCKET 
V = 21!   FT/SEC 
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FIG.7 VARIATION OF  MAGNUS   MOMENT   COEFFICIENT 
WITH BODY   SPIN   RATE 

5" H!GH  CAPACITY    SPINNER   ROCKET 
V=2I[   FT/SEC 
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BODY SPIN   RATE 
(RPM X I03) 

:—-rzTf tttil::;:: 

BODY SPIN RATE 
(RPMX lO-3) 

Y-YAW ANGLE 

FIG 8 VARIATION   OF  NORMAL    FORCE   AND 
PITCHING MOMENT   COEFFICIENTS  WITH ANGLE OF YAW 

5" HIGH CAPACITY  SPINNER   ROCKET       V»2UI FT/SEC 
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BODY SPIN RATE 
(RPM X lO-3) 

m 

"VJT-YAW ANGLE 

FIG 9   VARIATION OF  CENTER   OF  PRESSURE 
WITH   ANGLE   OF YAW 

5" HIGH  CAPACITY   SPINNER   ROCKET 
V=211   FT/SEC 
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■ 

FIG. 10   5-INCH  HIGH-CAPACITY   SPINNER  ROCKET 
MOUNTED ON TEST STAND FOR  FORCE 

MEASUREMENTS 
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