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INTRODUCTION 

The RAP is a gun-launched, rocket-assisted projectile, 
led tunnel tests were carried out on tso experimental 

configurations, one designed for the 5 inch/38 and the other 
for the 5 inch/54 gun. The primary purpose of the wind 
tunnel tests was to obtain the Magnus force and moment 
coefficients. In addition, it was possible to obtain the 
normal force and pitching moment coefficients. This report 
contains these four coefficients as an explicit function of 
angle of attack and as a parametric function of Mach number. 

** *** ®8tablished that the side force and yawing moment 
were linear functions of spin rate, and hence the data are 
presented as the slopes of side force and yawing moment with 
spin rate. It is these slope» that are defined as the Magnus 
force and moment coefficients. 

Because the test was essentially trlsonic - subsonic, tran¬ 
sonic and supersonic, it was necessary to use two facilities. 
The subsonic and transonic tests were carried out at the 
David Taylor Model Basin (DTMB) and the supersonic tests at 
the Naval Ordnance Laboratory (NOL). At DTMB the 7 by 10 
foot Transonic Tunnel was used; at NOL the Supersonic 
Tunnel No. 1 was used. 

The range of test variables in both facilities was as 
follows: At NOL the spin rate was between 50 and 500 
revolutions per second, the angle of attack between 0 and 
20 degrees and the Mach number between 0.70 and 0.95 and 1.75 
and 2.53. At DTMB the spin rate was between- 100 and 3C0 
revolutions per second, the angle of attack between 0 and 20 
degrees and the Mach number between 0.70 and 1.15. 

SYMBOLS 

» 

<D 

» 

i 

i 

» 

C*P* center of pressure 

Cb static pitching moment coefficient, My/QSd 

Cn yawing moniert coefficient, M /QSd 
z 

» 
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P » 

F 
y 

F 
z 

U 

P 

P 

P 
o 

Q 

r 

T 

R 

Re 

Ra/¿ 

Magnus moment coefficient, SC /3(pd/2V ) 
n • 

normal force coefficient, -F /QS 
Z 

aide force coefficient, F /QS 
y 

'Jagnus force coefficient, âCy/3(pd/SV^) 

reference length, body diameter 

component of aerodynamic force along x axis 

component of aerodynamic force along y axis 

component of aerodynamic force along z axis 

Mach number 

rolling moment, moment about x axis 

pitching moment, moment about y axis 

yawing ¡uoroent, moment about z axis 

spin rate 

reduced frequency 

stagnation pressure 

dynamic pressure, 

distance of center of pressure from center of gravity 

probable error 

gas constant for air 

Reynolds number (based on body length) 

Reynolds number per foot of body length 
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S 

T 

V 

X 

y 

z 

a 

p 

r«f«r*nce area, ir^/4 

taaparature 

fr®*-Ktreajn velocity 

to -1°°8 

-«.“«* :nïrP“rL:0 * "■ “d --1 *° 
body axis orthogonal to * and y axes 

ugle of attack 

density of free stress 

^^.ni^ixUN OF COKFICURATIONS 

irLrLlv“ t6 

The wind tunnel wodels used at OTTO - , 

?í.c5u”:¿/3gr,^terícíiiyhid*ntic*1 to thoM 

In Figures 3 tud'^fir^hs^1^2/38° *î* pJoto«p*P'>». Is shoe 
respectively. It will p, “d 3 inch/54 projectiles 

cslibe-s long -,11^.1 ^pfl“ f*5 fd 

«». t th configurations n... .Vf digrefíff"8 ’ 
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balances measured the forces and moments in the yav and pitch 
planes. Essentially the same acquisition technique vas used. 
Voltages required to balance strain-gage bridge circuits mere 
sampled and recorded as digital counts on magnetic tape. Data 
were reduced to coefficient form using the equations of 
reference (1). These coefficients are C„, C , C and C , the 

N IB y Q 
normal force, pitching moment, side force and yavlng moment 
coefficients, respectively. 

In both facilities the model vas held at a fixed angle of 
attack. At DTMB the model vas spun to a fixed spin rate by 
means of an eleven-horsepover variable-frequency electric 
motor. Analog signals from the strain gages vere sampled and 
recorded digitally on magnetic tape. About 150 samples vere 
recorded and averaged to give one "reading" for each data 
point. A data point is defined by throe numbers—angle of 
attack, Nach number and spin rate. The model spin rate vas 
then changed and the sampling and recording procedure 
repeated. Measurements vere made at six discrete spin rates 
betveen 100 and 300 revolutions per second. 

At NOL a somevhat different procedure vas used. Instead 
of an electric motor a tvo-stage air turbine powered the model. 
It was not possible to hold the model at a fixed spin rate 
with the air motor. Even if satisfactory pneumatic controls 
could be developed, it is felt that the exhausting air could 
materially alter the base flow and, in turn, effect the Magnus 
force on the body. Therefore, the air motor vas used to spin 
the model to an upper speed limit (about 500 revolutions per 
second). The air supply vas then terminated. The model 
experienced spin decay due to bearing friction and aero¬ 
dynamic roll damping. A magnetic tachometer provided an analog 
signal proportional to the model's Instantaneous spin rate. 
Analog signals from the strain-gages and the magnetic 
tachometer vere sampled at about 80 times per second as the 
model under vent spin decay. In the NOL tests, therefore, 
Magnus measurements may be thought of as being continuous with 
spin rate, unlike the DTMB tests vhere measurements vers made 
at discrete spin rates. In the Results Section, it 
will be pointed out that since the side force and yavlng 
moment coefficients are linear with spin rate, reduced data 
consist of the slopes or Magnus coefficients C and C , 

8 
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rather than the force and monent coefficients C and C . A 
7 n 

data point at NOL then is characterized by a pair of 
nunbers: angle of attach and Nach number. The data acquired 
at each of these data points are the Magnus coefficients 
Cn and C , and the normal force and pitching moment 

P 7P 
coefficients C and C . 

ft B 

The purpose of these tests vas to make gross Magnus 
measurements on the teo configurations. No attempt vas made 
to assess the specific effects of the geometric irregularities 
such as fuze lugs, nose bluntness, bourlet, boat-tail, fuze 
cover threads, etc. To get a qualitative idea of the effect 
of these proturbances a number of schlieren photographs were 
taken. Typical photographs for the 5 inch/38 and the 5 inch/54 
are shown in Figures 5 and 6, respectively. 

In the Data Reduction Section the significance of flov 
compressibility, viscosity and unsteadiness will be discussed. 
However, it seems appropriate here to discuss the character¬ 
istics of the two facilities used in making these measurements. 

Since the Magnus effect on a body without fins is a 
viscous phenomenon, it is important to be able to make 
comparisons between the Reynolds number under conditions of 
test and under conditions of projectile operation. Figures 7 
and 8 show the Reynolds number per foot variation with Mach 
number in the NOL Supersonic Tunnel No. 1 and the DTMB 
Transonic Tunnel, respectively. 

It will be noted in Figure 8 that there are three 
operational modes for the DTMB transonic tunnel. The table 
below shows the Mach number capability in each of these modes. 

Mode 

Test Section Vented 

Settling Chamber Vented 

Evacuated 

Upper 
Mach Number 

0.70 

1.00 

1.17 

Total Pressure 
(Atmospheres) 

1.0 to 1.5 

1.0 

0.5 to 1.0 

» 
(S) 

* 

i 

» 
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I 

% 

ONE DEGREE ANGLE OF ATTACK 

TWELVE DEGREES ANGLE OF ATTACK 

SIXTEEN DEGREES ANGLE OF ATTACK 

FIG. 5. SHOCK WAVE FORMATION ABOUT 5 INCH 38 CALIdER RAP PROJECT¬ 
ILE AT A MACH NUMBER OF 2.5 

» 
<§> 

* 

» 

» 
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FIG. 7 
R£^DS”UMBER PER FOOT AND EQUIVALENT ALTITUDE VERSUS MACH NUMBER 
FOR U.S. NAVAL ORDANCE LABORATORY SUPERSONIC W,ND TUNNEL NO 1 
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Since the Magnus program required testing between Mach 
numbers 0.70 and 1 17, it was possible to use only the last 
two modes. All Magnus measurements made up to and including 
Mach 1.00 were carried out with "settling chamber vented." 
In this case a total pressure of one atmosphere was used. For 
tests at Mach numbers of 1.05 and above tbe wind tunnel was 
"evacuated" with a total pressure of one-half an atmosphere. 
The NOL Supersonic Tunnel No. 1 is a blow-down facility. 
Total pressure (except for a few percent drop through a 
dryer element) is always one atmosphere. 

Also contained in Figures 7 and 8 are the altitude equiva¬ 
lent of the test section conditions. The following discussion 
examines the basis of this relationship. 

If a differential atmospheric element is assumed to be in 
equilibrium between buoyant and gravitational forces as, 

AdP - -p(Adh)g . (1) 

Assuming an equation of state as 

P - RoT (2) 

one may insert equation (2) into equation (1). For the case 
of an Isothermal atmosphere it is possible to integrate this 
equation to get, 

h - R T ¿n l — ) 
o x p y 

(3) 

Using the density ratlo-Mach number relationship for a 
diatomic gas equation (3) becomes 

» 

* 

* 

i 
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R3 
(1 + I ) . (4) 

Total temperature conditions for both the NOL and the DTHB 
tunnels are 535 degrees Rank1ne. 

DATA REDUCTION 

-A 

The Magnus force, F^, will be defined as a force 

depending upon body spin and acting nonal to the plane 
established by the spin vector, p, and the velocity vector, V. 
Mathematically, this force and its corresponding moment, 
can be expressed as, 

FM - k (p X V) (5) 

5RT 

h --5-2 tn 

and 

Nj| - kTrx (pxV) ] (6) 

where k Is a scalar constant for a given set of flow 
conditions and ^ is the distance from the center of gravity 
to the center of pressure. Equations (5) and (6) sujnm~rize 
the Magnus sign convention and are equivalent to the tabular 
form presented on pages 10 and 11 of reference (2). 

All forces and momeuts are referred to the conventional 
aeroballlstlc body axis system, that is an axis system which 
shares all body motion except spin. In this system the x 
axis is forward along the axis of symmetry; the y axis is to 
the right when the projectile is viewed in the positive x 
direction; 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 nose of the body. Unit vectors 
along the x, y, z axis will be defined as ii, j, k}. Further 
note that the wind tunnel constraints are such that the x, 
z plane is vertical and that this plane contains the flow 
velocity vector. 

Since p - pi and - V^cos ai + V^sin ak , equation (5) 
may be rewritten as 

Fy - -k (pV^sin a)* (7) 

15 
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which denonstratea that the Magnus force Is an odd function 

of the angle of attack and spin rate, and further that the 

force Is along the negative y axis or 

F, (8) M y 

If equation (6) is rewritten as 

V kLp (rV.co* «) - Vm (rp)] - -k(prV-sln aik-M^ (9) 

then, fron equation (9) it can be seen that the Magnus aoaent 

Is an odd function in center of pressure location, spin rate 

and angle of attack. For exaaple. If the Magnus center of 

pressure Is ahead of the center of gravity, the Magnus sosent 

would be negative (nose to left). The sketch below Illustrates 

the preceding vectorial relationships. 

z 

The side force and yawing sosent coefficients are defined 

(10a) 

(10b) 

16 
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The nomal force and pitching moment coefficients are defined 
similarly as, 

(lla) 

(llb) 

The coefficients of equations (10) and (11) depend upon 
the pressure distribution which, in turn, depends upon the 
compressibility, viscosity and unsteadiness of the flow. To 
assure simulation of these effects it is necessary to present 
coefficients as functions of the appropriate similarity 
parameters. 

Since the free-stream velocity is in the vicinity of the 
speed of sound propagation, it is necessary to regard the 
medium as compressible. Simulation of compressible effects 
is assured by testing at the same Mach numbers. Also as the 
Magnus effect on a body without fins originates in the 
boundary layer, it is necessary to test at required Reynolds 
vumbers to simulate viscous effects. Finally, since each 
surface element on a steadily spinning body experiences a 
cyclically changing flow field, it is necessary to test at a 
parameter which matches flow unsteadiness. In Magnus tests 
this flow unsteadiness parameter is designated as the reduced 
frequency, p. 

Testing at identical reduced frequencies assures matching 
the flow angularity at similarly located surface elements on 
geometrically similar bodies. The sketch below shows such an 

» 

i 

» 
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If nr, * a „ , then It is clear that i> d, /V. 
12 1 1 L 

or equivalently. 

r 

P d 
_2_2. . 
2V 

(12) 

Thus, it vill be postulated that in a Magnus test the 
coefficients must be expressed as functions of Mach number, 
Reynolds number and reduced frequency, as well as body angular 
attitude. 

While it may be obvious that the side force and yavlng 
moment coefficients are functions of angle of attack and 
reduced frequency, it is not at all clear how to describe 
the functions when the Magnus forces are nonlinear with 
these quantities. If the Magnus force is assumed to be an 
analytic function of angle of attack and reduced frequency, 
the side force coefficient can be expanded in a Taylor 
series in a and p as, 

Cy(ot,p) 

ac ac 
Vo’0) +W1q[+ ap 

a’c 
+ — * ^ P 

2 ip» 

i aac 

P + 2 

aac 
+ —* nrp 

èadp 

(13) 

where all the derivatives are evaluated at a and p equal 

to zero. Since, 

Cy(0,0) - Cy(0,p) - Cy(a,0) - 0 

it follows that all but cross derivatives vanish and 
equation (14) becomes as a first approximation, 

Cy(a,p) ap 

(14) 

(15) 

Similar relationships would of course apply to the Magnus 
moment coefficient, C , also. The term on the right is the 

n 

18 
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faoillar Magnus derivative of linear dynamics «hieb aerodynam- 
ically couples yaw and pitch. It should be noted that equation 
(15) is consiste: t with equation (7) for snail angles of attack. 

Before attempting to come to grips with describing non- 
linearities, it is Important to recall the methods of data 
acquisition. At DTMB the side force measurements were made 
at discrete spin rates «hile at NOL these measurements 
were obtained continuously with spin rate. The difference in 
data acquisition between the two facilities is more apparent 
than real as the sampling process at NOL amounts to making 
measurements at discrete spin rates. The only significant 
difference is that far more measurements were made at NOL ^ 
than at DTMB. At NOL there were about 200 [C^.p] and {Cn,p} 

pairs as compared to 6 at DTMB for each angle of attack, 
Mach number combination. 

This suggests rewriting equation (13) as: 

ac (a) , aac (a) . a*c (cr) 
C (a p)_l P+1-—Ï P3* ~ ?+ ... 
y ’P; dp 2 3'2 

(16) 

where the derivatives are evaluated at p - 0. The above 
equation is a polynomial in p with derivatives—or coef¬ 
ficients—as funeexons of angle of attack. Of course, if 
Cy is linear in both nr and p the derivatives of higher order 

than one vanish and 

i 

» 

» 

i 

» 

Cy(or,p) 
I J 

or-O 

Under these conditions equation (17) reverts back to 
equation (15). 

(17) 

It is the purgóse of data reduction then to obtain the 
derivatives dC /dp and dC /dp as direct functions of angle 

y n 
of attack and Indirect functions of Mach number. The 
.justification for using the above derivatives , or equivalently 

19 
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» 

assuming the linearity of the Magnus force and moment with * 
reduced frequency, will be discussed in the next section. 

RESULTS 

Wind tunnel measurements both at NOL and DTMB strongly 
support the hypothesis that the yawing moment coefficient, fe 
C and the side force coefficient, C , are linear at least 
n y 

in p. Thus equation(16) and the equivalent moment equation 
become 

ac (a)_ 
C (a, p) — ""iw^ P * C (a) p (18a) y 3p yp 

3Cn(e,)- 
c (a,p) ---2 P ■ (a) p (18b) 
n dp n 

therefore remains to obtain the quantities C 

(a). This is accomplished by evaluating C 

yp 

(a) and 

yp 
(a1) and 

(a1) at each a - a . Graphical presentation of each of 

these quantities is given in Figures 9 through 24 for the 
5 inch/38 and Figures 25 through 39 for the 5 inch/54. No 
attempt has been made to obtain analytic expressions for 
each Magnus coefficient as functions of angle of attack. 
However, the nonlinear nature is obvious from examination of 
these figures. 

Figures 40 through 55 present the normal force and pitching 
moment coefficients, C and C , respectively, as a function 

fl IB 

of angle of attack. Again it should be emphasized that the 
moment reference center is the nose of the configuration. 

The first concern is with the quality of the data. It 
was mentioned earlier that the technique used to obtain the 
Magnus force and moment coefficients, C and C , was to fit 

yp "p 
a least squares straight line to plots of the side force and 
yawing moment versus reduced frequency. If it is assumed 

» 

» 

» 

» 

• • • 
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that the data have a Gausslan-Laplace error distribution 
and that the fitted straight line is a "true" representation, 
it is interest to measure data scatter by the probable 
error, r. This was done for each side force and moment 
coefficient measured at NOL and DTMB. The probable error, 
r, is defined as the number which the actual error may be 
greater than or less than with equal probability. In terms 
of the standard deviation, <7, the probable error, r, is 

r - 0.6745a 

While it is not appropriate to include each probable error, 
it is of interest to consider typical values. For Instance, 
at 16 degrees angle of attack and at a Mach number of 1.05, 
the probable error in measuring a yawing moment coefficient 
of 0.3225 is 0.0055. At an angle of attack of 2 degrees 
the yawing moment coefficient is 0.029 with the same 
probable error. 

Another feature of the data is that the probable error 
in measuring the yawing moment coefficient is from two to 
five times as large as that in measuring the side force 
coefficient. This became obvious when examining the relative 
data scatter between plots of these two coefficients versus 
reduced frequency. This scatter effects the Magnus coef¬ 
ficients as can be seen in Figure 9, for example. Here it 
will be noted that there is far more scatter in plots of 
Cn versus angle of attack, a, than in the corresponding 

P 
plot of C . This scatter is probably caused by flow 

yp 
unsteadiness slightly shifting the Magnus center of pressure. 

It will be noted that Magnus coefficients are nonlinear 
with angle of attack above 10 degrees. Transonic measure¬ 
ments indicate that at these Mach numbers the Magnus effect 
is more nonlinear with angle of attack than it is either 
subsónica)ly or supersonically. Compare for example Figure 16 
with either Figure 9 or Figure 23. 

Comparison between the two RAP projectiles indicates, as 
might be expected, that the 5 inch/54 has the greater Magnus 
moment. This is, of course, attributable, at least in part, 
to the difference in length. 
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The normal force and pitching moment coefficients for 
both configurations are given in Figures 40 through 55. 
Both configurations indicate a trend for the normal force 
center of pressure to move aft with increasing Mach number. 
The center of pressure location (in calibers) from the nose 

is given by the following expression 
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FIG . 9 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 0.70 

FOR CONFIGURATION 5"/38 RUN AT NOL 
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0 < 8 12 16 20 24 

ANGLE OF ATTACK, a (DEC) 

FIG. 10 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 0.70 

FOR CONFIGURATION 5"/38 RUN AT DTMB 
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FIG. 11 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 0.80 

FOR CONFIGURATION 5"/38 RUN AT NOL 
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0 4 8 1 2 1 6 20 2 4 

ANGLE OF ATTACK, a (DEG) 

FIG. 12 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 0.80 

FOR CONFIGURATION 5-/38 run AT DTM8 
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FIG. 13 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 0.85 

FOR CONFIGURATION 5"/38 RUN AT NOL 
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I 

& 

FIG.14 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 0.90 

FOR CONFIGURATION 5"/38 RUN AT NOL 
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FIG.)5 MAGNUS FORCE AND MOMENT COEFFICIENT AT 

FOR CONFIGURATION 5"/38 RUN AT DTMB 
A MACH NUMBER OF 0.90 
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& 

ANGLE OF ATTACK, a (DEG) 

FIG. 16 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 0.95 

FOR CONFIGURATION 5’'/38 RUN AT DTMB 
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FIG. 17 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 1.00 

FOR CONFIGURATION 5"/38 RUN AT DTMB 
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FOR CONFIGURATION 5"/38 RUN AT DTMB 
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.19 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF I 10 

FOR CONFIGURATION 5738 RUN AT DTMB 
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FIG. 20 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 1.15 

FOR CONFIGURATION 5"/38 RUN AT DTMB 
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» 

FIG.21 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 1.52 

FOR CONFIGURATION 5'738 RUN AT NOl 
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ANGLE OF ATTACK, a (DEG) 

FIG. 22 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 1.75 

FOR CONFIGURATION 5-/38 run AT NOL 
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FIG. 24 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 2.53 

FOR CONFIGURATION 5"/38 RUN AT NOL 
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0 

ANGLE OF ATTACK, a (DEG) 

FIG. 25 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 0.70 

FOR CONFIGURATION 5"/54 RUN AT NOL 
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ANGLE OF ATTACK, a (DEG) 

FIG.26 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF0.70 

FOR CONFIGURATION 5"/S4 RUN AT DTMB 
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ANGLE OF ATTACK, a (DEG) 

FIG. 27 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 0.80 

FOR CONFIGURATION 5"/54 RUN AT NOL 
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FIG.28 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 0.80 

FOR CONFIGURATION 5"/54RUN AT DTMB 
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ANGLE OF ATTACK, a (DEG) 

FIG. 29 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 0.85 

FOR CONFIGURATION 5“/54 RUN AT NOL 
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0 4 8 1 2 1 6 20 24 

ANGLE OF ATTACK, a (DEG) 

FIG.30 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 0.93 

FOR CONFIGURATION 5"/54 RUN AT NOL 
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FIG. 31 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 0.95 

FOR CONFIGURATION ' '54 RUN AT DTMB 
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» 

FIG. 32 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 1.0¾ 

FOR CONFIGURATION 5"/54 RUN AT DTMB 
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ANGLE OF ATTACK, a (DEG) 

FIG.33 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 1.05 

FOR CONFIGURATION 5“/54 RUN AT DTMB 
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FIG.34 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 1.10 

FOR CONFIGURATION 5"/54 RUN AT DTMB 
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FIG . 35 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 1.15 

FOR CONFIGURATION 5"/54 RUN AT DTMB 
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0 4 8 12 16 20 24 

ANGLE OF ATTACK, a (DEG) 

FIG. 36 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 1.52 

FOR CONFIGURATION 5"/54 RUN Aî NOL 
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FIG. 37 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 1.75 

FOR CONFIGURATION 5“/54 RUN AT NOL 
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FIG. 38 MAGNUS FORCE AND MOMENT COEFFICIENT AT A MACH NUMBER OF 2.03 

FOR CONFIGURATION 5"/54 RUN AT NOL 
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FIG'39 F0RCE AN° MOM£NT COE^'CIBNT AT A MACH NUMBER OF 2.53 
FOR CONFIGURATION 5"/54 RUN AT NOL 
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FIG. 40 NORMAL FORCE AND PITCHING MOMENT COEFFICIENT AND NORMAL FORCE CENTER 

OF PRESSURE LOCATION VERSUS ANGLE OF ATTACK FOR THE RAP 5“/38 PROJECTILE 

AT A MACH NUMBER OF 0.70 
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FIG.41 
NORMAL FORCE AND PITCHING MOMENT COEFFICIENT AND NORMAL FORCE CENTER 

OF PRESSURE LOCATION VERSUS ANGLE OF ATTACK FOR THE RAP 5V38 PROjECmE 
AT A MACH NUMBER OF 0.80 
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FIG. 42 NORMAL FORCE AND PITCHING MOMENT COEFFICIENT AND NORMAL FORCE CENTER 

OF PRESSURE LOCATION VERSUS ANGLE OF ATTACK FOR THE RAP 5"/38 PROJECTILE 

AT A MACH NUMBER OF 0.90 
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FIG. 43 NORMAL FORCE AND PITCHING MOMENT COEFFICIENT AND NORMAL FORCE CENTFR 

OF PRESSURE LOCATION VERSUS ANGLE OF ATTACK FOR THE RAP 5-/38 PROJECTILF 
AT A MACH NUMBER OF 0.95 
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FIG. 44 NORMAL FORCE AND PITCHING MOMENT COEFFICIENT AND NORMAL FO»CE CENTER 

OF PRESSURE LOCATION VERSUS ANGLE OF ATTACK FOR THE RAP 5*/38 PROJECTILE 

AT A MACH NUMBER OF 1.00 
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FIG. 45 NORMAL FORCE AND PITCMNG MOMENT COEFFICIENT AND NORMAL FORCE CENTER 

OF PRESSURE LOCATION .'tPSUS ANGLE OF ATTACK FOR THE RAP 5"/38 PROJECTILE 

AT A MACH NUMBER OF 1.05 
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FIG.46 NORMAL FORCE AND PITCHING MOMENT COEFFICIENT AND NORMAL FORCE CENTER 

OF PRESSURE LOCATION VERSUS ANGLE OF ATTACK FOR THE RAP 5"/38 PROJECTILE 

AT A MACH NUMBER OF 1.10 
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FIG. 47 NORMAL FORCE AND PITCHING MOMENT COEFFICIENT AND NORMAL FORCE CENTER 

OF PRtSSURE LOCATION VERSUS ANGLE OF ATTACK FOR THE RAP 5"/38 PROJECTILE 
AT A MACH NUMBER OF 1. 15 
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FIG. 48 NORMAL FORCE AND PITCHING MOMENT COEFFICIENT ANO NORMAL FORCE CENTER 

OF PRESSURE LOCATION VERSUS ANGLE OF ATTACK FOR THE RAP 5"/54 PROJECTILE 

AT A MACH NUMBER OF 0.70 
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FIG. 49 NORMAL FORCE AND PITCHING MOMENT COEFFICIENT AND NORMAL 

OF PRESSURE LOCATION VERSUS ANGLE OF ATTACK FOR THE RAP 5-/34 
AT A MACH NUMBER OF 0.80 

FORCE CENTER 

PROJECTILE 
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FIG. 50 NORMAL FORCE AND PITCHING MOMENT COEFFICIENT AND NORMAL FORCE CENTER 

OF PRESSURE LOCATION VERSUS ANGLE OF ATTACK FOR THE RAP 5-/54 PROJECTILE 

AT A MACH NUMBER OF 0.90 
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FIG. 51 NORMAL FORCE AND PITCHING MOMENT COEFFICIENT AND NORMAL FORCE CENTER 

OF PRESSURE LOCATION VERSUS ANGLE OF ATTACK FOR THE RAP 5-/54 PROJECTILE 
AT A MACH NUMBER OF 0.95 
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FIG, 52 NORMAL FORCE AND PITCHING MOMENT COEFFICIENT AND NORMAL FORCE CENTER 

OF PRESSURE LOCATION VERSUS ANGLE OF ATTACK FOR THC RAP 3m/U PROJECTILE 
AT A MACH NUMBER OF 1.00 
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OF PRESSURE LOCATION VERSUS ANGLE OF ATTACK FOR THE RAP 5"/54 PROJECTILE 
AT A MACH NUMBER OF 1.05 
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FIG. 54 NORMAL FORCE AND PITCHING MOMENT COEFFICIENT AND NORMAL FORCE CENTER 

OF PRESSURE LOCATION VERSUS ANGLE OF ATTACK FOR THE RAP 5"/54 PROJECTILE 

AT A AUCH NUMBER OF 1.10 
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FIG. 55 NORMAL FORCE ANO PITCHING MOMENT COEFFICIENT AND NORMAL FORCE CENTER 

OF PRESSURE LOCATION VERSUS ANGLE OF ATTACK FOR THE RAP 5“/54 PROJECTILE 
AT A MACH NUMBER OF 1. 15 
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