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ABSTRACT 

Aerodynamic lift coefficient, drag coefficient and pitch- 
ing moment coefficient are reported for a short finned 
body at angles of attack from -20 to +20 degrees as 
measured with the magnetic balance system at M = .18 and 

5 5 .37, Re, = 1 x 10  and 2 x 10 .  Also reported are modifi- 

cations made to the magnetic balance system in order to 
extend the angle of attack range.  A new controllable D.C. 
power supply was constructed using 300 ampere, 30 volt 
D.C. aircraft generators.  The steady state and transient 
response characteristics of this power supply are reported. 



NOMENCLATURE 

a,b,c - cartesian coordinates referenced to model 

x,y,z - cartesian coordinates referenced to balance 

A.C. - alternating current 

B - magnetic field intensity 

B     - average applied magnetic field intensity in a 
direction 

B,     - average applied magnetic field intensity in b 
direction 

B     - average value of axial (magnetizing) field 

B     - average value of 3B /8x over model volume 
XX X 

B     - average value of transverse magnetic field 
^      (horizontal) 

B     - average value of 3B /8y over model volume 

B     - average value of transverse magnetic field z (vertical) 

ir  2 CD    - drag coefficient = drag ^ q — D 

7T  2 CT    - lift coefficient = lift v q j D 

CM    - pitching moment coefficient referenced to diameter 

D     - model diameter 

D     - average demagnetizing factor in a direction 
(longest dimension) 

D, - average demagnetizing factor in b direction 

D - average demagnetizing factor in c direction 

D - average demagnetizing factor in x direction 

D.C. - direct current 



NOMENCLATURE (continued) 

E - armature voltage 

Ef - field voltage 

F - force x direction 

F - force y direction 

If - field current 

I - magnetization current 

I - current in transverse field (B ) coil z z 

K - magnetic moment constant 

KVA - kilovolt amperes 

L - model length 

M - Mach number, pitching moment 

P - pressure 

q - tunnel dynamic pressure 

Re^ - Reynolds number referenced to diameter 

YDm - revolutions per minute 

T, - torque 

V - volume 

a - pitch angle 

-1 BZ a     - pitch angle = tan  (5—) -a 
S BX 
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INTRODUCTION 

For many years magnetic suspension systems for wind 
tunnel models have been in use at the M.I.T. Aerophysics 
Laboratory.  The study of the original balance system in- 
cluded design of a new power supply for the pitch and yaw 
degrees of freedom which would permit operation at higher 
angles of attack.  Until recently this phase of the 
original design was not implemented.  Under PA Contract No. 
DAAA21-74-C-0304 the original design study was reviewed as 
was the balance capability to support models in the range 
of ± 2 0° angle of attack up to a velocity of 400 feet per 
second.  As a consequence, a power supply was designed and 
a prototype tested.  This power supply was then built and 
data was obtained at angles of attack from -20 to +20 de- 
grees.  This report describes the original balance limits, 
the choice of surplus aircraft generators for the power 
supply, the model design used, and the data obtained for 
the short blunt, finned body configuration.  Care was taken 
to ensure that the new power supplies were compatible with 
the existing configuration, which has allowed recording 
accurate Magnus force data (References 1-3). 
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DISCUSSION 

(a) LIMITATIONS OF THE NASA 
PROTOTYPE MAGNETIC BALANCE SYSTEM 

As part of the research program the power limits of the 
present balance connection were determined.  Possible al- 
ternatives for extending these limits will be discussed in 
the next section.  The cooling limits of the coils, the 
actual power circuit connection for each degree of freedom, 
and the original power supply limits are discussed here. 

Cooling Limits 

Based on an assumed 140 F temperature rise, the 
measured water flow rate at 40 psi, and the resistance 
measured or calculated for the longest turn, the maximum 
current versus water pressure was calculated for each type 
of coil.  Differences among coils of a given type were 
sufficiently small that they do not affect the results 
which are plotted in Figure 1.  Flow rates at pressures 
above 40 psi were extrapolated assuming water mass flow 
varies as /ÄP.  This is a compromise fit between the 
pressure drop for a straight pipe and the pressure drop for 
a coil with large secondary flow effects (Reference 4). 
The total water demand per circuit is shown in Figure 2. 

From Figure 1 it can be seen that the drag, magnetiz- 
ing and outer saddle coils have the lowest limits; however, 
at the present time there is sufficient power available to 
require more than 40 psi cooling pressure only in the 
magnetizing coils.  For other coils, 40 psi should provide 
adequate cooling up to 224 amperes in drag, 240 amperes in 
the outer saddles, 340 amperes in the inner saddles, and 
380 amperes in lift and side force.  As these current 
levels are above the levels achievable with the new power 
supply, the cooling limit is not a restriction at the 
present or proposed current levels. 

Present Balance Circuitry 

The present circuit connection of the NASA prototype 
balance uses a combination of adjustable uncontrolled bias 
from regulated magnetic amplifiers and controllable D.C. 
power from the original magnetic balance Thyratron power 
supplies.  One of these supplies is a nominal 220 volt, 
100 amp unit; two are 110 volt, 100 amp units; and two are 
110 volt, 50 amp units.  All are one-sided; i.e., the 
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Output varies from 0 to a positive voltage level.  The 
100 amp supplies are presently connected to power lift, 
pitch and yaw with the small supplies connected to drag and 
side force. 

The circuits consist of the coils, isolating resistors, 
ripple filters, roll power and EPS signal isolators 
(Figures 7 and 8, pitch and yaw only), metering shunts and 
the bias and control power supplies.  The circuits with 
pertinent circuit constants are given in Figures 3-8.  All 
coils are wound with .195" square copper conductors with a 
.130" diameter cooling hole. 

(b) DESIGN OF NEW POWER 
SUPPLY FOR PITCH AND YAW 

Calculation of model support capability for the balance 
indicated that increased power was needed in the pitch and 
yaw degrees of freedom to increase angles of attack above 
10°.  A motor generator supply utilizing three 300 amp, 
30 volt Government surplus aircraft generators was con- 
structed, tested and used to operate the balance.  This 
section presents the data that was obtained in order to 
make a choice among available generators. 

During original design and construction of the NASA 
prototype magnetic balance, various power supply types were 
investigated as possibilities for the balance system.  At 
that time motor generators with rapid field control were 
recommended.  This type of supply had the following ad- 
vantages : 

1) It was double sided, thus a 40 KVA machine 
could provide full power at plus or minus 
polarity with a smooth transition across 
zero. 

2) It could both give and absorb power under 
transient conditions in excess of its con- 
tinuous rating by using inertial energy 
storage, thus when reversing the field in 
a coil the stored energy would not be lost 
as it would with a rectifier supply. 

3) Overdrive of the field on a transient basis 
could improve the time response without ex- 
ceeding D.C. current limits. 
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4) Commutator ripple would be much lower in 
amplitude and higher in frequency than 
rectification ripple.  Filtering, if 
required at all, would thus be simpler. 

The anticipated disadvantages were: 

1) Difficulty was anticipated in obtaining 
machines with fast enough time response 

2) Weight was large and hence, capital cost 
would be high 

The first part of this section describes the results 
of tests of three types of Government surplus aircraft 
generators and a Lincoln welding machine to determine their 
performance as balance power supplies.  The second part 
describes the measured performance of the final power 
supply.  The machines tested are listed below: 

Machines Tested 

Generator Manufacturer     Type and Number 

1) Aircraft starter 
generator used on Mod  230-64-002 
filament supply  Lear Siegler     Spec 204-060-200 

2) Aircraft generator General Electric Type(R-l) 2CM73B6 

3) Aircraft generator Westinghouse A-45-J-244 

4) Welding machine   Lincoln SAE 300 

5) Aircraft generator General Electric 2CM73B7 

On all machines tested the loaded armature time re- 
sponse was close to that of the field when excited inde- 
pendently.  Also, on all machines the measured time 
response at full excitation was shorter by more than a 
factor of two compared to the small signal time response. 

A summary of the test results is given in Table 1. 
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Table 1 

SUMMARY OF GENERATOR CHARACTERISTICS 

Current Field Time (1) (2) „. Linear   Figure 
Rating Excitation Constant Gain     for 

Generator Amperes Volts Mill iseconds Constants Data 

1 300 5 
10 
20 

142 
110 
55 

3.25     11 

2 300 5 
10 
15 
20 

120 
100 
55 
60 

2.86     12 

3 400 5 
10 
20 
25 

160 
133 
100 
73 

3.83     13 

4 300 130 385 .85 

5 300 Essentially the same as 2 (Figure 12) 

(1) Measured from Polaroid photographs as the time to 
reach .632 x final amplitude. 

(2) Armature volts per field volt at 3500 rpm. 
Generators 1, 2 and 3 can operate from 3000 to 
10,000 rpm.  Generator 4 is fixed at 3500. 

Test Procedure 

Since Generator 1 was the only machine already mounted 
with a motor, only this generator was operated under load 
(1/4 ohm) as well as with the armature open circuited. 
Generators 2 and 3 were operated at 2050 and 2000 rpm re- 
spectively using the Bridgeport milling machine to rotate 
the armature.  For time response measurements, field 
voltage and armature voltage were displayed on a Tektronix 
502 dual beam oscilloscope and Polaroid photographs of the 
response were made.  Photographs were then used to obtain 
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values of Ea/E F;jnal versus time.  These were plotted as 

^EFinal ~ E^EFinal versus time in Figures 9 and 10 for 
Generator 1. 

Figure 9 indicates that the response of this generator 
is approximately exponential, as assumed, since the points 
fall close to a straight line.  Note, however, the highly 
non-linear behavior as excitation is increased.  This de- 
crease in the time constant with increasing excitation 
would be expected since as the iron saturates, the field 
inductance decreases. 

Since the armature inductance is expected to be very 
small, it is expected that the field time constant would 
control the generator response.  Figure 10 shows this 
clearly for 10 volt field excitation. 

Both E and If are approximately exponential with 

time and differences in the field and armature response 
time are not significant.  This indicates that total time 
constant of the system could be markedly reduced by adding 
resistance in series with the field.  While this would re- 
quire additional power from the driver amplifiers, the 
total power required would be much less than that required 
with the present system of load resistors, which are in 
series with the balance coils.  To check this experi- 
mentally, a 10 ohm resistor was inserted in series with 
the 2.4 ohm field of Generator 1, thus providing an excita- 
tion corresponding to 19.3 volts across the field.  This 
reduced the armature output time response to 20 milli- 
seconds and the field time response to 12 milliseconds 
(cf. Table 1). 

P.C. Output Characteristics 

D.C. output voltage of the machines tested is plotted 
as a function of field excitation in Figures 11-13.  Be- 
cause Generator 1 was already motor driven, it was tested 
both loaded and unloaded.  Figure 11 shows that series 
field compounding in Generator 1 is effective in making the 
output independent of current until field saturation, where 
gain rapidly deteriorates.  Characteristics of Generators 2 
and 3 are shown in Figures 12 and 13.  These are very 
similar to Figure 3.  All exhibit a small residual field 
effect of about 1/2 volt at zero excitation.  Otherwise, 
the response is symmetrical about zero.  The Lincoln welder 
output, not plotted, indicates a linear range of about 80 
volts.  Because of its design with a high voltage field, 
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the gain is much lower than the other machines.  Also, the 
welder time response of 385 ms. is quite long. 

Commutator Noise 

Polaroid photographs of the commutator ripple of 
Generator 1 with a 1/4 ohm resistive load were taken to 
determine the type of noise to be expected on the output 
signal. 

Using dividers the following frequency components were 
identified on three photographs: 

Amplitude Ratio 

Frequency      Peak to Peak 
Component Hertz DC 

fQ 1,250 .4% 

±1 2,500 1.4 

f0 12,500 .16% 

The measured characteristics of Generator 2 were 
sufficiently encouraging that a power supply utilizing 
three generators, Type 2CM73B7, was constructed to power 
the inner and outer saddle coils.  Because the field per 
volt applied to the outer saddle coil is about one-half 
that of the inner saddle coil because of the coil geometry, 
one generator was connected to the inner coils and two 
generators were connected in series to power the outer 
coils.  The generator fields in each circuit were driven 
by a Torque System amplifier, No. PA-601, as shown in 
Figure 14. 

The power supply, comprised of a 40 h.p. drive motor, 
cooling fan and three G.E. Model 2CM73B7 generators, was 
tested for both D.C. and A.C. response.  The generators 
which were tested will be referred to as follows: 

Genera tor Se rial Number 

a 2205297 

b 2200182 

c 2205320 
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P.C. Measurements 

For these tests the potential across the field 
terminals was controlled by a 10-turn 500 ohm potentiometer. 
The field and armature signals were displayed on a dual 
beam oscilloscope.  For a prescribed field excitation the 
armature D.C. gain was noted and photographs were taken of 
the A.C. ripple.  Figure 15 illustrates the gain curve for 
Generator c while Table 2 presents the comparative results 
for all three generators.  It is noted that at most a 
2-volt skewedness in the armature voltage exists over the 
positive and negative ranges of field excitation.  A.C. 
ripple is presented in Table 3 for Generator c. 

Table 2 

COMPARISON OF GENERATOR ARMATURE OUTPUTS 

EArmature (Volts) 

EField (Volts D-C-> Generator a Generator b Generator c 

+2.5 +18 +20 +17 

-2.5 -18 -18 -19 

+5.0 +36 +38 +34 

-5.0 -36 -36 -36 

+10.0 +55 +56 +52 

-10.0 -55 -54 -56 

+20.0 * _ - + 64 

-20.0 — — -65 

Power supply to EF:;eld insufficient to generate 20-volt 

potential.  The output of a 6-volt battery was augmented 
by an amplifier with a gain of 28, thus allowing the extra 
data on Generator c. 
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Table 3 

NO-LOAD ARMATURE RIPPLE (GENERATOR c) 

EField (Volts D-c-)  A.C. Ripple (Peak-to-Peak Volts) 

5 .0 

10 .0 

20 .0 

Frequency ] Response 

2.3 

3.0 

3.5 

Preliminary measurements were made to verify that the 
gain of the D.C. amplifier was constant for a frequency 
range of 10 to 100 cps with a sine wave generator.  Since 
this gain was constant, the generator was tested without 
further regard for the amplifier's performance. 

With the power supply in operation, a series of 
photographs were taken for field excitation voltages of 
2.5, 5.0, 10.0 and 20.0 volts amplitude and a range of 
frequencies from 0.5 to 60 cps.  The scope inputs A, B, 
C and D were connected to Points 3, 4, 5 and 6 respec- 
tively (Figure 16).  Amplitude ratio and phase angle data 
were reduced from the Polaroid photographs taken of field 
and armature voltage under each test condition.  Tables 4 
and 5 present the frequency response data while Figures 17- 
22 illustrate the appropriate non-dimensionalized amplitude 
and phase angle curves. 

Throughout the testing operation of the power supply 
appeared normal, without tendency to overheat or vibrate 
excessively.  It will be noted in Figures 17-20 that the 
time constant of the system is specified by intersection 
of the asymptotes to the curve. 

This time constant, while higher than might be desired 
for the most difficult models, has been found adequate for 
the S-curve bodies when incorporated into the complete 
closed loop control system.  Use of this supply increased 
the operating angle of attack range by about a factor of 2 
for the S-curve body model. 
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Improvements in other components of the system, 
notably the 5 mh chokes nearest the saddle coils in 
Figures 7 and 8, which are presently limiting pitch and 
yaw current, and the lift, drag and side force supplies, 
which limit these forces, would extend angle of attack 
range even more. 

Table 4 

AMPLITUDE RATIO FREQUENCY RESPONSE 

E.  /(E Arm' Arnr D.C. 

w(cps) 

Amplitude 
Ef = 2.5v 

Amplitude 
Ef = 5.0v 

Amplitude 
Ef = 10.Ov 

Amplitude 
Ef = 20.0v 

0.5 .861 .857 .944 .930 

1.0 .722 .743 .870 .930 

2.0 .472 .514 .648 .837 

4.0 .278 .3 .389 .550 

6.0 .2 .214 .278 .403 

8.0 .15 .171 .222 .318 

10.0 .117 .131 .176 .256 

14.0 .089 .094 .130 .186 

18.0 .072 .076 .102 .155 

20.0 .064 .069 .093 .140 

25.0 .053 .054 .073 .116 

30.0 .044 .046 .063 .093 

60.0 .02 .024 .030 .047 
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(c) MODEL DESIGN 

Ellipsoidal Core Construction 

The model geometry is shown in Figure 23.  A brass ex- 
terior soldered to an ellipsoidal ingot iron core was 
machined to the dimensions shown, which were supplied by 
Picatinny Arsenal. 

The ellipsoidal core was chosen because magnetic 
saturation (if it should occur in sharp areas of a model) 
could produce changes in magnetic balance calibration as 
the saturated volume changed due to combined magnetic field 
or model orientation changes. 

Since a magnetic core in the shape of an ellipsoid of 
revolution would be uniformly magnetized, use of such a 
core would be expected to minimize such effects. 
Generalized ellipsoid coordinates were generated using 

Y        y 2 1/2 
f = (1 - <|> ) (1) 

the equation for an ellipse, where b is the semiminor axis, 
a is the semimajor axis, Y is the radial coordinate and X 
is the axial coordinate.  These were then multiplied by 
a = 1.984, b = .5 to produce the ellipsoid coordinates 
given in Table 6. 

Because of the need for a cylindrical region for 
chucking models and for use of the laser position sensor, 
the center section of the model core was made cylindrical 
by holding the center section of the ellipsoid to a .5 inch 
diameter cylinder.  This core was then fitted into a model 
with L/D = 4.0.  For the cylindrical region, the value of 
Y for a true ellipsoid is given in parentheses.  Note that 
addition of a maximum of .004 inch provided a .472 inch 
wide cylindrical surface in the center of the model and 
provided a step of .004 in. radius to provide a stop in 
soldering.  This shape was chosen as an acceptable com- 
promise with a perfect ellipsoid which could not be 
mechanically handled easily. 

Details of the assembled S-curve body model with the 
ellipsoidal core are given in Figure 23.  Fins, nose and 
tail sections are made of brass soft soldered to the ingot 
iron core.  This design proved satisfactory for the present 
non-spinning tests.  Should a lighter non-conducting 
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Table 6 

COORDINATES FOR ELLIPTICAL CORE; 
L/D = 3.968; a = 1.984; b = .5 

* 
X (inches) Y (inches) 

.500 

Y 

0. (.500) 
.01984 .500 (.49998) 
.03968 .500 (.49990) 
.05952 .500 (.49978) 
.07936 .500 (.49960) 
.09920 .500 (.49938) 
.11904 .500 (.49910) 
.13888 .500 (.49878) 
.15872 .500 (.49840) 
.17856 .500 (.49797) 
.19840 .500 (.49749) 
.21824 .500 (.49697) 
.23808 .500 (.49639) 

.25792 .49576 

.27776 .49508 

.29760 .49435 

.31744 .49356 

.33728 .49272 

.35712 .49184 

.37696 .49089 

.39680 .48990 

.41664 .48885 

.43648 .48775 

.45632 .48660 

.47616 .48539 

.4960 .48413 

.51584 .48281 

.53568 .48143 

.55552 .480 

.57536 .47952 

.59520 .47697 

.61504 .47537 

.63488 .47371 

.65472 .47199 

.67456 .47022 

.69440 .46838 

For perfect ellipsoid . 
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Table 6 (continued) 

■» 

X (inches) Y (inches) 

.71424 .46648 

.73408 .46452 

.75392 .46250 

.77376 .46041 

.79360 .45826 

.81344 .45605 

.83328 .45376 

.85312 .45142 

.87296 .4490 

.89280 .44652 

.91264 .44396 

.93248 .44134 

.95232 .43864 

.97216 .43586 

.9920 .43302 
1.01184 .43009 
1.03168 .42709 
1.05152 .424 
1.07136 .42084 

- 1.09120 .41759 
1.11104 .41425 
1.13088 .41082 

* 1.15072 .40731 
1.17056 .40370 
1.19040 .4 
1.21024 .39620 
1.23008 .39230 
1.24992 .38830 
1.26976 .38419 
1.28960 .37997 
1.30944 .37564 
1.32928 .37118 
1.34912 .36661 
1.36896 .36191 
1.3888 .35707 
1.40864 .35210 
1.42848 .34699 
1.44832 .34173 
1.46816 .33631 
1.4880 .33072 
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Table   6   (continued) 

X (inches) Y (inches) 

1.50784 .32496 
1.52768 .31902 
1.54752 .31289 
1.56736 .30656 
1.58720 .3 
1.60704 .29322 
1.62688 .28618 
1.64672 .27888 
1.66656 .27130 
1.68640 .26339 
1.70624 .25515 
1.72608 .24653 
1.74592 .23749 
1.76576 .22798 
1.78560 .21795 
1.80544 .20731 
1.82528 .19596 
1.84512 .18378 
1.86496 .17059 
1.88480 .15613 
1.90464 .14 
1.92448 .12156 
1.94432 .09950 
1.96416 .07050 
1.984 0. 
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material be required for future tests of this body in order 
to improve EPS response to a spinning model, the nose and 
tail sections can be made of G-10 fiberglass laminate.  In 
this case, the core should probably be copper plated. 

Estimate of Short Body Force Capabilities 
in Magnetic Balance using Ellipsoidal Core 

Using the force and moment equations from Reference 5 
and the circuit constants for the balance from Figures 3-8 
and Reference 5, the force capabilities on an ellipsoid 
with L/D = 4 were estimated.  The properties of this core 
were assumed to be L = 4", D = 1" 

. 3 Volume = 2 in 

D  = .075     D, = D  = .462 a DC 

As an aid to model design D for ellipsoids is plotted 
in Figure 24 (from Reference 5).  Using this demagnetizing 
factor, the magnetizing field sensitivity B = 19 I , and 

X X 
assuming the model is magnetized to 15,000 gauss, 
M = 15,000 = B /D yields B = 1120 gauss, I  = 59 amperes. 
X XXX X 

Since the transverse field sensitivity B = 3.5 I , the z        z 
transverse field (pitch) current required to rotate the 
magnetization vector through a given pitch angle can be 
calculated.  Values are given below as_a function of a, the 
angle between the horizontal and B + B vector.  Note a is 

X     z 
the angle of attack at zero pitching moment for a 
magnetically symmetric model. 

Pitch Current Required to Achieve 
given a at B = 1120 gauss 

,,     . B (gauss) I (amperes) i _. i g (degrees)    y ^  z  ^  |B|gauss 

10 198           57         1137 

20 409          117         1192 

30 649          185         1294 
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Since the original limit of the pitch and yaw power 
supplies was ±40 amperes, it is evident that pitch angles 
of 10 degrees could not be reached without additional power. 
It also indicates that the new pitch and yaw supply with 
about a ± 160 ampere capacity would make possible operation 
at about 26 degrees a.  This is consistent with the 
measured performance since the 20° limit in the tests was 
reached in lift. 

The maximum aerodynamic q at which the balance would 
operate with this model can be estimated from the force 
equations and the model aerodynamic coefficients. 

Approximate Force Equations 

Neglecting the vector cross terms for model design, 

Fx = KT V Mx Bxx = Drag Force        (2) 

Fy = KT V Mx Bxy = Lift Force        (3) 

3 2 Using K = 1.14 in lb/in per kilogauss 

V = 2 in3 

B~~ ™=v = 76 gauss/in; i.e. 45 amperes drag current 
XX IIlclX 

B  = 84 gauss/in; i.e. 60 amperes lift current xy 

The maximum magnetic lift force is 2.9 lbs at 60 amperes. 

The maximum magnetic drag force is 2.6 lbs at 45 amperes. 

Approximate Torque Equations 

Let the body angle of attack = a. 

-1  Bz Then tan   (g—) = angle of attack of magnetization field 
x   B + B z   x 

a = slip angle between model magnetic axis 

and magnetizing field vector. 
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Then the geometric model angle of attack a  = 
fc -1 Bz tan   (—) ± a .  The pitching torque (from Reference 5) 

. 
X 

Tb = KT V Ba Bc (5- - h>                              (4) c   a 

If a  is sufficiently small and D /D is sufficiently larg 

that M /M .« 1, 
C  3. 

Tb = KT V Ba
2 tan ag (i  jj-) = -2.75 tan as in lbs 

c   a 

If ao m=,v 
= 20°/ TK ras,v = 1.0 in. lbs s max        b max 

Aerodynamic Forces 

Using the aerodynamic coefficients for the configura- 
tion in Appendix A at q = 2 psi, the lift drag and pitching 
moment are listed below. 

Lift, Drag and Pitching Moment 
for S-Curve Body 1 inch in Diameter 
 and 4 inches long  

a Body    Lift  Drag  M about 1.72      M about 2.0 
(degrees)  (lbs)  (lbs)  calibers (in-lbs)  calibers in-lbs 

0 0 .156 0 0 
4 - - .14 .24 

10 .99 .452 0 .30 
20 2.31 1 .25 - .68 .06 
30 4.23 2 .71 -1 .90 -.61 

Use of the new power supply has closely matched this 
predicted performance.  The full capacity of the new supply 
has not yet been used because the 5 mh chokes in the saddle 
coil circuit are operable only at 50 to 100 amperes.  This 
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has not limited the present operating range because of the 
limits in lift. 

(d) AERODYNAMIC DATA 

Lift, drag and pitching moment data were recorded and 
reduced to coefficient form based upon the maximum diameter 
for areas and the reference length.  Moments are referenced 
about an on-axis point 2 calibers from the nose.  The data 
is presented graphically in Figures 25-30 and is tabulated 
in Appendix B.  The data was recorded at Mach number of 
0.18 and 0.37, corresponding to Reynolds numbers of about 
100,000 and 200,000.  The data is internally consistent 
and the accuracy is consistent with standard practice for 
M = .37.  Scatter of the M = .18 pitching moment data is 
higher than normal because of the calibration method re- 
quired.  This scatter became excessive below -10 degrees. 
Since this represents the first data taken with the 
magnetic balance system at angles of attack of 10 degrees 
and higher, there is no "standard practice" yet established 
for high angles of attack.  The lack of symmetry of the 
drag curve, Figure 29, at high positive and negative angles 
indicates a need for further work to identify if this is 
systematic error that can be eliminated by modifying the 
present experimental techniques. 

Comparison with other data supplied by Picatinny 
Arsenal (Appendix A) shows a general lack of agreement. 
However, in view of the differences in Reynolds number and 
Mach number between the two tests, the differences are not 
unexpected.  It is not known if an artificially tripped 
boundary layer would provide better agreement in view of 
the degree of bluntness of the model. 

Calibration 

Dead weight calibration of the model was performed at 
0° ± 5° ± 10° ± 15° and ±20°.  At 15°and 20°the load range 
was limited by the lift and drag power supplies.  Because 
of this limitation only certain combinations of angle of 
attack, lift load and drag load could be used without over- 
loading in either drag or lift.  Specifically the model 
could not be held wind off at high positive angles of 
attack.  For this reason wind off tares could not be taken 
immediately after each run by shutting down the wind tunnel 
drive motor with the model suspended.  Wind off tares were, 
therefore, taken all at one time during calibration.  This 
procedure necessarily led to larger uncertainty in the tare 
readings.  Thus, at low speed with small q, the uncertainty 
in the sensitive moment data is larger than normal. 
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CONCLUSIONS 

As a result of the above research the following con- 
clusions can be drawn: 

1. With the higher current available from the new 
power supply, data could be acquired from -20° to +20° at 
M = .18 for a model having L/D = 4.  Lack of power in other 
degrees of freedom is now the factor limiting the useful 
range of angle of attack and dynamic pressure. 

2. The large difference in drag coefficient (Figure 
26) between the present data and Reference 6 for the body 
tested is believed to be a result of the large difference 
in Reynolds number.  This indicates that the performance 
of this shape in field applications will also be similarly 
Reynolds number dependent. 

3. Power supplies using some types of surplus air- 
craft generators can be used successfully with at least 
some model configurations in the magnetic balance system. 

4. Asymmetry in some magnetic balance force data 
which occurs between high negative and high positive angles 
of attack (see Figure 29) was observed in this test. 
Further research is indicated to identify its source and 
recommend experimental procedures for eliminating it. 
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APPENDIX  A 

AERODYNAMIC  COEFFICIENT   SUMMARY  FOR  BASIC 
S-CURVE  CONFIGURATION  B

s
N
sl

A
S2Fs3 

AEROBALLISTIC     COEFFICIENTS 

Mach 
Number 

Angle of Attack - Degrees 

Coefficient 0 2 4 6 8 10 12 16 20 24 30 60 90 

CX 0-0. 5 -.100 -. 103 -. 128 -. 154 -.169 -. 174 -. 181 -. 218 -.245 -.281 -.291 -. 15 0 

0.9 -.388 -. 399 -.418 -.434 -.461 -.478 -.495 -. 525 -.565 -. 624 -.682 -. 35 0 

1. 1 -.798 -. 802 -. 809 -.818 -. 830 -. 842 -.862 -.924 -.936 -.959 -.9 59 -.48 0 

1. 5 -1. 11 -1. 10 -1. 08 -1. 07 -1.08 -1. 08 -1. 08 -1.09 -1. 06 -1.01 -.96 -.48 0 

2. 5 -1. 17 -1. 17 -1. 17 -1. 16 -1.16 -1. 16 -1. 16 -1. 14 -1. 12 -1.08 -.99 -. 50 0 

CN 0-0. 5 0 . 12 . 22 .34 . 50 .68 .86 1.24 1.67 2. 15 2.96 6. 50 5.65 

0.9 0 .06 . 14 .27 .44 .62 .82 1.22 1.66 2. 15 2.96 6. 10 6. 10 

1. 1 0 . 14 . 27 .43 .63 . 83 1. 08 1.62 2. 20 2.75 3. 82 6. 81 7. 31 

1. 5 0 . 14 .28 .44 .63 . 84 1.07 1.59 2. 13 2.74 3. 50 6. 30 7.31 

2. 5 0 . 10 .21 .33 .47 .61 .76 1. 12 1. 51 1.96 2.63 5. 80 7.15 

CM 0-0. 5 0 . 053 . 092 .09 0 . 059 0 -.078 -. 256 -.433 -.644 -1. 21 -4.69 -5.36 

0. 9 0 . 040 . 062 .090 . 090 .038 -.013 -. 080 -.150 -. 160 -  . 17 -2.88 -4.83 

1. 1 0 . 086 . 136 . 123 . 079 . 044 -.054 -. 241 -.428 -. 550 -   .71 -4. 57 -5.79 

1. 5 0 . 021 . 030 .023 . 010 -. 018 -.069 -. 140 -.390 -.695 -   . 87 -3.60 -5.79 

2. 5 0 .013 . 017 .016 0 -. 025 -.057 -. 131 -.241 -. 397 -   .63 -3.90 -5.66 

CNP 0-0. 5 0 -. 07 -. 12 -. 12 -. 10 -. 10 -. 12 0 . 25 . 10 .60 -1. 55 -1.20 

(Body Fixed) 0.9 0 -. 10 -. 20 -.33 -.48 -.65 -.82 -1.28 -2. 00 -1.50 -1. 25 0 0 

1. 1 0 0 0 -. 11 -. 20 -. 27 -. 37 -   .60 -1. 30 -1. 50 -1. 25 0 0 

1. 5 0 . 16 . 35 .44 . 37 .08 -. 35 -   .46 -   . 34 -   .22 0 0 0 

2. 5 0 . 16 . 32 .07 -. 27 -. 27 -.21 -   .09 0 0 0 0 0 

CMP 0-0. 5 0 . 07 . 10 .08 . 02 -. 03 -. 08 -   .40 -.75 -   .85 -   .40 2.60 2.0 

0.9 0 . 02 .04 .20 .42 .43 .37 .56 . 85 1.42 1.48 0 0 

1. 1 0 -. 01 -. 02 -.03 -. 04 -.06 -. 12 -   .06 . 80 1.42 1.48 0 0 

1. 5 0 -.41 -. 82 -.93 -. 88 -. 20 .64 .86 . 78 .60 0 0 0 

2. 5 0 -.36 -.48 -. 13 -.49 -.48 -.41 -   .21 0 0 0 0 0 

CMQ 0-0. 5 -19.3 -20. 5 -22.0 -23. 0 -24. 5 -26.0 -27. 2 -27. 0 -26. 8 -26.6 -26.3 -24. 6 -23. 0 

0.9 -22. 5 -22. 6 -22.6 -22. 6 -22.7 -22.8 -22. 8 -22.9 -23.0 -23. 0 -23.0 -23. 5 -24. 0 

1. 1 -37.0 -33. 5 -30.0 -26. 5 -22. 5 -19.0 -15. 0 -15. 0 -15.0 -15.6 -17.0 -23. 0 -29. 0 

1. 5 -49.0 -48.6 -48.2 -47. 8 -47.4 -47.0 -46.6 -45. 6 -44.8 -43.9 -42. 5 -35. 7 -29. 0 

2. 5 -24.0 -24. 0 -24.0 -24. 0 -24. 0 -24.0 -24. 0 -24.0 -24.0 -24. 3 -24. 5 -26.9 -29. 0 

CNR 0-0. 5 -19. 3 -20. 5 -22.0 -23. 0 -24. 5 -26.0 -27. 2 -27. 0 -26.8 -26.6 -26.3 -18. 6 -11. 0 

0.9 -22. 5 -22. 5 -22.6 -22.6 -22.7 -22. 8 -22. 8 -22.9 -23. 0 -23. 0 -23.0 -17. 5 -12. 0 

1. 1 -37.0 -33. 5 -30.0 -26. 5 -22. 5 -19.0 -15. 0 -15. 0 -15.0 -15. 6 -17.0 -15. 8 -15. 0 

1. 5 -49.0 -48.6 -48. 2 -47. 8 -47.4 -47.0 -46. 6 -45.6 -44.8 -43.9 -42. 5 -28. 7 -15. 0 

2. 5 -24.0 -24. 0 -24.0 -24. 0 -24. 0 -24.0 -24. 0 -24. 0 -24.0 -24. 3 -24.8 -19.5 -14. 0 

CMPR  = 0-0. 5 0 0 0 0 0 0 0 0 0 0 0 0 0 

CMPQ 0. 9 0 0 0 0 0 0 0 0 0 0 0 0 0 

1. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

1. 5 0 0 0 0 0 0 0 0 0 0 0 0 0 

2. 5 0 0 0 0 0 0 0 0 0 0 0 0 0 

CL x 103 0-0. 5 • 30 
.44 . 56 .70 . 82 .89 .97 .99 .86 . 58 0 0 0 

(0.1   Deg 
Cant) 

0. 9 .44 . 56 .66 .76 . 84 .91 .97 .97 .78 0 0 0 0 

1. 1 .62 . 79 .93 1.07 1. 18 1. 28 1. 37 .94 .76 0 0 0 0 

1. 5 . 52 .66 . 78 .90 .99 1. 07 1. 14 .68 .55 0 0 0 0 

2. 5 .22 . 28 . 33 . 38 .42 .45 .48 . 38 .30 0 0 0 0 

CLP 0-0. 5 -. 38 -.39 -.41 -.48 -. 56 -.60 -.63 -.64 -. 55 -. 35 0 -. 12 -. 25 

0.9 -. 34 -. 36 -.40 -.45 -. 51 -. 53 -. 50 -. 28 -.20 0 0 -.22 -.45 

1. 1 -. 34 -. 37 -.41 -.46 -. 51 -. 55 -.56 -. 56 -.56 -. 56 -. 56 -.48 -. 37 

1. 5 -. 35 -. 38 -.43 -.47 -. 52 -. 57 -.62 -.62 -.62 -.62 -.62 -.43 -. 23 

2. 5 -.22 -. 28 -. 33 -.36 -. 38 -.41 -. 37 -. 37 -. 37 -. 37 -. 37 -.27 -. 16 

BODY -FIXE D   AE RODYNAMIC CO EFFICIENTS 

CLPH1 0-0. 5 0 0 0 0 0 0 0 0 . 012 -.015 -. 025 0 0 

0.9 0 0 0 0 0 0 0 0 . 005 0 -.00 5 0 0 

1. 1 0 0 0 0 0 0 0 0 .005 0 -. 005 0 0 

1.5 0 0 0 0 0 0 0 .. 0007 . 0006 .0185 -.0025 0 0 

2.5 0 0 0 0 -. 0005 -.0012 -.0023 -. 0002 . 0040 -.0017 -.0094 0 0 

CSF1 0-0. 5 0 0 0 0 0 0 .004 . 007 -. 045 .028 . 050 0 0 

0.9 0 0 0 0 0 0 .006 -. 010 -. 048 .021 . 031 0 0 

1. 1 0 0 0 0 0 0 .006 -. 010 -. 048 . 021 . 031 0 0 

1.5 0 0 0 0 0 .002 .003 -. 024 . 025 .090 . 090 0 0 

2.5 0 0 0 0 0 0 0 . 005 . 019 .017- . 028 0 0 

CSM1 0-0. 5 0 0 0 -.003 -. 008 -. 016 -.024 -. 044 -. 020 -.072 -. 100 0 0 

0.9 0 0 0 0 0 0 -.01 -. 026 . 004 -.042 -. 090 0 0 

1. 1 0 0 0 0 0 0 -.01 -. 026 . 004 -.042 -. 090 0 0 

1.5 0 0 0 0 0 0 0 .062 -. 023 -. 143 -. 135 0 0 

2.5 0 0 0 0 0 0 0 -. 015 -. 045 -.042 -. 062 0 °    ! 

Ref. area 
Ref. length 
eg location 

ird  /4.     d= body  diameter 
d 
1.72 8  calibers   from nose 
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Figure 24  Demagnetizing Factor for Ellipsoids D,=D =J5(1-D ) 
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Figure 30  Pitching Moment Coefficient versus 
angle of attack at M=.18, Re,=lxl05 

reference 2 calibers from nose. 
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