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ABSTRACT: Wind tunnel measurements are presented of the
aerodynaxic roll damping moment coefficient derivative of
the Basic Finner configuration. Data were obtainea over the
Mach number range from 0.22 to 4.81. At four Mach numbers
the roll damping moment coefficient derivatives were mas-
ured as a function of angle of attack with roll rate as a
parameter. A "free decay"' technique was used to obtain the
data. The present results compare favorably with free flight
ballistics range data.
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I NTrRODUCT ION

Roll damping moment measurements may be obtained either
from free flight tests in a ballistic range or from forced or
free spin tests in a wind tunnel. Generally, ballistic range
tests are restricted to small yaw angles. In contrast, the
test apparatus used in this Investigat.on permits making roll
dawping moment measurements for angles of attack up to tunnel
blockage limits. For subsonic, transonic, and supersonic
speeds, angles of attack of 90, 10 and 25 degrees, respec-
tively, were considered the practical limit for the size model
used in this investigation.

Using the spin decay test technique roll damping moment
coefficients were obtained for zero degrees angle of attack at
two subsonic Mach numbers, 0.22 and 0.77, and at eight super-
sonic Mach numbers in the range 1.53 through 4.81. Iffect of
angle of attack was obtained at Mach numbers 0.22, 0.77, 2.54
and 4.10.

SYMBOLS

Ap panel area of fin

b fin span

C roll moment coefficient derivative due to fin
cant, •C

C roll damping moment coefficient derivative due to
•p rolling velocity, )C

L
C roll moment coefficient,Sq~~pb

C1 diameter of body, one caliber

L rolling moment

I
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L^ AArolling moment due to angle of cant

L p rolling moment due to aerodynamic damping

I axial moment of inertia
x

M Mach number

n total number of :ins

p rolling velocity

q free-stream dynamic prossure

IM) spin parameter

t time

V free-stre a&17 velocity

a angle of attack

angie ot fil, cS't

o frog-•tream %ir density

Sroll i.)!a&iUement

rcll velocity, p

roll acceleration,

Subscripts

o initial conditions

of stealy state

MODEL DISCRIPTIOP AND TZST TZWIQUI

The Basic Finner configuration (Figure 1) consists of a
cone cylinder vith four rectsagular fins mounted in a cruc4

form arrangement. Overall model length is ten calibers, the

2
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cone half angle is ten degrees, and the fins are one caliber
in chord with an overall span of three calibers.

The roll damping moment data were obtained by employing
a spin decay technique. Thias technique consists of driving
a sting-mounted model up to the required spin rate, disengag-
ing the drive, and continuously recording the spin rate as a
function of time. The significant features of the test appa-
ratus are labeled in the photograph of Figure 2. Air at
100-250 psi enters the sliding vane air motor through the
indicated coupling. The exhaust &xir exits from the rear of
the motor through axial ducts. The magnetic clutch c(nnects
the air motor to model sting unit. This unit is supported by
two tandem bearingv. Signals fiom the photo transistor-type
tachometer come through leads just below the tachometer unit.
These leads also carry the release signal to the magnetic
clutch. The bearing housing is constructed so that the
bearings %ay be replaced easily when poor repeatability of
the vacuum tare readings indicates excesvive beartng wear.
The entire unit is positioned in angle of attack through a
worm gear drive to the sector support. Model angle of attack
is set to within one minute of arc from tie tunnel operator's
control console.

Upon clutch release the rotating portion of the system
consists of the model and that portion of the sting support
upstream of the clutch. Both sting &ad model must be used in
the moment of inertia mesaurement. Although a portion of the
sting (cylindrical shaft) as well as the model is rotating,
the aerodynamic roll damping contribution of the sting is
neglected.

DATA REDUCTION TECH'NIQUE

Both the roll damping moment and the rolling moment due
to fin cant are found from the spin decay history. This is
accomplinhed by equating the rate of change of angular
momentum to the applied moments. The mathematical expression
for the spin decay is:

IXPL=LL Lp (1)

3
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I is the total moment of inertia of the model-sting combina-x

-ion about the axis of rotation, L 8 the roll moment induceu

by fin cant, and L p the roll damping moment. The solution

of (1) is:

Li Ltt'

LP L / (2)

In equation (2) the initial conditions are p-p when t-t°.

The steady stite roll condition may be defined as 0-o, P-Pse5

Inserting into equation (1) and solving for Pas lives

pas q (L8/Lp)8.

The definition of the roll damping moment coefficient
derivative, C t, and the rolling moment coefficient deriva-

tive due to fin cant, C is respectively:

•Lp

;Z. P2 i AV
-,1-

Inserting the steady wtate r.ll relationship pas" -(L /Lp )

into equation (2), solving for L p and writing in coefficient

form gives:

• .
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Again, using the steady roll relationship and the above
definition of C gives:

-- P "~ f(3b)
ST'7

Thus, it ma'- be seen thkt both coefficient derivatives C

and C may be calculated from measurable quantities.

Two assumptions have been made in the derivation. First,
the roll damping is a linear phenomenon or equivalently that
the coefficients in equation (1) are constants; secondly,
there is no damping contribution due to bearing friction.
Since neither of these assumptions is valid i%. practic., steps

must be taken to modify the preceding analysis to account for

the non-linear aerodynamics and bearing friction.

As Mach number, Reynolds number and angle of attack are
known and invariant for each test run (see Table 1 for values)

the only significant variation of the coefficients Lp and L

of equation (1) is with roll rate p. A quasi-linear method
is used to find those functions. Essentially, this involves
the assumption that the roll decay history 4.s "piece-wise
linear." The roll decay history is broken into a sub-intervals
as depicted in the sketch below:

I

- C-
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Over the ith sub-interral equation (I) is aslx-aed ts havo

constant coefficients with an initial spin rate of pi-1 s=4

a finp.l spin rate of pi" Thus, in e$.-uatlono .(3) p i-l Pit

t ti replace p., P, t, o to give:

9 '~5'b ~(4b)

It wlii bG nctod in the above expressions that thtv coeffici-
ent derivativvs C and C are assigned to the avisrago spin

Ptp •8

rAte, T, ove-. the interval &.. for small intervals &t. A plot

of C p an C at points I is assumed continuous ii, roll

rate p because of the ccntinuity of the roll history and the
fact that Vi 8 P T I).

The second modification to the linear ana"ysis a&.oountv
for bearing friction. The contribution of bearing friction
is removed by obtaining two roll hintories, one with tho 4o.-

F-red tunnel flow conditions establiahed, and the seco.a with
the tunnel test section evacuated. The tacit assnumpti(in is
then made that the decay mechanism during thv vacuum test fs
due entirely to bearing friction and further that tC's ,)e.vr-

ing triction is identical to that which occurs during tLe
spin decay under aerodynamic loads. Using the vacuum 'ua as
a tare, the value of C measured undei these conditions is

subtracted from C obtained durinq tunnel flow xo give the

net aerodynamic contribution. Vacuum tare readings are taken
every fifth wind tunnel test to account for bearing wear.

6
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zero T SctcFre ofguratic-a used for these tests had

the test coaditioirr, vas o. bta~ined as a fune;Aon o0 angle
. p

of a~ttack at tvo subs~nic anki tro supersonic Mach humbors azvd
At air additional supoxionic Mach numt,*a at zero angle of
attackJ oiz(Ay, The two mibsonic Mach nun:ers were 0.22 and 0.77
-.,or whiich the angle of atta-ch ir~age ve-s -10.0 to +90.0 degrees
and -10.0 to +i1,0.0 dogroes, reuspective'17. The two supersonic
'eArh numnbersi vere 2.54 and 4.10, for w%!ch the oxgl. of attack
range was -10~.( to 26.8 degrees and 0 to 22.0 degrees;
respectively. Tunnel bl~ockage limits fixed thie anigle of
attack raLnge.

Trio data obtained at Mach 0.22 (see Figure 3) vere of
particular interest for several reaso~ns. C tis strongly

dependent on spin rate At angles of attack above 25 degrees.
The data indicate that C 4 is also strongly dependent on apin

rate at ze~ro degrees angle of attack,. Some ýdoubt was raised
Sto the validity of the test techn~ique. However, this por-

tion of the test wa.s repexated' uxi~ng a.aiodif ted turbine,
ta~chometer aaid h;,:isiug. Comparison of the ),o*peat data with
the original test data showed *. differ*nce of, at most, 15 per-
cent. lu the angle Of %ttark Interval, 0 to 10.0 degrees C

increased witb supirn rate. In the interval 10.0 to 20.0 degrees
C tis essentially constant with small dependency upon spin

rat~i. Above 20,0 degrees C t aove a high dependency on apin

rate zzd decreaseo In value i~rregularly with angle )f attach,
xlthouigh the toost was -lenducted up to an angle of attack of
90 degrees, the damping effect of the fins above 60 degrees
was of the same order as the bearing friction. Hence, Vie
subtracting operation with respect to the tare readinZ* pre-
viously described re~sulted in large scatter of tbe expert-
mental data. For this reason only the data obtained a~t the

7
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highest apin rate of 130 rps are shown above an angle of attack
of 60 degrees.

Figure 4 gives the roll damping moment coefficient
derivative, C , versus angle of attack at a Mach number of

0.77. Tunnel blockage lizited the angle of attack range from
-10 to +10 degrees These data have two characteristics in
common with t.hose obtained at Mach 0.22: a strung dependency
on roll rate at zero dogrees angle of attack and a significant
increase with angle of attack up to 10 degrees.

Figures 5 and 6 present the roll damping moment coeffici-
ent derivative, C t, versus angle of attack at Mach numbers

of 2.5; and 4.10, respectively. For a Mach number of 2.54 it
will be noted immediately that up to an angle of attack of 10
degrees, C increases less than ? percent with increasing roll

rate. With increasing angle of attack there is an increasing

dependency upon roll rate. For a Kach number of 4.10, C t is

independent of roll rate for the angle of attack range tested.

Measurements were also made of the roll damping mment
coefficient derivative, C t, at zero degrees angle of attack at

eight Mach numbers in the range 1.53 to 4.81. These data show
no significant spin rate dependency. Therefore, at each Mach
number an average C was taken over the spin range of 50 toLp

100 rps in tncrements of 10 rps. Table 2p which summarizes
this part of the test program, indicates how much this mean
varies from extreme values. These average values of C are

plotted versus Mach number in Figure 7. Free flight toeot data
from reference (b) are also plotted for purposes of comparison.
The fro* flight data were obtained for small angles of yaw.
The wind turn,! d:ta at zero degrees angle of attack fell
slightiy below the free flight data. Examination of Figures
5 and 6 indicates that C Increases with yaw angle; thus, at

t p
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small angles of yaw the wind tunnel data wuld be in closer
agreement with free flight data.

CONCLUDING RZMABK

The "free decay" technique used to obtain the roll damp-
ing moment coefficient derivatives presented in this report
has been demonstrated to be most useful. Using this method
the store of data on the Basic Finner has been significantly
increased by defining the roll damping moment coefficient
derivatives as a function of angle of attack. Further, the
non-linearity of roll damping has been demonstrated by Indi-
cating the dependency of this coefficient on spin rate at
certain conditions of Mach number and angle of attack.

9
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TABLE 1

IlOLL DAMPING TEST SUMMARY WJTH
FREE-STREAM FLOW PAAMETEFS¶

Mach Angle of Attack Dynamic Pressure Reynolds No.
Noo (Degrees) (Lbs/in• _ Per ft x 106

0.22 -10.0 to +90.0 0.62 1.60

0.77 -10.0 to +10.0 4.05 3.92

1.53 0 6.05 4.50

2.03 0 5.05 3.75

2.27 0 4.35 3.35

2.54 -10.0 to +26.8 3.60 2.95

2.76 0 2.97 2.63

3. 51 0 1.63 1.AO

; 10 0 to 22.0 0.98 1.35

4.81 0 0.55 1.00
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TABLE 2

SUMMARY OF SUPERSONIC ROLL DAMPING DATA
AT ZERO ANGLE OF ATTACK

maximum C Minimum C ' Average C •Machi No. * 2ztp

1.53 .538 .522 .532

2.03 .426 .412 .422

2.27 .397 .350 .371

2.54 .359 .340 .352

2.70 .328 .304 .315

3.51 .280 .257 .273

4.10 .259 .188 .219

4.81 .3192 .167 .181

*In 50 to 150 rps range; measurements
made at increments of 10 rps.
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