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ABSTRACT: V¥Wind tunnel seasurements are presented of the
aerodynaxic roll damping moment coefficient derivative of
the Basic Finner configuration. Data were obtained over the
Mach number range from 0.22 to 4.81. At four Mach oumbers
the roll damping msoment coefficient derivatives were meas-
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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characteristics of the Basic Finner configuration.
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INTRODUCTION

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 yav angles. In contrast, the
test apparatus used in this investigat.on permits making roll
danping 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. Effect of
angle of attack was obtained at Mach numbers 0.22, 0.77, 2.354
and 4.10.

SYMBOLS
Ap panel area of fin
b fin span
C roll moment coefficient derivative due to fin
ty cant, ac’
38
C roll damping moment coeff'cient derivative due to
Lp rolling velocity, BC{
3(22\
2v)
C{ roll]l msoment coefficient, T
p
d diameter of body, one caliber
L rolling moment
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rolling mcment due to angle of cant
rolling moment due to aerodynamic damping
axizl moment of inertia

Mach nusber

total number of fins

rolling velocity

free-stream dynamic prassure

spin parameter

t time
v free-stream ai - velocity
o angle of attack
A angle of fiu cart
o) frev-8trean »ir density
1) roll dispiacement
P rcll velocity, p
& roll acceleration, P
Subecripts
o initial conditions
L 1] stealy state
MODXL DERSCRIPTIOK AND TEST TECHNIQUE

The Basic Pinner configuration (Figure 1) consists of a2
cone cyiinder with four rectangular fins mounted in a cruc!
form arrangesent. Overall asodel length ie 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. Thia technique consists of driving
& 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 festures 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 air exits from the rear of
the motor through axisl ducts. Tho magnetic clutch ccnnects
the air motor to model sting unit. This unit is supported by
two tandem bearings. Signals from 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 wmay be replaced easily when poor repeatability of
the vacuum tare readings indicates excestive bearding wear.
The entire unit is positicned in angle of attack through a
wvorm gear drive to the sector support., MNodel angle of attack
is set to within ono minute of arc from the tunnel operator's
control console.

Upon clutch release the rotating portion of the systenm
consists of the model and that portion of the sting support
upstream of the clutch. Both ating and model must be used in
the moment of inertia meLsurement. 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 TECHNIQUE

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

pr=t.884-Lpp n
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Ix is the total moment of inertia of the model-sting combina-
tion about the axis of rotation, L86 the roll smoment induceu
by fin caut, and Lpp the roll darping moment. The solution
of (1) is:

(2)

In equation (2) the initial conditions are P=P, when t-to.
The steady strte roll condition may be defined as pe=o, PPy
Inserting into equation (1) and solving for Pes gives

p.. " - (LG/LP)G.

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

p
tive due to fin cant, C{ is respectively:
8
5 C L
N e
LI a8 b;ngc

Ioserting the stesdy state 1011 relationship Peg” -(Lb/Lp)o
inio equation (2), solving for Lp and writing in coefficient

form gives:

D
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Again, using the steady roll relationship and the abovse
definition of C{ gives:

A

r 7 H\-

€< i P ~

A G TR (3b)
| G o) \ VoF X~
o~

—

Thus, {t mav be seer that both coefficient derivatives CL
p
and CL may be calculated fros measurable quantities.
A

Two assumptions have been made in the derivation. PFirs<,
the roll damping 18 a linear phenomenon or equivalently that
the coefficients in equation (1) are constants; secondly,
there is no dasping contribution due tc bearing friction.
Since neither of these assumptions is valid iu prectice, steps
sust be taken to modify the preceding analysis to account for
the non-linear aerodynamics and bearing friction.

As Mach number, Reynonlds number and angle of attack are
known and iovariant for esach test run (see Table 1 for values)
the only significant variation of the coefficients Lp and Lb

of equation (1) is with roll rate p. A quasi-lipear method

is used to find those functions. Essentially, this involves
the assumption that the rnil decay history ‘s "'pilece-vise
linear.” The roll decay history is broken into n sub-intervals
as depicted in the sketck below:

t
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Over the ith mub-interval equation (1) is assumed to bLavo
constent cosf{ficients with an initial spin rate of pi 1 aid

a fin2l spin rete of ¢ Thus, in ecuations (3) Piy Py

i&
ti-l' t1 replace P, P to' t to give:
- v ;. \ /
{_‘ - :- i :.’ :) 1 - — )-
O i e Y NN
\ D Gl S B VAN ¢ " - N
P X ;q‘\g pY \ : pr:
. e AT
/R . U85 b o [" "\
' ; P T o—e (\a
¢ P 3 \2\/) {D\Pa} (4b)

It wili be ncted in the sbove expressions that the coeffici-
ont derivativus CL and CL are assigned to the avarage epin

P 8
rato,'{i, ove. the interval A%t for small intervals At. A plot

ol CL end CI at points ’i is assumed continucus i1 roll
P A

rate p because of the continuity of the roll history and the

fact that ¥, - p(!l).

The second modification to the linesr anaiysis accounts
for bearing friction. The contribution of bearing friction
is removed by obtaining two vroll histories, one with tho dow
Fired tunnel flow conditions established, and the secoad with
the tunnel test section evacuated. The tacit assumpticn is
then made that the decay mechsanism during ths vacuum test ¢s
due entirely to bearing friction and further that this nenr-
ing friction is identical toc that which occurs during thLe
splrn decay under asrocdynamic loads. Using the vacuum sun as
2 tare, the wvalue of C( measured undex these conditions is

P
subtracted froms CL optained during tunmel flow vo glive ttsg
P
net aerodynsmic contribution. Vacuum tare readinge are taken
svary fifth wind tunnel test to saccount for bearing wear.

5
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BAXTUSITION OF RESULTS

The Raaic Finpsv configuratisn uzed fox these tests hud
zero ftin cant, Buznsumw of thism cnly the roll damping moment
coef?icient derivutive, C{ , . ¥n¥ measured. Table 1 sumuarizes

\Y
the tewt conditiorps, Ca ves adtdined a2 & funcion of angle

P
of attack st two aubgoanic and (we supersonic Hach aumbers apd

at oiy additional supersonic Mech oumiers at 2e¢ro angle of
attack only. Tue two xubsonic XKach nupners wers 0,22 and 0.77
tor which the anglo of attack range va2 =10.0 to +20.0 degroes
and -10.0 to +10.0 degreos, respsctively. The tvo supersonic
¥ach numbers were 2.54 and 4£.1C, for waich tue angle of attack
range was «3i0.0 to 26,8 degrees and @ to 22.0 degrees,
respectively. Tunnel blockage linits fixed the angle of
tiack range.

The data obtained at Mach 0.22 (see Figure 3) were of
particular interest for several reasons. CL is strongly
P
dependent on spin rate at angles of attack above 25 degrees.
The data indicate that C is also strongly dependant on &pin
A
p.
rate at zoro degzrees angle of aitack. Some doubt was raised
&8 to the validity of the teat technique. However, this por-
tion of the test was repaatied using & modified turbine,
techometer and housing. Comparison of the repeat data with
the original test data showed & difference of, st moet, i5 per-
cent. Iu the angle of sitack interval 0 to 10.0 degrees C;
P
increased with spin rate. In the intsrval 10.0 to 20.C degrees
Qt is essentinlly consiant with small dependency upon spin

P
rat>. Above 20,0 degrees CL shows a high dependency on gpin

P

rate snd decreases in value irregularly with angle »f attack.
Altkough the teat was ccnducted up to an angle of attack of
90 degrees, the damping effect of the fins above 60 degrees
wse of the same order as the bearing friction. Hence, tae
subtracting operation with respect to the tare readings pre-
viously described rasulted in large scaiter of the expsri-
mental data. For this reason only the date obtained at the

7
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highest spin rate of 130 rps are shown above an angle of attack
of 60 degreea.

Figure 4 gives the roll dsmping moment coefficient
derivative, Ct , versus angle of attack at a Mach number of
P

6.77. Tuopbel blockage limited the angle of attack rangs from
=10 to +10 dsgrees. Taese data hava two characteristice in
common with “hose obtained at Mach 0.22: a strong dependency
oa roll rate at zero degrees angle of attack and s significant
increase with angle cof attack up to 10 degress.

Pigures 5 and 6 present the roll damping momenti coaffici-

ent derivative, CL , versus angls of sttack szt Mach numbers
P
of 2.5.. and 4.10, respectively. PFor s lMach number of 2.54 it
wvill be noted immediately that up to an argle of attack of 10
degrees, Cg increases less than ? nercent with increasing roll
P

rate. With increasing angle of attack there is an increasing
dependency upon roll rate. For a Kach number of 4.190, CL is

P
independent of rcil rate for the angle c¢f attack range tested.

deasurements were also made of the roll damping moment

coefficient derivative, CL , at zero degrses angle of attack at
p
eight Mach numbers in the range 1.353 to 4.8i. These data show
no significant spin rate dependency. Therefore, at sach Mach
number an average CL wvas taken over the spin range of 50 to
p
109 rps in iocrements of 10 :ps. Table 2, which summarizes
this part of the test program, indicates hov much this moan
varies from extreme vslues, These average values of CL are
P

plotted versus Mach number in Figure 7, Free flight tent data
from reference (b) are also plotted for purposes of comparison.
The free flight data were obtained for small angles of yaw.
The wind turme? 2:ta at zero degrees sngle of attack fell
plightiy below the free flight data. Examination of Figures
5 snd € indicates that CL increases with yaw angle; thus, at

| 4
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small angles of yaw the wind tunnel data would be in closer
agreement with free flight data.

CONCLUDING REXARKS

The 'free decay" technique used to obtain the roll damp-
ing moment coefficient derivatives precented 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 apin rate at
certain conditions of Mach number and angle of attack.




(1)
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ROLL DAMPING TEST SUMMARY WITH

TABLE 1

FREE-STREAM FLOY PARAMETEFS

Angle of Attack
(Degrees)

-10.0 to +90.0
-10.0 to +10.0
0
0
0
-10.0 to +26.8
0
0
0 to 22.0

Dynamic Pressure
(Lbs/in2)

Reynolds No,
Per ft x 106

0.62
4.05
6.05
5.05
4.35
3.60
2.97
1.63
0.98
0.55

1.60
3.92
4.30
3.75
3.35
2.93
2.63
1.80
1.33
1.00




Mach No.

1.83
3.03
2.27
2.54
2.76
3.51
4.10
4.81

NAVORD REPORT 6632

TABLE 2

SUMMARY OF SUPERSONIC ROLL DAMPING DATA

AT ZERO ANGLE OF ATTACK

Minimsum CL .

Average

Naximum CL .
“p
.538 .322
.426 . 4123
.397 . 350
.359 .340
.328 . 304
.280 .287
.259 .188
.192 . 167

. 332
. 422
.371
.332
315
.273
.219
.181

sIn 50 to 130 rps range; measurements
made at increments of 10 rps.
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