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FREE FLIGHT RANGE TESTS OF A
10-CALYBER CONE CYLYNDER

ABSTRACT

The. a¢rodynamic properties of a ten~calidber cone cylinder are
presented and analyzed. fThe Magnus data are definitely non-linear.
It is shown that at subsonic Mach number the non-linear Magnus moment
should cause & limit motion. Finally the data are combined with
results of a finned modei program to yleld the properties of the fins.
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SYMBOLS
Axial monent of L..:tia (em - 1:12)
Transverse moment of inertie (ga - 1n2)

Center of mass (inches from base)

Cen€§r of pressure of the normel force (calibers from
base

Diameter (in)

8ize of yaw arms at mid range (rad)
Drag Coefficient

Yaw drag coefficient (md'e)
Megnus force coefficient
Damping force coefficient
Damping moment coefficient
Normal force coefflcient
Overturning momant cocificient
Megnus moment ceoefflcient

Mass (gn)

Mach number

Twist of rifling in calivers
Nuzber of yaw observations

Nuzber of time of observations




LM,

2,9*

e S ) o3 -<

2A2v2

>
pd” BC, x
Ma

Gyroscopic stability factor =

Size of swerve arm (in)

Mean squarcd yaw (dege) 2 4 s y
K -

Effective squured yaw, Km2 + Keo2 + —l%-,-"—-_—;e-?—a (rade)

pX 2

Exror in swerve £it {in)

Ecror fn yav £it (red)

Turning rates of yaw arms (deg/ft)
Yaw damping rates (rc"‘)

Relative air density

Reference area

Reference length

Indicates derivatives with respect to time.

Indicates quantities in non-rotating coordinate system
Aerodynemlic moments about missile-fixed xyz axes, respectively

Components of aerodynemic forc: along the missile-tixed
X, ¥, % eXes.

Components of the angular valocity of the missile in
space along the x, ¥, z axes.

Magnitude of missile's velocity
Angle of atteck (rad)
Angle of sidesiip (rad)

Csuine of angle between missile’s exis and trajectory




Defined by Eq. (3)




INTRODUCTION

Over a period of years systematic investigatioas to determine
the aerodynamic properties of & simple finned projectile have been
carried out in the free fiight ranges L2 55 . The model
congisted of a ten-caliber long cone~cylinder vody snd fowr wedge-
section fins at the base of the body, The rectangular planform fins
extended one caliber out from the surface of the body and had a chord
of one caiiber,

As & part of the overall program it was decided to test the body
alone in order to permit evaluation of aerodynemic effects of the fin
asserbly*. In order to test the body alone 1t was necessary to spine-
stabilize** the model. A ten-caliber dong projectile is close to the
limit for stabilization by apin and consideradle technical difficulties
were encountered as a result of the high spin required. Tests at Mach
nurbers in excess of 1.5 were not possible.

The behavior of the body as a spin-stabilized projectile produced
some interesting results in {ts own right and these are discussed in
the first acction of the reswlts. The second section gives the net
aerodynanic properties of the cruciform tin assembly by utilizing the
previously deterained date for the total configuration end subiracting
from those data the new data for the body elone. In order to supply &
reference frame the results are compared with linearized theory at the
higher Mach numbers. A determination of the drag effects based on esti-
mates of the body drag has been made previously. The use of the current
data does not markedly change the results which are represented here for
corpleteness.

* Currently there are smple wind tunnel dat.aé’7 on long bodies of revo-
lution to peralt the deternination of fin effects by stripping the bedy
effects from flmned range model data, This program was fired in 1952
when there were little tunnel data. The data on Megnus end demping
xozents seexs to be sufficliently interesting to warrant publication
at this tire.

Spin sometimes produces noticesble chunges in the acrodynanic
coei‘t‘icécnts , but the effects are probably negligible for the present
purpose®,

*

*
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FIRING PROGRAM

Twelve 20-mm diameter models, six each of two center-of-mass
positions were constructed to be fired at Mach 1.7 froa a one-in-
ten twist tube. Initial launchings resulted in structural feilure,
Hardness checks indicated thut the strength of the aluminum used
in the models was much below the design limits and that there was
1ittle chance of pursuing the original program with the remaining
models. As & result the program's purpose was brosdened to include
subsenic data and seven successful models were launched at M = 0.8,
Subseqnant models were manufactured of more adequate aluminum and,
although there was still difficulity in launching at M = 1.7, twelve
models were fired successfully in the Aerodynemics Ra.ngc9 betwecn
M « 1.1 and 1.5. The physical properties of the models are given in
Figure Y =nd a photograph of the models in Figures 2A and 2B. The
aerodynenic datalo obtained from the range firings are given in
Teble I and the reduction and motion paramerers in Table II,

10




RESULYS

Aeradynenic Provertiecs and Stability of the Body

This extrenely long model s dlffaculdl te stebilize gyroscopically,
but by carcful considesrution of the Inertial design Lt can be stabilized.
Previous ini‘ormtionu had also indicated that even a nine-golidber long
madeld ts difficult $o »tabilize dynemically.

Wie werodynamic forces and moments are defined by the following

expressions:
o® 5o,
Trag « —
oV 50 o
Low m—e=E (pafV)
?fuz--v Spt ( P—-cﬂ]a N
: P
'. r i + CN (-V_
q
-
Meille

M/V)C . 1cM] T
+ ¢ _‘L‘ﬁL:I (&.)}

Waere T w § + 1 & {ongles measured in non-spinning coordinates).
2
- ﬂ/" 4
4 « a
The serodynasic properties are given in Figures 3 through 13,
KOTE: The above definitlons of the aerodynemic coefficients differ
in two ways froa those defined iu Reference 5: (1) The signs of CH

have been reversed so that C" will have its usual property of being
o
positive; (2) the (1/2) factors which appeared in Reference 5 vith the

coeffictents fnvolving angular velocitics have been omitted. A con-
version table {s glven:




this report Ref. 1, 5, il

cNa -c“a

cha -(1/2) cﬂpa |
ch * Gy, -(3/2) (0“q + c"d)

u, Cu,

cha (1/2) ch'r

ch + ch 12 ch + cM&

In general the individual accuracy of the aerodynamic properties

of & glven model are on the order of:

Coefficient Probsble Error

C 0.5%

cMa 1% '
c"a 5%

cha 109

ch + ch 209

However in determining properties from combinations of the data and ia
correlating linear determined coefficients of non-linear properties the
scatter cen exceed the individual asccuracy.

rag Force Coefficient

The drag force coefficient, CD’ was cbtalned by fitting a cudlc .
equation to the time-distance data for zach round. These data were

12




- 2
then reduced to zero yow by the relationship CD = cDo + CD§2 8%,
For M = 9,8, ¢ -~ 5.88 (re.dions)'e. The scarcity of data at any

&

one Mach number, in the supersonic region, prevented an accurate de-

teraination of €, . At supersonic velocities, C 2 wes estimated

Dy D,

to be 1.2, The zcro-yaw drag curve is given in Figure 3. A shedow-
graph of the spin stabilized model at M = 1.5% is given in Figure %a
and a shadowgraph of the {inned model at M = 1.53 is given in Figure
Yo,

Overtuning Moment and Normal Force
The overturning moment coefficient, CM , is obtained from the
a
frequencies of the fitted epicyclic yawing motion of the model. The

values given in the table and Figure 5 are computed Zor each model's
individual center of mass position.

The normal force coefficient, CN , 18 given in Filgure 6. The
o1
plotted points were obtained from the swerving motion and the cwrve is

deternined from the pitching and yewing motion of the two different center
of mass models, The center cf pressure is glven in Figure 7.

Spin Deceleration, Magnus end Damping Properties

The spin deceleration moment coefficlent, ¢ b given in Figure 8
P

vwas determined directly from the roll measurements of pins in th: base
of the models., The Megnus force, CN , 1s also given in Figure 8, The
pocd
points were determined from the swerving motion and the dashed curve Lrom
the center of mass method, The damping force coefficient, cN + ON )

q &
(at the centroid) s -22 subsonicelly and -45 supersonically.

The non-linear force and moxent theory of Reference 12 was en-
ployed in the treatment of the Magnus end damping moment data. In this
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veference, C. H. Murphy shows that if there is a quadratic dependence of
CM on yav, the epleyclic rmotion is affected in such o way that the
josd

usual linear formulas are replaced by the following curmbinations of
coefficients:

Assuming CMpa x apa + bm 62
where 62w /2'/"’

then (ch ' cMa)‘ range & ch . ch - o Iy/Ty (¢1' « g, )
b )

(ao? - Bog?)
©

Yoo

Range values of €, and ¢, + C vere fitted to these equations and
MW Mq Md

5 ¢

) range .'apa'bpa e (2)

values of ch + CM.’ 8 -~ ond b ~ vere obtained. The value of bpa was
a

computed from equation (2). Subsonically, bpa vag determined to be +
250 {Pig. 9). The data from the supersonic models indicated a Mach

nuzber dependence of a ot and the following expression was used to perform
o least squares £it on the deta.

cha ranp,e-amﬁ‘om beaécmAM (3)

bpa wag found to be 4 340 at M = 1.3 and ¢ was 0.16. The Magnus

feo]
mozent coefficient at zerc yaw is plotted in Figure 10. Values of
CH arc given for the individusl rounds in Table XI and Figure 8.
poed

The ldnear value of cha ), nozely & o’ iz a quite lorge ncgative
wher at swosonic Mach number. According to the usual linear stability
theory this Magnus ronent will cuuse an undemping of pitching and yawing

1




motion. In order to evaluate the influence of the nonlinearity in the
Magnus moment an amplitude p).ane"3 was constructed for Mach number
equal to 0.8 (Figure 11). According to the analysis the motion should
epproach a limit epicyclic motion with ampliitude about 50. This type
of }imit motion has been observed in other spinning shen.")‘

While in theory Equation (1) can te treated to determine b o in

a manner similar to that employed in Equation (2) in practice it
frequently occurs that the relative size of the terms prevents a de-
ternination of bpa‘ In this case it is preferable *n eliminate bpa
between Equations (1) and (2) and solve for Cy +0Cy . This vas done
q (4

and the results given in Figure 10. The data indicate a strong trend
toward positive values of CM + CM in the transonic regicn.

q &

Properties of the Cruciform Tail Assembly

The cruciform tail assembly consisted of four fins with wedge air-
foll sections of 8 percent thickness. The fins had a square planform
with a chord equal to the missile body dlemeter and the base of the fins
were flush with the ziscile base. (See Figure 2B)

The range of validity of any computation of the aerodynemic effects
of the tall scction would be rather short since the test data extend to
only M = 1.5, 8ince no specific t:ct of a theory was envisioned only
reference level computations were made. These utilized two-dimensional
theory and tip effects but ignored any form of interference, since any
reasonable allowance for these effects would have involved extensive

15

computations which seemed unwarrented.

The fin effects were determined by subtracting the data for the body~
alone tests from the data for the complete ~nfiguration. In this process
the mutual interference effects between the fins and body are retained and
agscribed to the fins. These data furnish the net performance of the four
fins situated at the base of the body. Applications of these results to
even simtlar fins at & different body location or on a fundamentally

15
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aifferent body should only be made with caution. The fin properties are
given as a function of Mach number in Figures 12 and 13, A reference
area of xde/h, and a reference length, &, are used to dstermine the
coefficients.

DRAG

The drag force coefficient is falrly constant at velocities greater
than M = 1,25 and increaces ropidly as the Mach number decreases toward
sonic speeds, The fin agsexbly yields about 40% of the total drag of
the missile subsonically and about 30% supersonically. It should be
noted that previous dm:a5 show the drag contributions to be very
gsensitive to fin position on the body.

Rol} Damping

The roll damping parameters of the body, as might be expected, are so
much less then those of the fins (about 3 percent) that to within the
usual needs of accuracy they can be ignored. The use of any convenient
geales leaves the data of Reference 2 visibly unaltered.

Normal Force and Center of Pregsure

The normal force coefficient variation supersonically is of the same
shape as predicted by theory; however, the predicted value is sbout %0
percent low, 7The observed center of pressure agrees with the predicted
values.

Damping Moment

The predicted damping xmoment is 10 percent less than the observed

values.
Lgme B Loy

EUGENE D. BOYER
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3520
591y
2518
4623
u6RY
4636
4634

3923
3924
3522
462y
uéey
4625
4632
4638
4637
4628
4629

M

81
88
ez
868
1.151
1.185
1331
1.409

808

812

837
1.200
1.21%
1.259
2.299
1,356
1,363
1452
1.5

TABLE X

Acrodynamic Coefficlents

Center of Mass at 3.252 Calibers from Base

()
(deg)

L.h
2.1

7
2.8
2.1
2.9
2.
1.6

p
.33
297
.291
.33
2499
513

A7

¢
Ma

9.12
9.31
9.40
9.28
9.99

10.27

10,64

11.00

c
Na

12,72
2,44
42,65
+2.72
+2.80
42,98
+2.75

ete, ¢
My My M,
=19.6 - 46
2179 -1.22
-13.8 2120
-32.0 - .51
- - .3
-27.8 - .05

Center of Mass at 3.752 Calibers from Base

3.2
1.8
2.9
.1
2.4
1.2
.7
1.6
1.0
1.3
2,5

308
292
3 L
497
485
470
458
B3%
433

1,92
8.1
7.8
8,6
9,02
9.00
9.23
9.36
9.%0
9.8
9'63

42,62
42,47
.55
2,67
+2.78
+2,90
+2,80
42,62
42,78
42,88
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-32.2 - .22
-36.% - .82
-22,3 - 6L
<405 - a8
-39.3 - .38
-hb5 - 036
1.1 - 16
-36,8 - ,16
40,3 -

=381 - .08
k6.9 - .62

-.0%16
-.0328
-.0323
-.0321
-.0278

-.0257

-.038

-.0275

-.0260

-40255
= 02h%




RD

3321
3920
3919
3918
4623
4621
4636
4334
3923
3924
3922
heak
627
4625
N6
1528
4637
4628
4629

3
A f‘m

1.92
3.59

3.5
3.02

1.63
2.38
3.9
2.57
3.06
3.43
3.78
3.09
2.7%
2.26
2,35
1.7

>
sz.l 0

- A7
-2.26
-2.13

-8

T
53
L4

5y

‘RAD)
k6
013
.01
022
010
027
022
024
035
017
.028
.027
027
016
017
.019
013
.on
.028

TABIE XX
Reduction and Motion Parameters

%

(RaD)
060
033
005
.0ko
.035
W40
.029
015
.02
026
.ok2
.0%0
029
.013
023
020
o1
.020
031

g
(Deg/ft)
13.22
13,39
13.08
13,23
12,80
12,72
12,42
1247
16,90
16,82
16.93
16,64
16,74
16,70
16,65
16,77
16,66
16.35
16,61

20

¢l

1.6
1.67
1,70
1,66
1.88
.97
2,06
2.12
1,34
1.4
1.36
1.57
274
1,75
.69
.69
.72
1.83
.76

2
{peg/£t)

N

2%
26
26
26
16
21
i
22
16
0
24
12
22
1
21
21
22
2
ey

‘_32

O =D\ O F WD O 0 N0

L
(4n)
53
.23
.06
.36
22
24
A7
.08
.50
.25
A48
.25
.23

.19
25
.08
23
.23

2.59
2.%
2.46
2.52
2,24
2.15
1.87
2,02
3.68
3.5
3.62
3.27
3,08
3.06
2,98
3.01
2.95
271
2.8

sBx10”
(RAD)
763
.129

.24
123
316
174
bk
N7
122
325
234
.229
069
108

047
062
251
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Fig. 4B - Finned Model, M = 1.53
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