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Abstract

This report compares the drag and moment coefficients
st high velocities of a series of similar projectiles with
varying driving bend shepes. Included is & projectile with-
out any driving band, The data was obtained from firings
in the Aerodynamics Range. A variation of KM'with yew is
observed and its magnitude evaluated.
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aerodynzsmic performance at nigh velocities of two
particular projectile shaves. This program was carried
out in cooperation with the Franklin Institute, and

the basic projectile shapes and types of banaing were
suzgested by the Institute. The firings were carried
out in the Aerodynamics Range =2t the ballistic HResearch
Laboratory, using the full complement of sixteen Spark
‘thotograph! stations and the accompanying chronograph
equipment.

Pesign:

The projectiles were fired from a special gun 85"
long, having 0.490" diameter bore and a gL th @f ST Fl g
of 0.010". This is twice the depth of norumal caliber
0.50 rifling. The gun uses a special 20um breech with
a large chamber, which makes it possible to get veloci-
ties close toc A4000.feet per second using pre-engraved
steel projectiles. All the projectiles used in this
investigation were pre-engraved.

The C-28 type represents cne of the shapes used
in the program (Figure P Niass projectile has a
driving band one-half 2 caliber wide with a tapered
leading edge. The C-41 type has the same body shape as
the C-28, but has a band one and one-hzlf calibers wide
(Figure 1b). The leading edge »f each land is sharpened
to make possible the use of pre-engrave. bands in auto-
matic wezpons. The rerformance of these two projectiles
was covered in Eallistic Research Laboratory Memorandun
Report No. 365, "Fffects Upon the voment and Drag Coef-
ficient of an Increase in Width of the Driving bang"®
(by William A. $iljunder).
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Object:
The purpose of the research reported on was to
study the effect of different tyues of banding on the

The other shape used is :

bandless C-43 type, which has a short tangent radius

ogive with a mevlat one-guarter of = caliber in dianeter,

and a short bosttail (¥isure 2a). Tais type was

fired using 2 sabot to impart spin to the projectile.

There zre six other types besed on this shape. The

C-39 has a driving band which simulates the £ind used in
l conventional srtillery. The band is about one caliber
wide and has a tapered leading edge (Figure 7l
C-33 has a band one-half 2z caliber wide with a blunt
leading edge, and is set in the normal position along
the body (Figure 2¢). Types C-30 and C-3/4 are identical
except for center of gravity position. They have a band
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one and one-half calibers wide with sharpened lands
(Figure 2d). Typre LI-200 has a single narrow band (3/4
caliber) with square leading euge set forward on the
body (Figure 3a). Type LI-107 combines the bands of the
C-33 and the LI-200 (Figure 3b).

To determine how effective the short boattail is
at these high velocities Type C-31 was fired. This
projectile is the same as the C-33 except that it has
no boattail.

Brocedure:

The eight projectile types covered in this report
were all fired at a single velocity, 3600 feet per second,
with the exception of the C-34 which was also fired at
2500 feet per second, in order to give a first approxi-
Wiy, of “the "variatiem oL KD and KW with velocity. In

the actual firings there was 2 slight dispersion around
the desired velocity, but by using the results from the
C-3/ type X, and X, for each roun. uere eorrec tEd.«tor &

Mach number of 2.200.

The experimental data giving time and distence
throughout the range was reduced in the conventional
manner. Time was considered a power series in distance
with all terms past the cubic neglected. The coeffi-
cients of the series were deteramined by & least squares
process, K. was.then computed from these coefficients
together wi%h the physical characteristics of the pro-
jectiles and the air.

To find the shape of the KDO vs Mach number curve

» : for type C-34 the effect of yaw was first taken out. To
do this the slope of the KDO vs jach number curve at

M = 3,200 was estimated and all rounds brought to this
common Mach number, The drag coefficients were then
plotted as a function of the mean squared yaw. The
feollowing relation was obtained and used to take out the
effect of vaw.

1

K i

0o oy G000 (1)

where Ky is the value of the drag coefficient without
any correction, KDO‘is its value at zero yaw, ana o° is

the meen squared yaw in square degrees. The corrected
drag coefficients were then fitted by a least squares
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to the following eXpre&sioni*

Hed
i
Q
),
(47)
147
re

Koy = & + b (2)

#here a and b a1 - icients which depend on ‘thne
parbholar Fnellitans 3fe deterMinedfiron Lwo onmere
- a

values of XK. 00 and M.» Biuation {2 ) was ‘solwed 'fozr

KDG giving

iel ,f_;i‘ ag—l ~
Kgy = b° + 5 + S5, (3)

The slore of the sbove curve =2t M = 3,200 was found and
used for making the velocity correction on the KD datn , ®#

The epicyclic yawing motion of each projectile was
enalyzed to.fiatl the moment jcoeffiichent, whieh is delfired

8248

S Moment

S T 5v¥d¥sin (4)
yvhere p is the zir density, v is tne velocity, d the
caliber of the projectile, and 5 is the angle of yaw.
The snalyvsis is based on tne theecry which is given in
Ballistic Research La boratory Report No. 446, "On the
Motion of a Projectile with & ﬂAl? or 2lowly Changing
Sew ! el K el lesd avc MeFnsne | slctohalnl To “this  fi158
order theory, KM g R oot eRd sEo SPhe) frretiuet . of “Eh's

}

r

anstlar nakes of therelicytlic tapmslal JHhE wotion, =ana

'3 independent of the yaw. A4n examination of the results,
aowever, 3ceded to indicate a systemztic derencence of

“W on the vaw,

I thee lagcuaibiiion &Y de that X,, as {ounc here is.

gofie funcdiioen = 5 ~sged, The et asel s P g e vt ve T
zero-when & = 0 *n sthicr words the tazo;d gl s
small angles), "and is imdependend of the sign o

nF yave, BHa She Fhllowing Felft: onlshagests itaels,

*_j/\
H,;_,..

* Zee Ballistie Reseerch Leboratiory Report Xo. 542, "Sore (orgents
on tie Foerm <f the D : ’
(ty K. ¥. Thouas)

*¥% See Ballistic Research Laboratery Report No, 567, "Cormpa
cf 155rm Shell Designs by Means of licdel F %rlngs“ (bv ., =5
fer a rore detailed description of the procedure.,
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data
the va

i the moment coeffisient et zero yaw, &na Q%
~noaant.slope.
he zbove expression could be fitted to tne

Io express
the foilowing

of velnel

i Ay was., taiken “out,
on of K,
MO

with Mach number,

form has been found useful at supersonic velocities,

» D

_\,ﬂo = g ﬁ' (6)
where a and b are coefficients which depend on the
papbiculsr sheld- and ere CetethﬂPu vl 1ol Vil gl AE
values »f Kvo and M. The datz frow the C-34 firings was
fitted to the above expression to get the approxisate
slope of the K,j v Al putwe it W S8 TR CAUsang Thlso aoe

1
g ¥ T eV ani round was corrected to M = 3.2 and then

13

fitted to
fxtic)

Resultse

B
(Table I)
at M = 3.2

Combining

. The above
"and gives

Touation (5) by a least squares process to finc

ng the Kp, data forrtype L-34 »to the @ function
apd '€olving for therslopelof the KDO vs M curve

o) |SaVES

OO RS A

equation was applied to the drag data (Table II)
the o1 ledialgaresuigbel
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P Eis =0T No. of
IARlE Mean Ky, Mean Ky, Rounds
C-43 LR 0.28% 5
C-139 P32 0.23% 6
C~34 OS2 G.57% 4
LI~-200 U L5 C. 4470 5
= 071834 Oy, 5 1% 5
LI-107 0.136 0.32% 4
Cc-31 @137 0.42% 6

Moment and Stability:

Using an estimated value for dKMO

IS
equal to -0.20, 2ll values of K, were corrected to this

3

s

common Mach number, and fitted to Equation (5) (Tabier TIL )
The following results were obtained:

PR of . BiElF ok No. of
Ty»e Z0 Kwo h% nh Founds
Y. 18sou] 0. 36% -0 QT L 1O 8% 6
C-132 1.1¢9 Hr e R -¢.00300 17.9% 6
Cc-33 3 e 0.328% K S ¥ R 4
c-30 1.20 0. 29% AL Y N s T 4
C-34 1.68 0.73% -0.000535 360.0% 7
e O R S 1.9% =0, 100AEYT REesbE 5
S 8 e 3 0] 0.84% ~0.00518" 9L, Ch A
C-31 - 1) 0.18% L e L A 6

Rzducing the KM resulns) forM ype C-3% <t 'Zero. yaw,
e : . : . aK.. ; 2 a0,
Bt inem 6 Hagia tatom (6) and solving for MO at M= 3.2 gives
aM

-0.202 (Table Lkl Mais agress well with the originally
estimated value.

Frowm KM foar types C-30C and C-34 which differ only in
center of gravity position, tae following values of K, and

i8]

center of pressure position were obtained:

’d -— i £ OJ:
KN =1.19 - 2.6%

R =_3.04 calibers from base.

N

SN T
B,
5

Toking a weighted mesn ~f the various values of Kj, using
i
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e as the weignt of e:ch yusntity gives

“(r.E.
X! g + y
Y OO0 61 LT,
Analysis:

Drag:

The KDO for the bandless (2 Ty Wy G S the ‘bagic
shape, 15 0.129. Thls A4 B T Romy E, conventional bind
(C-37) or & wider rre-engraved band with sharpened lanus
ks T T ey SRR R the Loy, 1T the leading eage d>f

L/
th " Benanis cquake (E=3dJ5 [J-200), the effect ic a Little
lavger. 1Ine double band of tae LI—200 increased toe Arag
by 80~ of the suid Af the drags of tne Two bandgs. AR
examination of the syals thotograpns shows strong shorcks

off botn bands S0 ant taey arve boin zbout equally rei.on-
fe

The drag coefficient for te =31 which n#s no poattail
is 0.003 higher tnan for tae C-33 with Dol - dnds' Fna=
cates that the small bosttail even at this relatively high

Mach nunber is still effective in recucing drag.
T+ is interesting to calculate a &rag coefficient for

s band slone. If drag coefficient for tne band is defined
as

Kp = Band brag (8)

V< £
nd AT

W N

where A 1is the frontal ares
c-33 K (Band) eguals g) )2

on the undisturbed gir) were scting on e hantt, KD {Band)

of the band, then for type

&4. If stagnation pressure based

would be about 1% times this value.

{t should be ncted that this tvpe of projectl
relatively high drag coefficient compared to modern
streamlined projectiles. The form factor is about
respect to projectile tyve 2 (Figure 1) .

Wonent _and Stability:

e stability varied only slightly between typec. The

roject les all nad stabilitv factors around 1.7. The
wariation In X,, froa one type to another may be caused by
variation in cégter of gravity position, variation in
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center of jrescure position, anu chnanges in the cize of
KW’ The zctuai di¢fcfc ces encountered in this program
werel probubly ‘cawsed by conlbiriations afsell ctoreel

If the scilual flow around a wrojectile is assuned to

0

be msde up.of an axigl flow znad = cross [lew, it

that +the increaced area at fiie band wilLl cause &l inecrease

ip *he sercadynanic force over the force on the bandless shell.
This loczl increase in tne force will eiffect thne moment
cocfficient. Oince the total center of pressure ls sheud

of ths center ~f gravity, tutting the bana ahezc of the
center of gravity will 'n;reh;c Kﬂ arid yutting it behind tne

gente® of grawity wall deereaseds

iagh’ 3 =4 ' £ 0 % 1 ¢ M ny e
ihe present TITErEsushiby Lnils Sl ceteg Beadifia
fiaaiy

far the banalezg L,

3 i; 1.21. +viee V=33 wnich nas the band
furtaest-baok nas the lowesl A, ' o) ilecs
biglE

with
boattails. Tyre LI-200 which nas the bana nes
of the body shead of the cer

K

he front
y : 2 hilFnest
. Type C=31 wnicnu has no boattad 2 t WA oAl
gl il c 0
The variation of KM witn vaw i35 interesting. 1if

K.. 2nd k =zre detfined as

T 11
KEa = Moment
LR ST ol
M 0vedcsind (9)
k = Moment
abrigrm— o f\
m e (10)
then k, = Kysind el

or for small angles k_ = KMB (12)

cha | &%
mo_ S i
and ekl R (13

It has generally been assumed that for smali a

2y a B 5
the last term in equation (13) is Zero, sud tns
KH i3 indevendent of the yaw. The ;resent investigation

seems to indicate that eguation (12) should be,

Ky 7 Kypd + K47 (14)
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Snaestnee ILh s Hepawivie, cii- - 1#s Jeall loli " beihg LUiineas with

d

32

i
Vil S CRIIC e WO = &L el oder leganitation of sthe' Gatan dtihre
other programs seems tn show this sane effect. The combination
of blunt projectile shapes and highey sSupersonic velocities imay
have exaggerated a conditlion which was sazll enough to escape
notice inh previous grograns.

Conclusions:

2revalkly the dosk wract 1y Dan ire- douddeennsh s bUolE
a single pre-engraved band placed forward on the body similer
to type LI-200. The leading edge of this band would bLe
tapered in a manner similar to tyre C-39 or C-34. 1lhe shell
would also have a rear bourrelet placed in the same position
ac the band in the C-33 tvne. ILf this rear bourrelet wnere
faired into the body, it would not contribute materially to
the drag, but combined with the front btand would give good
launching conditions. The forward position of the band would
also rrevide a longer useful life for the gun as tests .at
the Franklin Institute hsve demonstrated.

o Al
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