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ALSTRACT

The acrodynn~ic propertics of the LW o= HE Shell MIOL ns determdned from

"y

Freo

o

Lizht ranpe Cirings of the il meale protectile and ace

rately scealed ~clels
12,7 moin dincelor wnd sealscalad rodels of the oome sloc nre procontet, I8 wag
found that at supersonice velocelties, the acrciyna=lce characteristicos are sinilar
for the —cdel and the MLl seale prodrectiles  However, nt lewer transonice and
subzsonis veloeltles, the full cenle datn and the sealsealed medel datn differ,

The accuirately senlol ~odel datn =y aluzo be somewhat different Crosm Lhe Cull

e

senle ddaca, tat the HSrerences are consldernbly omaller chan the A0 0erenzes

Ao

shown by the semtzoaled wolel data,
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FORWARD

One of the earliest drag and stability programs fired in the Free Flight
Aerodynamics Range of the Ballistic Research Laboratories was the firing of
12.7-mm models of the 155-mn shell M1OL in 1944, These firings were carricd odt
when the range had approximately one-fourth its current instru=entation. v&hcn the
larger range facility, the Transonic Range, was built in 1951, c¢ne of the carly
programs of the facility was a checkout stability and drag test of the rull scale
155-mm M101 shell. One objective of this 1951 Program was to iavestlgate the dif-
ferenceg, if any, that would appear between the qcalcd model data and the parent
shell, The resultant data were compared and a prelininary draft of the report
was written by B. G. Karpov and L. E. Schmidt.

" The aerodynamic coefflcients for the scaled model and the full scale proto-
type showed good agreement at supersonic velocities but substantial disagrecement
at subsonic velocities. It was rcalized that first, the modcls were not exac»ly
scaled, and second, they also differed in Reynold's number froa the parenu shell.
It was not at all clear which of thece differences were prede=inant in producing
tie disagreement between the model data and the full scale data. Hence, the

authors withheld the report snd both have since left the Free Flicht Aercdyna= icu

Jranch.

Over the casulng years, a nurmber of alditionnl cvents have occcurred which
shed conslderable light on the results obtained in the first two =ajor progra=s.
Filrzst, a2 serions effort was made to produce und launch a nearly exact-scaled model
in caliber .40 size. The model was produced with a sealed prevorayed bnﬁd, fize
wrench alots, faze zetting holes and bourrelets (Figures b and 5). The resulting
mcdel hald o be saboted (Figure 6) and launched fro= a £0-m= oin as a cidealiber
projretile. Cecond, a cmall amount of ndditleonal data were shiained fer H;Ol and

a cempanion howitzer pr tile, MLO7. These data wWore aceumulnied “and cach tire

reguests for infor-atlon on the MLOL sholl were recelved fro= citails agenging,

[ren o
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These factors shed considerable light on the discrepancies in the earlier
data,und it seemed advisable to 1ssue the original report with added clarifica-
tions.

The report is given essentlally as it was originally written with the excep-
tion of those parts in which the newer data have clarificd the discussion. These
scctions are denoted by [ ]. The notation has also been changed to the modern

acrodynanic form,

INTRODUCTION

It {s frequently convenlent or even nccessary to study the anrodynamf& prop-
ertics of shell by means of model firings. Therefore, the effcct of scaling on these
properties 1s a problem of considerable importance. Firings of the 155-mm HE shell
¥101 in the Balllstic Rescarch Laboratories! Large Spark Photography szb.5 and of

t3 12.7-rm scale rodel on the Grmall Fange™ have afforded an excellent opportunity
to study scale effect. The Reynold's numbers based on overall length, were
R = 15,8 x 106M for the full scale and R, = 1.3 x 106M for the model where M is

<
)
H

the Mach nu=ber.

The L9%-=m M10L program conslsted of firings in a Mach ni-ber range of 0.6 to

-

Z.%. Stanilard 195-mm oartillery pleces with a twist of one turn In &5 calibers
were uzed., For this program, the Large Eaage had o complement of 295 statlons
sread over €620 feet or 136Q calibers. Coasiderable difflculty was expericnend in
=eaouring the angular orlentation of the missile's chadow In the early firiness
tecaase the out-of-focus dircet image of the missiice and the chadew overlapred
(zoe Plates L threugh 10). The insertion of a pin fn the *'.ch 0f the bace of
“he prolectile remedied this sltuaticn (Plate 11). The =cdel prosram also con-

s,

ctotad of firines in a Mach number range of 0.0 to 2.4, The medels were fire

wieh two dirfferens centor-of-=mss pozitions (e.m.) In ormler to chsaln Infsr-asica
about tha norenl, Marmus, and damping faree eoofflclents. A zaliter 03 gin wish
a =wict of one turn in 20 calibere was ucedl. (8Slishtly Airferans zpin irmparsed
;onne w2 oruns el a neslislible erfeet cn the acrcdynanmic pr@;srtl::Y.) AN nha
Tlirad, statlens in 4t Cmall Fange orread




was insensitive to changes in Mach number. This is probably due to the fact
that at transonic velocities the aerodynamic cocfficients change rapidly (sce
graphs) and the velocity of the model over the range changes by about 0.06 Mach
numbers, while the full scale shell undergoes a deceleration of only 0.0l Mach

numbers. The yaw equation which is fitted to the observed data assumes constancy

" cf the coefficients., Hence, less satisfactory average valucs of the coefficlents

are obtained for the model over the above range of Mach numbers than for the full
scale shell, where averaging is done only over onc-sixth as large an interval of

velocities.

It is to be noted that the 155-mm M10l and the model are not geometrically
similar in all respccts (see Figures 1, 2, and 3). The thickness of the rotating
band which is usually difficult to scale (the rifling grooves of gﬁns do not scale)
has been scaled accurately. The diameter of the rotating band is 1.02 calibers
in both cases. To compenzate for such relatively challow band on the model, it
was made about twlce as long. Moreover, the fuze detalls were omitted on the
model, thus making a continuous ogive rather than a distinct brenk in the curva-
ture at the Junction with the fuze on the full seale shell. Therefore, to approx-
lmate the complete hend with the fuze of the rrototype, the radlius of oglve of the
madel kad to be slightly Increased. Moreover, the front bourrelet was omitted on

thie model,

[In retrospect, the most serious discrepancy between the tull seale shell and
{ts model wns in the nurmber and the nature of the grooves which were ciut {n the
rotating tand by the rcspcétva ritlings, The tall seale grooves ware relatively
shallew but elght fimes more numerousz. The more recent ~odel flvings, coadiuetnd

sealed,  However, these rogatrad
’

(¢}
o
b
-
r
]

fn 1955 with callber .90 models, wore n
caboting techniqies for launchlng from a D0-== gun tube,  Thic Intricate Luwnnhing
csten yialied yaw levels 2 to 3 tlmes larger than the earlier =olel and full
drale Sests, thus latreducing ancther wariable,  The cxact soale =cdel Sects were

3 ) - Y. . ' A overe e
i2ied Inn the Mach nember replon trem 2,7 ¢ 0.9 only. Adlel MIDL and MLUT
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AERODYNAMIC CHARACTERISTICS

1. Drag Force Coefficient
The drag force coefficient, CD, is defined by the relationship

D npd2V2

where
D = drag force
o = gir density
V = mizzile veloelty
d = diagreter.
It i3 obtained from the coefficients of n cublic eqiation fitted by least squares
to the timc-distance data .
Gince different yaws are attained by different rounds, 1t is neccscary to
serarate the yaw and the Mach nusber effects in order to study the variation of
{

C., with M. Th
[ T T

C. can be expressed as a linecar fnctica of yaw squared and by use of the Q func-

5 {s accomplishet for the supercsenice projectiles by assuning that

=4

= u + bM

a s 1w (a8,

ol

"‘L: 5 Y H - e ™ A .. - T -
5% ratne whe mcoan rpmred ynw, amd noand b oare consfants,  The process aonsisted

4

Totmitially sozivating O o, frem rounds with the came Mach nu=mher o desermine
Upe
3. and then fissins to § by the least cquaras methed the limear relationship
l“\
Serived above




155-mm M101 ) 12.7-nm Model
a = .,9415 b = ,1327 a = 9407 b = ,1324.

1
M C &S e(}————{) C ¢
D52 sq rad D52

1.2 9.9 £ 0.9 8.8t 0.5
1.6 11.6 £ 1.8 . 10.6 £ 1.9
2.1 7.8 £ 0.8

14

b

[To determine the approximate shape of the CDo versus Mach number curve in
the tranzonic and subsonic reglons of veloclty, a value of 5'9<;q rad) was used
for CD 2 for all data.] The resulting curve showed that in the Mach number intervals
. of 0.58 - 0.65, CD was a constant function of ﬁ,pcrmitting the linear function in
yow squared to be fitted to it dircctly. Although in the interval of 0.95 - 1.CO
Cp varied so rapidly with M that the small error in ¥, about 0.5 per cent, com-
pletely clouded this rclationship and rade the determinatfon of a different CDag
f=possible. When the subsonie value of CD o Was applied to the transonic data,
it rade them fall in%o a swcoth curve, theretore, the same value of CD52 wag used

0
to co=pite Cp [for all zubronic and transonic data.
Q

The resulting zero yaw values of CD are plotted as 2 thinctlion of ¥ in
Figure 7. An examination of the plot sngus that CDo 15 almost ldentical for the
~odel and the M10L chell for a Vach nusmbor of 0,90 = M = é.jo. {At Llower Mach
nutbers, the drag ceefficient of the model, which was not pertectly scaled, is

atout 1l per cent higher than that of the full ccale.

The exact zeale =odel dasn can be falred ecscentially to the came zero drag

value as the prototype reuni. lowever, due to the long exsrapolation, cnused by

the gross differences In yaw level, the actual CD intercept of the exact scale
Q .
zedel could lle anywhuere frem the Cp of the parent veblele to J por cent €9
o . + s - .
5 per cent abeve L. Henge, 1% appears that the majer differenee between tho

R SEAR RN 1 ] ~— et -~
difference, rather zhan Reynold's numter erlectlo .
~ 0 e E N el P - - . 1 mem T Ayt -~
z Nspeal Torna and Oversurning Moment Coerticiontc
. - ‘ , R
Tha Aoreal rarae oCelflataent and the overturning woment cooriciont. ara
R B | M - . -
dafinsi respoetively L, the equations
RN
~ - Ci
\“Y v
Y]




where

= air density

= missile velocity
complex yaw

= diameter

= normal force-

2 2 A ve g O
u

<3

i

overturning moment.

-

CN is determined from the swerving rmotlon and (for the ccmiscaled models
only) frow the 0&1 versus center-of-rass rclationshipll. An analysis of these
data indicated that for the small yaws involved, CNG appearcd independent of yaw.
cNa is plotted as a function of Mach number in Figure 8. The curve is drawn through
the an data determined £rom the model Q%I versius center-of-mass data. The standard
statistical error in the cwerve values of CN is about 0.13, and the data show no

significant difference in the valucs of an fcr the various missiles tested.

The center of prescure of the normal | force is plotied {n Flpgure 9. Little

differance between the various models and full scale projectiles s indicated
i

cxceps, jossibly, at subren

a$2

The Ccntcr;cf-:nss pesitions of both types of semlsealed medels differed from
that of the fill scnle projeetile. This difference nccessltated interpolating .
these mcdel data of Gy to provide a reference curve for comparicon with the full
seale dasa. ALL the data and the Interpolated curve f£rom the semiscaled models for
the full seale center of muos 2.9¢ ealibers from nose) are glven in Flgure 10, Yaw
cfrects appear nesllptble within the scatter of data and no distinet difference

aprears betweern wodel and £111 scale prodectiles.  Any actual diffcerence due to

oldts mu-ber effeets or swall geometricenl differences are apparently small

-
e -.. ae e il

cnatsh 82 be obzenred by o seatter band of abont .l in G

LER R

B . - - e G LU T e N N ] . -
(L) e ooxaes czale dota Voenerally with il coale daca,
() av ciilTerent wimers protanly di20 v
. 3
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These can be considered cnly as suggestive since {n mosi cases corrections
(for yaw level, center of wass, or Mach nusber differences) several times the

size of the "observed" differences have been applied to permit comparison. ]

5. The Macnus Force and Moment Coefficlients
The Magnus force coefficlient 13 defincd by

. EF

c - —

e " e V(R
and the Magnus moment coefficlent by

G =* "_3—8:5_"{_
m | mod V‘({-}-)’

where

1l
Hy

]

Masnns forece
T = llsgnus mo=ment
p

= spin.

The Magnus forca's ceontribution to the projeciile'!s swerving —oticn was not
Iarge cnouch to furnich reliable data for the rounis under consideration . As a
result, Gy and Its center of pressure were determined only for the semisealed
=cdels v.up%he center-of--ass relations. Theose resulis are:

12 . - [ad -~
cN cp_’ (cal. afs of rose

.£0 -0.15 -1..0
1.CO o -0.:1 315
1.20 ~0.35 5.29
z.Co -0.3% 5.5
2. 50 -0.55 5.29
Tha Maonmus momenn cleorvizlent was obtairesi Jrom the - =stisn in ~cn-

Thuota pawar dama oan oandt o2 caitizal)
Tt L0 4TIl a B Tae - -




of this plot shows that in the supersonic reglon, for the accuracles involved, the
MOl and model valuecs are not slgnificantly different. The determination of

(und alco of (CMq + q%i)) for the MOl were not as good as are gencrally obtained
from spark range tests because the perlodicity of ‘the yawlhg motion was practically
synchronous with the spark statlons group opncing. This gave the fltting process

less "leverage" In determining the damping.

(The difference between the semlocaled model data and the full scale MOL
data at subsonle cpeecds was one of the major problems in the original analysis.
The scaled model data and, inadvertently, the data collected on the M107 shell
appear to clarify the matter,

The Magnus moment data for all projectiles tested below M = 0.82 have been
replotted in Flgure 13 as a function of Mach number, and in Figure 1k as a function
of effective yaw level. The first plot chows that the data fall into two distinct
groupings; the cecond chows that this separation ic not apt to be a yaw cffcet
(unless of a very complicated natnrc). The data for the semiscaled model and the
11l seale MLOT group at a value of q*p: of ubout -0.5, while the scaled M10L
=model data nnd MIOL data yield values of cha from a little below scro to 0.2,

The later firings of the M101, MLO7, nnd sealed MLOL model aleo ylolded a few
vnlues of Cy  that were marginally aceeptable.  The ML07's had values of about
=0.7, the ML01's and the scaled models gave values of ubout 0.G6. The alen of Gt
for the MLO7 agrees with that for the semlcculed models, There rather strangs
correlations suggest that, In-zo-far ag Magnus propertics are coneerned, the semi-
senled madels orleinally fired were "sealed” ML0T models rather than "senled™ MIOL
wodels, Sincc the Macnus torque coefflicient 1s known experimentally to he senni.

l’)
2,15 at least, the varlous parametors off the full

tive to rotating band position
ceale and model bands were compared.  In only one recpect was the MLOT more

elozely assoclated with the semiscaled model than with the MLOL, Thic wms ln the
conal lateral area of the riflinpg:. semlscaled model - Odﬁl:npuxrq maliher; MCT -
0% cquare eallber; M0 - 0.12 cquare callbers. While these varlous cemparative

weranments and dlcagresmentc are hardly concluslve with such limltald data, they

The ccalsd model data are cignifleantly atove that of rthe £l zesle MIOL dana
s J




e The Daeplig Farea and Moment, Coefficients

The danping forve confflclents are defined"-ﬁﬁ":i

: 83‘1
G, = “
"q “pdavz(q + ir)%:

8s
Oy, PRI
& ned®VE@ + ia)v

ard the damping =oment coefflelonts by:

81 :
Y% %3 A d
q nted Va(q + 1r)v

BH&

C, = -
M . . d

Ma xpdj V2(3 + ia)v

wvhsye 3{41 and «1 are the dasmplng forces due to angular veloclty, q, and rates of
shange of ansle of attack, &, recpectively; Hq and Hd are the respective damplng
~rmentd,  LIn froe flieght tests, these coefficients are obtalned only {n cosbhination,

[V 3 Cu. aud (C‘! * Cﬂ,ﬂ)) ]o
OB Wy "'q Y

The da=ping forea coefClcient was obtained only for the gemlscaled =odel by
ualpe the da=ping moment coefflcients varsius center-of-mnos relations.  The rgaults

apn Llated below for the center-of-mass position of the MIOL.

DAMPING FORCE COFFFICIFNTS FOR SEMISCALED MODELI

. N (CN + CN‘ nt 2,96 ¢al,
R} q Q from noso
S 0.5
.90 19.9
1.60 . 16.8
Les 15.2
L..0 5.6
2,30 5.3
BORrY 5o

]
-

L scale projecuiles,  Intor-
given In Figure L&, Superoon-
nic and subconis woineitise

AR -4, ALY S| Cremm -
tunction ol Mach mumber are chowm




In the case of the damping coefficients, one can sny that the data fall in
cither two or three groips. It 1g clear that the semiscaled model data lie at
a level of about ch + .) = 4 (destabilizing) while the tull scale M1OL and
M107 have a value of anbout -9 (stabilizing). The actuanl data from the ccaled
models have a value of about -L.5 and would require large yaw effect corrections
to agree with the full scale data. Thus, the most probable situatlon 15 thio:
the band differences between the full scale MIOL and M107 do not affect the damping
coeffictionts; the 1/12-seale model data probably chow a Reynold?'s number effect in
comparison with the full senle data, but the decrease in stability indicated could
be anywhere between nbout 10 per cent to 50 per cent depending on the mngnitude
of the yaw corrections onc is willing to assume; the particular combinatlon of
geometrie differences and scale change associated with the 1/12-8ize semlscaled
~odecls produced a very large change in the damping derivatives, the extent of
which is about 150 per cent in a destabilizing directlon.

There it one further point of similarity between the exact scnle model and
the bigger chell, and the differcnce between the two types of models that may, or
zay not, be relevant. At low cpeods the cmooth-nosed gemiscaled models had laminar
boundary laycer flow to the leading =dge of the band; then the boundary Llayer became
quite thick. The full seale projectilec undoubtedly had turbulent rlow aft of
the fuze, while the éombinntion of high yaw and the gcaled fuse nlzso promoted
carly transition for the exnct gealed models,  Stmilar flow condittions prevailad
on the semiscaled models at upersonic cpeeds; but band and flow transttion effects
on the acrodyramic forces on the boattall could be less gerious under the latter

conditions.

Flow chadowsraphs of the full seale and model projectiles at various Mach
aurmbers are glven in Plates L - 10, In view of the general disagrecnent off the .
~a=ont data of the semiscaled models with the other configurations, the force data

rrom the cemisealed model chould pot apply o the fall zeale at Mach nusmbers less

T othe yaw caucad by “he Initinl eonditlons

the conditionzs Tor a siatically unctable




‘2 -
(n) h=ljc, -C, -k QM+CM& - k¢, > 0

(b) 8> ~— » 0<,<2

where

I - S
nIypdV'?CM

ax

I = axial moment of inertia

1 = trancverse moment of inertia

p - 2 in E‘:—
. op seoe

p = nir density

d = diamcteor

ole, - ¢ +x "0 ,
Na D 1 ‘.!‘"

n

This means that L

R 0 or I o, Lo ounalde the Interval of cero to two, then
Lhe ~0del cannot be made cstable without changlng lts phycsleal characteristics;
l.e., the cunter of mase or the radil of gyration, IT 0 < 5, <2 and h >0,

then oy ziving a chell surflslient cpin 1t can be mude zinble, ean be soen

=adel can de made begause they do not have the reeiil 0 cyrntion and centers
67 wacss. I 13 posclile, Dowever, to chtain Lhie acrodynuclc ooofflelents, and
) ’ y




h and sd for a model which is horr.o].m;oms‘p with tho MIOLl from a consideration of
the model data. This involves obtaining model values of q*q + Qa;) and Chpz
uat the shell center of mass by means of a shifted center of mass relation-
uhlplh’ 15 ona then using these shifted values oi |Gy + CT'G » Oy, along with
CN: and CD’ which are independent of center of mnun,qbith the k1 o?athe homolo-
gous model to compute h and By

In the subsonic region (from M = 0.85 to the lowest Mach number of the program,
i = 0,6) h of the model in hcgutLVc and since this violates Condition (a) that h
t'n pogsitive, the model cannot be stabilized by 1ngrcnn£ng spin. In this }cgion 84
iz a large positive number. With an {incrcase in Mnch number, h becomes positive
but sd'is less than zero up to about M = 0.93 (cee Plgure 19). This means that
Condition (b), 0 < 8, < 2, 18 violated so that the model again cannot be stabilized
by lncreasing spin., The 8y reralns within the interval between zero and two above
M =~ 0.95, but between a Mach number of 0.95 and 1.0, By {5 close to two, sz0 to
s'nbllize the moidel by increacins spin within this range would be very difficult or
lmposcible (sec Condition (b)). t pupersonic speeds, the model is completely
utable 4 5 > 1,

The 19%-mm MLOL chell {s nlcso dynamically unatnable in the subsonic and tran-
sonte reglon at the musale cpln of 1/25. However, the rate of divergence is cmall
and 83 {3 between zero and two; co ac the effective npln fnerenses along the tra-
Joeaetory, Lt should rapidly bececme dynamlenlly astnble.  The change in sign of qu?
for the MLO7 shell deerensea {ta dynamle stablility relative to the M1OL, and it
would require more tlme along the trajectory to atablllie, The MIOL and undohtedly
the MLOT are dynamlceally stable 1€ they are gyroscopleally stnble nt above tranczontie
npundn.

(Althouch the present datn do not, In themselves, establish a pnrtlculuﬁ trend
SO dynuwnte stabllity chunzes vith yaw level; a simllar projeczile, Sho LO%G-mm MY,

wis dynamically nnstable suboontonlly for small yaws and bacume stable ab higher

2
v LevelsT, Bocnuise of the general similarity in chape and size, one =might expeoct
“ils azaltacar Ylaitrs mplit:de Lohavior (o the M10L and w007, )
T B ! o LD it ornaz thee Zune cewynetric osnope ool omnoc Jlistrizition,

:




CONCLUSIONS

The omall geometrie differences between the gemlscaled 12.7-mn model and the
full scale 155-tm MIOL appearcd to make little difference at supersonie vclocities;
that 13, acrodynamte data derived from the semisenled modeln and the full acale
projectilen werae caosentially the cume, At pubsonie velocltien, howover, data from
the scmizenled model differed slenificantly from the data of the full ascale pro-
Jectile exenpt in the caee of normal force and center of preasure. Tha drag force
and the Mignua and damping moment were slgnificantly different at the lower speed
ranges,  [Addittonal data obtainmd from limited flrines of cxact sealed ealiber .50
models and firings of the 155=mm M10T shell, which differs from the M10L only In
the rotating band, suggests that In the cage of the drag force the effects of
Imperfect sealing are protably the predominant factor althouzh one would expect
also a diffcrence due to Reynold's nusber effects. With reeard to the Magnus
moment ft would appear that the orielnal soniscaled models were more nearly scaled
models of the MIOT shell than the M10L shell and that the band characteristics
affeet the Magnus mo=ent falrly stroncly at the cuboonte rpecd.  In the case of
the da-ping moment, the lack of agree=ment would appear to be primart.y dae to the
faflure to seale, Henee, tt would seem that reaconable co-promices In genling
¢nn be aceopted at supersonte velocitics, but that at sudzente and transonte veloc-
ftics, particularly when the dasping or Magnus =oments are relevant, fallure to
senle nn elosely as poaaldle ean yleld very stenlficantly different aerodynastc
ditn, While the duta from the exact fenle =odels are onch that they do not preclude
the existenee of a afgnificant Reypold's nusber offocts in the drag, the Mapnus
and the damplng propertics, they nppenr o fndicate that at least the offecta ure
wmller Lhan thoze due ta the peomabrlce differonees In the zsemtoenled models of the

original program. |
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APPEIDIX I
LINEAR AERODYNAMIC FORCES

The baolc acrodynamic force system makes use of an XYZ coordiante system for
which the X axis is along the missile's axls of symmetry, the % axis points down
and the Y axls is determined by the right-hand rule. The angle of attack, &, ls
the angle between the missile's axis and the projection of the velocity vector on
the XZ plune while the angle of sideslip, 5, {s the nngle between the missilets
axis and the veloelity vector's projection on the XY plane, Positive angle of
attack occurs for missile's nose-up; positive sldeslip for miseile's nosceleft as
viewed from behind,

For o linear dependence of the transverse force and moment on angles and

angular veloclty, the measureable terms are defined by the expansions:

. ' o m “ ? . ~ R ?
R+ 1y = (1/2deVs ey s (% )lnm ey Wy

My o+ 3 - (1/2)pV ot (%;‘,—")q( - 1c, T s G W - ic,. € .
‘s l}n o lq \a

Theie apitions define the nerodynamic coct'flcionts ad part of the expansion of
nenr transverze force and moment.,  ‘Theze expansions alzo unamblguously Jvfinc
dircetlon of the force and moment tor positlive cocfficlentys. A conclderation of
the detinltion of the compoancnts of angilar veloclty, force aund momcnt yleld the

following dlircetions for the fores and moment toeran:

(L) A posttive an ylelde npormal force {n the dlrecticn of the total
A
ungle of attnex,
. 0
(:)) Ajositlive CN yiclds o Mapnas foree at 9U7 to the nor=al roree {n
jur

the dlrectlon of upin.

s’ [
(,) A pdLilliie G&I siolds o mement which lnerouncon the total ansle of
IR AT
| . ; .
{(#) A rozitive o yloelds ancnent which turns the alocile nooe abaut
S 94
the flleht path o= itrecticn of opin
i ) Aty " . { y v i i P 3 T i t ... ~ )
Y n o3ty [0 ylelds @ meT waLon L2 Uies = ostleely nTilare
.'.;; - -
it ".J_L'L.:,’ "
(8) A pecitive G,. yiolds a zement wolen inoronoes ke aictoily anoilag
>y A§4
tocihy &
' . - . s -~
In thig 4olo the axiaun body dinmeser, o, and S is thie ramimim crgos
coeutional nr "
s
e
<,

e T




APPEXDIX II
DISCUSSION OF TABLES AND GRAPHI

The average physical properties of the projectile types are given in Table I.
Table II includes the merodynamie coefficients and other aerodynamle properties of
the 1%%9-mm MIOL prototype, and Table III glves the data on the 159-mm MIOT, The
norodynamic coefficients of the seminscaled medels are gliven tn Table IV, and thae
axact scaled models in Table V.

The numbering system {3 devieed 0 that the projectiles of the five types
are numbered in order of {ncreasing Mach number with the firing round husbep pres

ceding.

In Table I, the k' are the axial and transverze radii of gyration {n eallbers,
The mean squared yaw in gquare degrees is 82. The da=ping rates, Ay are in units
of per caliber while the turning rates t’i are {n radimsper callber, The dynamle
stabllity factor is 8y and 8 {8 the gyroscople stabiliiy factor. N i3 the number
of yaw stations and NT the aumbhor of ti=ing stations. Only averaee statistlicnl
crrora for the various rounds arc glven beeause under sinilar conditions the errors

nre almost the same.

Certain criterin were eployed to deteraine whether the varlous coefliclenta

of the different rounds were of ncceoptable qullty. CD was connidered negeptable

Lf fiy was at least flve. If ¥ wns at least 14, then Gy wad avenpted If |x | wore

larger than 0.C08, and Cﬂ( + o "G and C., were accepted if ih‘il Wl 11!‘4—',"7!' than
0.012, waa acceptable {f N was at 1r1 b oand if (S } wnu at least 0.C6 inch
ror the models and 0.04% foot for the prototype. In mudl"o*, the corfficlents hnad
to rulrill the rcquirCﬂth thnt thetlr statistical crrors te lecs than twlce the

Avernge error.

A cospuarison of the flow patterns of the MIOL and the =edel s glven by menna

of the spark photosraphs in Plates L to 10, An exwzminaticn of these rlatar chowsn

Fa Fha sk el O e
RO the Selmeelricl Lilleraneesn,

that differences tn the flow patterns arics due

and 1% appears that it the chupes wore slimilar, the flow patterns would ke aloo,

7
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Type {lvs)
199-mm ML0L 99,0
159-ten M107 99,8

femisealed Model 1 097
femiscaled Model 2 068
Exaot Heale 099

TARLY |
PIYBICAL DPROPERTIRS

o tron M
Noae {cn}) {eal)
296 Nl
2,96 /B
2,00 9.2

3,20 8.0

2.8 9.2

24

"

0

0L

192
1,80

192

b3
b5
M9
M5
b8

Leugth  Diameter

155

159
12,7
12,7
12.7




Rd

No,
1799
1686
1129
1793
179h
1684
1689
1121
1682
1683
1116
1661
1119
1¢c80
1113
1618
1679
110
1LLh
YL
Lol
[RRRS
LOfh
1791
L792
haoa
1106
1111
1110
1073
797

!
W0
619
1622
Gh6
646
649
1653
1654
685
607
V109
V199
V732
V136
St
Jiod
N
S0
198
L09
NiR
A8
LY
R
869
819
.88%
B
.98
93N
BT

%

b1

h, 2
0.9

29
32

1.9
1.6

10,1
6.6
hoh
1.0
6.9
4.8

LL.h

5.9
L.6

~

5.1

TADLR II
AFNODYNAMIO CORFFIOTXNTO OF THR 190:MM MIOL PROTOTYPR

2

1393
1329
1286
1362
1299
1310
1337
1372
1359
131
129h
V1300
129h
1378
1266
W5
VAL
L12h)
1230
. 1hod
1542
207
1599
D RILTS
L1583
L1571
L1370
. 1400
. 1658
815
1986

&y

3,20

3,36

N
3.51

380
awn

3,59
4,60
3,00
5.61
5.6
5,84
5.81

"n

-3
1.0

1.68
1.65

1,66
1.78

L. by

q‘ +
- 8.9

- 607

» 949
'1’13

- 9-2

| .
-\
- e
[ g

-1h.
-21.9
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L
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-.10

02
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. TAMN T (Cont*d) ‘
© ANRODYNAMIQ CORYFROINNTA OF THN L199-MM HLOL PRroTOTYIN

(]

o ! 5 g % W M Ay
1109 990 1.9 1 F063 heth

1190 1990 6.1 » 2068 00 10,17 )}
\ofe 1961 30 Bt W1y s1h,8 33
&6 969 Lioh 2170 hish

ot 913 9 12236

1078 916 6.0 2072 3t =10.9 Al
1079 1998 3h + ShBh .61 13,7 W6
992 1.01h 53,1 50T 3456 2,k = =02
&oh 1,056 s 38hs

fon .05t V3099

Vi - 1.099 2.9 I9Lh = Tl 09
) 1159 068

P LG22 3006 3,49

brop 1.1 S oo .41 2,450 = 51 »,09
1501 1.189 1643 o 3,48 292 = Tl 00
504 1.192 1.9 893 3D 2,10

1100 1.0h 2 RYE

00 1.2th e iy

el 1.219 8 ok

1800 1.%0) 5 o 5, 41 - 8,1 .48
L1 L. %0t 6.6 il - 1.1 .10
a8 1.h%% 1.4 , $Hh0 4,k

Leon 1.596 9.0 . 4500 5% - 2. - 1.9 1o
G590 1.599 3.1 L3551 5. 50 2.9 -12.2

1205 1.606 3.0 . SH00 5,55 2.67 - 7.0 .08
ML 1.6L5 W . 5h0% 5,50 2.52 - 9.9 WL
LLoT L.770 b7 L5249 50045 2.62 - 8 o8
) 1.95% .06

Loz 2,164 LT
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L5597 2.19% 10.1 1010 5,00 2.98 - 5.0 -.0%
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TABLE LT (Cont'd)
ARIODYNAMIC PROPERTING OF THR 175-MM M10L PROTOIYPR -

T ') 2, % 102 5 ]

1199 ) -, 037 , 1,98
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1103 ,

1199 L3 =, 099 0 1.98
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TABLE EI (Cont'd)
AMIODYNAMIO PROPERTIES OF TUE L30-MM MLOL PHOTOTYPY

to, M (G wx0lzn) oy X '

066 102

867 . ,

1078 215 \203 92 1,69

1079 V38 106 19 1.72
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1799 ' 25l A 80 Lth

863

862 2,08
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00
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1,50
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TAILN IX (Cont'd)

AXNODYNAMEC PROPERTIRG OF TIR'199-MM MIOL OINGL

Avarage ‘Tarning lates ab Mid-Range

¢!'(rml/on1)
10dH

108
020
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029
1099
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L 3
Average Otatistieal Errots
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+00h
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006
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00k
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: TABLE III
AFNCDYNAMIC CORFFICIENTO OF THE 155-MM MIOT BIFLL
Rd — ¢ C *
to. M & % Mo B Byt
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TABLE IV
ARTODYNAMIC CORFFIOIENTS OF THE OEMISOALYD MODEL

Genter of Mase at 2.8 Callbers from Nose

B, oy B - T T T . .

Lho2 401 9 1510 ,
1hot 620 1.0 1629 3.08 N »50
1398 YV Ah02 | |
1391 V139 6. 1996 3.02 ‘ 3.8 =58
12Lh 199 6.8 Q62 389
121l V191 1.9 1502 3.33 2.3 58 -
1296 815 6.1 1080 3.3 1.9 =08
1212 832 1.7 JA508 3.33 6.4 .08
1399 071 1.0 - 1523 3.508 - .
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1207 193h 5.9 A0 kL
1209 956 28,1 2837 dsh AN 76
S Y5) 993 1.0 «3308 '
1006 1,017 3L G 33 | . -
1587 1.031 9. 3918 20 2.h2 0.6 23
1205 1,056 9.1 069 319 a.h2 -8,9 L]
1381 1.0%6 5.1 3902 260 - RN 10
10 1.071 b0 1) 3.Lh .6 -.08
1202 L% L0 L3552 2,98 |
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158 L0 LT o 2.1 . LN .08
761 L8y 2.2 096 - 2.65 =T 18
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- 1312 1.999 2.5 . .096h 2.Gh 2,95 =71 .20
| €92 2.5‘&1 ‘ hoh o8 2.58 3,06 6.4 )
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TADLE IV (Cont'd)
AERODYNAMIG CONFFICIENTA OF THE OFMIBCALED MODKL -

Qenter of Mass at 5,2 Calibers from Nose

R T S T . T
2.2

2193 0 1.0 1660 3,87 N
2166 ,02h 10,5 1996 W12 1.7 =38
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TABLE IV (Cond'd)
ARNODYNAMIO COXFPIOIENTG OF THN DUNIHOALKD MODEL

Averags Turning Rates ab MidaRange

: Type L Type 2
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ANODYNAMIG COXFFIOT 1IN “L55:MM MLOL BIOELL: XEXAGT MODRL

| SR S W S AL W
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FIGURE 2, SEMISCALED MODEL




FIGURE 3, 155-MM MI01 AND SEMISCALED MODEL
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155-MM M101 AND EXACT SCALED MODEL

FIGLURE 4.

(Scaled to Some Size)
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FIGURE 5. EXACT SCALED MODEL
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PLATE 1!

MODEL, M=1.739
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