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By 0. Walchner

INTRODUCTION

"And-tunnel measurements on projectiles are a
useful comolement to firlnz tests. In general, the firing
tests are limited to the determination of the drag of
the shape of the missile. Other mroblems, such as the
determination of the conter of pressure and of the alr-
force components or of the effect of projectile oseclil-
lation, and so forth, are not solvable at all by firing
tests or only with great difficulties. Such studles are
very simple in the wind tunnel,

The Institubte for Aerodynamnic Research at Gdttingen
has a small high-speed wind tunn:l in which a largs
nunber of different nonrotating :iodel »nrojectiles hsave
already been investigated 1un the rangs of Mach nubers
of 1,2 to 3.2, The tunnel operates on the Prandtl
prineiple, that i3, a brief stationary air stream ig
produced in an evacuated tanlk by Inducticn of atimospherie
eir. Thnis mode of operation has become comnon rractice in
g nuvmbsr of supersonic tunnels at dlfferent research centers
and may be regaerded as lmmown. The Jet dimensions are
110 x 150 millimeters. The size of the models is limited
by the condition thet the head wave reflected &t the jet
boundary may not return sgain to the model iitsclf and
must not influence the pressure at the projectile base,
owing to the low density in the air stream 1t does not
succeed, as a rule, to obtain for these dimensions
Reynolds numbers high enough to nermit figuring with a
turbulent boundary layer.

In the flrst version of the G8ttingen tunmnel, suctlion
was from the free atmosphere. Tt was found that the ailr
in the Laval nozzles dld not expand adiabatically, It

#Systematische Geoschossmessungen im Windkanal,"
from Lilienthal=Gesellschaft Report No. 139, puw 29-37.
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weas Wieselsbercser who first recognized the condensa-
ticn of the water vapor contained in the air during
the expansion as the cause of thils disturbance., It
wes neceasary therefore to calibrate the nozzles for
the atwospheric nelsture occurring in the course of a
year, PFigure 1 shows the result of this cqalibration.
The ezpension ratlo p/p. is plotted in logarithmic
scals against the Mach number (p = pressure in devel-
oped jet, p, = pressure of air at rest). The dushed
curvs represents tho isentropic expansion for air

2 =
- 1

Po o \y 4 i 2
2

with the ratlo of tho specific heats ¥ = 1,405, Tho
erxpansion of melst stmospheric air ylelded thes indi-
coated departures from the lseatroplc curvs of zeven
differont ILeval unozzlus, OSinca, with Increasing morsture
content of ths inducted alr, morc heat is continuvously
rcloased at condensation and this heat input lowers the
gxpansion in a nrnzzle of snecific orifice retin in
Inerousing measure, the greatest departuresg from the ilsene
tropic curve worc observsd on sultry summor days, the
least on cold winter deys. TIudwleg checksd this experie
mentally establlshed result by an apnroximation, Fro-
ceeding from a Laval nczzle of given orifice ratio a
combination of riomentum contlinuity and energy ojuations
closaly conflirmed the described departurs from the
jeentropic curve, when a hest lnput corresronding to the
heat of condensatlion is introduced in the equabion.

Although 1% thus succeeded in talring into account
the alffect of the alr roisturs on the Mach number, the
pressure at the nozzle tilp and the dynemlec pressure, the
condonsabtlon made 1tselfl nevertheless dlsturbingly
notlceable on the gquality of bthe alr stresm. Haturally
the investigetinn of models in the wind tunnel makes an
optimum parallel jet desirable, vhich in turn raquires
& well=defined nozzls shape for cach liach numhsr. Butb,
since the bkiach number of the same identicsal nozzle varles
with the moisturo content oi the sair, the persallclisn of
the alr streem ls for this very rcason even only approxl-
matsly reaclied, when molst atmespherlec alr ls expanded.
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Moreover, in very molst alr the water vapor is condensed
intermittently (shocklike}, vhers the ccndensation

shock 1s raeflected by the nozzle throush the dsveloped
Jeb.e At moderate molisture such a shock was avolded LY &
mild curvature of the nozzles in the area of ths conden-
setion regicn, and the disturbance of the flow by the
ccniensation was slready damped out at the nezzle tip.

To improve the testing coadltions the tunnel was
fitted in 1939 with e silice-gel filter, wlhich extracted
the moisture from the alr flow. 1t resulted In a practi-
cally perfect adlatatlc expansion of alr in the Laval
nocsles, as Indicated in figure 1. The systematic wind-
tunnel studies on nonrotating misslle models, discussed
hereinafter, were all made with dry air,

FORCE DIAGRAN ON THE /ITISSTLE AND ILLUSTRAITON 0¥ A
WIND-TUNHEL MEASURSMENT (FPIG. 2)

A missile oxposed at angle of attsck a in a flow
of speed v 1s subjected to an alr force P wlth tho
normal=force componsnt N at rigsht angles to thy misslle
axls and the tangenticl-force coponunt T along the
miszlle axis., On decomposing the resultant force P Iin
flow directlon and av rizut angle to 1t, the drag is
W=1Tcos a + N gin ¢ and the lift A = T cos a - T sin a.
The distance of the center of pressure from- ths bass is
denoted by f end that of the center of gravity by s.
The mcment of the air force referred to ths bass 1s then
My = lif and tho moment ri3ferrsd to tlie ceunter of gravity
18 Mg = N(f - 8). The forces and moments are usually
exprcegsed by thelr nondimensional cosfficients

v T L
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(p = density, F = projectils cross-sectional area,
D = callber or diameter).

By definltion the distance of the point of center of
pressure Ifrom the base 1s

r_ Smo
D cn

Flgure 3% shows an example for the measurement of a

nodel In the tunnel., The projectile has a length of

callibers, 2.5 of which are tlp and 1.5 cylin&or.
The oglve merges tangentlially in the ¢yilinder. 7The force
andi roment coefficients for Macli nunber 1,09 as well
as the nositlon of the center of rrecsurs are plotted
against the angle of eattack, 'The bLangential force
coefficlont increases a little with the angle of atteck,
end the drog coeflficient increases sven mnre at greater
angles, because a connonent of the normal force enters
in the drag. Lift, normal force, and moment coefficlents
increoase linearly with the angle cf attacl: for small
anglcs. The position of the center of prossure proved
to b independent of the angle ¢f ahtitsck on this model,
The incresace of cg with a and the position cf tho
center of pressure independent of a I1s nut geunerally
applicable but applles specificelly to this projectile
shaze &t L = 1,99, Othzr projecctiles show, for
examplc, & o4 fhdopendsnt of " « or af gréator angles,
a rolationship between /D and a. But all the
models with the most variod shuipcs investigetsd within
the fremework of the prescent roeport exhibited en
aporoximately linear increase of ¢, and g with «a

in the small angle-of-abttack range. This result 1s of
practical importance hecause of its simplicity, as for
instance, for the calculatlon of the spin neoscascry
for stabilizatlon. For,by thu gyroscops theory the
Incrcase of the moment enters in the condition for a
stable flight of spin-stabllizcd missiles.
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ESULTS OF SYSTENATIC TZSTS

Projoctilss of identical length with diflerent
bead shavnc.- Flgure I reprecsents six icea.ized models
(with~ut csntering collar and rotrking bands) of 5 calibers
in longth cach ancd differsnt head shapes. No. 1 is an
ogival-headed missile with an ogival radius cf
6.5 culibers end a tip length of 2.5 calibers. On Nos,. 5
and % the ogival radius is the sane =8 on Noe. 1, bub
the Gips were shortened by 0.5D and 1,CD, respsctively,
civing the flattened front sreas a diemeter of 0.36 and
0.6l calibers, recpectively. No, 9 1s s cylinder;
Fose. 10 and 11 corrsuspond to tiie shapes 5 and 6,
spherical ceps with tengesntiel entry beins fitted to
the rlet surfaces and the cylinder lengtha shortened
by the height of the caps, so thet the over-ell length
amounts to 5 calibers egain. The most important test

deta of thils ssries ure reprssinted in Tigures 5 to 8.

Figure § shows the riss in normal-forcu co-
efficient with the angle of atbtack de,/da at a = 0°
plotted apmainat tha Xach number. With exceptlion of the
cylinder, sll sheres give & maximum vaelus at arcund
¥ =2, walle at smaller and greetber M somcwhat lower
valucs wers observed., The comreriznn ¢f the rise In
rormal-foree coefficlient wilth the angle of attoclk at
Tixsd Mesh number discloscs o distincet reistionsghlip vith
ths slenlerness ratio of ths tip. with increasing
flastening or rounding, dcn/da decreascs and wssumes

the smallest velus at the cylinder,

In figure 6 the distence of ths center of prsssure

dec
from the basc of the missille £ _ __o da 43 chown feor
D~ da dey,

a = 00 The csnter of pressurs on 211 shures Ltrevels, with
inereasing M, toward the bass of the missile. This
travel is wvery little on Fo. 1, but more on the cthers,
The messurements further show for egual Mach number

that the air force on the blunt chapes is applled

farther forward than on the more slonder ones.,

With de,/do and £/D for a £ (O the increase in
the moment Mg, referred to the center of gravity of



6 MAGA T No. 1122

the mlssile,with a 1s easlly computed, which 1s of
importance for the calculatlon of tae stabllity fector.
at a distance s of the centsr of gravity from the base

4 de_ i~ 5
—3 = ......zl.‘(f - 8) .Q.U?'lﬂ
do da | 2

d 2 ¥ - to
Actually, the term c, Eg gv F  should be added

the right-hand side ol this equatlion, but it disappsars

egaln when interested in the increase of the moment &t o = 0%
that is, at ¢, = Ce Besldes, [ doses not vary psr-
ceptibly on the shapes involvsd here at small anglesz of
attack, so that daf/da = O.

Figure 7 shows the drag coefflcients for a = 0°
plotted agalinst the llach aumber. They are of the same
ordsr of muagnitude at speeds nsar tihe velocity of sound
for all shapes with excentlion of the cylinder, With
ineressing lach number tho drag scofficlents of the
pocinted shape decrsase, while those of the blunt hoads
Increase, fThis behavicr 1ls attributable to the dif-
ferani ratio of rezd drag to sustlaon Arnz. Tae eoeffteclont
of the swetlon droy dooraased witlx incrgusing 'voh rmaber
ard in the extreme cace of very hign sreeds approachus
the value zero. For slender mlscsile heads the hcead
Adras varles rather 1lttle wibli the Leh mumbsr and the
total drsg coefficlent will therefowe decreaces with the
kach number. On very blunt head shapes, howevor, tha
coefficisnc of the hsad drag must follow the charsctor
of Prandtl's dynamle-pressure formula for supersonlc
speeds

5 L
=k * 1 ( + 1) Kul
it

2
g - 2(x - l)-—J;— KN
M=

nang

(Ap = pressure rise in the stagnsation polint over pressure
is uvndisturted flow). This formula ensures wvalues wiiich
Increace with inecreasing Mach number and at very high
epeeis apprcach the limiting value 1.8l for air with

kK = 1.405. But the coefficient of suetion drag plays a
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subordinate part on very blunt head shapnes. According
to the measurements, the missiles Nos. 10 and 11 fitted
-11th splerical cap have substantially lower Crag co-
efficlents, than the flat-nosed iiissiles 5 aud %.

Pigure 8 reoresents the effect of the angle of
attack on the drag coefficlent for shapes 1, 6, and 9
at a = 0° and a = 6° The absolute rise in drag
with the angle of atteck wes found to be about even on
the different shapes. But the norcentage of increase
on the slender missile is =muech higher then on the blunt
shapes. So in order to preserve the beneficial effects
of a slender tin on the drag, more care must be given
to the pointed than to tne bluat missile, so that only
small pendulations (angles of attack) occur in flight.

iffect of height of tin for equal over-all lengthe=
A furtTher tcsT series of pointed 1.issalles of T.ae same
lengch of 5 calibers and height of tip of 1.5, 2.5, and
3¢5 callbers is shown in figure 9. The data for de,/da,

f/D, end cy at a = 0° are renrresented in figures 10
to 12.

A sllght relatlonshin between rige of normal~force
coefficient and Mach number wlth a flat maxinam at around
M =2 was here also observed (fig, 10). This maximu is
less on the long slender tip ¥o. 2L then on the shorter,
fvller tip 1 or 22, Compared with figure 5 1t is found
that dep/da decreases on polnted head shapes with
increasing slenderness of tip as well as on vLluat shapes
with incrsasing flattening or roundling, and that a short,
full tiln, say, of shape 22, glvaes the greatest increases
in normal-force coefficlent withh the angle of attack.

The center of pressurs (fig. 1l1) lies farther forward
on the short than on the longer tips, snd likewise shovws
a slight tendency toward the base of the missile at
increasing lMach numbder. But the decrease in /D becomes
consistently less with increasing slienderiiess of the tip.
ctn shape 2}, for example, the awnlied moment is already
practlically independent of 7 and the same holds for the

dcmo den r

rise I1n moment coefficlient —Fg = gg D with a. This
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result is also very pleasing, for example, when the
curve of precession along the flight path 1s to be
deternined,

Azain the drag coefficients for a = 0° (fig. 12)
exhlblt the decrease characteristic of pointed missiles
et increasing Mach number, At nigher speeds the dreg
coefflclents act approximately inversely proportional
to the tip length.

Effect of the vlindrical longth for squal heead
shepe, = Tne decsieration of & mLSSils by the 617 drag
1s IAversely proportioral to the crosse =Sectional loading
(ratio of Wei?hu to crous ssction of miseals) and
direstly proportional tc the drag coeliflcisnt. A subw
stantial incresse in cross~sectionsl leoading to reduce
the deceleration of the flying nisslle for a glven
callber is possible only by lengthening the misgile., But
with increasing length of missilc e 1limit 1s reached
beginning at which the stabilization by rotation becomes
dirfficulit, It is thersfore particularly lumortant to
check the effect of misslle length on the alr forces
and moments in wilnd-tunnel tests.

'igurs 13 shows four misciles of identical tilp shape
and over-all lengths of L, 5, 6, and 7 calibers measured
at M = 2,6l,. The normal-=force coefficients sre shown
plotted against the missile length for a = 3°, 6°, and 9°
in figure 1. AL small a wp %o 39 the effect of
lengthened cylinder on the normal-=force coefficlient 1s
very small, Thus in the range of small o« the value
dcn/ﬁa is largely dependent upon the shane of the head,

and 1little affected by the cylinder length. At greater
@ the cylinder contrlbutes a perceptloly inecreasing nortion
to the normal force with the length.

The distance of the center of pressuvre from the
misslile base &t dlifferent angles of atteck is resresented
in figure 15, The short missile showed & slight travel
of the center of pressure toward the base with increasing
angle of attack., With increasing cylinder length this
travel i1s more pronounced because the contribution to the
normal feree Increases at greater angles. TFFor exanple,
on the longest mlissile of thls serles the center of pressure
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et « = 10° is slready by half s caiiber ferther back
thea at a £ 09, and for still lonzer shares an even
nors pronounced travel with the angle of attack is to
be expected, as confirmed by several tests (not
descrited here) on several l0O-caliber long missiles.

In stebllity studles, the pesition of the center of
pressure for @ = 0° 18 of particular significsncs. It
is reproduced in figure 15 togather with the center-of-
grevity distsnce s/D plotted ageinst the rmissile
lenzth 14D. The shift in the position of the center of
nressure relative to the tip 13 very little. ILengthening
the missiis from l} to 7 calibors increasss ths Alstance
of the center of precssurs frov the tly by cbout 30 per-
cent, bBut this dlscancs from the canter of gravity
is elrsady mors than twize as greast when homogsneous
mass distribution ls essunmed for the determinaticn of
the centsr of gravibtyr, The mormenrnt of ths aormal fores
refaorred to the ceantor of gravity ineresses, thercfore,
nors than in propertion to the lengbth of the misslle
as a result of the murkedly greater lever erm (£ - s).

Lastly, the drag coefficlents of this ssriecs are
plotied against milssile lengthr at « = 00, 39, (°, and 9°
In figurs 27. The increase in arag coefr'icisnt with the
len,th i3 small at smaell a, but grester at greater a,
becuuse the component of the nornsel saleng the flow
increases with che lerngth.

Effect of bow tall on the drag.- Slender uilssiles
ere frequently ritted with & oow tall to reduce the ailr
drag. Since low pressure prevails at ths basse of the
missille, the object is to lowsr the suctlon drag by
reducing the area of the base, However, it snould be
borne in mind that the air expands more or less around the
envelope of the bow tail, depending upon the cone angle,
which again acts in the sense of a drag lncredse.

Figure 18 shows four nissiles, the drag coefficlents
of which are to be corpared for axial flow. Shapes 1, 16,
end 18 represent & series with constant cone length of
1y = 0.5D and cone angles ¢, = 0°, 59431, and 119191,
while on the serles 1, 16, and 21 the cone angle 5°L3! is
constant and the cono length is ¢, 0.5, and 1,0 caliber,
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In order to be able to gain some idea of the
order cf mesgnitude of the sustion drag and an eventuil
improvement by s bow tail, the ratio of statlc pressure
of wadisturbed flow to dynamlc pressure

P = P - _2_
q %uz K>

1s plotted asgainst the Feach number. (See fig. 19.) A4t
complete vacuum on the taze cf the missile the pressure
weriation on the base would e squal -p, &nd on & base
aret equal to the missile cross scctlon the nlotted
curve in fipure 19 would represent the coefificient of
the sustion droag, which therofore _docrec:ies with rising
lMech number and at very hich spseds approaches tvhe value
ZETO. Prassurs measuremsnis on a number of shapes
discloscd, however, only a prescurs drecp of aboubt one-
third of the statlc pressure of undisturbed flow throughout
the entire spsed range above veloclty of sgcund. This
implies that the coslficilont of tha suction drag amounts to
about one-third of the value p/q only., This amount is
ratior ol at high supersonic spesds end comes into
questlicon relative to the total drag only when hesd and
frictional drag together are of similsr order of magni-
tude., Thus at high speeds a decreass in alr drag by
means of a bow tall can by expscted only with particu-
lerly slender missilo tilpa, whoreas 1t scrves no

purpose whatsosver, to fit a blunt mlssile with it. At
gpoeds near the vslocity of sound sven a2 less slendar
hoad shaps may result in lower drag when the misslile is
fittod with such a tail.,

The drag meesurements in the wind tunnel at a = 0°
(fig. 20) awctually showed at ¥ = 3 1no perceptible
difierence in the missllss equipped with this tail
compared to the cylindrical forme At decrsasing Mach
number, however, & notlesable improvement could be
obsurveds The upper part of this flgure shows the drag
coefficients of the thwres shapes with equal cone lesngth
and different cone angles plottcd agelnst the Mach
nunbore. The measurcments indicate that shape 18 with
the greatest cone angle has, in spite of the smaller bass
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diameter of 0.8D, a greater drag than shape 16 with the
least cone end a hase diamebter of 0,9D., This is attri-
butable to the greater expanslon of the air around the
bow tail of shase 1&. The lower part of figure 20 shows
the drag cosfficlents of the series with equel coie

angle and differsnt cone lengths. The drag ccefficlent
decreases monotonic with decreasing base areea, altl.ough
the difference of shapss 16 and 21 is umuech less than that
betwesn 1 and 16,

COMPARISON OF WIHD-TUNMEL TESTS AND FIRIIG TESTS

3decause of the limlted experience in wind-tunnel
measurerents at high spceds resulta of firing tesbs were
used for comnerison as far ac rosgible.

In figure 21 the dreg coefficlentsof a bullsh
messured in the tunnel are corpared with firing tests.
The agreement is very joods The meximum difference

amounts to about l% percent.,

The egreerent was just as close for a blunt missile
shape with a draz coefficisnt cy = 2.07; bul less
satisfactory for very slender shapes,

Figure 22 shows the recorded dreg coefliclents of the
sS missile at a = 0%, 39, 6%, and 9° plotted sgainst
the MNach number. The merked rise in drag cosfficient
with a on such slender shapes has alrecady been nolnted
out. The daslied curve 1evpresents the average valuc of
the drag coefflicients obtained fron the tire of flight
records. The drag coefficlents in the firing tests were
of the order of mugnituds of those measured at a = 6°
in the twnnel, However, such a Llighly devesloped missile
certainly does not oscillate so much in its ncrmal flight
that the axis of thie missile averages a 6° depariture
from the tangent to the trajectorv. Xubttersr (wio had
made tho tests) pointed out, howsver, that the scattering
in his test was Tairly great and amounted to about
10 percent (cheded ares in fig. 22). Tris scatter 1s
then to be explained by the oscillatlion of missile rather
than by inaccuracles in the time of flight sweasursment
and its interpretatlon, because the measurements were
made directly behind the muzzle, The lower limit
of the scatter 1s thersfore thie most 1liltely one,
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and the difference rglitive to the windetunnel measurewoants
at o = 00 and a = 3° ig then no doubt less.

Furthermore, in this comparison, the efiect of the
REeynolds numbel cn the friction  Jdrag umst also he
allowed for, since it smounts to a perceptible nortion
of the tovel drag on such slendsr miseiles, In ths wind
turuisl the alr density at high Mach numbers iz very
sm&ll because the air stresm 1s produced hy expunsinn
of the atmospheric air, At M = 3, for instance, the
Reynolds numher referred to the length of a 15 milll-
meter diameter sS missile model 1s about l. x 102, while
the nstural size sS missile at the same Machénumber
flies with a Reynolds number of about 2 X 10%., Henocs
g laminar boundary layer and a frlietional drag coeffi-
clent of 4round C,.0% valerirsd to misslle cross sectlon
must be figured with: i wind-tunnel tests. the
friction layer on the natural size 3S missile is tur-
bulznt, howevar, and the coefficicent cf the friction
drag is aprroxiratsly 0.05. So in the observence of
the natural size Reynolds numbher the total drag measured
at = 3 must bs raised by abcut 10 psrcent, and then
the agreeuwsnt with the firing test will also by sub-
stantlally better.

Naturelly, in the previously discussed wind-tunnsl
measnrementa, a corrceponding influsnce of friction
dreg by the Heynolds rumber nust bs taken into account.

The :oments measured in tho wind tunnel wore checked

a8 closely &s possible by riring tests. The rioments and

the vositiocn of the cenbter of Hressure werc moasured for

a series of systematically lengthened missiles with
arproximately cqusal head form, The Rhelnmetall Borsig
Company, Disseldorf, fired these mlssiles with various
snber-of-gravity positions from barrels with different
angles of twlgt and measured the ogeiliatiens of ths
nissiles by firing through pasteboard targcts (refirence 1),
The stability factors

aM
Ll‘Iq_ da

g =
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(IZ = moment of inertis about the longitudinal axls of
the missile, I, = moment of lnertia about the transverse
aris peassing through the center of gravitr, w = angular
veioclty) were computed with the moment increment
d"u/da dotermined in the wind tunnel and comparci with

& ba;rvcd narnillation. The ztable flight at ¢ E4 l.)
was in close agreement with the gyroscop® thsory;

cller stability factorg the Tlight was unstable (oacil-
ctdane preakur than qo). This result is also a good
rroof ¢f *he correctacss of the wind.tunnsl rmeasuremsnis.,
The objscticn frequantly ernccuntered in ballistics thatb
ctable Llipght oFf misellcs veoulred stabillity fuctors of
Le order of magnitudce of 10 or 20was abttributable to the
laes of a ocorrect conseptlon of the aoredynomrle mewciits
irvatlved,

B

;_:

Trencleated by Jo Vaaler
Fational Advizory
Cormittes for Acronautles

l. ?¢ Taubert, ﬁber des Flugurholtzn drellstubilisierter
Langgec ch osze, Porschungaberlcht 1% of the ZWR.
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Figure 1. Expansion of dried and undried atmospheric air in Laval
nozzles against the isentropic curve.
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Figure 2. Diagram of forces on a nonrotating missile
in oblique flow.
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Figure 3. Example of missile test results measured in wind
tunnel at M = 1.99.
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Figure 4. Dimensions of a model series
{model Nos. 1, 5, 6, ¢, 10, and 11)
with different head designs and equal
length.
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Figure 5. Variation of normal-force coefficlent slope
with Mach number.
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Figure 6. Distance of C., P, from the base of
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Figure 7. Drag coefficients of models 1,5,
6,9,10, and 11 in axial flow.
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Figure 8. Drgg increase due to angle of
attack, models Nos. 1,6, and.9.

Figure 9. Dimensions of a model series
with different tip heights and equal
length.
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coefficient slope with Mach number.
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Figure 12. Drag coefficients for axial .

flow.
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Figure 13. Dimensions of a model series with identical tip and different lengths. °
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Figure 14. Normal-force coefficient
of model Nos. 29, 1, 31, and 32
at M = 2.64 and different angles
of attack. —
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Figure 15. Distance of C. P. from the
base with respect to the angle of
attack,
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Figure 18. Dimensions of model series with different bow tails for equal
tip shape and over-all length.
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Figure 19. Ratio of static pressure p
in und%sturbed flow to dynamic pressure
qz_g;v plotted against Mach number.
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Figure 20. Drag coefficients for axial
R flow, Models 1, 16, and 18 with equal
cone length and different cone angles
(top). Models 1, 10, and 21 with equal

cone angles.
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Figure 21. Drag coefficient of

bullets-comparison of firing
test and wind-tunnel test.
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Figure 22. Drag coefiicient of the sS
missile-comparison of firing test with
wind~-tunnel test. ’
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