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The resiite f forte tests o models 3f the 2exic Mmmer sxtls
sonfigaretiss iz fally wetted flow is the Righ Speed ster Tmmel s
eosmxted. Ths static 1Ift, piteking wommrt amd “rug wwe sssswed far
wagiss of atteck ap to 4 degrees amd {2 Jeymciis mmbere frae 5.7 to
!.5114:‘6. The resiis 37 thess ests pcrizrmed = the stetic ‘arce
alaccs are iz zood sgeenmat Wi ccefliziemis deterwimed 2w Zree
flight drag stuties iz the Comtrilied itmcwphere _esmcimg "ank smé #%
e J. 3. lawl rdegmce Test Ngtion, Passdens.




INTRZICTI X

The tests dsscribed in thie report are -ne phase cf ar oxemsire
prograz in the Hydrodymamics Labora‘ory to investiigzate tre hyirody-aaic
coelficients and free flight charscteristics of mdermsier dallistic
aissiles. Cther phases of this progras wre ihe reasuwrement of the ;-
namic force and moment coefficieate of the Basgi~ 7imner mieriie in the
High Speed Tater Tumel on the angular oscilleting and lineer cecillatirg
dynamic balances and free fligrt stuties® in the Cortrslled itmosphere
launching Tank.

The Basic rner configuration has b2cn tssted iz the 3ureaa f
Standards 'ind Tunnel and is beirg ussd in exjerimental and thecretical
underwater force coefficients and trs jectory investigatioms at the ixpe=:-
mental Towing Tank, Stevens Institute of Techmology, the Neval *roving

Ground, Canlgren, liaryland, and the Naval Or-imanco Tes? Sutiuuj s “asacena.

ve
L

The principal dimensions of the Basic Finner missile configrratioe
are shown in the sketch, 7ig. 1. Models of 1 end 2-inch digmeters were asicd
in these tests. 7The larger mocdel mas fabr:cated to sccammodate the inler-
nal force end mczant baiances necessary ahen making dynsmic tes’s and in
order to minimise the effects of strut and shield imtsrference. Becaunse
the «xtreme length of the 2-inch disaeter model, (2C inches), the l-inch
diametse: model was tested in order to minivise the mall effects at Righ
angles of attack.
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e acdels were momted o Wi~ thres compobnent statl:c Zoroe dmiance
ir “be 1a-i3. dametar c2losed et szt pectiam of ‘he Zig- Sceed Teer
‘.'mels. The sodels were supnaried on 3 single s7rut, =T spiadia, &%~
<sched zear the midpcint of %he body. Tw types f swpport sxligmetions
wre ased. For most of the <ests the wmcdel suppcrt spiadlo ms skielled
froa the flow lemving omly 3 saall =lssrenced gap beteen he acdel md he
spimdle skiald. This set-ap (2 showm ia <he > swer ractogrash of Pio, 2.
I2 order to wl'brate “te aff%sct of the st leld imterfearerce m the forces
a seccad, imnge, shiald was moumted m the oponeiis gide but a0t tonching
the sadel {upper photograpk, 7ig. 2., snd U tesis repeated. e :2-
Zweacs betusen the rms made ¥tk mxd without imsage smve the «ffect =of
the addition of the secomd shield, snd, sseuming the e sirielld Imlec-
faence of focts aere additive, this ~arrection ms ssbtracted frm the
firgst singls shield ~am.

decsnse of the iarge chord of he spindis shield compared t< “be sodel
digmeter for the l-inch ncdal some 3f ke iasts vere zpde witk the models
moumted on & partislly mshkialded spindle iz arier 3 ~educe strit inter-
faence at large stiack angles. The bare portion of the spindle >omsisted
of a 1/2-in. digmeter cirmiar sectism ‘speriag ‘= s imck 10 a struight
sylindrical sectior C.29C in. ir Xemeter. e :octa lsmgth of ke m-
siielied poriiom of the spindle wms 2-in. far the Z-1xn. Zismeler mudel snd
1-1/2 in. fr the tmo-iock model. 2k WMis set-ap he Zorces and moments
vere wascrel o bSctk the model and the wshielided prtizx 27 he spizxie.
This set-up requires tac ditiamal tests ia :xder o miibrate the Joss
cm whe bar: spindle «nd *he interference offsczs. ifar astiag the mouel
s =ngle spindle the test ms repeaad with the sodel moumted = g ximi e~
spindle from e wrosite timmel wmll, snd & second spindle stiached tc iw
fxce balance with small clesrence gap at the model. In s mamer e
Zorces mare alibruted for the mnshielded portiam of the seindle. DHe ixter-
feremce of focts of the spindle mere aalidrated :n a Wi est by cxizg an
imege sTindle as wmas dome ith the shielded 2izt.
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Tao types of testis were szade. The drag coofficiomt mas leterzized a3
a function of Reynclds number at 38rs stlack angls fr mater velocti:ilsas
from 4.0 to 65 fps. 1he maximam speed was lisited by the stremgth = ‘iw
model spindle. The 1ift, drag, snd pitciing sament sere sessured by =~ -
ning the tumnel at constant velocity and varying the angls of atteck of
the model. wost of the tests were mads with the model pitched in a plane
normal to one set of fins; however, one series of runs wmas sade with he
afterbody of the model indexad 45 degrees relative to the plane of pitch
angle. Zhe results of these tests are shoen separately. Details 2f *he
foarce balance, reed-ort system, and date handling sethods are described in
Refs, 4 and 6,

The force and moment dats were roduced to cimensionless cosffic' ec's
as followss

Drag coefficiemt, C = —DR4G
p/2 V<A

b

Lift coefficient, GL » —/12‘%-
v A

™

Pitching moment coefficiemt, C. =

where:

V = free streaam velocity fps

f = density of water, slugs

A = cross sectiooal area of sodel, ft

D = dismeter of model, ft
The moments are givem about the midpuint of the acdel, 5.XC Fiameters from
the nose tip. In eddition to the shield and strut interfe-ence carrectizms

the drag coefficient was corrected for Sorizontal Yuoyancy;. Th.s spurise
drag is due to the static presscre grediemt al mg the test sectiom,



TSULIS A STXTIEI X

Le irag coelfiziemt as s Dmctiom of ?.cym::;a sushez” Z:r the Jasic
7imner is showm In ’ig. 3. LIt dmg, snd pitoking nomsert melliierte
ars shown a8 functions 2f ang'e of piten Zar several Zeymclls awmsbers 'n
,,?‘4. 4 257 the model pisched aczwal o che fios and o Pig. S for e

£2ns indexsd at (£ Jegrees. ,

Whufmm,thatmth?mimﬂ
Passcdens, snd ix the Zalifsrria Instituts of Tecimology antrollsd itwos-
phere _aunching “ank. are :ncluded in Piz. 3. The irag =efliclea’s re-
>orted By Stubstad and Tengt’ aof PMS sre far Geynolds mmbers from 8 x 10°
m9,6xm5. The irag ~ocefficiemts are shown im the figmre o’y st the
2oper 1izite of the synclds wumber ranges. Frice’ reparts a drag coeffi-
cdent of £.493 at a Gsynolds number of aporoximately 2.6 1 IC° im e free
flight %est at TI7. The agresment Setaeen the mter zmmel drag =oaffli-
cients and those >f KT3 is excsllent. Thougk the JIT free flighht twets
vars sade at smlier 3eynalis sumbers then the tummal tests hese resulis
are also in close agresnent.

The drag soefficiemt showsd a sharp pesk at a leynolls mmber xf
2.7 x 1% for all tests of the 2-imch dismeter model. Im additiom the drag
cosfficient incresses vith incressing 3eyncldis smbers sver the emtire ranges.
This rend i3 alac apparemt ia the curves of irag cosfficzemt vs attack
mgle, Ag. 4.

Lift, drag, amd pitching momemt coefficiemis are showm for 3eymoids
mambers of 1.7, Z.S.JA.MS.Ixmétwnglndwuwuuéo-
grees in Mg. {. The 117t and somenrt show almost o weriatiom wi<h
Beynclds mmber sver his range. For the test resalts showm i= Mg, i, ‘he
mode]l was pitchod in a plase rormal to e set of fims. In the zests of
7g. 5 tbe model aftzrbody ws rrtatet .5 degress and he model pitched
.nnplmcﬁmtomfmﬁ.n Tith the sodel pitched LS5 degrees
to the plans of the fims, the lift, dreg and momemt oeficiemts, as ex-
pected, are less thas wii: the model pitched norwal %0 cwe set of fins Zar

saglcs > attack grenter than 5 degrees.
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- FIGURE TITLES

Sketch of the Basic Firner missile configuration.

One inch: dismeter Basic Zinner model mounted in the High Speed

Tater Tunnel. Upper photograph - single shield; lower photograph,
image set-up.

Drag coefficient as a function of Reynolds number for the Basic

- Fimner in fully wetted flow,

Lift, drag end pitching moment coefficients for the Basic loner
as 8 function of angle of attack.

Lift, drag and pit. hing moment coefficients for the Basic Flnner
as a function of attack angle. licdel pitched at 45 degrees to
plane of fins.
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Fig. 2. One-inch diameter Basic Finner model mounted 1n the High Speed Water
Tunnel. Low:r photo - single shield. Upper photo - image setup.
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Fig. 4. Lift, drag and pitching moment coefficients for the Basic Finner as a
function of angle of attack.
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