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A saml-erparlmontal method of lnvcstlgatlng thc effecte of
the flow fleld lnduced by the launchlng alrcraft on the trajectory of
the velvet Glove misslIe has bean trlod. for raunches fron.n nnaer-
nacalla position ou the Ctr'-100.

The calculations show that the dovnr*ard, diaplacement of the
mleeile centre of gravity may be very. large-at lou ltft ooefflcienta .' for launchlngs from the lnboard. positlon unless'the t1p-off cllstance
can ba redueed to zero. A zero tlp-off d.lst&nee glvee an almost coa-gtant vertical d.lsplacemant of the lnboard mlssllJ at a d-letance of
I30 ft. from the alrcraft over a rangs of ltft coefflolente fron 0.12to 0.73. 0n\r ona traJectory yas co,putad for a raunch from tha
outboard poaltlon at aa alrcraft rlft coeff,lcient of 0,3?. fhe vertlcsl
d.lsplacement of the nlsslle at a distance of 130 ft. from the alrcraft
Yas epproxlmatcly the same for zcrb tlp-off d.lstarce ae the lauachinga
fron the lnboard. posltton.

Ihe amplltud.e of the initlal pttch osclll.atlon uag lergc.
(about 80) for all the zero tlp-off.cases. fu" ,resife-orilt couptctr -
approxtmatoly tio complete cycls6 ln plteh osclllstlon ln tro second.s
so that a.qv lnlttal oaclllatlon should be well &arped. by the cad of the
booat pertod..

1. IUTMWCTIOtr

A seml-e:cperlmental mothod. of lnvestleailng the effecto of
aerod;rnomic laterferonco lnduced by the launchlng alrcraft oa the- traJectory of an alr laun*n(lguldail mleslls mg d.cgcr1b6d. tn Eeference 1,
rhere lt vae applied to:Iaunches of the Yelvet Olovc irtssllc fron aa.
und.er-vlng posltlori on 'the F858. flhe notbod has the advantage ovar
a purery analytlcal conprtatlon that lt may be applled to rainches
from conrplex thiee-d.lnenelona1 bodtes vhoee tnttuied. flor'f1blde erc
d'1fficu1t,,if.not1rpoestb1e,toce1cutatetbqoretlcq$r.

Tvo locations for storlng forr Velvet Olove mleglles on thc
CF-I0C have been proposod. [he tvo postttone aro shoun in a schsuatlc
d-ravlag ln }lgurer I(a) and t(b). Ehe ncthod'deecrlbed. ln Referonce 1
le partlcularly useful for predlctlng tho effects of ttre lnduced. floy
ftald on raunches fron the und.ar-nac611s poeltlou of ilre cr-roo. slncc
the mig81168 are etored. und.er the nacolle-and uader the fileolage-nirccUc' flllet vhere the inducad. flow flelds ara.coirplex and very d.ifficult to
calculate theorettcally. ,'
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SECRIT

The data frora wi-nd tur.nol tests e,nd. the trrajectories ccrpute6 usingthla inforrration Bra given in this memorand.urn for the inboard under-nacelle mlssi. 1e at threa aircraft llft coefficien.,,s and for the out-
board under-nacelIe mlssile at ono aircraft lift coeffleLento

z. EqB]j)TioN Oq_ rmr scArx Irrs

Pertlnent missilo physlcal and aerod.ynamlc charactsrtstlcg
are given ln Reference 1. fhe pylong used on the Cf-100 are the saneas those used on the tr'868 wlth suitable falrlng on the upp6r portlon
to aCapt then to tha CF-100. The d.j.gtenca the mlseile travols wlth
rear lugs onry on the ralls has been carlod the tlp-off d.i stance
as deflned ln Referenco l and m.ay be varled frorn 3.54 ft. to 0 ft.
?ho mlnlrmrm travel of the r:rr.ssile rvlth lugs on the rairs is 2.0 ft.Ihls comosponds to a tlp-off d-lstance of 0 ft.

The location of the missiles in the stowed. posltton rolatlveto the aircraft ls given in Figure 1(a). In the stowed posltion the
mlssila axls 1s paralle1 to the fuselage reference Line (approxtm.tely
-1.5o to the alrtraft zero-Ilft axis). :',-'"

3. lqIEoD. atrD scoP5.oI TrsTS

fhe method. used ryas identical to that deecrlbed ln geferencc I.
The nornal force and pltchfng moment actlng on a m1 ssl,Ie moCel vere
measured wlth the nlsslle tn the viclnlty of a I/10 sc8le CT_I00 model
at a rmmber of etatlons ln the pltching pf"ne of the tr&Jectory. I'l:e
coordlnates of the varlous statlons and. the mlssllc effeetlve anglo of
attack and zero-Ilft pltchlng momont coefflclent aro tabulated. in
tables Lr 2r 3 and 4 respectlvely for the lnboard. und.er-nace1le roleslle
at alrirlf,t I1ft coefflcients of 0.rr8, o.l/4 and 0.?3 and for thc
outboard. under-nacellc n1eslIe at arr alreraft }lft coafflcleut of A3?4,fhle lnfommtlon lras used ln the sarne nanner as tn Eeference I to
courputa rnlssile traJectorlee for each of the above casos for tlp-off
dlstances of J.14 !t., I.?? ft. and O ft.

A pbotograph of thd rnlestle and. alrcraft rnodele ln the F.A.E.
*3 foy speed wlnd. tunnal le shorm ln Flguro Zo

NOTATIOI{

fhe notatlon used. ls the sama a6 that of Referencc 1, aomc of
vhlch 1s rerprod.ueed here for rea(y refersnce.

5

4.

=X = dlsplaeernent of the mlsslle centre of gravlty ln the dlrectlon
ln the larnchlng

alrcraft.
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X = horlzontal dlsp].acernent of the mi ssile centre of gr.rvity
relative bo axis flxed- in the launchi.ng aircraft, taicen
equal to X ln this rqenoretdum.

Z = displacement of the nlssilo centre of gravity relatlve to,axis flxed 1n lhe launching alrcraft, in d.lrectron per_
pendicular to X, posi.tlve downward.

n-.L = vertical dlspla.cenent of the niss:-le centre of gravity,
po si tive downnard..

0 = angurar position of rnissire axls relative to raunchln.o
ratl d.irection, positive for downv""a ioLti"il----'-:

Cesee (f) ana (fff1 areSe sxtrenes of alrcraft llft
coefflclents ln the altttud.e range from I5TOOO to lJr000 ft, over a
speed ran€e fron il =0.50 to naxlru.n level apeed.. In aI1 cases thc
rauachlng alrcraft rdia.s assu.med, to bc ln etead.y horlzontal fllght,
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-r fhe vertical displacement of the mlssile centre of gravlty,Z I the angular rotat:on or ti'lu mtssile axis relatlve to tne"io"irlntaf
Br , and the angular verocity of the missire axis in the pitch ;i;;g--, 

-
are plotted as fr:nctions of dlstancs from.the launching alrcraft, I,for cases (1), (11) ana (tfi) for the tnboard under-naEeLle uls"il"'
1n Figures 3(a) to 5(c) aad for caso (11) for the outboard. und.sr-naee1le
niBslle ln Flguras 5(e), (l) and (c). In each case calculattone rere
d'one up. to vaLues of X of about IdO ft. and. for thrae ttp-off d.lstances,
D = 3.L4 ft. r .L.?? f L. and. 0 ft. fhes" "r"u" ,shor,r'in geaerar that a
reductton Ln the tip-off distancd is favoureble from thI poini oi vlewof the d.orrarrard d"lsplacement of .tho nisslle centre of grailty. [ear
the ead. of the eomptrtea'traJectorres El. rs red.uced to ierb ol negettvo
values as the ilp-off dlstance is reduced. to 0 ft. Tha effect liespeclally large for case.(i) shown tn Figups l(a) where Z' at i =IjO fto1sred.uced.fronabout8oft.atD=3.54ir;to.ztlft.atDzl.T3f;.

. the rotationlof thc missire axis in the pltch:p1an6, 0r,
hae becn replotted against tlme for reaeh of the itovu L""r'i; ' '

?lguree 7_r..8, ! ,and 1o. Plots of the iastaataneous frtght path d.lr-
ectlon, ;3', are aleo lnclud,ed. tn thc sanre Flgored. m.-affi*;;";;-
betlreen the above t*o angles at aqy ttroe (gr -F' ) has beon'taken as
ameasureofthep1tehoic111btiba.ofthajn1ssl1e1nduceil,by,the
launchlng alreraft. .The valuee of et -A'are plottetl agaf nst tlne ,for each cage:ln Sigurea 1r, rz, 13 aril ill.' EL" flrst i"rt i",il;""
srLrves after the niislra is-rree oi tt" f}o" ii"r;-#d;d w ,i"---
launchtng aircraft bas been taken as the inr.tiar-pil"u-""crii";i;"
lrparted t6 tho nisalle"as lt passcs through the ifreraft flov fleld..
Iha tnitlal pttch anplltud.e 1l plotted.'agafnst alrcraft 11i; ""piiir"tforD=).54!t.,.1.|Jft,andoft.fortho1aboard,urrd'cr-nace1Ic
nlssile ln Ftgurc'LJ. Points for the-outboard. und.er-bacelle nlsgilc,at C1= O.3?4 are aleo lncludad. ia ths Flgure for corparleoa. Ehe.
surves ara of courae only atrrproxlmte stnJa there are'on\r th*""
polnta for each.suiY6. fhey d.o aho'r 1n e rorgh n&nerr'hor*avor, the

. effeete of alrcraft rlft coaffrcient and trp-orr dtstatrc. oa the
laltfal pltch osolllatlon fnrpartefl to the nisstlc.- lU" iip:o;i
dlstance of 3;r4 le nost fevourablc at'rtft eocfflc{ante alovo 0r3.
but at lover llft coafflcients the lnltial.pltch osclllatlon bccomes
vgry large. ^At D = l.?? ft..the la1ttal pltch aaplitude lacreasbs ,

fronabout 2? et.Ion Ilft cooffictente to abqut 60 at higler lift
coefftelcntF. .at"D = 0 tha tnltlal irqplrhrd.e narles f"on 5 to go.
fhceo grtrrea shov that a ttp-off dlstance of ebout L.? t|u. wlII remlt
ln a snalI lnltlal pttch osctllattou over most'of the llft eocfflctont
rBllg€p

- fho vertlear dlspracement of the mlssire ccatre of gravlty
at x = l3o ft. le ptottod agatnst alrcraft rift coefficlant ln
Flgurg1l5 for ! = 3.51| f t,., i.?? ft. r and. 0 ft. fhoee c,r"o;, ;lo,
that z at et x = 130 ft. le arnos.t conetant ritJr varying ltft
coefflclent If tha ttp-off d.lstanco le rerluced to 0 fi.



I.JATIoNAL Aunoii;\UTICAL fsTRBLISHfuJEi.IT

LABCRATORY ivt EMORANDUTV

nh r//' \d {- t t ,I n I

<(I,A.i ) or )
SsCRTT

The single pclnt at a lif I coef t'lcient of O,3?Lt fcr t.he outboarcl
irnder-trace.i ie ni ss i ie i s als.r yr?i-i,- ii3al.1, the sa;ie ilsl -,ila.. fo:- Ihe
lnboa.rd ni s si 1s "

t

Zero tiu-off rij st:rncB searirs d.esirable if :,he vertical
di srrl-acer,eni of the centre crf ryr.avlt;r is to be !:ept, io a ntnirnirn
at tlie enci of the two ser:':i,l bcosi peri.o<1 . The inltiar pitch
osclll&tions are larger for'tire zero tlp-off case ilnn for the 1"TZ
tlp-cff c<il-ss, brrt eirrco & riiiasi ie of ihis type is lvell Ca-anced. anC
since it ',*ilL have co:q:le rei a'uou'r, tuo conplete ci'cles ln pltcir
oscillation by the enrl of the bccst period, r,he ni tch arrplttud.e at,
tha ond of boost should be srral1o

6. coN_gLUSiu^;q

The inltial uhase of tiro pltchlng plane trajectory
of the Yolvet GLovo rsissiie when launciied from an unclar-nacelle
posltlon on thc 0F-100 alr.ciaft has been calcurated for throeaircraft lift coefficients for the inboard. mieeile positioa and for
one rlft coefflciant for the oufboard mlssire posltion.

The calculatioas shou that the d.ownw:irdr d.lsplacement
of ''ho missile centre of gravity tzy be very lerge at 1ov 1ift coefflclentsfor launchings from the inboard. under-nacelIe posltion unless thoti'p-off di.stance is reduced. to zero. A zero tip-off <i.istance glves
an alnost congtant vertical dtsplacoment of the centre of *ravityat a d.istanco of 130 ft. from the aircraft ovor & range of aircraft

. lift coefflciente frou 0.12 to o.?3 f,or the inboard. uader-nacerre
poaitiono llhe vertical d.ispracement of tha centre of gravLty for
the outboard und.er-nacolle position at the one Ilft coefflclent
calculated' was approxlnntely the same aB that for the lnboard missileat zero tlp-off d.lstance,

fhe arrplitud.e of the inj.tial'pltch oscillatlon uas
large (aporoxlretely 80) ror arr the ,""o lip-off cases. pltchlng
osolllatione of the vervet Glovo mlssile should be r+eIL damped.,
honever, so that the arplltu<ie of the pltch oscirlation at the end
of boost should be sna]Io

BEFERfi'IC7S

].r,, GOIII,D, D. G. Estlmatee of the laltlal phase of the
trajectory in the pltchlng plane of the
Ve1vot Clove missile when launched from
the PB6E.

N.A.E. Iab. memorand.um fR6(m)
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