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ABLE T - TEECRETICAL ROTOCHUTE TRASECTORY RESULTS FOR 11,000 POUMD WEAFGH
mz\?&O,MM'mmv-............o..'...

Rotochite for 10,000 pound vehicle . . o < o

Assumed drag coefficient variaticn of mpan'bei‘ore rotochute opem

Seversl asoumed variations of votoctwute drag coefficient with Mach
mr LI L T T 2N L L T €« . * ¥ .8 & 4 4. % w 8w ¢.-‘ v
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. .. Division 51&1. iz imcti@ting tbe Tessibility ‘of uams - TOY
wﬁm of Class A and B veapons. A four-bladed governing rotochute mzp ey
itk teleeeomm ‘based on. expe@iemc ‘gained from a rotochute stody con-
tract with ¥sman Alrcraft Corpomtim, Bloomfield, ccmcticnt, 1g conwidered.
The chief? !wpa in using a rotochuie Por this applicat‘m 18 the use of tisde
pﬁ:cix chm:gv nesr the ground resuliing in a "flare-cut.” Dreg coefficisnta of
B.0 to 8.0 tased on disk aren may be ottained during fisro-out, wEdeh 48 to e -
cogpared with the maximm value of 1.2 for steedy—stat* opemtion of cmttml
yars.clnrbcs or mtocuxm .

This. pmliuinnxw ana.lytin has zw.ca‘bed that - svx'ﬂcient ldnem RISTEY. ORI
bc ~xtracted from the potential energy of fall and stored i rotatiousd inertis
%o produce a velocity decrement from 228 ft/sec dmwn to 53 ft/sac. Comventiooal
rotochute operaticn (tbat is, befors flare-owt) will eccomplish dpceleration from
the Mach mmber of 0.9 relesse speed dovn to 228 £tfaec, It does pot appear nec-
ezsary to spply pcmrr ‘o the rotor enring f?..mmut. L ‘




ey mcmﬁi“‘m"‘ "3‘ R ) el
2 - St " : R : ’:“'

s»nra;:e*ercnceam({b R
{s 12.6 with rotochuts smmt, E ~ 177 with rotochute cpev})

5= .D!mg foree {1p)
k"ﬂ - Dvmic "pwuwre {lb/tb )
We - wanp:u wemt (‘L‘n)

vV = ?ehiele veloci‘.:y (ft/sec) (mgutiw vhen clinhmg) : P
K.E. = Kmeti* cnf'rgr (t"'-l‘b) ' ‘

B= mpon mns (alugs)

o C P.B. = Putcntial cnetg (ft-lb)

e Altittz%c (ft)

I = Moment of inertis of rotor about its axis of rotatiocs (slus»fta}

¢ s = Angular velocity (mf‘.,’seck)

ST ‘?'-Awmge thms* coetficientbssedon? S =

T = Rotor thrust perallel %o sxie of romtion (1b)
{positive in direction of rotor sdvmace

'R = Rotor radius (re) o

ojys’-'nmwt velociw (tt/nec)

8 = Acceleration of g@ravity (*t;'sec }




mnimrxoa |

&-.GmrSchom, 18, fmmvmmimm ’
Deceaber 10, 1956 and discuszed with the muthor the possibility of msng & retor
. eluste rammofcmamnm memmummmmm
m&’ 1% vitmftbe«:ﬁa-b?‘m-'w whish is ihs.'mm.«m, 80 that the ‘retarda~

“tiom oyviem must £1t within a 2-foot length and the wesycn bese dimeeter of atout

N 'teat, ¥r. Scholer suggusted that the use of & rotochute might provide thmde-

sim:mctwlocivw%feetwaecmdorlmifthcbladcpltchcm “

chme&mmmtomea "mn-om* suchu hsl&wpwrﬁf

mmﬁnmtthemwu todmc

' Reterence 2 is's. pamuel n'tua: being pade by &ma_u Corpmticn, Diviston 53&1,-,"’.
to imstigste the. fesai’bility afnaine puraclmtca fcr m*d.m of Clum K and.B
wespons.

PROPOSED CONPIGIRATION

The largest rotor diepeter that will it m«o the J.iaiud sLoraga. ammﬂ
- able eppesrs to be a four-bladed, telescoping rotor with 15 feet paximm diameler.
e ~ Figure 1 illustrates the configuration, The blades are asswmed to be zade of 8
. beevy steel skin comstroction in order to withstand the high centrifugal sccelers-’
g SN tioms expected apd to produce s high roteticaal inertia.  Tvo of the blades LISL.
g - , -are cpposits each other would be foldad one cti top of the other. Double hinges
cmmumtomwm*mMMmﬁemmmw.,mothertvobmmﬂ.d
aleo be folded ane on top of the sther at right angles to the first two bisdes.  The
‘ rlade stisclment Tittings are schematic only since pruvision for tlade pitchogovern-
S iagmptchclnngednringflmmtvmﬂ.dhenzatter!crdztniledaecmm&e-
. e sign.

A mlinimt: vﬁg&th mmn:e m:ncatec that the rowclmte prcmneﬁ in Fig. 1
vmmves.gb mOOponnax

WORMAL VOB TRG STATE OF ROTOCHUTE

g ' mmmuwawumlmmmammuutmwko,mm N
.. } at s gpeed of Mach 0.6 to 0.9, The weapon sbould free-fall ss far as posefdle to e
decrease. the veopon vilperability. . The rotochute: viil probably:ave:to de opitedt ot :
~ wdowt 20,000 or 30,000 feet altitude in order to decclerate. the weapon eufficiectly -
ummﬁmmmmhatzeamtwummmmwscm
48 1.2, Wban the veapan is abtoul 100 feet from tha ground, munmmmm-;
vimsazzw:bm piteh ungeprmmgn"rm—wt




far t‘m voRpon With the rod :m Aerp mm i’: ilw :&xwrwom tunrc ror the ”: 15
Twesgon whien fz simlier fn shape bﬂ yrapon shape ehovn 1D Pig. 3. The drag

- curver aseumed for tha rotockite sre shown n Pizs 3. Cuve {1):3F ext¥eps

© %o Mgh Mach mumber from the mm1dmg¢fnfw~bmmmmm
“with & golidity of .13 (Pef. 3). 'Bince the rotor precently teing. mw ‘hao & -

coitdity of 0,237, &5 snovn fn Fig. 1, the drsg curve (2) shom An Fig. 3 vas esti«

mted.  Tho rotecbute governing sYsism could e desigged to mw.-s curves (%) and

{5) ir such yariatioos are found to be macessary.

Table I preseats the cosulis troas i2 trejectories, . As dltcusced . fn S
eection, a velocity of 208 ftfsec iz desired about 300 fact above tbe grousd W -
CJestory (30) results fn 223 t}a»«: vith the rotochuts opeaing ddliysd to 26,0&3' ‘
fret, slivitude,  Hotoehots openng cantizt be delayad to lower altiludes
O welecity Weconcs larger than the decired’ 22:81‘& vac. It 18 of ‘15
©the maximm decelerstion for tm.}ccm (10) h? g'ﬁ. vhs,ch
maamt zsydown appl 1cn‘ciem .

ENERGY REQUIRDENTS OF ROTOCHEUTE mzm

Aftertharotochnt«e!mspmgxeswdthr ht!mnamlworkmgemofm
. brake and is operating in the step’ cmﬂtﬂaﬁmm windmily brnke}, e voh:clc
‘w11l asewme; at the best, & terminal volocity condition _w‘owl*m ‘coefricte

.2 l’or temdna.!. velocity the vcm‘ht eguels’ the ‘arag, B R B S e

w.nacal,/z’p'vsa (1)

‘[nps \éﬁtéﬁﬁﬁﬁfﬂ e T (RY,

VV = 209 rt/sec (m levol. &miﬁr)
v, = 228 ft/sec (5000 1t ubaw sva level)

1r the SOCC-Tout ground level is considered Athe varst case and en 1zput. velocity
oijo t/oec 3a desired, the flare-cut must Widz u. nlocita' decrement of 178
fLjeec,

m kimtic energy equivalent to the necnsa.r;: v:locn;y decrcment can be
: roumi Yy,
K.E. » 1;‘2@ A.(vf) S

- z,«’e%%—“ {(223)2 . (50)2} « 8.45 x 2% reo1n

,ﬁ &mxx

M.&-—.m




‘,"‘It {s wmer:f ,.‘-sat aufmﬁﬁmu pocenh&‘:. FUSTEY u milntrlc inw v",_f Ehort alis!:awc
of Tall 0 surply the pecsacsry anorey Lo nchfsve 5C ft/sec tepact velocity. Ia ra-
Axity the wedential energy of Call sduld be converted and atored as rotatiznal ki

‘otenm I P, 1 huo an mtm about its axie of mt.o,t.ion of* or

“the venicle velocity from 228 ft/eec 1o 50 ft/sec, sssuming 100 per m crrmm

 wtere the rotor W eseificient spproaches 1,2

35 par cent efficioney Juring the powmal cpereting stape of
the uppey robtochuls tpmlectory. Tue potentiat ecorgy of fall =l be vouvarted by

the rotschute {nto kinstic energy of rotation 3f the encrgy 10 10 e made svellable
for uie during the flarc-out. It is boped that ne pover (o the roter vill be res
quirisd exznest hin enargy stored in votatiomal inertla. Ac an exuuvxe, the mtnr

Arbie enoTay Bt omyhe

In 323 Qzu;-rt .'
Toe Xinatiz ornergy of rotatica 1s ,‘

K. s..ﬁ =2 xA(uZ) .
This can te equated to the doxired kinetic energy cfvtrmsntwn neded Lo W :

conversim and thof the final rotor speed i zero -

1}9 i A(u } = Bo5x 10

‘/ 2(8.h5 x 30 ) "32’; 10° Vs.zk x 10° « 229 red/sec - (6)_

- 22 (@) e 2250 7m0

A preliminary structursl analysis of the folor sbovn ip Fig. 1 indicntes that
the rotor could possibly be desipned to withatand 2190 r. The desired rotor speed
cnn be achisved before flare-gut by proper adjustment of a governing rotochute. The
efficiancy of excrgy comversion during flare-out (vortex ring state of rotociute
operstion) i3 not kuown st the present time. A contract is presently being negoti-
ated by Ssndia Corporstion vith Xaman Alreraft Corporation to study thacretically.
and experimentally the flera-out stages of rotochute operation (Ref. &), Work will
begmb!archl,lﬁ'}”mdmlbacaapletcdw‘?ml,195' ‘ o

" The present study of & 10,000-pound weapon inticates that m oi‘ tbu perfm-
ance gvailsble from the proposed rctochute shown in Pig. 1 wmurt be uveed in order to
achisve s 50 ft/sec impact velocity; therefore, it is evident thmt the same size
rotochute could not be used for a Clase A veapon weighing 15,000 poundz, The re-
tardation syslem stornge space would tave s be larger in diameter. The motor
3iameter vould have to be 1£.5 fect co the body disawrter wiuld have ts e about 60
‘m‘”a. ! . SEECER e

RO TKE{RX

. Dm*ms the hligh altitude pociion of the mtochuie tre
opecnting in the windxlil bruke stats; no thovn by Sketub
rotor thewry end Tig. kwm found ih Refs. S to 8. As the
ity decrenscs don w ahaut 0,2 Mech nusler the Wmm wﬂl
rotor te enti the "slep condition” or turbulent Mwinds '

" gnat

iectorr w»mu
e) in g, b, T




: t’mﬂmw&rmiiwptm mwmazsx Gm-.{va tbﬁssmse anm»f‘;ml
,mmummmkwm:w xsmmmmme.um«zﬂ
~ in the “wortex ring” and "trsuaition yortex ring” mm@tamtmsmza
yig. &umm(e)m(f} ‘The two pemersl theorisc of sirfcrev speration

which are mthﬂwmtextMm brmdm'or ‘conditions (d}, (ﬁ)

and () wo that unmirzcalwmmm  used.

Tbatvaparmtrsus& m?’.{g &wéafinedw, v : ' P

5»

I I

T rotcr m-w (nx) (poaitive in amumn of ndm)
R = rotor nuus {rt;
‘¢ = air deosity (sma-/rf.3)

Vo= .icc.l cwyoaentottmeampeedofmtor (ttlsec)
. (negamra when climbing) ,

a u = regultant mean veloed ty through rotor disc (positive up)
_ : avarage thruat coefficient besed op u
. SR e ‘ f - swemge thmt eoef’icient hezed. @ ¥
g - - | Iockdmlopedsmn conm&ntualwdofpnmutimthm?:g. hw Xntro—
ducing dimensionless reloeit:f ratios,
¥ ¥, ’
Tk i (#)
. o T ¥ L ‘
« 2pA
1 -1
o g vmmms— wm—— (1’.}}
v, s 2




e R C L atener uf‘ m.racrw cperation and erc defined in Fig. & I':im:m 5 %3 taken from
- Pose 1.3.2.6 0f Bef . A=i. % Bxperimantel mesruressnts of Lock and Rafner sUbAtac -
m

tiatx Glauert's curve sod make possilde the estlantion of rotor perioros
v»:\nex ring state whare mm thearv and vmz theory cmt be w

B © Tha flare-cut stage is Gesired to provide a decelerniion w 228 T8 dom o
e LT | :.w - 228 - 50 = 178 ft}m

' Uains !!evm’a pirst 1av avé um}.ns the ﬂceelmmon c)wsﬂd tales pm
_the required :wez*age robor tixust h, S : S

ﬁ' dv uitm il]gz

{it’ 32 2 20,203 lb.

The initisl thrust velocity term fe,

220,200 - -169 ﬁ'./aec.
2( 002} w ('z.syz

+ the beginning of flare-cut the dimnﬁienlcss descent velocity parameter is,

g0 (1651 = -26.9 f’/am.

The rosultant mean velocity through the rovor {u} is iberefore sim-.mnre from the
wamﬁ si@ cwmmmn.

As s md&ml of oter pcr »..mma rmrim m d:m amr’irient tmsw-d avu rwor
2ize arax sy Ye foo,




U msmteel, -
R : . i »f‘ . | T,,;';:",szz

3y 8 mzbst*mt ng in m;m..im 12,

Using equation 9,

T - " 5 = "55 .
.\? (1.35)
U
[+

Substitutxns the value t‘rczs 3% ip 13,
¢y & (-555 =22 .
hs ¥, decreases in value, the dmgr coefficient increaces, wien U, {and therefore

the votor drag) are held constant. The initial power required, Vi ch win te eup-
piied by deceleration of the ro‘bcr, iz nunwun.t, 100 per cent efﬁmrwy ;

, PeTu~ -20,200 (‘16 9) )
, » 342,000 n’i" .
. The soersy of rotation stored in the rotor, which s assumed to te rotating at

2190 rm, is,

n.s.a « 8,450,000 ft-1b.

Tharstove, st the eate of pcvur extmction durms t!w amtm ;pu-t ot ﬂue-cnt
(tm: 19 32,000 re-1b/sec) the rotor could contisue rotating for 25,7 seconds.
Tte tise acsmmed (or flare-out wad 3 acconds so the applicetion appearz {eazible.

CONCLABIONG

A mlm:mry atuly of the epplication of & rotochuts using & tlade pﬂe;h
cme w inpect has bmugm um ranminy yomu to Light: v

Bufficient kinetic soergy can be extracted from the. ;cwnuu’
mmafmnmdstmd 1o rotatiocnsl mmwma ;
ty da»*mnz ﬁ-m mrtlm m w‘ﬁoﬂ/m o




Thearstical tf@;entoﬂeé have boen computed to deternine the B ,
requirsd rotochuto perforasnce to achieve 228 frfoec bsfore . L
flare-out, T ' B ‘ Tl

1t doas 2ot sppeer thet pover applied o the rotor (k:t‘.mm«
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‘and B vuptms (prmct*ve Sundia cc«rpcmticn mmicu )m-kn).
Wﬂ; Ccrpm
‘Bo. 3 Comducted During November —ih, 1956, " Mia Cmpcr&txw ’lhcluﬂml

, ™A Progosai for tbe Evalustion of the p—embdm nxre-uy Prtextisl cf'a
. Rotochute/Teet ¥ehicle Aerial Denmry sjsm, K.ma M.rm!‘ﬁ mrpaz‘u.len
& Repcrt Ho. R-170, Jazvary 3, 1957.

mpim, Jacco, "Principlee of Kenropter Mmenng, NeGraw-Hi1l Bock Co.,
CIne., Bew York, 1955. o T i~

’Mkoltlur, Alexander A., "Belicopter mmu,
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PLIES -

- TABLE X

THECRETICAL ROTOCHUTE TRAJECTORY RESULTS FOR 11,000-POUAD -
VEAPON RELEASED AT 40,000 FEET ALTITUDE

Soet

e 3 s 6 7 -8 9 o 1w e

I ) @ W @ m @ w6 6 6 6
o Mach %o, .9 6 .9 .9 9, .9 .9 W9 .9 .3 9 .9

\tude (ct)  ho,00 40,000 40,000 30,000 20,000 20,000 30,000 4Q,000 30,000 20,000° 10,000 5,000
Jabove growed {ft/sec) L0 W8 3% Wl W8 3@ 285 . 239 219 - 23 360 600

vop 4ime (sec) . 7B TTS . B s 63 Th 808 8.0 el 8000 637 588

T poamd {degreon) 30 28 L3 50 7.7 ko 23 0.8 1'{ 0.5 16,5

Wortdontal range (fx} 26,400 17,500 20,600 32,800 39,206 3,800 31,500 28,700 30,700 3,00 35,200 36,800

LGk 5.%
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