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Division 5141 is investigating , the feasibility of using s rotocbdte
leydoun of Class A end 2 veep:res. A four-bladed governing rotochute design
vita teleatoPing blades base& on experience gained frma a ratocitute at con-
traet 	 Kasen Aircraft Corporation), Blocafield, Connecticut, is coneide.
The chief hope in using a rotochute'for this application is tke vat of -blade
pitch change near the ground resulting in a "flare -tut." Drag coefficients or
4. ,c) to 5.0 Lased a* disk area may be obtained, during flare-out, vhieh is to be
caspuudvith the maximum value of 1.2 for steady-state operation of eammutional
parachutes or rotochutes.

This prelixinary analysis has indicated that sufficient kinetic fluor.", cam
be extracted  frees the potential energy of fall and •stored in retati*Al. inertia
to produce a velocity decrement tree 228 ft/see davit to 53 ft/sec. Ccenrentional
rotochute operatic* (that is, before flare-out) 	 acecesplish deceleration from
the lit sch =saber of 0.9 release speed down to 22e ft/see. /t does tot arpt.

tO apply power to the rotor dtuing flare-out.
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reference area ft2 )
12.6 with rotochute stored, 5 177 vlth rotochute open

Drag force (lb)

0 Dynastic pressure (lb/ft )

* Weapon vei4ht (lb)

IT (.002378 sluga/ft3 at see 1eve1 	 .0020at 5000 feet)

ehicle velocity (ft/sec) (rgative vhen climbing)

weapon sass (slugs

tcatial energy (ft-lb)

titude (ft)

* moment of inertia of rotor about it

Angular velocity (relsec)

Yaohbusber

Average throat coefficient based gma4c:.,

Average thrust coefficient bagel on VV
thrust parallel to axle of rotation (ib)
re in direction of rotor advance)

tent seen velocity Ala rotor d

Thrust velocity (ft/sec)

Acceleration of gravity (ft/sec

•
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1gr. Guener goboler, 1x.1, from Livermore visited Deadia Corpotatisius'isi
December 10, 1956 tikad. dismssect with the author the poesibility of said a roto-
chute for lyricism o Class A and B weapoos. The warbead Ile 120 inches 3.o47g and
suet fit within the /3-b7 bosb bmy which,la 145 inches lung, so WA the reiverdel-
tion system must fit within a 2-foot length and the weapon base diameter of about
4. feet. Mr. &haler suggested that tte• use of a rortochute might prcreide the de-
sired impact velocity of 50 feet per eeconl or less if the blade pitch could, be
craved near the ground to produce a "flare-out' sur-h se helicopters tewrin landing.

Reference 1. requeets a theoretical wholly of each a rotochute application. This
stemoranchattrill present the preliminary analysis to date.

Deference 2 is as para1.1el study being made hy Sandia Corporation Diwinion 5.1M,
to investigate tile feasibility of using peuuelsates for 114dearn of CULL A end B
weapons.

PR°	 catinatRATICEI

The largest rotor dieneter that will fit into the, limited-storage speocawall-
able appears to be a fenr-bladed, telescoping rotor with 15 feet maxima: diameter.
Nigcre I I.Uustratee the configuration. The Wallas are assumed to be made of a
heart steel skin c:nstruction in order to withstand the high centrifugal aceelerut
tions expected and to prodnee a high rotational inertia. Two of the blades Vat..
are opposite each other would be folded. one on top of the other. Double binges
could be used to allow flat folding and conserve tiptoe. The other -two bleid44: would
also be folded one ea top of the ether at right angles to the first t -Arto blades..
blade sttaelesent tinge are schematic only eince wt./el:don for blade iitch-govein
ing and pitch change during flare-out woad be a matter for detailed nectssaical de-
sign.

A preliminery weight estieaste. indicatee 	 the rotoebute
•

to 	 1.eased at as apprzeimate altitude of t0,000 feet
at es speed. o f Naeh 0.6 to 0.9. The weapon should free-fell as far as poscible to
&creme tbs.:map:0 	 ability,- Tba , rotochunewill proSaVr.brieltecbatAiiineeVat
shout 20,000 or 36,corY feet altitude in order to detelerate. the weapon eutficieztAy
to instre that the reteelaste reaches the step conditico Where the drag coefficient-
is 	 When the weapon is about 100 feet frm the ground, an •altitade-aemaing

Initiates * blade pitch e3uge producing st "flare-out."

Tra4ectories ore 'Setae calculata& to datermitta tl- elaraeterlat4es of the our-
mai working state of a legyarniagrotocta4a during the upperportica of.,ieaiaXetijae.•
toe". Waal lista the trajeetoriee and gives results of the
traleetorleer were calculated imi3.114 tto: stazdat 	 itisiositiiiriiiitOt.'?t,4101#4.Afteedat
sat assUmell to 't:e lerhinteemotte„ ftsg 	 genetlat..01Wagtr44.--V444016419$101C":-time. thoilit 	 ---aboiM-let: 	 :111T-agre.-. 	 . 	 - • _.., 	 ,



1th tb,a to„Itutt

flare-cut must

1 the erptrImea,mi ttzve for t!....c Mk 15
ch-.= io Fig. 1. The $:.,rag

frig. 3. Curire -11.11a itxtroipastea 
Mn% 	 of a four-bleated goveimmilmtrotoctute

SlAte the raker preventit being comadered has a
. I, or droe curve (2) shown lung. 3 van

fog could be deeigtod to produce turves (.,) end
W be neeesslry.

ro

/01 ' t
Af f

is 4a 	 0.13
es'abow

votoebute govera'sg
uc vsriattoes ere found

respot t re.41,tata trom 12 trajectories. As eisaussen is.AOtt,
rectitrc, s .clocity of 	 ft of isdesired nbont 300 feet Ober the greoad
jectorX (le) results in 223,ft/sec with the rOtochuto opening deleyetto20 .,000
Tee, altitude. Rotetbute *pealed. c!er„1141t bc delnyna to lower altitudes,sinee,the-
velocItY ''becascz •isigerti than' the desired' 2V3	 it 14 at 	 ninte'thit
the maximus.dccelerationfor.trajectory(10) is 3.42 g'4, Which ia,dsoiranit for Oe
priMent laydran application.

After the rotochutehas progxessed tbroulh the normal working state of simian,
brake and Is operating in the step -conditioa turbulent winOvil , brakelv tba vehicle
vill assume;, at the best ) a terminal velocity condition based onHt'draitkOeffidiant of .

1.2. Par tetednal velocity the Weight equals the-dreg, -

1/2 p	 s

2► 	2(114000 
KFS ° 1.2(. 02e3-78)(177)

is considered user worst o and an impact velocity
it deerement of 178

kinet
found by,

2

t2 .1.10 [(2202

As a point o Interest the potent4s1 costa at altitude mule eliUnt4tn-tbe
trozed kiestic snerS0 and tic equivaleut. altitude of vehicle fall : exo be fOund.

• 710 rt.11,0G0



nt t.mt suifteltnit potential rcr,s 	 is.avuilable Lo.a ve4 short
fAll tsj nerPli the neceseary energy to ncki 	 sO rtiaec inspect velocity.

t 	 eteotial energy of ra.1,1 woul4 be converted and stored at rotational
energy at maybe 10 per cent cfriz:Icnoy .iuring the normal epersting stage of•

etoehuta tra,!eetnry. Tim potential energy of fall =not be converted by
into kinetic energy of rotation 1 f the energy in to be nada evellotle

r use during the fiarc-Ont. It is hoped that no pover to the rotor will be re-
.d except this erergy stored in rotational inertia. At an example, the rotor

ate :n rig. 1 hoe nn inertia about ita dude or rotation of .

0 323 caut -ft

ti4e 	 desired kinetic eoergy of trenelatitex tteleklito 'Wiredraw
the vehicle ne2oci 	 ftfeec to . 50 ftbseg, Assiumillig 100 Per tent efficient
conversion and that the final rotor *peed le zero

1/2 	
6

4 as2	 45 x 10

A preliminary structural &only is of the rotor sbovn in Fig. 1 indicates that
the rotor could possibly be designed to withstmad 2190 rpm.- The desired-rotor speed
as be achieved before flare-ant by proper adjustment of a governing rotochute. The

efficiency of energy conversion during. flare-out (vortex ring state of ro to chat e
operation) it. not known at the present tine. A contract le preacnty,bei4g, negoti-
ated hy Sandia Carporation vith Zeman Aircraft Corporation to study tb66iitibint:
and experimentally the flare -out (stage of rotochurte operation (Ref. 4). Work will
begin March 1, 1957 and v-111 be conpleted by July 1 1957.

nt  sir of as 10,000-pound weapon indicates that All of the perform-
er/et 	 c from tbe proposed retoehnte sbovn in Fig. I must be wed in order to
achieve a 5 ft/see *act velocity; therefore, it ief evident that the same size
rot chute could net be used fora Class A veapon weighing 15,000 pounds. The re-
tardation system storage space would have W be larger in diameter. The rotor
diameter would have to to 18.5 feet se- the body diameter would eve to be about.60
Inches.

the ts3A altitude portion or the rotodhute tra4oetovy Lb* rotor ia
leg ism the xism brake state, as than by Sketk.h (r) is Pig. k. The

rotor Itevt7 and Yig. W may be found in Refs. 5 to 8. As the rotor rorewl Yam -

i:y tleftreeaot, down to about 0.k Mach nester the rotochate governor ir111. allow the
to ant- „i' tbe 0otap er-n itdlut" or turbelerrt I'vi aMmilla brake tUte„,01`,Ogetaationti •

be the rotor drag eoericient approaches 1.2. Shoteti (4) iturier:IrUMtRUhh-
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the flov'streas lime pattern through the disk during this stage. %rico:, Vact*ins.1
portion of the tre4e,:tany _Altera flskre.out to be used, ust'setor "du be oPerstleg
in the "vortsz riee.anti "transition *latex rive state of oPerstion 10371015 121
It*. as Sketches (e) rad (f). The teo . prima they 	 of sirstrint operation,
shich are the sessentue theorY mod vore'...ex theory, break •&non for corsaitions (4), (0)
furi Cr) so 'that an- et:spirits./ trenteent suet be net‘L

The tva parameters used in Fig.: 4

(7)
ply'

2Spie let

lb 	 it ve th d ction of

radius

p * air density (81Np/ft )

vertical component of true airspeed at rotor (ft/sec
(negative vten climbing)

re►sulteaat mean velocit 	 Igh rotor di c positive up)

• average thrust coefficient based on u

. a 	 coefficient based on Yv

Lock devel 	 'Lucre convenient setbod of
	

ti 	 4 by
ducing di red s velocity ratios,

Ja

V,4„

o errLT
2

tom: s 'Deity ( 	 )

eS2 rotcsr disc area (ft2) .

2

PigUre 5 in * plot of the disramiOnless eslooSty rti461. MO Solid =Vs le
Glauertte empirical curve transcribed from irla. 4. ..The letterS.destebsAlifflonsta-



5 is taken from.
Earner sabstam.

ilirr91010013.0!4#:,:tbt
z tbeory cummat be uiea.

V.

Using Newton's first lay and assuming V.:acke 3pration should take TaVre in 3 secsods
the revdred average rotor thrust is,

vel
estion.

u) is .therefore dtr
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qpatl A,

.la 'Li 	 n1

+ust1on 9,

AL 	 docreaJes in value, the dra6 c fficient increaaea, when 116 (and therefore
the rotor drag) are held content. The initial power required, whIc 13 will to sup-
plied by deceleration or the rotor, is assumine IDO per cent effitiencyj:..

The !toe 	 of rotation stc 	 rotor, wh.lch 15 ass 	 to be rotatt at
190 :a An,

K.E. R 	
,a7,coo It-lb.

Therefore, at the rate or power extraction during the initial part or riaccapot
(that le 342,000 rt -1 sec) the roar could continue rotating-1'0r 210 seconds.
The tia &zoomed for laze-out was 3 seconds so the applicattoo appears feasible.

COMUJEtIM

the opplicat 00 of a rotoclute twinge tiled* pitch
*	 3aap,. - rasa T.rcxtg3ct the roiloolo.r pouTa46 to .light:

l fluff Icieua Janette energy can be extracted frost the potential
emargy.iif rall and ;towed In rotational Inertia to produce a
velocity do,treftett frna 720 rthloo dawn to",aftieec.
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