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The recovery ci high speed vehicler created a new recuirement in

recovery operations, decelerators have to perfoim at very high altitudes

_ aud superrsonic speeds. Although the»tequiienents have charged, the basic

considerations in the selections of drag deviceés- esseatially remain the
same for_the»supersonic spéed range as théy were for svoionic. The fol-
lowing slide shows these basic reguirxements, they are:
Slide I

Based or these requirements, conventional parachuter .ppear to be
well suited for this joﬁ, in view of the fact that they have teen graven to
be highly reliable in subsonic operations. They have an apparent weight
advantage over other nonlifting typeg of decelerators and we were more
familiar with perachutes than any other drag devices. For these reasons,
they were a natural choice for supersonic speed range. novéver, tests at
supersonic speeds revesled some problem areas of parschute performance.
The three major prcblem areas are: |
Slide 1X

We were prima-ilv concerned with the first iwo cf these problem arees

-at supersonic speeds, which we will consider at this time. T~ third one

can be anticinated in the future.

Slide 111

The experimental results of flexible rigion-t;pe parachutes indicate
two major areas of parachute instability: oscillatory motion of the para-
chute aboat the point of agkachment and shock paétetn £luctuations accom-
panied by a violent -2nopy “.cathing along with reduced inflavion and

drag characteristics. The latter vwhich is referred to as inflation
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instability has been the subiect of corsiderable investigation. The basic
problems involved in the inflatficn instabiiity are’high rautes at wvkich the
shock is aiternately swallowed and exrellad {somewhat analogous to the in-
let buzz pheuomenon) and the interaction beiwzen the bovidary layer on the
individua1>shroud lines and the shock wave in frcul of the psrachute canopy.
This type of instability causas large variatious in drag with freguencies
exceeding 100 cps.

Slide IV

The next slide shows some parqchut&s enployed in svpersonic speeds.

The bottom one is a tynical ribbon parachute used in wosr .. the investi-

gations. Various wmeans have been fried with this type of parachite to
elim’nate inflatiuvn instability such as varying porosity, varying number
cf shroud lines, externding the skirt, a.%aching an inflated tube to che
skirt and others, but only limjted success was ac. ieved by these meins.
It was evideat by now that the best we can hope for, in light of the fact
that the flucéuations in shock pattern exist even for the rigid pa.achute
models in the free stream as far as shock fluctutations ave cbncernei, is
te reduce their influence on the breathing of : pazachute. I believe this
has been achieved to a lzrge Gegrze with the parachut; designed by Cook
Pcsearch Laboratory, unde~ an Air Force contract, These parachutes are
radically different from most parachute designe., Their main features .being
low por.asity conical inlet canopies and higa porosity flat roofs. Both
of these designs have perfoimed satisfactorily ir the Mach number raage of
2.30 tO 4.65. A high spzed schiieren movies showing stability of these
parachutes will be shown later.

Slide V



As far ps t.~ drag of ~urachute. is concerned, wa would like to have

a drag coecficient of 0.5 or bettar for parachutec at supersonic soceds.

The ner.t -slide shows a drar level for varjous drag devices. Here the
Arar, coefficient is plot-ed verius Mach number at ten base dismeters
Jownstream i .t parechutes and rig:d types. of drcg devices. Drag coef-
ficient for most ribbon type pa-achutes fslls 1u this region. The conical
‘nlet canopy has impioved the drag crefficient of parachutes as showa in
this slide. Even though coi.sidircal.ie fiprovement :in drag coefficient

a;i stabflity was achieved with tne conical inlet parachutes, the varia-
tions in drsz 3till existed, though to a lecser degree than with ribben
type parachutes3. Due t, the problem areas encounterad with parachutes
operations #c¢ supersonic speeds, othei drag devices were being developed
concurrently ard a ~omparison in drag coeff{icient tetween them and pars-
chutes 1s mad:: in this slide. It can be smen thz2t the drag w.efficient
of parachutes <g» e ex‘eéded by a factor of two to three bty zz.e vigid
cype cezele--+ors. Thus there is a wide margin of drag coefficlent ~aat
can be used a«s a tredeuff for weight. Rigid anc irfl-iabdle :yve~~n£ decel -
erators will be discussed in wore¢ detail in the followiaug paper.

In this irvestiga:ion, no sfturt was made to establish regicus of
optimum performance; however, trom visual observ-tions of “hese and other
tests aud from l.igh speed schlieren rovies, it wes evic~at that the perform-
anie of the parachutvs wus walz-dependent. A wake stu&y for varicus bodies
to ebout 15 base dlameters downstruam of the vehicle would ire must helpful
in analyzing and pot "ibly expiaining the var’atini instabllity and, at
som.. iiaucia number;, de~vagge in drag coefiicient with increes¢ 1. trailing

distance. I think our biggest nroblem ia the developuwen. .f stable
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- Pégnchutng ior ce supersonic spead rangs has bsen the lack of adewste
thei:y tc guide the investigations. Conzequently, mcst oi the wcrk has
been done on & trisl and erxor basis. -

‘rhe vinZ tunpels are well suitel fy- the research of decelerators
Lecause the parsmetric study under 2 Qide vartels of test conditions ~an
te sasity simleies. Hovever, sfter a wor'.able derigu has ‘been evolved
ic the wind-tunnel -testing, this" should be augz-nted vy free flight tests
te che:k out the syste~ :nder the actuai ust conds tions. | Pree fligh~
tests are beimy A cz'mider‘i to <keck ou. }m-acha-t;u that bhad satisfactor™>

verformance iu the wirid-tunnr! test-.

W

= MOWCWYZWTTOKAL, PARASHUTES

= S'me ~xplozator; work has ¥ m perform:d on the vorconecntiociaal type
- parachutes ip the wind tunmei 2t sup.:rsonic spceds. Th2se are pa:achutes
with high rotational speeds,-yzicai ':.'zpresex: :at10a of which sre vortex
ring parachutec and rotafoil. Both ol the at.ve we:aticnec models vere
t:st=l at supersonic speeds, Di t they “ziled beZo:e auny s_i'g'.dﬂeart drsg
r.asureceiis could be 3b€a19ed. lowever a visua. chesk of dxag indicatér
b;fote failure oe:uried shoved high drag \-41&:&: in some casvs. Further
- . researc™ aiong these line~ would be warrantea.

hirh spexd movies that were: c¢btiived i{n o e seconds of thelr opnra-

iy tion will be preseated at thi~ tise aloag with sclilieren movies of the

1 ’— previously discueced perachutc models.
. B

LW

¥, -4 -

ks :
Y

B :
i‘jd‘: e SN gy ke w-:‘»‘ T T _-,'«. e B LTV Ll & 3




U e e

{DERATIONS N SELECTIiGN
“CELERATOR DEVICES

stabil.ty
iveness tn prodiicing

‘mum bolk and
>tcwage eor pzackagea
Capabhility of withs

high temperature

NASA-LANGLE ¢

» - - : - -
PR .o PR -
e = J S




..’.;' . . . . A‘ " ,- ‘..'

-/ . PROBLEM AREAS FOR PARACHUTES T
2 AT SUPERSONIC SFEEDS ‘

1. Sta%nility
2. Orag

3. Aerodynamic heating
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