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AERGDYNAMIC DPAG AFD STABILI!TYV CHARACTERISTICS OF 50L1D AND INFLATASLE

DECELERATOR DEVICES AT SUPERSONIC SPEEDS

By vohn T. McShera Jr.

ABSTRACT

Experimental drag and stahility characleristic: of towed useccleraters
ar supearsonic spegds are prasented in this paper. 1ae decelerato-s |
discussad include towe& spheres, towed cones (both s»lid and inflatuul:),
and infiatuble towed cone=balloons (both'closed pressure and ram-air type

davices).
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- INTRODUCT {ON

If conventional methods of recovery are to be utilized in the final
stage, it is particularly important that the velocity of the payload be
aradually reduced as the pavioad reenturs che atmosphere frcm high-speed

~ “high-alititude flight. investigagions have indicated that conventional

pa}achutgs are ot satisfactory for this first stage deceleration becausc
tre parachutes are ungble to withstand aerodynamic beating, inflate
_sctisfactoriiy, and maintair stability undzr supe-sonic flow conditions,

An initial dzceleration systcn wiich will redu.e the velocity of th=s

navioad by sitbstantially decreasing its ballsstic coefticiert will

tessen the in"tial shock on the paylcad ard or final recovery devices

such as paracﬁutes. Sphericai balloons and core devices have heen
consideced as possible decelerators oecause of their cstakility and
relétively high drag coef“icien’s,. B th su id apé .nflacaﬁle decelerator=

have been investigated an~ wiil be discusszd in this 3

Slfdc |
Tiis tlide shows typical examples of the solid and closed pressure vessel
inflatall= deceleraltors that were fested.-

The 80% cone and :pherc shown here were tested both solid and
inflatable with very iittle difference in drag and stability between *them
The séparetion ‘ence chown on some of these cenfiguratioﬁs is need«=d for
scabiliry at subsonic Spegds, The soiid models shown here zre typical of
rigid decelerators at supersonic speeds, Thay are simple in construction,
inherently stable at these speeds, and producé high drag coefficients,
The 76° cone balloor (ca'led a baitute) has drag values between the 60°-
and BOorsolid cones. Thercfore it would appear that thz cene calleca anc the cone

give simiiar if not icentical results for a given cone angle.
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it has been established that Lhe stability of cones dacrease with increas;ng
cone anq‘; while drag increasés wi th increasfng cone angle in the supersonic
speed range and .2 viith 90° angles werc irntermittently unstable at these
iiuch numbers. Although it hasn I bee. teste§ it wo§¥&\éppear that an 80°
cone balloon would be optimum from this investigation from the point of view
of drag aad stabilitv,

At this stage, a detelerator that had better drag and stability

~ characteristics thaa a parachute and yet the same storage capability

Slide

had been developed., However, the problem of having to carry heavy inflation
cquipment aboard the payload to .= recovered still existed. This is where
the need for a self-irflating configuration was realized,

This slide shows the Jdevelopment of the ram 2:ii ballute from the-
front inlet to the present side inlet type.

This front i~let configuraticn was one of the first tries at uting
the rem air (dynar ic picrsure) o inflete the decelerator. Many different
means of inflating i*-c ballute cmploying front inlet type conflgurations
were tried; however, there "1as a mass fiow pulsétion phenomena in the
supersonic speed range which resulied in adverse vihratory fabric
loading and sujsecuent failure of the .odels. This pulsatfon probliem
was solved by ;lacing different percent screens ove:r the inlet; however,
this lowered th: drag compared to the closed pressure 70° cone balleon or
baliute shuwn i~ this slide. The side inlet configurétion of tne 70° cone

balloor or kallutz was developed as a result of testiva af - Mach number

of 10. The wake fiom the forebody did not temd .» collapse or recover

at any distance aft of the paylioad th2! was capable of testing within the
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tunnel, The coures of this wake existed over and ouiside the ram air inlet
diameter; therefore the si&e inlets were usec to feed the ram air iuto
the ballute. This mechcd of extended ram air inlets worked very we'l,

Essentially what is being davelop=c here is an imp-oved type oi high
speed parachute that will retain the parachutes weight and packaginc
features and yet overcome its short comings with respect to supersanic
stability and aerodynamic hgating resistance,

1t

This slide shows a typizal plot of>drag ccefficient versus Mach number.
The configurations represented by this figure is the 700 ballute with sice
inletz and one of *he bette, paraznute cenfigurations at a length of tow
cable to diameter of YoreboZy ratio of i10. The forebody used in all these
tests ic shown at the top of the slide.
These siue inlots fully inflate the model to the same shape as the
inflarzvle closed pressure 700 cone balloon giving approximate ly the same
drag and stabil'ty.

Ballutes made of cacron and rylon neopre .« have a maximum perfcrinance

limit of asproximately M = 5, 3allutes made of mets) fahirc (Rene' %41) ~oated

with a special silicce . cerami. elastomer have proved satisfacto-y at M = 10,
Ballutes have built in "reefing'' at all speeds and since parachutes

have not beén successfull§ reefec during deployment a~ high supersonic

speeds, it is clear that apeniug shock loads are higher in parachutes

=xd the resul: is a heavier clcth structure and subsequent weight penalty.

A Hal'ute is a m:ve rigid inflatable structure than a parachute which

results in improvec stability (less coning),
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This slide shows the reseatch areas in which | belleve wort stitl aceds to be done,

1. reduce internal pressure = -
Tests just connleted on the 70° ballute with side inlets shoved
that internal p essures as high as 4 times dynamic pressure
were measured. Previous tests showed a pressure equal to dynamic pressure
was all that was ncedad to fully inflate the decsleratvir. Therefore
thcere still needs co be some development in infiation procedures to

reduce the anoun: of pressure inside the deceierator.

2. maintain inflation th;ougnout traiectory -

Various techniques for in‘lating the op.imum drag shape should
be investinated and should also include a determinatior “or maintaining
inflation arocedures through~at the desceat trajectory down to sea
level in order to pocssibly elininare the racuiremont for deployment

of a final stage parachuta,

3. correlate tunnei results with flight =

To estatlish ixcre compiere data, consideration should be given
w) cerform Tree fligat tasts to achieve flight test deployment
c...tt7:,ns that can be dupiicates in the wind tunne!l,

A parametric per.ormance study shculd be ther made in the wind
tunrel to ascertaia if stability can accurately bpe determined in wind

tunnel testiig using an infiniu: mass reiationship.



L. extend results to subsonic and 1yper§onin zpeed -

A&ditional wind tunnel testiny is 3lso required in the sursonic
and hvperscnic speed ranges on the basic shapes discussed in tnis presenta-
+ion in order to irvestigaic the capab.liiiec of these decelerator systems
at speeds up to Mack numbers ot 10 and a wide ~ange of dynamic pressuras

and temperatures that will be 2ncountered ia recovery,

MOVIE
1. This Ist shot shows the 7)? cone kalloon ¢r beilute with side inletc
at a Mach numter of 2.5 g = 250 psf. Its drag ccefticient cf 0.9 was the
same as the 70° core balloun cleszd pressure inflatab'e model.
2. This picturz shows the towed 89° ram air bailute at a w:ch nuwber
of 2,75, 49 = 250 pst This model never fully inflated and it po./nts rut
the mass rflow pulsation phenomeina whichk causes thc adverse fabric loading and

subsequent failure that existed in many of the front inlet ram air ballutes.
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