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ABSTRACT

A test was conducted in the 16-ft supersonic wind tunnel to obtain
deployment and steady-state drag, inflation, and stability characteristics
of a metal ballute, a cloth ballute, a cloth ballute with a burblefence, a
parasonic parachute, and a hyperflo parachute. All decelerators were
tested at a Mach number of 2. 8 at a dynamic pressure of 120 psfa. The
parachutes were also tested at Mach numbers of 2.9 and 3.0 at a dynamic
pressure of 120 psfa. The data obtained show that a method of pre-inflation
utilizing a methyl alcohol/water solution reduced the time required for the
drag load to reach the steady-state value., This reduction of time permitted
the metal ballute to attain full inflation.
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SECTION 1|
INTRODUCTION

A test was conducted in the 16-ft supersonic¢ tunnel {Propulsion Wind

Tunnel, Supersonic (16S)) of the Propulsion Wind Tunnel Facility (PWT)

to determine the steady-state drag, inflation, and stability characteristics
of two types of aerodynamic decelerators in supersenic flows, The decel-
erators investigated during this test were three conical ballutes and two
parachutes, All of the decelerators were tested at a nominal Mach number
of 2.8 at a nominal free-stream dynamic pressure of 120 psfa. The para-
chutes were additionally tested at nominal Mach numbers of 2. 2 and 3.0 at
a free-stream dynamic pressure of 120 psfa.

SECTION I
APPARATUS

2.1 TEST FACILITY

Tunnel 16S is a closed-circuit, continuous flow wind tunnel currently
capable of operating at Mach numbers from 1, 65 to 3, 20. The tunnel is
capable of operating over a stagnation pressure range from about 350 to
1600 psfa, depending upon Mach number., The test section stagnation
temperature can be controlled through an approximate range of from 150
to 430°F. The wind tunnel specific humidity is controlled by removing
tunnel air and supplying makeup air from an atmogpheric dryer. A more
complete description of the facility and its operating characteristics is
contained in the Test Facilities Handbook, 1

2.2 TEST ARTICLE

2.2.1 Model Centerbody and Deployment System

The decelerators tested during this investigation were deployed from
a strut-mounted centerbody. Dimensions of the centerbody are presented
in Fig. 1, and the location of the centerbody in the wind tunnel is shown

lTest Facilities Handbook {5th Edition). "Propulsion Wind Tunnel
Facility, Vol. 3." Arnold Fngineering Development Center, July 1963,




AEDC-TR-66-136

in Fig. 2, The wind tunnel installation of the centerbody is shown in
Fig. 3.

The ballutes were packed in the aft end of the centerbody and deployed
with a drogue parachute, The parachutes were packed in the aft end of
the centerbody on a spring-loaded plate. They were held against the plate
by retaining straps which were released by a squib-fired release pin
mechanism. A three-quarter rear view of a parachute packed in the aft
end of the centerbody is shown in Fig. 4.

The ballute riser line was affixed to the centerbody by a cable with
a load cell in series. The parachute riser line was similarly affixed to
the centerbody, but a swivel was used to prevent twisting of the parachute
suspension lines. A shear pin designed to protect the load cell was used
to connect the riser line to the cable.

2,2.2 Decelerstors

The decelerators tested were of three general types: ballutes, hyper-
flo parachute, and parasonic parachute. Specific construction details and
photographs of the decelerators are shown in Figs. 5 through 8.

The 5-ft-diam metal ballute and the 5-ft-diam cloth ballute were con-
structed of woven stainless steel and Nomex®, respectively., These were
80-deg conical ballutes with four side-ram-air inlets. The dimensions
of these ballutes are shown in Figs. 5a and b.

The 6-ft-diam cloth ballute was constructed of nylon. This ballute
was an 80-deg conical ballute with four side-ram-air inlets with a 10 per-
cent burble fence, The dimensions are shown in Fig. 8c, and a photograph
is shown in Fig. 6,

An inflation device was incorporated in all of the ballutes. The normal
inflation, made through the use of the four ram-air inlets, was augmented by
the rapid vaporization of a methyl alcohol/water solution which was released
inside the ballute upon deployment. At the internal pressure anticipated,
the internal temperature was high enough to cause the alcohol/water solu-
tion to vaporize.

The 4-ft-diam parasonic parachute was constructed of nylon with a
Dyna-Therm® coating on the canopy. This parachute had a mesh roof and
skirt constructed of 0, 25-in. webbing and 8. 6-in. -wide fabric, respectively.
The total porosity of this parachute was approximately 5 percent with an
inlet-to-exit area ratio of 7.0, Further details and dimensions are shown
in Fig. 7.
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The 4-ft-diam hyperflo parachute was constructed of Nomex. Only
the roof panel was coated with Dyna-Therm. This parachute had a mesh
roof and skirt constructed of 0, 25-in. webbing and 9, 6-in. -wide fabric,
respectively, The total porosity of the hyperflo parachute was approxi-
mately 5.6 percent. It had an inlet-to-exit area ratio of 7. 0. Further
details and dimensions are shown in Fig. 8, and a photograph is shown
in Fig. 9.

2.3 INSTRUMENTATION

A 5000-1b capacity, double~element load cell was used to measure
the drag load of the decelerators to within +7 1b for the range of drag
loads measured during these tests. A direct writing oscillograph was
used to monitor the decelerator drag load during testing, Five motion-
picture cameras and two television cameras, installed in the test section
walls, were used to document and monitor these tests.

The internal pressure on the first two ballutes was measured with
a model-mounted, 5-psid transducer. The internal pressure of the metal
ballute was measured with a model-mounted, 15-psid transducer.

The internal temperature of the metal ballute was measured by
Chromel® -Alumel® thermocouples,

SECTION 1
PROCEDURE

A decelerator was packed in the aft end of the strut-mounted center-
body before the wind tunnel test operation was initiated. Once test
conditions were established, the decelerator was ejected from the center-
body into the airstream. Motion pictures, dynamic drag data, dynamic
pressure data, and dynamic temperature data were obtained during and
after each deployment. Upon completion of the decelerator deployment
sequence, a steady-state drag load was calculated by averaging the
analog output signal from the strain-gage load cell over a 1-sec interval.

All of“ the decelerators were deployed at a nominal Mach number and
free-stream dynamic pressure of 2. 8 and 120 psfa, respectively. After
deployment, additional data were obtained for the two parachutes at Mach
numbers of 2,9 and 3.0. The centerbody was maintained at zero angle
of attack and yaw for the entire test, A complete summary of the test
conditions is presented in Table L
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SECTION IV
RESULTS AND DISCUSSION

Five decelerator deployments were made at a Mach number of 2.8 and
a free-stream dynamic pressure of 120 psfa. Deployment and inflation
data were obtained from all of the decelerators except the hyperflo para-
chute, which failed to completely separate from the deployment bag, A
strap from the deployment bag encircled the riser lines during the entire
test, thus causing the parachute to become partially reefed. Steady-state
data were obtained for all decelerators at a Mach number of 2.8 and a
free~-stream dynamic pressure of 120 psfa. Additional data were obtained
at Mach numbers 2.9 and 3.0 for both of the parachute configurations. A
summary of the test results is presented in Table 1.

4.1 DEPLOYMENT LOADS

Deployment of trailing aerodynamic decelerators generally creates
two forces known as '"snatch force' and "opening shock force." For wind
tunnel testing of decelerators, the snatch force is defined as that force
imposed on the centerbody by the deceleration of the mass of the decelera-
tor from its velocity at line extension to zero velocity relative to the center-
body. The snatch force is followed closely by the cpening shock force,
which is defined as that force imposed on the centerbody by the sudden in-
flation of the decelerator at full line extension,

The snatch force and the opening shock force were found to vary con-
siderably during each decelerator deployment since they are a function
of the decelerator packing procedure. The deployment time histories
are shown in Fig. 10,

The snatch force for the metal ballute, the cloth ballute, and the
cloth ballute with a burble fence was 2200, 1140, and 1395 1b, respec-
tively. The ballutes exhibited no opening shock force because a finite
amount of time is required for inflation. The snatch and opening shock
forces for the parasonic parachute were 930 and 650 1b, respectively.

4,2 STEADY-STATE LOADS

The drag coefficient for each of the acrodynamic decelerator config-
urations is presented in Table I. The drag coefficients for the ballutes
at M, = 2.8 varied from 0. 689 to 0. 733. The corresponding drag coef-
ficients for the parasonic and hyperflo parachutes were 0.135 and 0. 218,
respectively. It is believed that the higher drag coefficient obtained with
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the hyperflo parachute was a result of parachute design. The hyperflo
parachute has a larger inflated diameter than the parasonic parachute of
the same area ratio and nominal diameter. The slightly higher porosity -
of the hyperflo parachute is another factor contributing to the higher drag
coefficient., The effect of reefing (caused by incomplete deployment) of
the hyperflo parachute should, however, decrease the drag loads.

The effect of Mach number on parachute drag coefficient is shown in
Fig. 11, In the test range, the drag coefficient for the parasonic para-
chute shows little change with Mach number. The hyperflo parachute
shows a decrease in drag coefficient with increasing Mach number,

4.3 INFLATION AND STABILITY CHARACTERISTICS

Photographic coverage obtained by motion-picture cameras permitted
the determination of decelerator inflation and stability characteristics.,
The ballutes were equipped with a method of inflation utilizing a methyl
alcohol/water solution to decrease the time required for inflation.

The cloth ballute and the metal ballute attained full inflation approxi-
mately 0. 60 and 0, 46 sec, respectively, after full line extension, The
cloth ballute with a burble fence, being of a larger size, required about
0. 77 sec to attain full inflation after full line extension. The fully inflated
ballute exhibited no oscillation.

At similar test conditions, an identically sized cloth ballute with a
burble fence from a previous test attained full inflation about 1. 26 sec
after full line extension. All inflatable metal ballutes previously tested
at PWT have failed upon deployment.

Pressure-time and temperature-time histories for the metal ballute
are shown in Fig, 12, This plot shows the temperature drop within the
ballute caused by the vaporization of the alcohol/water solution with the
corresponding rise in the internal ballute pressure.

The parasonic parachute attained full canopy inflation approximately
0.015 sec after full line extension, The fully inflated canopy exhibited an
oscillation of approximately £7, 0, *4.5, and 18,0 deg at Mach numbers
2.8, 2.9, and 3.0, respectively. This oscillation was in a plane that is
perpendicular to the centerline of the centerbody. The frequency of oscil-
lation was greatest at Mach number 3,0. The hyperflo parachute, once
inflated, exhibited an oscillation of 17.0 deg at Mach number 2. 8.
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SECTION ¥
CONCLUDING REMARKS

Tests were conducted to obtain deployment, inflation, and stability
characteristics of three ballutes and two parachutes. All decelerators
were tested at Mach number 2.8 at a dynamic pressure of 120 psfa. The
parachutes were also tested at Mach numbers of 2.9 and 3.0 at a dynamic
pressure of 120 psfa.

All of the ballutes inflated fully and exhibited excellent stability.
Both parachutes exhibited some oscillation. The parasonic parachute
showed better stability than the hyperflo parachute. The parasonic para-
chute was more stable for Mach numbers of 2.8 and 2, 9 than for a Mach
number of 3.0,

A pre-inflation method utilizing a methyl alcohol/water solution
reduced the time required for the drag loads to reach the steady-state
value. The reduction in time required for the ballute to inflate permitted
the metal ballute to remain intact throughout deployment and inflation,
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Fig. 3 Instollation of Madel Centerbady in Test Section




AEDC-TR-66-136

Release-Ping .
Retaining Strap ' \

Fig. 4 Three-Quarter Reor Yiew of Model Centerbady




(A

!
TYPICAL (4 PLACES)

l 2

-
| %'w

|

| 212
| |15

S| CONFLUENCE  ATTACHMENT
| ro Y POINT POINT
60.0 = — —( — e
DIA. RISER

NOTE: ALL ODIMENSIONS IN INCHES

65.63

a. Metal Ballute
Fig. 5 Ballute Details

2€1°99-¥4-2Q3Y



€1

60

.00

. REF. LINE

MAX. SECTION

/\

1.25°

TYPICAL (4 PLACES)

/

65.63

KEEPER RING
/—CONFLUENCE :ATTACHMENT

POINT POINT
:»RISER

36.80 —»

b. Cloth Ballute
Fig. 5 Continued

128.50

ALL DIMENSIONS IN INCHES

9EL-99-¥1-24Q3Y



¥1

72

.00

60.00

_MAX. SECTION

BURBLE FENCE

A

‘ TYPICAL (4 PLACES)

M

KEEPER RING

CONFLUENCE ATTACHMENT
POINT \:’OINT

=5 =y J=——="—"a3

\—RISER

ALL DIMENSIONS [N INCHES

<.

Cloth Baollute with Burb
Fig. 5 Concluded

le Fence

9€L-99-41-Da3y



AEDC-TR-66-1

Burble Fence

1————-—Air

Inlets

Fig. 6 Cloth Ballute with Burble Fence

36

15



91

ROOF -TO-SKIRT SEAM ¢
INLET REINFORCING WEB

SUSPENSION LINES
{I2 REQUIRED)

RISER LINE— \7,0.0\

-—-‘"“‘*-h

KIRT GORE PANEL ——

= 55.04
T — 6’_ 76
3.75 DIAMETER
ROOF CAP
NOTE: ALL DIMENSIONS IN INCHES GORE COORDINATES
S.A.= SEAM ALLOWANCE % ¥

ROOF GORE PANEL

¢ ROOF-TO-SKIRT SEAM
DISTANCE AFT OF CENTERBODY 386 0.84 SKIRT GORE PANEL
BASE PLANE TO CONFLUENCE S 318 3-0.75 S.A
- 12.25 352 - -

POINT =3.25 FEET 153> 336 76w

16.54 459

18.38 484

%?244 42%

2216 456

22.94 424

2346 397 25.41—

£399 314  CANOPY GORE PATTERN

25.1 | 357 (12 REQUIRED)

Fig. 7 Parasonic Parachute Details

9E1-99-¥1-0Q3V¥



AEDC-TR-66-136

e | el i
i"—”'__’__,,_A.J--—~J
gl — —
0.0 ———
r - T ey | | 33.37

SUSPENSION LINES
(12 REQUIRED) e ——
A=
A 1125 S.A.
075 S.A 1.0 S.A

L. S —
LraoiaL \./

0.567
SKIRT GORE

VIEW A-A
ROOF

ROOF PANEL LAYOUT
NOTES: ALL DIMENSIONS IN INCHES (I2 REQUIRED)
S.A.= SEAM ALLOWANCE
RISER LINE LENGTH=48.70 INCHES
DISTANCE AFT OF CENTERBODY
BASE PLANE CONFLUENCE
POINT =2.63 FEET

Fig. 8 Hyperflo Parachute Details

417



AEDC-TR-66-136

Fig. 9 Hyperflo Parachute
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TABLE |
SUMMARY OF TEST CONDITIONS AND RESULTS

Decelerator Mavimum Angle of Time from Deployient Time [rom Full Line
Qe Mameter, It Canopy Tolul I Area Ratis, Osellation about Hase Initiation o Pull Tnflation, Txtension to Full

Configuration M, psfa  Max, Nor. Porosily, percent o Ajh‘\.-\ Attachment l'oant, sdeg® BELF Inflstion, sec*
Metal Rallute 2.8 120 a - 1. 718 . 4] 1. 20 0.460
Clath Ballute
with Burble
Fence £ 120 G - 0. LYY - 0 1. 35 o, 77
Cloth Ballute 2.8 120 5 - o, 743 - 0 1,32 0. 40
Parasonic
Parachute 2.8 120 4 3.0 0 140 7.0 7.4 073 0.01l%

2.9 U, 140 4.5

3.0 Q. 141 8.0
Hyperflo 2.8 120 4 5.8 n,21g 7.0 17.0 No deployment data
Parachute 2,9 0.2098 - ublained
with Reefer 3.0 0, 148 -

*These datu were obtained from phutographic coverage,
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