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INTRODUCTON

The Meteorological Rocket Network (MRN), . cooperative effort by meteor-
ological groups of the Army, Navy, Air Force, Atomic Energy Commission,
National Oceanic and Atmospheric Administration, and National Aeronautics
and Space Administration, provides upper atmospheric data above the heights
attained by conventional balloon-borne radiosondes [1]. For many yearsroutine soundings have been made with the Arcas rocket, a single stage|

Meteorological rocket which carries telemetry payloads of approximately
1.4 to 1.8 kg to altitudes of 60 km to 80 km when launched at White Sands
Missile Range, located at a launch elevation of 1.2 km MSL. The sounding
system consists of the rocket vehicle, telemetry package, and sensor
suspended below a decelerator. The decelerator usually has two functions:
to decrease the fall rate of the sensor package to permit meaaingful in
situ measurements of upper atmosphere parameters, and to measure upper j
atmosphere winds as the parachute is tracked by radar during descent [2]. f
The requirements for meteorological rocketsonde decelerators are: (1) low
ballistic coefficient, (2) deployment reliability, (3) acceptable stability,

and (4) adequate radar cross section.

The Arcas hemisphere decelerator, used as a standard retardation device
for many years, meets some of the criteria specified. However, a study

[3] of the Arcas decelerator performance indicated that (1) the instability
of the hemisphere configuration resulted in data dropouts in the telemetry
records; (2) the decelerator descent rate is greater than desired over the
portion of the trajectory of prime interest, above 45 km; and (3) there
were variations from the predicted rata of descent.

Because of these undesirable qualities, investigations were conducted by

ASL and NASA to define and perhaps eliminate some of the undesirable character-
istics in decelerator performance. NASA Langley Research Center conducted
tests by suspending ai; on-board camera from the parachute; in some cases, the
film showed that the initial problems in proper deployment of the parachute
were caused by shroud lines becoming tangled and twisted during the deploy-.:nt
sequence [4]. Also, data from ground-based cameras revealed that the parachutes

were unstable, and the payloads exhibited a coning motion of approximately Y
45 degrees from the vertical at altitudes above 35 km (Figure 1).

The effect of a large coning motion of the suspended payload results in
intermittent signal loss from the telemetry package due to the variation in
antenna patterns between the transmitter and receiver. However, telemetry
dropouts during the initial portion of the descent do not completely obscure
eaningful data since they are of short duration, making it possible to
extract the data manually. In some cases it has been noted that the
telemetered rocketsonde temperature traces on an AN/GMD-l radiosonde recorder
exhibited an oscillatory characteristic concurrent with the telemetry dropouts



due to the bead thermistor sensor being alternately exposed to, and shaded
from, direct solar radiation. The above makes it necessary to improve the
existing decelerator and to develop other decelerators which could be utilized
for meteorological sounding rocket applications. One of the efforts consisted
of the development of the Ballute (balloon-parachute) decelerator by Goodyear
Aerospace Corporation [5]. This type of decelerator uses entrapped air to
inflate the Ballute envelope and ram air to maintain its configuration.
These features eliminate one of the problems that other decelerator systems
have at the higher altitudes: a lack of sufficient dynamic pressure to

properly deploy the system. The Ballute has an inflated torus, called a
"burble fence," which provides added stability, a highly desirable feature
for a number of different types of high altitude atmospheric sensors.
However, tests of the Arcas Ballute proved the system to be heavier than
could be tolerated for meteorological rocketsonde applications, providing
a ballisc.c coefficient slightly greater than the Arcas hemispheric parachute.
Therefore, the only marked improvement over the operational system in use was
in the Ballute system stability.

The smaller Loki Datasonde system (Figure 2) is currently widely used as
an operational meteorological rocket for the MRN in lieu of the Arcas
(Figure 3). The Datasonde system uses a 2-m-square decelerator known
as a Starute (stable-parachute) (Figure 4), which is a smaller, modified
version of the Arcas Ballute. In the Datasonde system configuration, the
Starute exhibits excellent stability and fall rate characteristics, with
telemetry dropouts being virtually eliminated due to the lower angle of
attack. The slower fall rate improves its wind sensing capability, and
the wind sensitivity altitude could be increased to near 80 kin, well above
the normal Loki Datasonde apogee which is nominally 65 to 70 km. The
improved stability and lower angle of attack (deviation from the vertical)
of the Starute can be advantageously applied to specialized payloads, since

stability and low angles of attack (+3 degrees) are very important in terms
of scientific payloads which are flown on meteorological sounding rockets.

One payload which would profit from utilizing the Starute is a Gerdien

condenser which, to derive meaningful data, requires that the angle of
attack be no greater than +10 degrees. Another type of payload which
this decelerator should improve is the chemiluminescent ozonesonde, which
is not as severely altitude-sensitive as the Gerdien condenser. However,
the greater stability would aid in better defining the flow characteristics
of the air sampled by the ozonesonde. In order to test the applicability
of the Starute characteristics to other type payloads, a number of 45-m-square
Starute decelerators were flight-tested on Arcas rockets at White Sands Missile

Range (WSMR), New Mexico.

DESCRIPTION

The Starute is a decelerator that uses ram-air inflation pressure to
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maintain its shape as it descends through the atmosphere. The inflation
pressure is the result of ambient and dynamic pressure directed normal to
the interior surface while the external ambient and dynamic pressure is
directed obliquely. Therefore, the internal force is greater, insuring

Wproper erection of the decelerator after deployment and during the descent
phase.

The Starute configuration is square, as shown in Figure 4, with the
attached burble fence providing improved stability, increased drag, and
a means of positive inflation. Major Starute characteristics are presented
in Table 1, and major dimensions are shown in Figure 5.

In the case of in situ measurements utilizing a Starute, the rocket payload
is ejected from the rocket vehicle at apogee; as the Starute leaves the
payload canister, it inflates by action of the entrapped air. The payload
is suspended below the inlet by lines attached to the Starute body. The
burble fence located at the equator of the Starute provides additional drag
and acts to stabilize the decelerator by altering the flow about the Starute
from a laminar to a turbulent flow. Vent openings are located between the
main body of the Starute and the burble fence for the dual purpose of venting
entrapped air during packaging and permitting the passage of ai into and out
of the burble fence, resulting in a positive inflation pressure without the
possibility of overpressurizing the burble fence of the Starute. The burble
fence is constructed from aluminized mylar to provide a good radar target.

The Starute configuration is well suited to hig, altitude research purposes
because of its good stability, its low angle of attack (+30 from the vertical),
and its ability to erect and maintain its shape at altitudes above 65 km.
Usually measurements made on parachutes at these altitudes were restricted
because of the insufficient dynamic pressure needed to deploy and erect the
parachute. The higher deployment increased the likelihood of the parachute
becoming tangled, since it tumbles a greater distance before enough pressure
is available to erect the canopy. The problem of having a sufficient dynamic
pressure to inflate the parachute for Arcas and Loki soundings can be seen
in Figure 6. 7t indicates that a minimum force of 3.35 N/m2 is required for
full inflation. Figure 7 indicates the amount of horizontal velocity necessary
for full decelerator inflation [6]. In the case of the Loki, the horizontal
velocity at apogee is nominally 183 m/sec, when launched at elevation angles
of between 780 and 86. Figure 7 shows that inflation of a Loki parachute
becomes marginal above 64 km. In the case of an Arcas rocket, where the
nominal horizontal velocity is approximately 274 m/sec with similar
elevation launch angles, thc parachute exhibits marginal inflation character-
istics above 70 km.

Whren a Starute is used in lieu of a parachute, the dynamic pressure for
inflation is not required because residual air in the decelerator permits
high altitude deployments. The limiting factor in terms of the Starute is
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the stress placed on the material due to the differential pressures between
the residual air in the Starute envelope anJ the ambient air at deployment.

A study of Starute decelerator descent charc.:teristics with different pay-
loads is based upon the theoretical ballistic coefficient, M/CdA, and the
deployment altitude. Here M is the combined mass of payload and parachute,
Cd is the coefficient of drag, and A is the cross-sectional area of the
decelerator. The equilibrium or terminal fall velocity of a decelerator
is determined by its ballistic coefficient at the various altitudes, as
shown in Figure 8. Figure 9 shows plots of the vertical velocity of
several systems with different ballistic coefficients, and the terminal
or equilibrium velocity for a particular ballistic coefficient. For a
given specified deployment altitude, the ballistic coefficient determines
dynamic overshoot velocity from the terminal velocity and from the altitude
at which the system achieves terminal velocity. The vertical velocity
increases and exceeds the equilibrium velocity for a period, and finally
the velocity decreases to a point where the system is in equilibrium.
High altitude deployment reaults in fall rates that are faster than the
terminal velocity for the upper portion of the trajectory. At some altitude
below the altitude at which that maximum velocity occurs the vertical velocity
slows to the terminal velocity.

The amount that the vertical velocity exceeds the terminal velocity is
dependent upon the ballistic coefficient, as shown in Figure 9. The junction
of the two curves, terminal velocity and descent velocity, also indicates the
altitude near which valid wind measurements can be made. This closely
coincides in altitude to the point at which the meteorologLcal rocket data
have been empirically determined to be the maximum height of valid wind
measurements. The criterion chosen is the altitude immediately below
that of maximum descent velocity [7].

To further explore the utilization of the Starute as a high altitude
decelerator, descent velocities were plotted (Figure 10) for various release
altitudes and ballistic coefficients. based on Figure 10 it appears that
valid wind measurements can be made to 80 km when the decelerator possesses
a ballistic coefficient of 0.048 kg/m2 . From a practical sense it is
desirable to keep the vertical velocity below the speed of sound because
transonic and supersonic velocities degrade the atmospheric measurements.
For example, the measurement of positive ion concentratioa with a blunt
probe is more complex at supersonic velocities.

FLIGHT TESTS

All of the flight tests described in this study were made using Arcas
rockets. Table 2 presents a sumnary of ten soundings. The first Arcas
Starute was flown on 17 Sep 71; it failed because aerodynamic heating
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fused together the mylar material, which was then ripped upon deployment.

The aerodynamic heating problem was initially corrected by coating the
parachute canister with an ablative material. In addition, an air gap

and a reflective surface were provided to restrict the amount of heat
that would be transferred to the Starute. The redesigned parachute package
was flown on 2 Nov 71, and the Starute operated properly. For the next
test on 6 Mar 71, the ablative coating was eliminated because it was a
high cost item. This test was successful and proved that the ablative

coating could be eliminated if an air gap and a reflective surface were

placed between the clister wall and the Staute. Dimpled steel staves

covered with aluminum tape provided adequate protection for the mylar
material. All subsequent flights were flown using this latter configu-

ration. All flights were tracked with FPS-16 radars and exhibited
excellent radar return.

ANALYSIS OF RESULTS

The 4.5-m-square Starutes displayed excellent stability, good fall rate

characteristics, and were wind-sensitive at higher altitudes than hemispheric

parachutes. As noted earlier, the 4.5-a diameter hemispheric parachute was
subject to instabilities which caused telemetry signal dropouts and periodic
oscillation in the temperature trace displayed on the strip chart recorder.

Fiure 11 shows a typical temperature trace with a hemispheric parachute
and STS II rocketsonde. The effects of the unstable parachute are readily
apparent in the frequent and intermittent telemetry dropouts. A strip
chart recording of the temperature data telemetered from an STS II rocket-
sonde suspended from a Starute decelerator is shown in Figure 12. This
figure shows a non-oscillating trace with very few data dropouts, demonstrating
the advantage of utilizing the more stable decelerator.

On seven test flights the 1362-gram STS II rocketsonde was used as the payload.
Combined with the Starute the ballistic coefficient, B, or M/CdA, was 0.151
kg/m2 . The ballistic coefficient of the 4.5-m diameter Arcas hemispheric
parachute was calculated to be 0.268 kg/m2 ; therefore, the fall rate was
greater for the hemisphere parachute than for the Starute decelerator. The
improved descent characteristics of the Starute over the hemispheric parachute
are achieved by a combination of higher drag and lower decelerator weight.
Figure 13 depicts the Starute and hemispheric parachute fall velocities with
similar STS II payloads to demonstrate the more desirable descent character-
istics of the o.arute. There are significant differences in fall velocity
at 65 km, as well as a 3-minute difference in descent times to 30-km altitude
from apogee altitude of 65 km.

One flight was made using an STS II sonde with an additional 1452 grams of
lead ballast The purpose was to evaluate the performance of the 4.5-m-square
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Starute with a heavier payload. In this test the Starute displayed excellent

stability characteristics and the fall velocity was good, as shown in Figure

14. The ballistic coefficient for the Starute was calculated at 0.239 kg/m
2;

the ballistic coefficient for the hemispheric parachute with this particular
payload would have been 0.386 kg/m2.

As noted earlier, a decelerator is considered to be sensing winds when the
fall velocity begins to decrease from its maximum value. Table 2 shows the
selected wind sesitivity altitudes and corresponding fall velocities for
each firing. The highest wind sensitivity altitude achieved was 72.4 km on
10 Nov 72. Three other flights were wind sensitive at 70 km or higher.
Figure 15 is a theoretical evaluation of the performance of the 10 Nov 72
because it will permit design decisions to be made when attempting to determine

deployment altitudes required to measure winds at specified altitudes.

CONCLUSION

Tests of the 4.5-m-7juare Starute decelerator for meteorological sounding
rocket applications have successfully demonstrated its improved stability,
low ballistic coefficient as exhibited by its low fall velocity, and high
altitude wind-sensing capability in comparison to the previously utilized
hemispherical parachute. It also has exhibited good radar cross section
and deployment reliability. These improved characteristics make the Starute
a desirable decelerator for use with a wide variety of meteorological
sounding payloads.

*As this figure indicates, the comparision between the theoretical and
actual is in very good agreement.
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TABLE 1
THE 4.5-H-SQUARE STARUTE MAJOR CHARACTERISTICS

Side Length 4.5 m
Material 1/4 ail Mylar (.006 mm)
Weight 1198 grams
Drag Area 21 m2

Drag Coefficient 0.785
Height 3 m
Ram-Air Inlet Size 91.5 cm
Suspension Lines Length 61 cm

TABLE 2
4.5-M-SUARE STARUTE SUMMARY CHART

Payload Wind Sensitive
Date Payload Mass Apogee Alt & Velocity Notes

(ar) . (km) (km, /sec)
17 Sep 71 STS-III 1362 61 49/70 135 second expulsion,

Starute damaged by
excessive heating
during flight.

2 Nov 71 STS-II 1362 66 65/136 135 second expulsion,
Satisfactory performance.

6 Matr 72 STS-II 1362 75 71/190 110 second expulsion,
Satisfactory performance.

11 Oct 72 STS-II 1362 76 71/200 130 second expulsion,
Satisfactory performance.

8 Nov 72 STS-II 1362 76 70/220 125 second expulsion,

Satisfactory performance.
10 Nov 72 STS-II 1362 78 72/220 120 second expulsion,

Satisfactory performance.
2 Feb 73 Ozone- 2497 60 NA 145 second expulsion,

sonde 2  Starute damaged by tocket
motor at expulsion.
Performance unsatisfactory.

12 Jul 73 STS-I 1362 68 66.5/138 110 second expulsion,
Satisfactory performance.

17 Jul 73 MOD 2814 57 56/93 110 second expulsion,
STS-II Satisfactory performance.

11 Jan 74 Gerdien" 1400 70 69/200 135 second expulsion,
Satisfactory performance.

'Army stratosphere temperaturesonde
2Army ozone-measuring rocketsonde
3STS with ballast weight
4Payload designed to measure electron density
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