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SMALL BALLOON BALLISTIC TRACING AND BEHAVIOR ANOMALIES

John R. Ground
Phillipas Laboratory, Aerospace Engineering Division
, Hanscom AFB, MA 01731

Abstract

A ballaos tracking aad setearological data gatheriag systes vas
developed for ssall free floating ballocns, The evolution sad Lest
of thio systes and several saall balloon flights sre described.
Ballaoss of differest volumea were flown at several altitudes,
varyisg durations and times of day. Panition, pressure-altitude and
teaperature data from these [lights vere closely sonitored. These
data have becn correlated with cloud cover, terrain, and diurnsl .
changes. Data from the July 1990 (ligbt series are described is the
greateat detail.

1. History

During the summer for the past thirty
years we have been flying large scientific
balloons from eastern New Mexico westward
toward the White Sands Missile Range. The
penetration point of the Range airspace
has always been of vital importance to the
balloon-borne experiment. While the
stratoapheric easterly winds are very
stable during this period, the statistical
norm has often been un inadequate
predictor. Various techniques have been
tried to improve the predictability of the
Hange penetration point.

In 1972, in support of the VIKING
project, we flew 7102 cubic meter balloons
at 36.6 kilometers to provide a ballistic
trace for tho large balloons carrying the
VIKING ascro-shell and decelerator. These
ballistic trace balloons were dubbed
"Pathfinders”, a title which has persisted
to this day., These Puthfinders that were
launched about 12 hoursa prior to the hot
test produced results no better than the
statistical norm. Tracking of these
Pathfinders was accouwplished using a GMD
radliosonde unit, which tracked a VIZ
radiosonde. No mete¢orological data were
collected during float as these ‘
radiosondes were pressure commutated and '
no data switching occurred unless the |
balloon changed altitude. ‘

{

In July 1986 Pathfinders were used
again to provide a balliatic trace. The
balloons were much much smaller, 102 cubic:
meters, and floated at 23 kilometers. Ten
flights were mude. For this seriesa the ]
launch time was more precise. Five were
launched at 2200 hours and five were
launched at 0400 hours local time.

Tracking was accomplished by using a
modified GMD to receive a transaitted
signal from a 1680 Milz Vaisala radiosonde.
These radiosondes were electrically
commutated. Continuous pressure and
temperature were received for the entire
flight sequence. The flight durations were

8ix hours and flight termination occurred
by timer. Positionscomputed frow the GMD
antenna angles were recorded at 10-minute
intervalyg, Data from these flighty
sugpested a diurnal coupling, in that the
trajectories for each launch time tended
to ygroup. Those flights launched at 2200
MDT tended to have trajectories slightly
to the north of west, while the
trajectories for those flights launched at
0400 MDI were smouth of west.

Much folklore has grown in the
balloon community about the terrain and
its effect on balloons floauting in the
stratosphere, particularly over the
Sacramento Mountains between Roswell, NM
and the White Sands Missile Runge. The
1986 effort tended to supgest that perhaps
diurnal variations were, in part, the
cause of the deviations that hud becn
obgserved in the past over this region.

2. Rec inde

Two efforts, one in September 1989
and one in July 1990, were conducted to
look at these anomalies in greater detail
using a new tracking ground station we
developed for this purpose. The four
flight series in 198Y used balloons with
volumes of 102, 1663 and 7102 cubic
meters, and were flown at altitudes 16,
‘21, 30 and 37 km. The 37 km tlight,
discussed later, was aloft for eighteen
hours.

‘ The second effort, during July 1990,
‘consisted of a series of small balloons,
(1563 cubic meters, that were flown from
‘Roswell, NM to the west gide of the White
,Sundu Missile Runge, NM, which is located
185 kilometers west of Roswell. These
'flights were released over a seven-day
period. Each flight was launched ftour
hours earlier in time than on the
preceding day. The relcuses were scheduled
for 1200, 0800, 0400, 0000, 2000 and 16V0
hours MDT. This achedule was followed as
closely as weather permitted. The balloons
used were manufactured by RAVEN Industries
from 0,127 millimeter Astrofilm E. These
1563 cubic meter balloons will carry a 16
kilogram payload to an altitude of 30
kilometers. At this altitude the
stratospheric winds, during July, produce
uh averuge westerly drift of 16 weters per
second., The flight durations varied
between four and six hours depending on
weather and recovery conditions., Scven
launches were made. Good duaula were
collected on five flights, There was one
balloon failure and one launch failure,.
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3. Flight Svyutem

The flight system consisted of a
control board which automatically
controlled flight termination and ballast
pour functions, a Vaisala RS-80N (OMEGA)
radiosonde, a flashing strobe warning
light, (aneroid "off" at 18.3 km), a
138.125 MHz command receiver, a tone
decoder, and a 3.7 meter diameter flat
circular parachute. Each flight systen
weighed from 20 to 45 kg. Generally 10%
pourable ballaust was carried on euach
flight. The RS-80N Vaisalu radiosonde was
suspended 5.5 meters, the length of the
OMEGA antenna, below the flight package.
The 3.7 weter parachute (extended length
5.5 meters) was flown in-line above the
tlight package. The overall lenygth of the
flight train was 11.4 meters., The flight
configuration is shown in Figure 1.

FLIGHT CONFIGURATION
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Flight termination would occur either
after a preset time or when the balloon
descended to an altitude of 18.3 km. The
ballasting system was aet s0 Lhat the
ballast pour "urm" cccurred 256 minutes
after the package was turned "on". Once
armed, a three-percent ballast pour would
occur when the balloon descended beslow
27.4 km (The ballust floor). The nominal
flout ultitude was 30.5 km. After the pour
wus made, 32 minutes later a second pour
way made if the bLalloon had not ascended
above 27.4 km. For the last three flights
the ballast floor was dJdisabled. Pours were

wade at 32 minute intervals after "arwm”
regurdless of the altitude. We disarwmed
the ballast floor to eliminate data
degradation caused by changes in altitude.

4. Groynd Statiop

The Ground Station, not named after
the developer and author, haus a
Communitronics 403 MHz receiver with a
bandwidth of 1000 KHz, a THACOR OMEGA
navigator, an AT 286 computer with a color
monitor, a dot matrix parallel printer, a
Vuisala PPl]l meteourologicul data
processor, an interface signal conditioner
box, a 403 MHz omni receive antenna, an
OMEGA recelve antenna, and an operating
software package for data processing and
dxapluy These components are housced in
transportable cases that interconnect into
# work station. Setup and breakdown time
is about one hour. A LORAN Micrologic
navigator was added after this tlight
serices, Power requircments are 110 volts
15 amp service.

5. Methodology

All but one of the flight systems
were small and light enough to be hand
launched. Launches were muade either at
flolloman AFB, NM or from the Hoswell
Industrial Air Center just south of the
town of Roswell, NM. Commuand, control and
datu acquisition functions were located in
building 850, Holloman AFB, NM. The 403
MHz datu signal was acquired immediately
for the Hollomun AFB launches and werce at
about Y km for those flights launched from
Roswell, NM. Position and meteorological
duta were received and stored in an ASCIIT
format. The flight timers were set for the
maximum anticipated time the flight would
be within acceptable acquisition and
commund range. Once set, the Liwmer
settings could not be changed in flight.
The flights could be terminated at any
time by command.

In the data center the incoming
signal was Bplit with the OMEGA tracking
data going to an OMEGA Navigator and the
meteorological data going to a Vaisala
PP11 data processor. Position dauta were
recorded at one minute intervals, while
the metecorological duta were recorded at
1.5 second intervals. Position and
neteorological data were integrated into
ASCII data files via a software program
developed by Optimetrics, Inc. The
position duta were ulso displayed
graphicully to provide a8 visuul realtime
trace of the balloon trajectory.

For daytime terminations u
surveillance aircraft wus used to spot the
puyloasd and guide the ground recovery crew
to the site. For nighttime terminations a
geatrch was made the following day to
locate the payload., These attempls were
not very successful. Two of Lhe seven
payloads were recovered,




6. Flight Synopses
The trajectories flown in the
Septeuber 1989 and July 1990 series are
shown below in Table 1 and Table 2

TABLE 1

HOLLOMAN AFB, NM
September 1989

BLN Ss2 ALT DUR DIST FROM STA
wd km hrsa km
2172 21 8 120
1563 30 1 2117
272 16 3.5 144
7102 317 18 222

fable 1. Listed above are the o balloon size, float altitude,
flight duration and terminaticn distance froa the lauach point for
the Septeaber 1949 PATHFPINDER [lights.

TABLE 2 _
ROSWELL AIR INDUSTRIAL CENTER
July 1991
BLN sz ALT DURATION DIST FROM STA
w? km hrs nm
1563 29 4.6 ' 95
1563 29 3.9 90
1563 30 5.4 135
1563 29 5.6 125
1563 29 4.4 120

Table . Cisted sbove are the balloce sive, float altitude, flight
durstion snd terminatios distence [roa the launch poiat for tie Julp
1350 flights.

7. 198 ight

The wost significant event of the
1989 series was the 36.6 kilometer flight
launched on Sept 30 at 1842 MDT, The
launch time wan chosen so that the balloon
would reach float altitude after balloon
sunset which greatly reduced the need for
ballast to maintain float altitude during
the night. Since this was the time of
minimum stratospheric winds a flight
duration of at leust eighteen hours was
expected and the flight Limers were set
for eighteen hours. The flight trajectory
is shown in Figure 2. The change in
direction at 75 km west of the launch
point occurred at balloon sunrise when the
balloon ascended from 32 to 37 km. At
terwination the the balloon was about 185
km from the launch point,

The "Y" (north-south) component was
plotted aguinst time as shown in VFigure 3.
A general north drift was experienced for
most of the flight, except the turning to
the south at 1600 UCT. This turnindg is

the south at 1600 UCT. This turniny iu
consistent with the data frow the 1984
Pathfinder tlights.

Another interesting aspect of this
flight waa the comparison of two tracking
techniques. A VIZ radiosonde was flown and
tracked with a GMD., In addition, a Vaisula
OMIEGA radiosonde was flown and tracked
with the Omegu tracking station we had
developed., A distance comparison is shown
in Figure 4. Relative Omega positions
tracked very well, however, deviations
from the GMD positions varied trom 22 to 3
kiloweters. The orientation ecrror (not
shown) between the GMD and OMEQA trucking
systems was very stable. The mean error
was 4 -50 dedrees from north (360
degrees). The best agreement in the
distance error occurred at around 1200
ucr.,
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Figure 2. Flight 889-21 was launched fros Hollosan AFb, Na at 1842
MDY, The balloon stayed within 200 kiloseters of the lauack wite (or
N doute.
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Figure 3. Fligdbt H89-2{ was launched frow Bcllossa AF', <& ot 1342
#bT. Nale the sbarp cbange in the trajectory ot I8F UL,

The balloon reached its nighttime
float altitude, 36 kw, about one hour
after balloon sunset. The float and
tewperature profiles were nowminal., After
achieving float, the ovalloon was quite
stable, descending very slowly through the
night. The ballua»t floor, 32 kiloweters,
wus reached jus' prior to balloon sunrisc.
Therefore, it is uncertain whether the




initial rise in altitude shown in Figure 5
is due to sunrise or a ballust pour. In
either case warming occurred immediately
and the temperature remained elevated and
stuble for the remainder of the flight. At
this point the flight drift changes trom
westerly to easterly. Although not as
strongd us on subsequent daytime ftlights,
increased temperature fluctuations were
noted,
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Pigute 4, Plight Bi3-21 was launched fros Hollomas AFB, MK st 1842
NUT. Note the differencea in the deviations for different timey of
the day.
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Figure 5. Plight B¥3-21 was launched from Holloaas 4FB, Mi at 1842
¥OT. The sharp rise in altitude acd tesperature degaa just prior to
balloon susrine,

8. 1990 Flights

The trajectories, altitude and
temperature profiles for the five good
data flights luunched frow Roswell, NM in
July of 1990 are shown in Figures &
through 14.

The first fliyht, H90-08, was
launched at 1226 MDT on July 28, 1990.
Three significant features were noted on
this flight. First, just after reaching
float altitude, 29 km, the balloon began a
moderate descent at about one meter per
second which continued at this rate to the
termination altitude, 21 km. Second, the
trajectory backed from a westerly to a
wett southwesterly heading. The point of
change was 75 km west of the launch msite.

T
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The time was 1500 MDT.
reaching tloat there were 20 degree
Ltemperature spikes. The ambient
temperature was a -43 degree C, The slow
constant descent would have provided some
ventilation for the thermistor and dawped
the boundary luyer effects, therctfore, a
wore stable temperature curve would be
expected. The trajectory, Y component
versus time and tewmperature/altitude
profiles ure shown in Figures 4, 7 and 8.
The cloud cover alonyg the trajectory was
penerally thin cirrus clouds, except for a
heavy cumulus forwmation over the
Sacramento Mountaing.

Third, after

HO0-08 FLGHT TRAJECTURY
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Figure 6. Plight H90-08 was launched from Roswell,
Note the change in trajectory abt -b0 kiloseters,

NN at 1228 MDY,
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Figure 1. Flight H90-08 was launched from Roswell,
Note the change in trajectory at 2100 UCT,

Ne at 1226 MDY,
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Figure 8. Pligdt H30-08 vas launched frow Roewell, wi at 1228 Wuf.
Note the large teaperature deviations throughuut the {loat period.




~ The second flight, H90-09, was
launched at 0909 MDT on July 29, 1990. It
reached float altitude, 29.4 kilometers,
at 1100 MDT, floated through solar noon
and was terminated at 1300 MDT. Unlike the
previous flight there were fluctuation in

the trajectory but no significant backing
or veering. A strong thermal spike
occurred just after the balloon entered
float. These data are shown in Figures 9,
10 and 11, From the balloon's geometry and
sun angle it is estimated that the
therwistor was in the balloon's shadow
from 1145 MDT until termination. During
this period the temperatures appearcd more
stauble and slightly cooler. The cloud
cover along the trajectory was thin bLroken
cirrus clouda. Ballaat pours accurred at
1222 and 1254 MDT.

A90-09 FLUGHT TRAJECTORY
WSWELL NM JULY 28, 1990 0909-1303 MDT
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Pigure 8. Plight B90-09 was launched fros Roawell, Nk at 0309 MOT.
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See Figures 12,
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thin broken cirrus clouds.
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Figure 11, Plizht ¥90-09 was launched froa Raswell, ¥4 at 0309 NDT.
Note the strong tesperature deviativog just after the ballace
entered flaat,
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Pigure 10. Plight 790-09 was launched fros Roswell, ¥ at 0903 ¥pT.
¥o sigaificast chasges vere noted in the ¥ (porth-soutd) component.

The third flight, HY0-10, was
launched at 0414 MDT on July 30, 1990.
Sunrise occurred during ascent at 21
kilometers. Backing to the west southwest
heading wus noted in the trajectory,
however, the point of change was further
woent, 120 kiloweters west of the launch
site., The time was 0800 MDT. At 0900 the
drift to the southwest changed back to
the more noraal westerly drift, In the
early portion of the floal period the
temperatures were relatively stable. The
occurrence of thermal spikes began about
0730 MDT and continued sporadically until
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Figure 12, Plight §90-10 was launched froe Roswell, NN ot D414 XDT.
Note the atrony backing in tbe Lrajectory at -120 kilumeters.
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bigare 11, Flight B90-10 vas launcbed from Roswell NN ot 0414 SDT.
Note the cbange i1a Lesjeclary at 1400 UCT.
The fourth flight, H30-11 was
launched at 2358 MDT on July 31, 1990.
Climbout and float were in darkness. As in

the previous flights there wus a backing

of the trajectory.
this flight was

of

The puint of change for
150 kilometers west
launch site and the time was U400 MDT.

the
The
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temperature was relatively stable and near
ambient ~45 degree C. There were slight
spikes in the negative direction,
consistent with downwash from the cooler
radiative temperatures of the balloon. The
¥yraphical descriptions for this flight are
shown in Figures 15, 16 and 17. Ballast
drops were made at 0928, 1000 and 1032
MDT. This flight overflew a thin broken
cirrus cloud layer.

f90~10 ALTITUDE/TEMPERATURE
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Piguee 14, ¥light B30-10 vas launched from Roswell, Nx at 0414 WOT.
Note the strony tesperature fluctustioas after ballace sunrise.
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Figuee £5. Flight W30-11 wes launched from Roswell, N at 2358 ur
Note the backing is trajectory at -160 kilcneters.
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Figure 1§, Plight §30-11 was lounched fros Roswell, WM ot 2358 NOT.
Bote the change 18 traiectors at (000 UCT.

The fifth and final flight of the
series, HY0-13, was launched at 1916 MDY
on August 2, 1990. Bualloon sunsct occurred
during ascent at 23 kiloweters.
Tmmediately after reaching float a descent
of 2.5 meters per second was established
and continued until the first ballast drop
atl 2308 MLT. A second drop was mude &t
2340 MDT. The trajectory in this cuase
veered slightly instead of backing us in
the previous frlights at 140 kilometers
west of the launch point. The time wus
2230 MDT. The temperature trace for this
flight was the most stable of all the
tlights. There were no significant
deviusutions. The trace tracked the f(loat
descent and ascent of the balloon very
well. These dats are shown in Figures 18,
19, and 20. Cloud cover for this flight
waus 4 layer of thin broken cirrus clouds.

H0-11 ALTITUDE/TEMPERATURE
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Pigure 17. Flight K$0-11 wvas launcbed (ros Roswell, Wi at 2358 Wbt
Kote the aegative teaperature fluctustions.
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Figure 18, Plight 30-13 was lavached fros Roavell, WM ot 1516 WUT.
Yote the veeritg in trajectary at -169 kiloselers.

S, Pjscusgion

The temperature data collected
exhibited some unexpected anomalies in the
daytiwe flights. Because of solar loading
and boundary layers effects, elevated
daytime tewperaturus were expected,
however, the strong thermwal spikes were
not. One possible explanation was the
orientation of the radiosonde. To test
this a radiosonde subjected to stronx




incoming solar radiation in front of a
closed window in a closed room. Every
fifteen minutes the radiosonde was

rotated 90 degrees. Temperatures were
recorded and compared for each fifteen
minute segment. No significant differcnces
were noted in any of the positions. These
test duta are shown in Table 3.

TABLE 3.

RADIOSONDE SOLAR LOADING TEST

Begin Test End Test Position
Deyg C Deg C
31.4 31.6 Facing sun
30.1 29.9 90 deg left
30.9 30.17 Away from sun
29.2 29.9 90 deg right

Table ). & teat for solar losdiag vac sade ia & closed roce at about
0150 abs. Mo sigarficant differeaces were noled. The caposure time at
each position was 15 misutes.

HO0-13 ALTITUDE/Y COMPONENT
ROSWELL, N AUC 2, 1000 10182368 MDT
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Figure 20. Flight U30-1) was louached [roa Rowvell, NN at 191§ WDT.
Jote the abuence of temperature [luctuatioas durind this periad.

These daytime temperature
fluctuations appear to be random. No
correlation was observed as to geoxraphic
location, time of duy or time at float,

although two of the spikes occurred very
soon after the balloon had settled into
flout. These data are shown as a4 cowposite
sumwary in Figure 21. It is evident that
the tewperature deviations are daytLime
phenomena, Elevated temperatures and
fluctuations were expected but the
magnitude was surprising. 1t is
interesting to note on Flight HB8Y-21 where
the radiosonde was about two feet below
the payload, much smaller devialions were
measured. However, the mean daytime
temperature was much higher above umbient.

An analysis of the trajectory data
indicutes 4 correlation between the change
in direction and the time of duay and/or
the geographic location. These changes in
direction correlate with the tiwe of tLhe
six hoQr surface presgsure nodes at 0300,
0900, 1500, and 2100 Jocal tiwe. These six
hour pressure nodes are reflected in Lhe
surface pressure as higher pressures at
0900 and 2100 and lower pressures at 0300
and 1500 local time., There is also a
weuker correlation with geodruphic
position in that the most frequent change
vccurred over the Sacraswento's ridge
crest. It is interesting to note that
Flight H90-09 which was flown between
pressure node tjiwes had no significant
changes. These data are shown in Tuble {.

TABLE 4

TRAJECTORY TIME/DISTANCE COMPARISON

Flight Time of Dist from Character
Number Change Launch Site
(MDT) (KM)

(longitude)

1i89-21 1000 +40 Veered
(105.66)

H90-08 1500 -15 Backed
(105.20)

1190-09 No Sig No Sig

H90-10 0800 -120 Backed
(105.83)

HY0-11 0400 -150 Backed
{l106.08)

HY0-13 2200 -140 Veered
{105,40)

Table 4. This table correlates the time of a significant chatge in
trajectory, Lhe location of the change aod the character of the
change.

These duta are shown in composite
form in Figure 21. As shown in the gdraph
Lthe largest direction chunges occurred at
1000 and 1400 UCT.

The amount and type of cloud cover
was compared with the altitude,
temperature profiles and trajectories by
compuring the satellite pictures with the
flight data. There was little difference
in e¢ither type or mmount of cloud from
flight to flight. Nothing of interuest was
noted in the cloud analysis.




10. Supmary

There appears to be a good
correlation between time of day and the
change in trajectory which coincides with
the time of the aix hourly surface
pressure nodes. There is s weaker
correlation with location. These data are
masked by ballast drops and changes in
bulloon altitude which could also account
for the changes. These few duta points and
wasking paraweters make the correlation
less definitive,
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Pigure 21. Composite tesperature graph for the 1950 Rogwell, WM
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day.
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Figure 22. Cosposite T-component versus tise for the Roswell, ¥4
1999 {1ightae.

The thermal spikes observed during
the daytime flights appear to be real data
of unknown origin. They do not tit with
the entrainment or boundary layer models.
Nor do they correlate with any of the
investigated parameters. They are sporadic
and short in duration. Further study is
needed in this area.

11. Acknowledgements

I deeply appreciate the invaluable
assistance received from the people at our
fieid site at Hollomun AFB, NM, for their
help with the launch, tracking and

—— e aema
.I’

il TS,

recovery of these systems. In particular
my thanks to Joe Longshore and Joe
Fumerola for their help in assewmbling the
payload and Jerry Black for assistunce 1in
data formatting and aunalysis. At hcuwe wy
thanks to the shop technicians who built
the electronics puckuge and Catherine Mlice
for assistance in the technical
preparation of this paper.




