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Abstract
The North Dakota Atmospheric Education
Student Initiated Research (ND-AESIR) team
launched a balloon during the total solar
eclipse in Rexburg, Idaho. After the umbra’s
passage, the balloon experienced
unexpectedly high levels of atmospheric
turbulence. Video footage taken from the
payload displays the conditions, and analysis
of flight path data models created from the
iridium GPS confirm that unusually violent
turbulence occurred. These forces caused the
key rings holding the bottom of the parachute
to the payload train to rip open; the balloon
and parachute flew away and the payloads
free fell to the surface from an altitude of
68,301 feet. We hypothesize that the umbra’s
passage caused a temperature dip sharp
enough to cause a significant pressure
differential, creating the ensuing turbulence.
Radiosonde data from Montana Space Grant
Consortium eclipse balloons and mechanical
engineering properties of the key rings will be
analyzed. These findings are expected to
support our hypothesis and give a better
understanding of the specific atmospheric
conditions. Future research recommendations
include a payload package design to be flown
during the next eclipse that includes a suite of
instruments to better study the forces behind
eclipse induced atmospheric turbulence, in
addition to payload connections that can
withstand the higher forces experienced in
these conditions.

Payloads
• Iridium GPS unit (MSU)
• Raspberry Pi Video Camera (MSU)
• Ozone sensor: developed by Dr. Nirmal
Patel of University of North Florida for
flight on NASA’s HASP (High Altitude
Student Platform) balloon launch
(UNF/UND)
• Ping Pong balls: Education outreach to
third grade classroom in North Dakota.
(UND)
• Go Pro camera and GPS SPOT tracker for
system redundancy

Flight Profiles

Turbulence
• Our balloon was launched at 11:00 MST
(17:00 UTC)
• Totality occurred at 11:33 MST during
ascension- at an altitude of 40, 722 ft in the
• Approximately 12 minutes after totality, at
11:47 MST and an altitude of 68, 301 ft, the
balloon encountered extreme turbulence
• Video footage shows rapid oscillations and
sharp jerking of the balloon and payloads
• Key rings connecting the parachute to the
top of the payload train ripped open
• The payload train separated from the
parachute and free fell to the surface
• Minimal damage was sustained by the
payloads, and all damage was repaired

Flight Profiles

Conclusion
Radiosonde Data (MSU Bozeman)
• ND- AESIR’s balloon experienced
significant atmospheric turbulence after
totality passed
• No atmospheric sensors (aside from the
UNF ozone sensor) were flown
• It was expected that analysis of MSU’s
radiosonde data collected during the
eclipse would show similar conditions
encountered and explain the turbulence
• Turbulence patterns experienced by MSU
radiosonde balloons did not explain
turbulence experienced by UND

The turbulence encountered by the balloon
following the total eclipse was unexpected,
and appears to be a unique phenomena. It
is hypothesized that the turbulence was
caused by a pressure differential resulting
from rapid temperature drop occurring
during the passage of the umbra. While
other teams did not report the same
turbulence, we suspect this may be
because our balloon was at a lower altitude
and still in the troposphere during totality
and shortly after, and temperature and
pressure drop could have been more
extreme than at higher altitudes. Further
study is needed, as analysis of radiosonde
data on MSU balloons did not confirm or
deny the hypothesis (possibly because our
balloon was at a different location and
altitude during totality). On future flights
we intend to fly more sensors to better
record and study atmospheric conditions
during flight. Additionally, alternate
methods of payload train integration are
needed to ensure structural failure does
not occur again.

