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Motion characteristics and laws of the debris from a near-space nuclear detonation

LIULi NIU Shengli ZHU Jinhui ZUO Yinghong XIE Honggang

(Northwest Institute of Nuclear Technology, Xi'an 710024, China)

Abstract  [Background] The debris motion is an important phenomenon of a high-altitude nuclear detonation,
which is also a foundation for the study of the geophysical phenomena such as the ionosphere effect and artificial
radiation belt. [Purpose] The study aims to clarify the debris motion characteristics and laws from a near-space
nuclear detonation. [Methods] Firstly, a fluid dynamics model of debris motion from a near-space nuclear detonation
was established. Many influence factors were considered, such as the variation of energy dissipation, air density
varies with height, gravity, air temperature rise caused by X-ray depositions and radiation cooling. Then the
parameters of debris motion within the explosion equivalent of 1 kt~10 Mt and the explosion height of 30~80 km
were systematically studied. The evolutions of parameters such as center height, horizontal radius, expanding
velocity, ascending velocity, and shape of debris were given. Finally, the variation laws of typical characteristic
parameters such as maximum ascending height and expanding radius changing with explosion height and explosion
equivalent were summarized. [Results] When the explosion height is 30 km, the maximum rising height and the
maximum horizontal radius at 5 min for a kiloton-level nuclear explosion debris are about 13~16 km and 4~5 km, the
maximum rising height and the maximum horizontal radius at 5 min for a megaton-level nuclear explosion debris are
about 20~40 km and 15~30 km. When the explosion height is 80 km, the maximum rising height and the maximum
horizontal radius at 5 min for a kiloton-level nuclear explosion debris are about 30~50 km and 20~40 km, the

maximum rising height and the maximum horizontal radius at 5 min for a megaton-level nuclear explosion debris are
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about 200~400 km and 110~220 km. When the explosion equivalent is small and the explosive height is low, the

debris evolves into a flat ellipsoid. When the explosion equivalent is large and the explosion height is high, the debris

evolves into an inverted pear shape. [Conclusions] The results show that the maximum height, horizontal radius, and

speed of the debris cloud increase with the increase in the explosion height and explosion equivalent. The changes of

the height, the horizontal radius, the rising time, and the shape of the debris obtained from the study are in good

agreement with the literature estimation method. Those obtained motion parameters of debris can provide delayed

radiation source information for the study of the geophysical phenomena such as the ionosphere effect and artificial

radiation belt of nuclear explosion in near-space.

Key words Near-space nuclear detonation, Debris, Computational model, Motion law
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