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Numerical simulation of airflow field of expansion waves

penetrating structured sphere arrays with large porosities
ZHANG Lite, WU Bowen , YU Qiuli, LIU Tiancheng, FENG Zilong
(Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Aiming at the airflow problem induced by an expansion wave epentrating structured sphere
arrays with large porosities, three-dimensional RANS (Reynolds-average Navier-Stokes) equation and
realizable k-epsilon turbulence model were used to carry out the numerical simulation for the airflow fields
under different (or solid phase) volume fractions of sphere array. rupture pressure ratios and sphere array
arrangements. Besides, the influencing rules of the above factors on propagation characteristics of
expansion waves and sphere resistance coefficient. The results show that incident expansion waves will be
continuously reflected by the surfaces of the spheres when penetrating the sphere array, thus leading to the
appearance of lots of incident expansion waves. For smaller rupture pressure ratios, these reflection waves
have strong aggregation and superimposition effect, exist stably for a long time and therefore form a
regular wavefront easily. At this moment, the resistance coefficient of the sphere increases. Under a certain
operating condition, there exists a critical volume f{raction for a given sphere array arrangement. When the
actual volume fraction is greater than the critical value, a reflected expansion wavefront can form;
otherwise, it cannot form. Under a restriction of large porosities, the increase of volume fraction

contributes to enhancing the interference of reflected expansion waves, and thus the resistance coefficient of
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spheres increases. For three different arrangements of spheres, namely, crystal cubic (CC), bis-face-centered cubic
(BFCC), and staggered cubic (SC), the resistance coefficients are sorted in descending order as below: SC, BFCC
and CC, which is mainly due to the difference of distance between neighboring spheres.

Key words: cubic cell; sphere array; expansion wave; reflection wave; volume fraction
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