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The detailed structure of the shock wave in an under-expanded jet from an
ultra-small rectangular nozzle has been quantitatively revealed. The shape of the density field in
the cross-section perpendicular to the central axis of the jet changes from a square to a rhombus
and back to a square as we move downstream from the nozzle exit. This phenomenon is called axis
switching. The phenomenon is induced by expansion waves, not by the vortex structure within the
shear layer that develops at the jet boundary.

In a two-dimensional rectangular convergent nozzle, the regions of expansion and compression in the
first shock cell near the nozzle exit have a two-dimensional structure except for the outer
boundary of the jet. On the other hand, downstream of the nozzle outlet, the shock cell has
three-dimensional flow characteristics, with the x-directional length of the expansion region in the

cell decreasing downstream.
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