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To improve the efficiency of the refrigeration cycle in two-phase flow ejectors, the shock
and the expansion waves at the nozzle exit greatly affect the pressure recovery of the ejector
and need to be understood. In the mixing section of the ejector, the suction flow of the
subsonic single-phase gas refrigerant flows through the outside of the driving flow of the
supersonic two-phase refrigerant. Within these flow fields, shock and expansion waves that
affect the performance of the ejector can occur; therefore, such effects must be taken into
account in the design of the ejector system. To clarify these phenomena, the flow
characteristics were analyzed with respect to the gas—liquid phase transfer of momentum,
heat, and mass while considering the shock and expansion waves with a wide range of sound
velocities in the mixed flow field. In addition, the oblique shock and expansion waves were
experimentally measured using a carbon dioxide refrigerant, following which they were
compared with the analytical results.

The analytical study confirmed that in flow fields in which both the two-phase and the
gas-phase flows are in supersonic states, shock and expansion waves do not depend on the
relaxation time or the gas-phase thickness and will constantly form at the deflection point on
the inclined wall. The analysis accurately predicted the supersonic behavior of the shock and
expansion waves. In contrast, under conditions that flow fields involving a supersonic
two-phase flow and a subsonic gas-phase flow, by assuming the momentum relaxation
phenomenon is between equilibrium and frozen states, the shock and expansion wave are not
to generally occur in the single gas phase flow, and this enables the gas-phase flow of this
analytical study to exist. For this reason, it is thought that this is because the pseudo-diffuser
and convergent nozzle effect induced in the upstream side of the deflection point if an
intermediate state is assumed for the relaxation phenomenon. In addition, by considering the
thermal relaxation and phase transition, it became clear that the effect on the thermal
relaxation time was smaller than that on the momentum relaxation time. This is attributed to
the smaller effect of the change in thermal relaxation compared to that of the change in the
momentum relaxation in terms of the sound velocity of the two-phase flow. Furthermore,
there is a relationship between the relaxation among phases and the gas-phase thickness,
which depends on the length of the calculation area. The analytical results clarified the
characteristics of the shock wave and the expansion wave in the mixed flow field with
different sound velocities between, for example, the two-phase flow and the gas flow.

In the experiments, an oblique shock wave with a constant-pressure surface inclined from
the horizontal plane and an expansion wave were produced, as evidenced by the delay in the
pressure increase and decrease in the flow direction with increasing distance between the
measurement points, including the nozzle center and the upper wall surface and the lower
wall surface. In addition, the comparison with the model considering the phase transition




showed that the experimentally measured shock and expansion waves behaved similar to
droplets of d, = 3 [um] within the scale of the typical length L = 2.5 [mm]. The experimental
results thus confirmed the pressure distribution obtained by the analysis.

The results of this paper clarified the basic properties of the shock and expansion waves
generated in flow fields with different speeds of sound, e.g., in the mixing section of an
ejector. The results will be used to design a two-phase ejector for pressure recovery using two
shock waves in the mixing section.




