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Rarefaction Waves at the Outlet of the Supersonic
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Abstract

Two-phase flow nozzles are used in the total flow system for geothermal power plants and in the ejector of the
refrigerant cycle, etc. One of the most important functions of a two-phase flow nozzle is to convert the thermal energy
to the kinetic energy of the two-phase flow. The kinetic energy of the two-phase flow exhausted from a nozzle is
available for all applications of this type. There exist the shock waves or rarefaction waves at the outlet of a supersonic
nozzle in the case of non-best fitting expansion conditions when the operation conditions of the nozzle are widely
chosen. Those waves affect largely on the energy conversion efficiency of the two-phase flow nozzle. The purpose of
the present study is to elucidate the character of the rarefaction waves at the outlet of the supersonic two-phase flow
nozzle.

The high pressure hot water blow down experiment has been carried out. The decompression curves by the
rarefaction waves are measured by changing the flow rate of the nozzle and inlet temperature of the hot water. The back
pressures of the nozzle are also changed in those experiments. The divergent angles of the two-phase flow flushed out
from the nozzle are measured by means of the photograph. The experimental results show that the recompression curves
are different from those predicted by the isentropic homogenous two-phase flow. The regions where the rarefaction
waves occur become wide due to the increased outlet speed of two-phase flow. The qualitative dependency of this
expansion character is the same as the isotropic homogenous flow, but the values obtained from the experiments are
quite different. When the back pressure of the nozzle is higher, these regions do not become small in spite of the super
sonic two-phase flow. This means that the disturbance of the down-stream propagate to the up-stream. It is shown by
the present experiments that the rarefaction waves in the supersonic two-phase flow of water have a subsonic feature.
The measured expansion angles become larger by increasing the flow rate of the two-phase flow and by decreasing the
back pressures.
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Fig. 1 Configuration of the experimental nozzle
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Fig. 5 Pressure profiles on the upper wall at the
outlet of the nozzle at Tin = 130 C for
several outlet velocities
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Fig. 6 Non-dimensional pressure profiles at Tin =
130 °C for several outlet velocities
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Fig. 11 Non-dimensional pressure profiles at 7in =
140 °C for several outlet velocities

1.0% P,
—A— 1.45%10°[Pa]
08l —m— 1.19x10:[Pa]
~ —e— 1.03 x10°[Pa]
Q
;0.6 -
Y
~
041
&
0.2
00 s O SRR A
N " 1 " 1 " 1
0.00 0.02 0.04 0.06

Distance from the nozzle outlet zm]

Fig. 12 Non-dimensional pressure profiles at 7in =
140 °C for several back pressures

DIFELT-. ™ 13(a), (b)DLEMICENFNGEN
BWGE EBEWEAED 7 VOO X D
HBHEAZRT. SEAZEMSED EWFOILA Y /A5
Wb L, ZAIOFEAKEAHEMN LT DEET-233 D

INHOEENS, BT 25 THIZIEIEERR

(b) at high back pressure

Fig. 13 Photographs of two-phase flow flushed out
from the nozzle
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