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Flow and thermodynamic properties of efficient gas wave refrigeration plant
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(School of Chemical Machinery, Dalian University of Technology, Dalian 116023, Liaoning, China)

Abstract: With the theory of aerodynamics, the efficient gas wave condensation graph was established. To
optimize the gas wave condensation graph and estimate the internal structure parameters of the device, the
two-dimensional periodic boundary model was adapted and the ideal gas as the medium was used to numerical
simulate the flow and temperature field of the efficient gas wave condensation separator. The thermodynamic
model of condensing system was established and its thermodynamic properties were analyzed. At the same time,
the experimental platform was built, and the main parameters of the device were studied. The experimental results
shows: by using the shock wave to recycle the pressure energy of the high pressure admission, the pressure energy
of the drying gas can be highly recovered. By recycling the cooling capacity of the drying gas and pre-cooling the
next high pressure admission circulation, the lower condensation temperature can be obtained. The refrigeration
efficiency of this device exists the single-valued optimal point. The internal expansion efficiency of efficient gas
wave condensation is about 63% and the maximum of the drying gas pressure can be recovered to 90%, which
decreases with the increase of the pressure ratio.
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Fig.1 Structure schematic of wave rotor
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Table 1 Structural parameters of test system
Geometry size Value
channal length/mm 186
channal width/mm 8/16
channal height/mm 16
channel pitch diameter/mm 120
channel partition thickness/mm 1.0
clearance/mm 0.5
high pressure nozzle opening angle/(°) 0
high pressure nozzle closure angle/(°) 29
high temperature nozzle opening angle/(°) 13
high temperature nozzle closure angle/(°) 39.5
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Table 2 Operating parameters of test system

Operating parameter Inlet Outlet
pressure/MPa 0.26 0.1
temperature 7/K 288 288
peripheral speed/m-s™ 160 0
axial velocity/m-s™" 26.4 0
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Table 3 Operating parameters of calculation model

Operating parameter Value
refrigerant pressure ratio, 7 1.5—2.5
high pressure inlet temperature, 7;/K 288
pressure recovery coefficient 0.8—0.9
low pressure return pressure, P3/ kPa 102
low pressure return temperature, 75/K 288
wave rotor speed, n/r'min”! 2900
wave rotor channal length, L/mm 400
wave rotor channal width, B/mm 14
number of nozzles per cycle, N 2

Note: #=P,/Py, o=P,/P.
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pressure ratio

Geometry size Value

mean temperature of low temperature chamber, 7,/K 260
mean temperature of high temperature chamber, 7,/K 330
high pressure nozzle width, 24/mm 48

center offset between high pressure and high temperature, B/mm 67.3
high temperature nozzle width, 2(B—C)/mm 52

channel pitch diameter, 2R/mm 390
high pressure seal length, (D—-4)/mm 72.5
clearance, 6/mm 0.5
high temperature seal length, (E+C-2B)/mm 24
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