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Fig.1 The working principle of the vortex tube
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Fig. 2 Structure of forced cooling vortex tube
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Fig.3 Vortex tube experiment platform
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Fig. 4 Experimental flow chart
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Fig. 5 The mesh of the nozzle and the outlet of

the hot air
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radial position
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Fig. 7 Comparison of the temperature distribution

with and without the cooling structure
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Fig. 8 Influence of forced cooling on temperature

distribution of cold end exit
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Fig. 9 Influence of forced cooling on cooling effect

of vortex tube
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Fig. 10 Influence of forced cooling on the refrigerating

capacity per weighing of Archimedean and

straight nozzle vortex tube
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Influence of forced cooling on the isentropic

Fig. 11
efficiency of Archimedean and straight nozzle

vortex tube
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cold flow rate under different pressure ratios
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Effect of cooling hot tube on performance of vortex tube

LI Haorui', Al Guosheng’, ZHANG Hengrui', WANG Kun’, ZHAO Yiming', HU Dapeng”'

( 1. School of Chemical Engineering, Dalian University of Technology. Dalian 116024, China;
2. Tarim Qilfield Company, Korla 841000, China )

Abstract: Energy separation in the vortex tube causes heat exchange between the high temperature
fluid in the outer layer and the low temperature fluid in the inner layer, which affects the refrigeration
effect. Based on the principle of convective heat transfer, a forced cooling vortex tube structure was
designed. A chamber of cold water was added at the hot end of the vortex tube, and the circulating
water was passed through to cool the outer wall of the vortex tube. The experiments and the
numerical simulation with different structural and operating parameters were carried out to study the
influence of cooling the hot tube on the cooling performance of the vortex tube. The results show that
compared with the traditional vortex tube, forced cooling of the vortex tube can reduce the influence
of the outer heat on the return air and improve the cooling performance of the vortex tube. The
improvement of Archimedean spiral nozzle is more obvious than that of straight nozzle, and the
refrigerating capacity per weighing reaches 12. 53 kJ/kg. Under pressure ratios of 2, 3 and 4, the
cooling performances of forced cooling vortex tubes are all improved. The refrigerating capacity per
weighing of the forced cooling vortex tube increases with the length-diameter ratio of the hot tube

increasing, and the isentropic efficiency is up to 34.1%.

Key words: vortex tube; forced cooling; numerical simulation;experimental verification





