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Characteristics of multi-phase flow scale inhibition in
heat pump evaporation system
HOU Chao'”, LI Wei-zhao'* , ZHANG Chong', YANG Lu-wei'”, ZHANG Gui-lan',
SUN Ye-wang', WEI Juan'
(1.Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Beijing 100190, China;
2.University of Chinese Academy of Sciences, Beijing 100049, China;
3.China Nuclear Power Engineering Co., Ltd., Beijing 100840, China)

Abstract: The online scale inhibition and enhanced heat transfer performances of a set of multi-phase flow heat
pump evaporation system is verified through employing ammonia-evaporated waste liquid as the liquid material , and using
alumina and polyoxymethylene as the solid scaling particles.It is verified by results that the existing scale layer can be
removed effectively after adding alumina particles, and the heat transfer coefficient of the evaporator is improved from
392.5 W/ (m*-K) after scaling to 1 712.2 W/ (m”+K).As descaling by alumina particles, the heat transfer coefficient
remains unchanged after 130 h of continuous operation.The heat transfer coefficient of the evaporator is greatly affected by
the property parameters of solid particles. With the increases of the diameter, density, type, and volume fraction of solid
particles , the heat transfer coefficient increases as well. However, the fluidization state will be weakened and the heat
transfer coefficient will decrease consequently when these parameters increase excessively. The higher the thermal
conductivity of the particles, the better the heat transfer enhancement effect. Moreover, circulation flowrate and particle
distribution form have also big impact on the heat transfer coefficient of the evaporator.Increasing the circulation flowrate
contributes to enhancing the heat transfer effect. Different particle distribution forms are beneficial to improve the heat
transfer coefficient,in which double-layer perforated plate distributor can also facilitate particle transportation, which is
helpful to enhance the proportion of particles entering heat exchange tubes and hence presents a better heat transfer
enhancement effect.

Key words : multi-phase flow scale inhibition; on-line scaling prevention; steam-driven forced circulation; heat-

pump evaporation ; waste liquid from ammonia evaporation
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