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Energy and exergy analysis of a novel multiple-effect vapor chamber
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ABSTRACT

A novel modular thermally-driven multiple-effect vapor chamber distillation (MVCD) system is pre-
sented for compact and portable desalination applications. The MVCD system consists of several
vapor chambers connected in series with the condenser section of the upstream vapor chambers serv-
ing as the evaporator section of the following effect. A heat transfer model accounting for the major
thermal resistances was developed to predict the heat transfer and distilled water production rates.
A mass transfer analysis was performed to evaluate the effect of the accumulation of the non-condens-
able gasses within the chambers. An exergy analysis was also conducted to quantify the efficiency of
the system from the viewpoint of the second law of thermodynamics. It was found that for a fixed
number of effects, increasing the hot-end temperature increased the distillation rate and decreased
the second law efficiency. On the other hand, increasing the number of effects at a fixed hot-end tem-
perature resulted in increased distillation rate and second law efficiency. The increased salinity of the
feed water resulted in smaller distillation rates and greater second law efficiency. For all the cases, it
was found that sensible heat recovery from the discharging fluids could improve the gained output
ratio (GOR) and the second law efficiency by about 10%. Quantitatively, at a hot-end temperature of
70°C, feed water salinity of 35 ppt and recovery ratio of 36%, the MVCD system with six effects and
energy recovery from the discharging fluids yielded a GOR of 5.0 and a second law efficiency of 3.8%.
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