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Numerical Simulation of Aqueous NaCl in Parallel Hot Air Mixing
and Spray Flashing within Finite Rectangle Tube
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Abstract: In order to improve desalination efficiency, aqueous NaCl solution is selected as the
working fluid for investigation on its evaporation characteristics under the combined effect of
spray flashing and parallel hot air mixing within finite rectangle tube. Based on experimental re-
sults, a comprehensive mathematical model is set up for the entire evaporation process from the
non-equilibrium evaporation stage controlled by superheat to the equilibrium evaporation stage
controlled by hot air convection. The relative error between the calculation and experimental re-
sults is mainly less than 5%. With this model, numerical simulations were carried out with initial
droplet size between 30 and 110 pm, initial droplet temperature of 120 °C, initial salt concentra-

tion between 0 and 10% , initial droplet speed of 20 m/s, initial mixing hot air speed between 5
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and 15 m/s, and initial temperature between 100 and 200 ‘C. Results suggest that the droplet
temperature, velocity, particle size as well as salt concentration all change rapidly at the edge of
the spray plume, but slowly along the spray axis. With the increase of spray distance, the aver-
age droplet size, velocity as well as temperature decrease, but the average salt mass fraction in-
creases. The increase of initial salt mass fraction shows no obvious effect on the evolution with
distance of the aforementioned parameters. The evaporation efficiency is introduced as the ratio of
the total evaporation mass of droplets to the initial mass of droplets within a given spray distance.
Results suggest that reducing the initial droplet size, increasing the hot air temperature and at the
same time reducing the hot air velocity are effective to improve the evaporation efficiency and
enhance concentrating of droplets. A semi-empirical formula for evaporation efficiency is pro-
posed, yielding a main error within £ 15% between its calculated value and the simulation

results. The research results above are applicable to design and operation of industrial desalination

LoV

systems.

Keywords: spray flash; parallel flow mixing; finite channel; spray flow field; evaporation
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Fig. 1 Experimental system of parallel hot air mixing with
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spray flashing of aqueous NaCl within finite rectangle

tube
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Fig. 2 Geometric structure in CFD simulation
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Fig. 3 Grid independence verification
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Fig. 4 Comparison between experimental and simulation results
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Fig. 9 Variation of droplet cross-section average temperature

with spray distance
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