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Modeling and Thermodynamic Analysis of Vacuum Crystallizer with Heat Pump
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ABSTRACT: In this article, a forced circulation crystallizer under a vacuum, which consists
of crystallizer, pump, and heat exchanger, is proposed for the purpose of providing fresh water for
consumption. To simultaneously supply the heating load of the crystallizer and also to distill the water
vapor coming out of the crystallizer, a heat pump has been used as a new method. A laboratory set
is designed and built to demonstrate the feasibility of the proposed system, which includes a forced
circulation crystallizer cycle. The average error percentage between the laboratory and simulation
results was reported as 4.8%. The results indicate that by changing the inlet temperature and pressure
of the crystallizer, the rate of salt crystal production and freshwater production increases by 0.65 and
19.81 kg/h, respectively. Electric energy consumption also decreases with the increase of feed water
inlet temperature and the heat capacity of the heat exchanger, and the lowest amount of electric energy
consumption occurs at the temperature of 50 degrees Celsius, the pressure of the crystallizer is 0.085 bar,

and the heat capacity of the heat exchanger is 13.25 kw.
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1- Introduction

Although the Earth is covered by 70% water, 97% of
this water is saline, 2% is freshwater in the form of ice and
groundwater, and only 1% is potable water [1, 2]. High-
salinity water, along with thermal and density variations,
affects the electrical conductivity and evaporation rate of
seawater [3]. These factors lead to changes in seawater
desalination systems. The use of zero-liquid discharge (ZLD)
desalination methods prevents these issues[4].

Previous studies indicate a lack of knowledge regarding
the utilization of a forced circulation blower in conjunction
with a heat pump to supply the required energy. Therefore,
this research conducts a thermodynamic simulation of
the integration of a forced circulation blower cycle with
a heat pump cycle, validated through experimental work,
to investigate the effects of operational parameters on the
freshwater production rate and salt crystal formation.

2- Methodology

Figure 1 illustrates a schematic of the proposed
crystallizer, which consists of two interconnected cycles: a
forced circulation crystallizer cycle (numbered 1-2-3-4-5-6-
1) and a heat pump cycle using R134a refrigerant (numbered
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Fig. 1. Phase velocity dispersion curves for a steel pipe
with outer diameter of 220 mm and wall thickness of
4.8 mm

10-11-12-13). Figure 2 shows the constructed experimental
apparatus. The feed solution from the reservoir, along with
the slurry output from the crystallizer, is circulated by a
circulation pump, and its temperature is increased in the heat
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Fig. 2. Laboratory apparatus constructed

exchanger by receiving heat from the hot water exiting the
water heater package. The solution is heated to its saturation
temperature and then enters the crystallizer chamber, which
is at saturation concentration and vacuum pressure. A portion
of the water evaporates due to the sudden pressure drop,
causing flash evaporation. This flash evaporation increases
the concentration of the solution and cools it down to the
boiling point temperature at the chamber pressure. This
increase in concentration and decrease in temperature leads
to the formation of salt crystals. The produced salt exits from
the conical section of the crystallizer. The generated vapor is
then condensed in the cooling chamber by the vacuum pump
and stored in the fresh water reservoir.

3- Results and Discussion

Figures 3 a and b show the effect of varying the inlet feed
temperature at different pressures in the crystallizer chamber
for three cases of 0.085, 0.11, and 0.14 bar, and the heat
capacity of the heat exchanger for three cases of 12.75, 13,
and 13.25 kW on the salt crystal production rate.

It can be concluded from the graphs that with an increase
in the inlet feed temperature, the salt crystal production
rate increases. Additionally, by reducing the pressure in the
crystallizer chamber and increasing the heat capacity of
the heat exchanger, the salt crystal production rate can be
enhanced.

Figures 4 a and b show the effect of varying the inlet feed
temperature at different pressures in the crystallizer chamber
for three cases of 0.085, 0.11, and 0.14 bar, and the heat
capacity of the heat exchanger for three cases of 12.75, 13,
and 13.25 kW on the freshwater production rate.
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Fig. 3. Effect of feed inlet temperature and (a) crystal-
lizer chamber pressure at a constant heat capacity of 13
kW, (b) heat exchanger capacity at a constant crystallizer
pressure of 0.14 bar, on the salt crystal production rate.

As expected, the results show that with an increase in the
inlet feed temperature, the heat capacity of the heat exchanger,
and a decrease in the pressure of the crystallizer chamber, the
freshwater production rate increases.

4- Conclusions

In the present study, the modeling of the heat pump system
connected to the crystallizer system was conducted, and the
crystallizer system along with the heat pump was simulated.
The highest amount of freshwater was produced at an inlet
feed temperature of 25°C, a crystallizer chamber pressure of
0.085 bar, and a heat exchanger capacity of 13.25 kW.
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Fig. 4. Effect of feed inlet temperature and (a) crystal-

lizer chamber pressure at a constant heat capacity of 13

kW, (b) heat exchanger capacity at a constant crystallizer

pressure of 0.14 bar, on the freshwater production rate.
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Fig. 1. Schematic of a Forced Circulation Crystallizer with a Heat Pump
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Fig. 2. Laboratory apparatus constructed
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Table 2. Parameters in the Simulation of the Heat Pump Cycle
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Fig. 4. Simulated Model in Numerical Code
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Table 4. Comparison of the Obtained Results with Experimental Results
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Fig. 5. Effect of feed inlet temperature and (a) crystallizer chamber pressure at a constant heat capac-
ity of 13 kW, (b) heat exchanger capacity at a constant crystallizer pressure of 0.14 bar, on the salt
crystal production rate
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Fig. 6. Effect of feed inlet temperature and (a) crystallizer chamber pressure at a constant heat capac-
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Fig. 9. Effect of crystallizer chamber pressure and (a) feed inlet temperature at a constant heat capac-

ity of 13 kW, (b) heat exchanger capacity at a constant inlet temperature of 25°C , on the freshwater
production rate
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