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ABSTRACT: To achieve the goal of deep desalination of saline wastewater driven by solar energy, the evaporation
experiments of Na2SO4 aqueous solution droplets under thermal radiation heating condition have been carried out
with the working conditions of 1450 and 1930 nm, heat flux varied from 1.1 × 105 to 2.5 × 105 W⋅m−2, initial mass fraction
in the range of 0.01~0.16 and droplet initial volume of 2.0~8.0 μL, respectively. The results indicate that absorption
coefficient, initial mass fraction, heat flux and initial droplet volume have significantly influences on the evaporation
characteristics. The main evaporation time can be shortened by 45.6% and 52% with the growth of the initial mass
fraction from 0.01 to 0.16 and the decrease of the initial volume from 8 to 2 μL, respectively. The average evaporation
can significantly increase by 55.7% and by 123% with the increase of the initial mass fraction from 0.01 to 0.16 and
the heat flux varied from 1.1 × 105 W⋅m−2 to 2.5 × 105 W⋅m−2, respectively. Moreover, the average evaporation rate of
the 1930 nm is 47.7% higher than that of the 1450 nm. Meanwhile, the experimental results have a good agreement
with the theoretical values within the relative error in the range of ±30%. In summary, the above results can provide
references for the design and engineering application of the desalination system and device of solar salty wastewater.
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1 Introduction
With the shortage of global water resources and the increasingly stringent requirements for industrial

wastewater discharge, the treatment and resource recovery of saline wastewater are facing major chal-
lenges [1,2]. In recent years, the output of Na2SO4 waste salt in China is more than 10 million tons [3], and
most of these waste salts come from metallurgy, coal chemical industry, printing and dyeing, pesticide, and
other industries [4]. The components of these waste salts are complex and accompanied by various harmful
substances. Thus, how to effectively treat Na2SO4 wastewater becomes particularly urgent and important. At
present, the pretreated Na2SO4 wastewater is an inorganic salt solution mainly composed of Na2SO4. Deep
desalination treatment is carried out, that is, the salt and water in the salt solution are completely separated,
which can not only reduce environmental pollution, but also recover water to the greatest extent. It is an
effective way to solve the above problems [5].

Using solar energy to complete deep desalination is the first choice to reduce processing costs and
achieve green production. The existing process of desalination of wastewater by solar heating is mainly
based on the efficient absorption of solar energy, and the solution is indirectly heated by heat conduction
or convection. In the heat conduction method [6–8], different forms of solid medium provided heat for
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the evaporation of salt solution in the form of heat conduction after absorbing solar radiation. However,
with the increase of salt concentration, the corrosion of the solid medium was enhanced, and it was difficult
to achieve deep desalination. The convection method [9–11] involved heating the air or other gas medium
by using solar energy or other heat sources, and then mixing it with the atomized salt solution. The heat
was provided to the droplet clusters through convection, and the water vapor produced by the liquid-
phase evaporation mixed with the air to form wet steam. Nevertheless, the subsequent separation of these
two phases made the process complex and costly. As is well known, both heat conduction and convection
methods are surface heating, and their heat transfer efficiency is not very high. Considering that the essence
of solar energy is thermal radiation, and the droplet is a semi-transparent medium, the direct heating of salt
solution droplets by solar energy can not only improve the heating efficiency, but also omit the heat transfer
medium. Therefore, the method of using solar energy can simplify the process and reduce the processing
cost. Then, it is necessary to conduct research on the evaporation performance of salt solution droplets under
thermal radiation heating conditions.

In order to achieve this goal, the existing research, the research on the thermal radiation absorption
performance of droplets with different working fluids is worth learning. Studies have shown that the larger
the initial particle size of fuel oil droplets, the more pronounced the enhancement effect of thermal radiation
on their evaporation process; thermal radiation can shorten the evaporation time of fuel oil droplets by
more than 30% under the condition of large particle sizes. In addition, an exothermic phenomenon occurs
during the evaporation of fuel oil droplets, which indicates that the heating power exerts a significant
influence on the droplet evaporation rate, and the intrinsic radiation of droplets can further accelerate
the evaporation process [12,13]. Research on the evaporation of ethanol droplets under thermal radiation
heating has demonstrated that the thermal radiation absorption performance of droplets can be effectively
enhanced by adding suitable components or adjusting the concentration of heat-absorbing media inside the
droplets [14]. Investigations into the temperature field evolution of kerosene droplets have revealed that for
kerosene droplets with a particle size of 2.5 mm, the maximum internal and external temperature difference
can reach 55○C at the initial heating stage. With the decrease in droplet particle size, the temperature of
droplets gradually tends to be uniform, which suggests that small-sized droplets are gradually transformed
into a volumetric heating mode that is more conducive to evaporation [15]. Studies on the temporal evolution
of temperature and morphology of droplets on superhydrophobic surfaces under radiation-convection
coupling conditions have indicated that the internal temperature of droplets on superhydrophobic surfaces
rises first when heated by thermal radiation. Meanwhile, reducing the droplet particle size can significantly
increase the evaporation rate by a maximum of 64%, which proves that decreasing the particle size is
an effective approach to accelerate the droplet evaporation process [16]. Research on the heating and
evaporation of single water droplets has shown that the introduction of thermal radiation can increase the
evaporation rate of water droplets by 23% and raise the saturation temperature by 5○C. It is thus evident
that thermal radiation heating can effectively enhance the evaporation rate and saturation temperature of
droplets to achieve rapid droplet evaporation [17]. Relevant studies have further pointed out that the thermal
radiation absorption performance of droplets is closely related to their volume and shape [18]. Research
on the evaporation of n-decane and diesel droplets under thermal radiation heating has found that the
average absorption coefficient of diesel is 3.9 × 105 m−1, which is much higher than that of n-decane (3.8 ×
104 m−1). Under the same conditions, the evaporation time of diesel droplets is approximately 30% shorter
than that of n-decane droplets, which demonstrates that the absorption coefficient is a key factor affecting
the heating and evaporation of diesel droplets [19]. Research on n-dodecane and pure water droplets under
the combined heating of radiation and convection has shown that both the temperature and evaporation
rate of the droplets exhibit a non-monotonic variation of increasing first and then decreasing. In the early
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stage of evaporation, the heat required for droplet evaporation is mainly provided by convection, while in
the late stage of evaporation, the heat is mainly derived from the external irradiation energy absorbed and
accumulated by the droplets [20]. The evaporation evolution of pure water droplets can be divided into
two stages: heating and evaporation. The diameter of pure water droplets remains almost unchanged during
the heating stage, whereas the variation of droplet diameter in the evaporation stage deviates significantly
from the classical D2 law [21,22]. Investigations into the radiative transfer processes (including absorption
and scattering) of single pure water droplets and droplet clusters have revealed that the thermal radiation
absorption modes of heated droplets can be classified into volumetric absorption and surface absorption.
When volumetric absorption dominates, increasing the absorption coefficient or refractive index of droplets
can simultaneously improve their heating rate and absorption efficiency. The reduction in droplet particle
size leads to a rapid decrease in the overall absorption rate of external radiation by droplets, as a large portion
of incident radiation escapes in the form of scattering. Therefore, the overall absorption rate of the droplet
system can be improved by rationally arranging droplet clusters based on the spatial distribution of scattered
radiation [23–25].

In summary, the existing research on the thermal radiation absorption performance of droplets has
primarily focused on working fluids such as water, fuel, and organic solvents, while studies on Na2SO4
aqueous solution droplets are relatively scarce. Given that the near-infrared spectral characteristics of Na2SO4
aqueous solution are similar to those of pure water, which exhibits absorption peaks at 1450 and 1930 nm, this
study establishes a single-droplet experimental system for thermal radiation heating [26–28]. Using Na2SO4
aqueous solution droplets as the subject, and employing infrared lasers at its preferential absorption bands
of 1450 and 1930 nm as the radiation source, we conduct a systematic experimental investigation into the
characteristics of the droplet evaporation process under thermal radiation heating.

2 Experimental System

2.1 Experimental System and Experimental Procedures
The experimental system of single droplet heating under thermal radiation conditions is conducted

in Fig. 1. The system mainly consists of laser emitter, data acquisition system, thermocouples, droplet
suspension bracket, laser lens and high-speed camera. The main parameters and several key measurement
instruments of the experimental system are provided in Table 1. Each working condition of the experiment
was conducted three times. The detailed procedural timeline is provided in Fig. 2.

Figure 1: Na2SO4 droplet evaporation experiment system. 1—Laser emitter; 2—Data acquisition system;
3—Thermocouples and droplet suspension bracket; 4—Laser lens; 5—High speed camera.



4 Front Heat Mass Transf. 2026;24(3):4

Table 1: Main parameters of the experimental system.

Experimental Equipment Model Range
Na2SO4 crystal DINGSHENGXIN Purity: 0.995

Humidity and Temperature Meter VICTOR231

Temperature: −25.0○C~75.0○C (±0.3○C)
Ambient temperature: 20.0○C~23.0○C
Humidity: 0%~99.9% RH (±2% RH)
Ambient humidity: 16.0%~20.0% RH

CCD Canon 550D Pixel: 3250 × 782 pixels

Laser 1450 NMDL-1450-2.0
Wavelength: 1450 nm

Power: 0–1.8 W
Spot diameter: 3 mm

Laser 1930 NMDL-1930-0.8
Wavelength: 1930 nm

Power: 0–0.8 W
Spot diameter: 1 mm

Concentration titrator WDDY-3000 Concentration: 0~26 g/L (±0.01 g/L)
Pipette gun UCHEN Volume: 0.5~10 μL (0.1 μL)

Thermocouple T Temperature: −200○C~400○C (±0.5○C)
Camera lens EF 50 mm f/1.0 L USM Focal length: 50 mm

Figure 2: The diagram of Na2SO4 droplet evaporation experiment procedure.
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The droplet profile captured during the experiment is shown in Fig. 3a. Based on the experimental
images, by programming to identify the pixel points and gray values in the images, the major axis a, minor
axis b of the droplets in the images and the volume Vr of the thermocouple can be obtained, as illustrated
in Fig. 3b. According to the volume calculation formula of an ellipsoid, the equivalent diameter d of the
droplet is derived using Eq. (1), and the change in this diameter is used to characterize the droplet’s heating
and evaporation process. The equivalent diameter measurement method adopted in this study is similar to
that reported in Reference [29], where the droplet is assumed to be an ellipsoid and the diameter value is
converted using the ellipsoid volume formula.

d = 3

√
8πab2 − 6Vr

π
(1)

where d/mm is the droplet diameter, a/mm is the droplet major axis, b/mm is the droplet minor axis, and
Vr/mm3 is the thermocouple volume.

(a) (b)

Figure 3: Schematic diagram of digital processing of Na2SO4 droplet images. (a) Experimental photographs; (b) Post-
processing pictures.

2.2 Uncertainty Analysis
Table 2 presents the parameter ranges of the experiments in this study and the results of uncertainty

analysis for the main measured parameters, where the uncertainty was evaluated in accordance with the
Constant Odds Combination method proposed by Moffat [30].

Table 2: The uncertainty of experimental parameters.

Main Parameters Range Absolute Error Minimum Measured Value Uncertainties
f m,0/1 0.01~0.16 0.0004 0.01 4%
V0/μL 2.0~8.0 0.04 2.0 2%
t/○C 20~120 0.3 20 1.5%

d/mm 1.56~2.48 3.2 × 10−3 1.56 0.2%
Kab/K⋅s−1 0.65~5.33 0.02 0.65 3.1%
qb/W⋅m−2 1.1~2.5 × 105 0.3 × 104 1.1 × 105 2.7%
ṁ/kg⋅s−1 2.33~8.33 × 10−8 0.1 × 10−9 2.33 × 10−8 0.4%



6 Front Heat Mass Transf. 2026;24(3):4

3 Results and Discussion
This study conducted a systematic experimental investigation on the evaporation characteristics of

Na2SO4 aqueous solution droplets with respect to multiple key parameters, including heat flux, wavelength,
initial mass fraction of the droplet, and initial volume of the droplet.

3.1 Droplet Evaporation Process
Fig. 4 illustrates the evaporation process of Na2SO4 aqueous solution droplets with different initial mass

fractions under a heat flux of qb = 2.5× 105 W⋅m−2. It can be observed that: (1) For Case 1 (pure water droplet),
the droplet volume continuously decreases over time and eventually evaporates completely. (2) With the
increase in initial mass fraction, the evaporation of Na2SO4 solution droplets (taking Case 4 as an example)
undergoes multiple stages: Within 0~15 s: The droplet volume gradually decreases due to water evaporation,
and the solution is continuously concentrated; During 15~20 s: Crystals begin to precipitate on the droplet
surface, and subsequently grow rapidly to cover the entire droplet surface, forming a closed crystal shell;
Within 20~40 s: The volume of the droplet enclosed in the crystal shell no longer decreases, but slightly
expands due to the internal vapor, and is eventually completely dried out.

Figure 4: Visualization study on droplet evaporation morphology under different initial mass fractions.

Fig. 5 illustrates the variation law of droplet temperature and diameter with time. Based on this, the
evaporation process of Na2SO4 aqueous solution droplets can be divided into four stages: (1) Temperature rise
stage (ab segment): The droplet temperature rises rapidly with a slight decrease in volume; (2) Crystallization
stage (bc segment): The droplet continuously evaporates at an approximately constant temperature, with
the volume further decreasing. Crystals begin to precipitate on its surface and gradually cover the entire
droplet; (3) Thermal expansion stage (cd segment): Since the surface crystal shell hinders the evaporation and
escape of internal water, vapor accumulation causes the droplet to expand, and the temperature rises again
simultaneously; (4) Temperature drop stage (de segment): At this point, the internal water of the droplet has
completely evaporated, and the crystal shell stops expanding.
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Figure 5: The variation laws of droplet evaporation temperature and particle size over time.

3.2 Heating Section and Temperature Rise Rate
If the end time of the temperature rise period is defined as the moment when the absolute value of the

droplet temperature change rate ∣∂t/∂τ∣ first drops below 1 K⋅s−1, the average temperature rise rate of this
stage can be calculated by Eq. (2):

Kab =
tb − ta

τab
(2)

where tb/○C is the end temperature of the temperature rise period; ta/○C is the initial droplet temperature;
and τab/s is the duration of the Heating section.

Fig. 6 compares the relationship between the temperature rise rate Kab of the temperature rise period
and the initial droplet mass fraction f m,0 under different initial volumes, heat fluxes, and wavelengths.
In Fig. 6a, Kab shows an overall increasing trend with the increase in f m,0. Taking f m,0 = 0.05 as an example,
when qb increases from 1.1 × 105 W⋅m−2 to 2.5 × 105 W⋅m−2, the corresponding Kab increases from 1.4 to
3.3 K⋅s−1; for each increase of 0.3 × 105 W⋅m−2 in qb, the increase range of Kab is between 0.8–1.0 K⋅s−1.
In Fig. 6b, under the same f m,0 and V0, Kab increases with the increase in the droplet absorption coefficient,
and the optical thickness of the droplets is all greater than 1, indicating that the droplets absorb thermal
radiation through surface absorption in the experiment. Taking V0 = 2 μL and f m,0 = 0.05 as an example, the
Kab values corresponding to 1450 and 1930 nm are 2.1 and 2.4 K⋅s−1, respectively, representing an increase of
14%. With f m,0 kept constant, Kab increases as the initial droplet volume V0 decreases. Taking λ = 1450 nm and
f m,0 = 0.05 as an example, when V0 decreases from 8 to 2 μL, Kab increases from 1.2 to 2.1 K⋅s−1, an increase
of 83%. This is because the decrease in initial droplet volume reduces both the light-receiving area and
the mass of the droplet, but the reduction amplitude of the light-receiving area is smaller than that of the
mass. Therefore, the energy absorbed per unit mass increases, leading to an improvement in the temperature
rise rate.
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Figure 6: The variation law of the heating rate with the initial mass fraction of the droplet. (a) The change rule of
heating rate under different heat flux density; (b) The change law of heating rate under different initial volume and
incident wavelength.

3.3 Crystallization Section and Crystallization Duration
Figs. 7 and 8 respectively illustrate the variation relationships between the crystallization temperature

tm, crystallization duration τbc, and the initial droplet mass fraction f m,0 under different initial volumes, heat
fluxes, and wavelengths. In Fig. 7a, tm shows an overall increasing trend with the increase in f m,0 and qb.
Under the condition of qb = 1.7 × 105 W⋅m−2, tm increases from 49○C to 54○C (an increase of 5○C) with the
change in the initial droplet mass fraction. This is because the saturated vapor pressure on the droplet surface
decreases, leading to an increase in the crystallization temperature tm required for stable evaporation and
crystallization. In Fig. 7b, under the same f m,0, tm increases with the increase in the initial droplet volume
or droplet absorption coefficient. In Fig. 8a, the increase in f m,0 accelerates the precipitation of Na2SO4,
resulting in an approximately linear decrease in τbc with the increase in f m,0. Under the condition of qb = 1.7×
105 W⋅m−2, the corresponding τbc decreases from 68 to 33 s (a reduction of 51%) with the change in the initial
droplet mass fraction. In Fig. 8b, under the same f m,0, τbc shortens with the increase in the initial droplet
volume or droplet absorption coefficient. Under the conditions of λ = 1450 nm and f m,0 = 0.05, τbc decreases
from 112 to 54 s as the initial volume decreases; under the conditions of f m,0 = 0.05 and V0 = 2 μL, τbc is
reduced by 14 s. The above results indicate that increasing the heat flux, reducing the initial droplet volume,
or selecting a wavelength with a larger droplet absorption coefficient can all promote faster crystallization of
the droplets.
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Figure 7: The variation law of crystallization temperature with the initial mass fraction of the droplet. (a) The change
rule of crystallization temperature under different heat flux density; (b) The variation law of crystallization temperature
under different initial volume and incident wavelength.

Figure 8: The variation law of crystallization time with the initial mass fraction of the droplet. (a) The change rule of
crystallization time under different heat flux density; (b) The change rule of crystallization time under different initial
volume and incident wavelength.

3.4 Maximum Temperature and Duration of the Thermal Expansion Section
Figs. 9 and 10 respectively compare the relationships between the thermal expansion duration τcd,

maximum temperature tmax, and the initial droplet mass fraction f m,0 under different initial volumes, heat
fluxes, and wavelengths. In Fig. 9a, tmax shows an overall increasing trend with the increase in heat flux and
mass fraction. This is because as evaporation proceeds continuously, the droplet has a higher salt content
and a thicker crystal shell, making the evaporation and escape of internal residual water more difficult,
thus leading to an increase in tmax. In Fig. 9b, tmax increases with the increase in the initial droplet volume
or absorption coefficient. In Fig. 10a, τcd shortens with the increase in heat flux and initial mass fraction.
In Fig. 10b, τcd shortens as the initial volume decreases. Under the conditions of λ = 1450 nm and f m,0 =
0.05, τcd is shortened by 50% with the decrease in volume; τcd also shortens with the increase in absorption
coefficient, and under the conditions of f m,0 = 0.05 and V0 = 2 μL, τcd decreases from 26 to 14 s.
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Figure 9: The variation law of the maximum temperature with the initial mass fraction of the droplet. (a) The maximum
temperature change rule under different heat flux density; (b) The maximum temperature variation law under different
initial volume and incident wavelength.

Figure 10: The variation law of the thermal expansion period with the initial mass fraction of the droplet. (a) The
change rule of thermal expansion time under different heat flux density; (b) The variation law of thermal expansion
time under different initial volume and incident wavelength.

3.5 Average Evaporation Rate of the Droplet Surface
The crystallization period and thermal expansion period are the main stages of droplet evaporation.

Based on this, the average evaporation rate of the droplet surface is defined as the mass of water evaporated
from the droplet during the time period τbd, and its calculation formula is given by Eq. (3) below:

mE x p =
ρbV0 (1 − fm ,0)

τbd
(3)

where ρb/kg⋅m−3 is the density of the droplet in the initial state; V0/μL is the initial volume of the droplet;
f m,0/1 is the initial mass fraction of the droplet; and τbd/s is the total duration of the crystallization section
and thermal expansion section.

Fig. 11 compares the variation of the average evaporation rate mExp of the droplet surface with the initial
mass fraction f m,0 under different initial volumes, heat fluxes, and wavelengths. In Fig. 11a, ṁ shows an
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overall increasing trend with the increase in f m,0 and qb. Under the condition of qb = 1.7 × 105 W⋅m−2, as
f m,0 increases, mExp rises from 2.73 × 10−8 kg⋅s−1 to 4.25 × 10−8 kg⋅s−1, representing an increase of 55.7%.
In Fig. 10b, using a wavelength with a large absorption coefficient or increasing the initial droplet volume
can improve mExp. Under the conditions of λ = 1450 nm and f m,0 = 0.05, as the initial volume increases,
mExp increases from 2.95 × 10−8 kg⋅s−1 to 6.24 × 10−8 kg⋅s−1, an increase of 111.5%; under the conditions of
V0 = 2 μL and f m,0 = 0.05, the increase in ṁ reaches 47.7% with the increase in the absorption coefficient.
The above results indicate that increasing the external radiation power, using a wavelength with a large
absorption coefficient, or increasing the initial droplet volume can simultaneously increase the crystallization
temperature and the maximum temperature of the thermal expansion period, i.e., increasing the average
temperature level during the droplet evaporation process. Meanwhile, mExp increases accordingly, meaning
that the droplet temperature is the main factor affecting mExp.

Figure 11: The variation law of the average surface evaporation rate with the initial mass fraction of the droplet. (a) The
variation law of surface average evaporation rate under different heat flux density; (b) The variation law of the average
evaporation rate of the surface under different initial volume and incident wavelength.

The experimental values calculated from Eq. (3) are compared with the theoretical values of the average
evaporation rate of the droplet surface from Eq. (4) reported in Reference [24]. As shown in Fig. 12, the
relative errors are within ±30%.

mC al = πdρg ⋅ D ⋅ Sh ⋅ ln(1 + BM) (4)

in which;

tp =
qb ⋅ d ⋅ [1 − exp (−κd)]
λb ⋅ (1.176 fm ,0 + 1.323) (5)

Sh = hmd
D
= 2 + 0.552Re0.5Sc0.33

g (6)

Re = d ⋅ u
vg

(7)

Scg =
vg

D
(8)

BM =
Yv ,s − Yv ,a

1 − Yv ,s
(9)
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D = 1.482 × 10−5 (
t1.936

p

p
) (10)

where BM/1 is the Spalding mass transfer number; Yv,s/1 is the vapor mass fraction at the droplet surface; Yv,a/1
is the vapor mass fraction in the environment; D/m2⋅s−1 is the diffusion coefficient; tp/K is the qualitative
temperature of the droplet; and λb/W⋅m−1⋅K−1 is the thermal conductivity.

Figure 12: The relative error between the experimental and theoretical values of the average evaporation rate on the
surface of Na2SO4 droplets.

4 Conclusions
In this study, a thermal radiation-heated single droplet experimental system was established, and

experimental research was conducted on the evaporation process of Na2SO4 aqueous solution droplets under
thermal radiation. The main conclusions are as follows:
(1) Under thermal radiation heating, the evaporation process of Na2SO4 aqueous solution droplets is

jointly affected by external parameters such as heat flux and radiation wavelength, as well as internal
parameters including initial droplet mass fraction and initial volume. Based on the evolutionary
characteristics of droplet temperature and diameter, the process can be divided into four stages:
temperature rise period, crystallization period, thermal expansion period, and temperature drop
period. Among these, the crystallization period and thermal expansion period are the main stages of
droplet evaporation.

(2) Using a wavelength with a high absorption coefficient, reducing the initial droplet volume, increasing
the heat flux, or enhancing the initial mass fraction can all effectively improve the overall radia-
tion absorption capacity and evaporation performance of the droplets. Compared with radiation at
1450 nm, using radiation at 1930 nm can increase the average temperature rise rate by 88% and the
average evaporation rate by 47.7%. When the initial droplet volume decreases from 8 to 2 μL, the
duration of the main evaporation period is shortened by 52%. As the heat flux increases from 1.1 ×
105 W⋅m−2 to 2.5 × 105 W⋅m−2, the main evaporation period is reduced by 55.5%, and the average
evaporation rate is increased by 129%. Meanwhile, increasing the initial mass fraction from 0.01 to 0.16
shortens the main evaporation period by 45.6% and improves the average evaporation rate by 55.7%.
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(3) The experimentally calculated values of the average evaporation rate of the droplet surface range from
2.33 × 10−8 to 8.33 × 10−8 kg⋅s−1, with relative errors between the experimental and theoretical values
within ±30%. This study can provide a reference for the design and engineering application of solar
thermal radiation-based saline wastewater desalination systems.
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Nomenclature
a Long axis of droplet (mm)
b Droplet short axis (mm)
BM Spalding mass transfer number
d Equivalent diameter of droplet (mm)
D Diffusion coefficient (m−2⋅s−1)
f m,0 Droplet mass fraction of Na2SO4 aqueous solution
hm Droplet heat transfer coefficient (W⋅m−2⋅K−1)
Kab Heating rate of heating section (K⋅s−1)
ṁ Average surface evaporation rate (kg⋅s−1)
p Ambient pressure (Pa)
qb Heat flux density (W⋅m−2)
Re Reynolds number
Sc Schmidt number
Sh Sherwood number
t Droplet temperature (○C)
t0 Ambient temperature (K)
ta Initial droplet temperature (○C)
tb End temperature of droplet heating section (○C)
tc End temperature of droplet crystallization section (○C)
td End temperature of droplet thermal expansion section (○C)
tm Droplet crystallization temperature (○C)
tmax Maximum droplet temperature (○C)
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tp Droplet qualitative temperature (K)
ug Air flow velocity (m⋅s−1)
V0 Initial volume of droplet (μL)
Vr Thermocouple volume (mm3)
vg Viscosity coefficient of motion (m−2⋅s−1)
Yv,a The mass fraction of steam in the surrounding environment
Yv,s Steam mass fraction on droplet surface
κ Absorption coefficient (m−1)
λ Wave length (nm)
λb Thermal conductivity (W⋅m−1⋅K−1)
μg Dynamic viscosity (Pa⋅s)
ρb The density of droplets in the initial state (kg⋅m−3)
ρg Air density (kg⋅m−3)
τ Evaporation time (s)
τab The duration of droplet heating section (s)
τbc Duration of droplet crystallization section (s)
τcd The duration of droplet thermal expansion section (s)
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