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a b s t r a c t
An innovative demister design with embedded drainage channels is proposed for the purpose of 
achieving higher anti-re-entrainment performance in multi-stage flash (MSF) desalination applica-
tions. Experimental work producing ultra fine droplets (≤50 μm) is carried out to systematically 
assess the influence of plate interval (22–30 mm) and inlet velocity upon pressure loss and separation 
efficiency. Numerical simulation employing turbulence SST k–ω model and Euler-Wall-Film model 
is conducted to study the flow field details in the demister passage. The results indicate that the 
critical inlet velocity can be improved to 8.5 m/s which yields excellent anti-re-entrainment ability 
and hence higher treating capacity of MSF. The embedded drainage channels act an essential role 
in resisting secondary droplets, suppressing shear force and enhancing liquid collection through 
integrated design and vortex generation. The new demister especially receives outstanding com-
prehensive performance at higher inlet velocities thanks to its stronger anti-re-entrainment abil-
ity. Despite the trade-off between overall separation efficiency and anti-re-entrainment, an overall 
better performance can be achieved with the new type if compared to the conventional designs. 
The superiority of the proposed innovative demisters with embedded drainage channels is also 
revealed by higher withstood maximum velocity, indicating potential to improve performance 
through optimization of the channels.

Keywords:  Multi-stage flash desalination; Demister; Anti-re-entrainment; Experiment; Numerical 
simulation

1. Introduction

So far, some regions around the world still face fresh-
water shortage crises, and desalination of seawater is a 
feasible solution [1]. Multi-stage flash (MSF) evaporation 
technology are being broadly applied in fresh water pro-
duction industry [2]. Currently, there are approximately 
19,400 seawater desalination facilities in operation around 
the world, keeping the daily capacity of 99,700,000 m3 [3]. 
There is an appreciable daily production of fresh water, 
but it consumes a large amount of electricity. Therefore, 

combining MSF with renewable energy to achieve a bal-
ance between input and output becomes an important 
development direction [4]. As one of the clean and renew-
able energy sources, solar energy has attracted widespread 
attention due to the characteristics of rich in resources and 
without exploitation. More noteworthy is that most water 
scarce areas often face large amount of solar radiation, 
which enables solar-desalination technology to be fully 
utilized. However, solar-desalination technology has also 
faced some challenges due to regional limitations and high 
facility investment [5]. Therefore, desalination technology 
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with high energy efficiency is very important. Although 
newly developed techniques such as membrane separation 
is coming into use in some recently built facilities, they are 
meeting with the limitations of relatively lower treating 
capacity [6], which can well be addressed by thermal desali-
nation approaches like MSF. Today, up to 40% of the global 
sea water desalination capacity is contributed by MSF [7], 
thanks to its advantaged in higher energy efficiency, lower 
infrastructure investment and high quality of distilled 
water [8]. Besides, MSF owns great potential in future appli-
cation due to the combination of clean energy technology 
and environmental friendliness [9].

Any MSF process must satisfy the requirements of fresh-
water quality for the downstream industry applications 
or residential water demand, that is to maintain certain 
salinity level of distilled water. Therefore, it is a necessary 
operation in which saline water droplets being withdrew 
from the generated vapor flow, in this way, demister plays 
an important role in maintaining the quality of produced 
fresh water [10]. The most frequently used demisters in the 
field of thermal desalination are composed of wire mesh 
or wave-plates separators. Wire mesh has its strong abil-
ity to remove ultra-fine droplets under 15 μm, yet with the 
drawbacks of severe flooding and droplets re-entrainment 
[11–14]. Moreover, incrustation on the wire surface is hard 
to be avoided, leading to sharp increase in pressure loss and 
hence lower system energy efficiency [15,16]. By contrast, 
wave-plate demister owns the superiority of anti-flooding 
and much lower pressure loss. Although it is difficult for 
wave-plate demister to remove droplets smaller than 15 μm 
because of weak inertial, the problem can be tackled by 
installing drainage hooks into the passage for reorganizing 
the two-phase flow field [17].

However, in most conventional wave-plate demisters, 
droplets re-entrainment still occurs once the superficial flow 
velocity exceeds 3 m/s, under the effect of ultra-large shear 
stress between vapor flow and water film on the demister 
wall. Meanwhile, the additional drainage hooks can cause 
much larger pressure loss as compared to those without 
hooks [18], these phenomena strictly limit the improve-
ment of treating capacity of entire MSF facility. In general, 
the performance of wave-plate demister is determined by 
plate geometry, droplets size and superficial flow velocity 
[19,20], among which droplets size and superficial veloc-
ity is pre-defined by operating conditions of desalination 
device, therefore, optimizing plate geometry should be of 
great essential to improve anti-re-entrainment performance 
of demisters to meet the needs for higher treating capacity.

Modern wave-plate demisters are basically comprised 
of blade and drainage channels, the profile of these geom-
etries intensively influence the performance of the entire 
device. Commonly, there is balance to be achieved between 
the two performance indexes, that is, pressure drop and 
separation efficiency. For example, installing drainage 
channels can create stronger turbulence hence increase 
the probability of collision between droplets and wall, yet 
with the penalty of expanded pressure loss. Optimizing 
the geometry of wave-plate demister is the key to realize 
high removal efficiency with allowable pressure loss. It has 
to be mentioned that the ability of resisting droplets re-en-
trainment should be another important index, which has 

frequently been ignored in the design of demister. In other 
words, secondary droplets caused by re-entrainment must 
be taken into consideration.

Yu et al. [20] replaced conventional plates by those with 
streamline surfaces, the results indicated that pressure loss 
can be reduced significantly, yet with the penalty of lower 
droplets-removal efficiency. Tang et al. [21] numerically sim-
ulated the performance of sixteen different demisters with 
drainage channels, they proved that more turning bends or 
longer insertion length yields higher separation efficiency, 
but the sacrifice of larger pressure loss is also inevitable. For 
the purpose of achieving higher separation efficiency with 
moderate pressure loss, researchers coupled vortex gener-
ators (VGs) into the demister passage, it seems that better 
performance indexes can be obtained. For example, Liu et 
al. [22] installed tube bundle between adjacent plates at the 
inlet of the demister, the results indicated that separation 
efficiency can be improved to exceeds 95%, much higher 
than the tube-bundle-only or wave-plate-only structures, 
the authors attributed such phenomenon to the aggrega-
tion of droplets induced by the vortex array produced by 
the tube bundle. Yang et al. [23] conducted a comparative 
study on five different VGs installed in the passages, they 
found that rectangular VG owns the best enhancement per-
formance, separation efficiency can be improved by 13.58% 
and the mean diameter at the exit decreased from 32.07 to 
23.13 μm. The additional pressure loss brought by the above 
procedures is limited, however, coupling VGs into demis-
ter faces obstacles to scale application due to manufactur-
ing difficulties.

In real MSF facilities, accumulated droplets trapped by 
demister will form liquid films on plate surfaces, which 
may lead to droplets re-entrainment into the mainstream. 
Re-entrainment occurs once the flow velocity exceeds some 
critical value where the surface tension inside film balances 
the shear force between vapor flow and liquid. The pro-
duced secondary droplets are the main reason for demister 
performance deterioration. However, re-entrainment was 
frequently ignored in previous simulation work, leading 
to underestimating separation efficiency [24]. For exam-
ple, Liu et al. [22] and Yang et al. [23] in their experimen-
tal work reported droplets re-entrainment for various kinds 
of demister under high velocities, yet their simulations are 
conducted under lower operating conditions allowing for 
ignoring liquid film breakup. It is worth mentioning that 
droplets re-entrainment is especially remarkable in cases 
where VGs are used, because VGs accelerate local flow 
velocity and hence enhance shear force between mainstream 
flow and liquid film. It seems that, higher separation effi-
ciency and moderate pressure loss is often received at the 
sacrifice of weaker anti-re-entrainment ability. Yuan et al. 
[25] carried out a computational work on the air-droplets 
flow and considered for the coalescence and breakup of 
droplets, the numerical prediction seems to be improved, 
yet interaction between droplets and liquid film is still not 
covered. Mao et al. [26] noticed that shear force causing 
film breakup is influenced by the plate’s radius of curva-
ture, so it can be inferred that trade-off also exists between 
pressure loss and anti-re-entrainment ability.

To the authors’ knowledge, optimizing flow field 
in demister passage is the key to improve the overall 
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performance, particularly, large scale forced-vortexes must 
be reorganized to achieve such a goal. Researchers has con-
ducted optimization work towards basic profile [20] of plate 
and drainage channel individually [21]. It must be pointed 
out that flow field is the result of combined effect of plate 
and drainage channel, hence optimization should be carried 
out on entire demister. In this study, a collaborative opti-
mization is implemented by proposing a new-type demis-
ter equipped with innovative embedded drainage chan-
nels. The organization structure of this paper is as follows. 
In Section 2, the construction of the experimental platform 
and test section, as well as the settings and specific assump-
tions of the physical model are introduced. In the first part 
of Section 3, the comprehensive performance of the demis-
ter is evaluated through experiments and numerical sim-
ulations. The influence of plate spacing and inlet velocity 
on separation efficiency and pressure loss is studied. The 
remaining part of Section 3 models and calculates droplets 
aggregation and liquid film behavior in the simulation. In 
particular, through detailed flow field analysis, the impact 
of embedded drainage channel structures on anti-re-en-
trainment performance is revealed. Finally, the advantages 
of the proposed demister are demonstrated by comparing it 
with traditional structures in published literatures. The con-
clusions are drawn in Section 4 of the paper.

2. Experimental and numerical setup

2.1. Experiment

2.1.1. Test facility

The schematic diagram of the experimental facility is 
shown in Fig. 1, which is designed and constructed in the 
Jiangsu Key Laboratory of Green Process Equipment. The 
fluid is driven by a centrifugal fan with the power of 27.7 kW 
and maximum flowrate of 4,144 m3/h. The open-loop wind 
tunnel owns the total length of 3,000 mm and the inner 
cross-section of 300 mm × 300 mm, the tunnel is produced 
from polymethyl-methacrylate material with high light 
transparency for the convenience of visualization. The bulk 

flow velocity can be continuously adjusted via a frequency 
converter (Type GD200A). The wind tunnel is operated in 
a suction mode to prevent possible leakage of liquid drop-
lets. Atomization is realized through a compressed air circuit 
with stable supplying pressure of 0.4 Mpa and a liquid sup-
plying pipe connected to a tank with supplying pressure of 
0.3 Mpa. Air and water are mixed in six dual-fluid nozzles 
arranged in a 2 × 3 array placed at 800 mm to the upstream 
of the demister. A reversal liquid jet is adopted to ensure 
uniform droplets distribution at the entrance of the demis-
ter and isokinetic injection. Such atomization arrangement 
creates ultra-fine micrometer droplets smaller than 50 μm. 
Liquid is driven by a step-less speed regulated single-screw 
pump (0.125 kW, 35 m, 2.4 m3/h), and the flowrate is mea-
sured by a glass-tube rotameter. A group of nine pressure 
taps are set 200 mm to up-and-downstream of the test sec-
tion to obtain pressure loss across demister. Pressure data 
is acquired using digital micro-manometer (Type AS510). 
Flow velocity at the demister entrance is measured using 
an anemometer (Type AT816). Pressure and velocity are 
measured on several locations of the tunnel cross-section to 
obtain their arithmetic mean values. Catch basins are placed 
beneath each part of the wind tunnel to collect settled liq-
uid and removed droplets by demister. When conducting 
experiments on demisters with different plate intervals, it 
is important to prevent droplets leakage from test section, 
hence the plates are kept in close contact with the walls on 
both sides of the tunnel. In addition, an environment of satu-
rated humidity is sustained in the tunnel to prevent possible 
evaporation for the purpose of reducing measurement error. 
An electronic balance is equipped to measure the weight 
of collected liquid under the test section for calculation of 
separation efficiency. The range and accuracy of the instru-
ments used in the experiment are summarized in Table 1.

2.1.2. Test section

Demister plates are 3D-printed using resin material 
and placed parallel to the axis of the wind tunnel. The 
thickness of the demister plates is 3 mm. Equal intervals 
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Fig. 1. Schematic diagram of the experimental system.
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between adjacent plates are strictly controlled through a set 
of buckles, the intervals can be adjusted within the range 
of 22–30 mm. Axial positions of each plates are aligned 
via four steel rods installed at the corner of the demister. 
Surrounding wall of the test section is made from transpar-
ent polymethyl methacrylate with the thickness of 10 mm. 
A picture of the test section is shown in Fig. 2.

2.1.3. Measurement uncertainty of separation efficiency

Separation efficiency η is defined using Eq. (1).

� �
�

�
M

M M
c

sin

100%  (1)

where Mc is the weight of collected water, kg, Min is the 
weight of supplied water, kg, and Ms is the weight of water 
in the sedimentation tank, kg.

Droplets filtered by demister are discharged into a 
water collection tank through an orifice plate. Array of the 
holes on the plate is carefully designed to realize rapid 
drainage, therefore, to ensure accurate measurement of 
Mc. Meanwhile, the accumulated liquid on the floor of the 
tunnel may be blown downstream causing so-called “pseu-
do-re-entrainment”, therefore, height of the demister plates 
is made taller than that of the tunnel to strictly distinguish 
liquids being collected and re-entrained. Furthermore, 
directing baffles are added to the up-and-downstream of 
the demister to enhance liquid collection.

Separation efficiency in the experiment is measured 
indirectly, thus the uncertainty analysis is performed 
according to the method provided by Moffat [27]:
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where e stands for the overall uncertainty of the target per-
formance parameter; W is the estimation of the wanted 
parameter; xi and ∆xi indicate the i-th independent variable 
and its associated error. Using Eq. (2), the measurement 
uncertainty of separation efficiency considering for drop-
lets re-entrainment is estimated to be 3.8%, which is within 
a reasonable range.

2.2. Computational setup

2.2.1. Computational domain

Geometry of single plate assembling the demister is 
shown in Fig. 3, which is consistent with that used in the 
experiment. The profile of the plate surface is basically 
streamline for the purpose of reducing pressure loss. 
Two embedded drainage channels, namely, Embedded 
Channel_1 (EC_1) and Embedded Channel_2 (EC_2) are 
arranged along the longitudinal direction. The overall 
length of the plate is less than half of most conventional 
defogging plates, representing a space-saving design. It 
has to be mentioned that both drainage channels are inte-
grated into the plate, therefore the apparent profile of the 
entire plate is kept streamlined even with hooks. EC_1 is 
surrounded by Hook_A and Hook_B, while Hook_C is 
located to the downstream of EC_2. Since the height of the 
plate is much longer than their intervals, the flow field can 
be assumed to be two-dimensional. The repeated flow pat-
tern in each passage allows for the adoption of transverse 
periodic boundary condition. therefore, the computational 
domain is enclosed by inlet, outlet, plate wall and extended 
periodic boundaries, as illustrated by Fig. 4a. Noting that 
2D calculation is adopted only providing convenience for 
parametric study of pressure loss and separation efficiency 
without re-entrainment. When accounting for liquid film 
behavior and re-entrainment, 3D calculation is employed 
and its computational domain and boundary conditions 
are presented in Fig. 4b. The values of the parameters 
defined in Fig. 4a and b are listed in Table 2.

2.2.2. Two-phase flow modeling

The two-phase flow in the demister channel is fully 
developed turbulence with the Reynolds number of over 
4,700. Thus, the turbulence SST k–ω model is adopted to 
close the Navier–Stokes equations, which is proved to be 
quite applicable in the flow field computation of demisters 
[28]. The model equations are:

Table 1
Range and accuracy of the instruments

Apparatus (model number) Measuring range Precision

Anemometer (HC-001) 0.1–30 m/s ±5%
Electronic scales (KF-30) 3,000 g 1 g
Pressure gauge 0–1.6 MPa ±2.5%
Rotor flow meter (LZB-15F) 25–250 L/h ±2.5%
Micromanometer (AS510) 0–0.01 Mpa 3 Pa

Fig. 2. A picture of the test section.
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where Gk and Gω stands for the production of turbu-
lence kinetic energy k and dissipation rate ω, respectively. 
Гk and Гω are the effective diffusion coefficient. Yk and Yω 
represent the dissipation of k and ω due to turbulence, 
respectively. Dω is the cross-diffusion term.

Droplets motion is dominated mainly by the air drag 
force, hence the governing equation can be expressed as:

du
dt
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where the first term on the right-hand of Eq. (4) stands for 
the drag force exerting on unit mass of droplets. FD depends 
on the Reynolds number, droplets size, viscosity and 
droplets density, hence it is calculated by:

F
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where dp is the droplets diameter, Rep is the droplets 
Reynolds number, which is defined by Eq. (6):

 

Fig. 3. Geometry and parameter definition of demister plate.

 

(a) 

  

(b) 

Fig. 4. Computational domain and boundary conditions: (a) two-dimensional and (b) three-dimensional.
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The drag coefficient CD in Eq. (5) is determined by 
Reynolds number, that is,
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where FX accounts for all additional forces exerting on 
droplets including pressure gradient force, virtual mass 
force and Saffman lift force.

The effect of turbulence dispersion on droplets motion 
is considered by using the random walk model, which 
incorporates the fluctuating velocity of the continuous 
phase into calculation.

Velocity slippery between droplets can lead to colli-
sion, then either coagulation or rebound may occur with-
out considering for the breakup of any single droplet due 
to their small size. The random collision model is employed 
which utilizes the concept of collision volume to calcu-
late the probability of droplets collision [29], the definition  
equation is:

K
r r U t

V
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2
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where r1 and r2 are the radius of the two droplets into colli-
sion, respectively. Urel is the slip velocity of the two droplets 
considered. Δt is the time step, and V stands for the volume 
of the continuous phase unit where droplets r2 locates. A 
critical value is bcrit used to decide whether coagulation or 
rebound takes place once two droplets come into collision, 
which is defined using the following equations:
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where Wec is the collision Weber number, D stands for the 
arithmetic mean diameter of the two droplets considered. 
ρ and σ are the density and surface tension of droplets, 
respectively. Y represents a random value between 0 to 1. 
Occasions of b < bcrit and b > bcrit denotes coagulation and 
rebound between droplets, respectively.

The Euler-Wall-Film model is employed to describe the 
behavior liquid film on the plate surface. The governing 
equations are:

Mass conservation equation:
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Momentum conservation equation:
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where h and ul  are the thickness and mean velocity of liquid 
film, respectively. ρl is the liquid film density. ∇s  denotes 
the surface gradient operator. ms  stands for the mass source 
from the interaction between film and wall on unit surface 
area. ms  and μl are the gravity component parallel to the 
direction of the liquid film and dynamic viscosity of the 
liquid film, respectively. τfs  represents the shear stress on 
the interface of continuous phase and liquid film. q and PL 
represent momentum source and local pressure of continu-
ous phase, PL covers the combined influence of vapor flow, 
diffusion and surface tension.

The behavior of droplets-film interaction depends on 
the impact energy, which is expressed as:
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where Vp,n denotes the normal velocity component of 
droplets with respect to the film surface being impacted. 
σ is the film surface tension. The Reynolds number Re in 
Eq. (13) is defined by:

Re �
�

�
p p n pV d,  (13)

Judgment of collision mode obeys the following rule:
E < 16, droplets adhere to the film keeping their spheri-

cal shape;
16 ≤ E < 57.7, droplets spread into films;
E ≥ 57.7, splashing occurs and secondary droplets are 

produced.
When the shear action of the airflow on the liquid 

film is large, the liquid film breakup occurs. That is, when 
the shear stress exceeds the critical value, re-entrainment 
occurs. Through extensive simulations and comparison with 
experimental results, the measured critical inlet velocity 
is gradually approached, and the final critical shear stress 
is determined to be 20 Pa. That is, for the structure in this 

Table 2
Baseline values of the structural parameters

Parameter Value

I 22, 24, 26, 28, and 30 mm
h1 50 mm
h2 100 mm
h3 10 mm
h4 10 mm
h5 10 mm
H 78 mm
D(a/b) 0.6
L 8 mm
α 30°
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work, when the shear stress exceeds 20 Pa, the liquid film 
breakup and re-entrainment occur.

The mass flow rate of the stripped film is calculated by:

m C l�
9
2
� ��min  (14)

where C is mass coefficient which equals 0.5. ρl is liquid 
film density, the wave of length λ is formed on the liquid 
film due to Kelvin Helmholtz type instability, λmin is cal-
culated using Eq. (15). These waves are damped by the 
viscous effect in the membrane. Balance between wave 
growth and damping provides a term for the frequency ω,  
determined by Eq. (16).
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where μl is dynamic viscosity of liquid film, σ is surface 
tension of the film. The sheltering parameter β equals 0.3. 
ρg and Vg droplet density and velocity, respectively. Initial 
velocity of secondary droplets from film breakup is deter-
mined by the velocity of the moving film, and the average 
size of secondary droplets is defined by:

d F� �N
9
2
�min  (17)

where FN is the diameter coefficient, which equals 0.01.
In this study, following assumptions are proposed in 

the numerical simulation:

• The gas is considered incompressible because the 
Mach number is relatively low (far below 0.1).

• Considering for the isothermal environment and sat-
urated conditions, heat transfer and evaporation are 
ignored.

• Neglecting the effect of edge separation on the liquid 
film in the Euler-Wall-Film (EWF) model [30].

2.2.3. Numerical solution and boundary conditions

The computation is conducted using the finite-volume-
based solver FLUENT 2022. Second-order-upwind scheme 
is used for pressure discretization and first-order-upwind 
scheme is chosen for turbulent-related quantities. To ensure 
optimal convergence, velocity and pressure fields are directly 
coupled using “coupled” algorithm. The iterative residual is 
set to 1 × 10–5, besides, droplets concentration at the outlet 
is monitored to help judging whether the computation is 
converged. The continuous phase is regarded incompress-
ible and its viscosity follows the rule of Sutherland Law. 
Uniform velocity within the range of 1–9 m/s is imposed 
to the inlet and constant atmospheric pressure is set at the 
outlet. Droplets with the surface tension of 0.0727 N/m are 
adopted as the discrete phase. Uniform surface injection 

normal to the inlet boundary is employed in both 3D and 
2D calculations. The initial velocity of droplets is set to be 
identical with the continuous phase. In 2D calculation, mass 
concentration of the droplets at the entrance is 5 × 10–9 kg/
m3. While during 3D calculation, the inlet droplets con-
centration is set to be 0.007 kg/m3. Size of the droplets falls 
within the range of 5–50 μm, and their distribution obeys the 
Rosin–Rammler pattern with the mean diameter of 20 μm 
and the spread coefficient of 1.9. The boundary conditions 
for numerical simulation are in accordance with that in the  
experiment.

2.2.4. Grid scale sensitivity

The computational mesh is generated using mesh tool 
software ICEM CFD. Given the complexity of the compu-
tational domain, unstructured quadrilateral mesh system 
is adopted for 2D cases. Dense mesh is used near the wall 
for the purpose of capturing flow details. Thickness of the 
first layer next to the wall is 0.01 mm which guarantees a 
Y-plus level lower than 2. The growth rate is set to be 1.2, 
and the maximum cell unit in the core region of the ducts is 
0.16 mm. Mesh in the extended parts to the up-and-down-
stream of the passage is sparse with the size of 0.4 mm. 
Identical mesh settings are used in 3D cases except for 
the hexahedron grids. The global computational mesh 
and details near hooks in 2D cases are shown in Fig. 5a. 
The 3D mesh is shown in Fig. 5b.

In order to balance accuracy and cost-effectiveness in 
calculation, grid independence analysis is conducted. Five 
different mesh systems are generated for 2D case with the 
plate interval of 22 mm, the cell numbers are 11,024; 31,682; 
52,434; 112,883 and 163,283. Numerical simulations are then 
performed with inlet velocities of 3–9 m/s. The calculation 
results are shown in Fig. 6. Research has found that once 
the total number of cells exceeds 52,434, not only does the 
pressure loss become stable, but the solution of the discrete 
term also gradually stabilizes, hence consistent mesh strat-
egy was adopted for all cases in the following computations.

3. Results and discussion

3.1. Overall performance

The influence of plate interval and inlet velocity upon 
separation efficiency is investigated through experiment, 
as illustrated by Fig. 7a. It can be seen that plate interval 
greatly affects the separation efficiency. Within the operat-
ing conditions lower than 4 m/s, increasing inlet velocity 
sees a remarkable improvement of separation efficiency 
for smaller intervals, yet for larger intervals the improve-
ment becomes weak. As the interval increases from 22 
to 30 mm, separation efficiency decreases by 27%, which 
could be explained by the fact that the reduced maximum 
velocity magnitude and weaker turbulence lead to lower 
inertia, which is the key mechanism governing droplets 
interception. For the plate interval of 22 mm, increasing 
velocity from 3.13 to 5.25 m/s sees an improvement of sep-
aration efficiency of up to 72.89%. For larger plate interval 
of 30 mm, increasing velocity from 3.5 to 8.5 m/s yields effi-
ciency improvement of up to 59.5%, yet still much lower 
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(a) 2D 

 

(b) 3D 

Fig. 5. Computational mesh.
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Fig. 6. Variation of pressure loss against inlet velocity: effect of mesh scales.



99S. Bu et al. / Desalination and Water Treatment 316 (2023) 91–110

than the efficiency created by I = 22 mm at lower velocity 
of 3.13 m/s. The above-described phenomenon can be well 
described by non-dimensional Stokes number defined 
by Eq. (18). It is clear that higher velocity or smaller plate 
interval can create lager St number, which means that 
droplets are easier to be detached from the mainstream 
and thus removed. Noting that plate interval I is chosen 
to be the characteristic length in the definition of Stokes  
number.

St �
�

�
p pUd
I

2

18
 (18)

It can be known from Fig. 7a that, the improving trend 
of separation efficiency against inlet velocity slows down 
and it reverses upon some critical point after which the 
efficiency decreases if further increasing flow velocity. This 
observation can be attributed to the following reasons: 
(1) Larger droplets are almost completely captured by the 
demister at higher velocities, while smaller droplets are still 
difficult to be trapped due to limited inertia, that is, sepa-
ration efficiency meets its bottleneck if solely relying on 
increasing velocity; (2) Liquid films are detached from the 
plate surface under the effect of strengthened shear force 
produced by higher flow velocity near the wall, producing 
so called re-entrainment. Before reaching critical velocity, 
re-entrainment can be offset by increased interception of 
droplets thanks to greater inertia. However, once velocity 
exceeds its critical point, breakup of liquid film gets drastic. 
Moreover, splashing occurs due to stronger impact between 
droplets and liquid film, producing secondary droplets 
which are much smaller in size, leading to efficiency dete-
rioration. The experimental result shows that, for the nar-
rowest plate interval of I = 22 mm, the critical velocity 
appears to be 5.25 m/s, while it increases to 8.5 m/s when 
plate interval expanded to 30 mm. Thus, it can be inferred 
that re-entrainment can be delayed simply by increasing 
plate interval, however, the drawback is that separation 
efficiency becomes lower especially at lower velocities.

A general understanding is that higher critical velocity 
means stronger anti-re-entrainment ability; however, this 
is achieved at the sacrifice of overall lower separation effi-
ciency. To be specific, the critical velocity of I = 24 mm is 
relatively lower, nevertheless, its separation efficiency in 
the re-entrainment conditions is still higher than those with 
larger plate intervals without re-entrainment taking place. 
Hence it can be deduced that anti-re-entrainment perfor-
mance of demister is influenced by not only inlet velocity, 
but also internal flow field details.

Although separation efficiency can be well improved 
by adopting narrower plate intervals, pressure loss also 
increases with more compact plates group, as indicated by 
Fig. 7b, that pressure loss increases remarkably with reduc-
ing plate interval, the difference is more notable at higher 
inlet velocities. It is also noticed that the dropping trend of 
pressure loss has its limitation with expanding plate interval, 
which is expected to be due to the specific flow field in the 
passage. It is a permanent goal to realize higher efficiency 
with lower pressure loss, that is, to achieve balance between 
droplets removal and system consumption. A new perfor-
mance factor F is defined by Eq. (19) to complete a compre-
hensive evaluation:

F P
U

� �
��
�Eu

Eu
in

; 2  (19)

where Eu is the dimensionless Euler number characterizing 
pressure loss and η denotes the separation efficiency, the 
results are summarized by Fig. 8. It can be seen that per-
formance factor F generally increases with expanding plate 
interval, thanks to the reduced pressure loss. It is worth not-
ing that the advantage of larger plate interval is more prom-
inent at higher velocities (≥7 m/s), which can be explained 
by the fact that sparse and compact plate arrangements 
produce comparable separation efficiencies as a result of 
distinct anti-re-entrainment abilities. Performance factors of 
smaller intervals (I = 22–24 mm) are relatively stable, while 
those of larger intervals (I = 26–30 mm) sees fluctuations 

3 4 5 6 7 8 9 10
35

40

45

50

55

60

65

70

75

80

 I=22mm

 I=24mm

 I=26mm

 I=28mm

 I=30mm

η 
)

%(

Uin (m/s)
3 4 5 6 7 8 9 10

0

100

200

300

400

500

600

700
 I=22mm

 I=24mm

 I=26mm

 I=28mm

 I=30mm

Δ
P 

)a
P(

Uin (m/s)

(a)                                                (b) 

Fig. 7. Influence of inlet velocity and plate interval upon (experiment): (a) separation efficiency and (b) pressure loss.
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which meet their highest level at higher velocities within the 
range of 7–9 m/s, indicating superior anti-re-entrainment 
and pneumatic performance of the new demisters.

3.2. Numerical validation

Computational results are compared with experimen-
tal data to assess the applicability of numerical model. Two 
different wall-boundaries for droplets are checked, namely, 
“Trap” denotes the wall treatment where droplets are col-
lected once they collide with the plate surface, and EWF 
stands for the Euler-Wall-Film model. In this part, demis-
ter with the smallest plate interval of 22 mm is adopted 
for model validation in terms of pressure loss, considering 
for the higher turbulence level and hence largest mechani-
cal loss through demister passage. Fig. 9a indicates that the 

adopted turbulence model agrees well with the measured 
pressure loss data, and that pressure loss solution is almost 
independent of droplets wall-boundary model. However, 
the “Trap” scheme failed to predict separation efficiency 
with sufficient accuracy especially beyond the critical veloc-
ity where droplets re-entrainment occurs, as presented by 
Fig. 9b. By contrast, the dropping trend of separation effi-
ciency at higher velocities are successfully reproduced by 
the “EWF” scheme. Model validation of separation efficiency 
is carried out using the median plate interval of 26 mm, 
which is representative and thereby adopted for detailed 
analysis on the two-phase flow in the following sections. It 
is worth noting that the predicted critical velocity is also in 
good agreement with that observed in the experiment, indi-
cating a good usability of the model in calculating separa-
tion efficiency within wide range. Quantitatively, the calcu-
lated separation efficiencies are constantly higher than their 
measured counterparts. Which can be explained by the fact 
that, the atomization system produces large amount of tiny 
droplets much smaller than the lower limit (5 μm) in the 
numerical setting, causing unavoidable escaping from the 
demister due to small inertia. Nevertheless, the average gap 
between measured and calculated separation efficiency falls 
within the range of 2%–12.5%, proving an overall accept-
able performance of the computational method employing 
“EWF” scheme and the defined criterion for calculating  
re-entrainment.

To prove the understanding that larger droplets are 
nearly captured at higher velocities, simulations are con-
ducted using “Trap” wall-boundary to obtain graded drop-
lets separation efficiency. It can be known from Fig. 10 that 
separation efficiency consistently rises with increasing drop-
lets diameter. For example, in the I = 22 mm case, separation 
efficiency improves from 18.48% at the velocity of 1 m/s to 
98.42% at the velocity of 5 m/s for the Dp = 9 μm droplets 
group, as illustrated by Fig. 10a. By comparison, smaller 
droplets are quite hard to be trapped even accelerating veloc-
ity to a high level. Separation efficiency of the Dp = 1 μm 
droplets group is limited under 25% although velocity rises 
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up to 9 m/s. Noting that increasing velocity from 7 to 9 m/s 
sees a drop in efficiency for the Dp = 1 μm droplets group, 
which is attributed to strengthened turbulence carrying 
small droplets downstream. Fig. 10b shows that separation 
efficiency improves with decreasing plates interval, since 
narrower passages can create more curved streamlines, 
leading to stronger inertial effect for droplets to be detached 
from mainstream and collide on plate surface.

3.3. Flow field

It worth noting that, the apparent performances such 
as pressure drop, separation efficiency and anti-re-entrain-
ment ability are closely related to the two-phase flow details 
in demister passage, therefore, it is a necessity to carryout 
flow field analysis to reveal such relationship, which is also 
helpful in particular optimization of plate geometry. To 
understand droplets behavior, their trajectories character-
ized by velocity magnitude are depicted in Fig. 11a–f, dif-
ferent plate intervals, inlet velocities and droplets diameters 
are compared. It can be see that larger droplets significantly 
reduce in the downstream because they are easier to be cap-
tured by the wall. Droplets are deflected near EC_1 and then 
intercepted by Hook_C. This deflection is more obvious for 
larger droplets than for smaller ones due to greater iner-
tia. Comparing Fig. 11a and c, or Fig. 11b and d indicating 
that narrower plate interval promotes droplets interception 
not only by means of rising blocking ratio but also through 
flow field reorganization. To be specific, the increased max-
imum velocity upon Hook_B leads to more intensified cen-
trifugal movement of droplets, making them easier to be 
intercepted by Hook_C. The influence of inlet velocity upon 
droplets motion obeys the same principle that higher veloc-
ity produces stronger inertia and hence more droplets col-
lection, by comparing Fig. 11c and e, or Fig. 11d and f. Such 
comparisons also confirm the understanding that increas-
ing size of droplets is more efficient than accelerating inlet 

flow for the purpose of improving separation efficiency, 
just as the definition of Stokes number which is propor-
tional to velocity or to square of droplets diameter.

It must be pointed out that separation, pressure loss 
and anti-re-entrainment performance of demister is closely 
connected to the flow field in the passage, especially near 
the drainage channels. Fig. 12 presents the distributions of 
velocity and streamlines of different plate intervals under the 
inlet velocity of 5 m/s. It is evident that fundamental flow 
field is basically independent of the inlet velocity, except 
for the local flow acceleration with reducing plate interval. 
Embedded drainage channels realize a high level of surface 
integration making flow passage more smoothly, and hence 
help reduce pressure loss caused by hooks. The maximum 
local velocity in core region is several times larger than that 
of the inlet, which is frequently encountered in many kinds 
of demisters with tortuous passages. Interaction between 
near-wall weak flow and core flow accounts for large amount 
of loss, resulting in extra pressure drop. Fortunately, embed-
ded drainage channels reduce the contact between these 
two flow motions and hence save the flow energy. Although 
pressure loss saving, separation efficiency is not much sac-
rificed because of the large-scale vortexes formed in the 
embedded drainage channels which entrained the droplets 
from turning back into the main stream. The vortex struc-
tures within the drainage channels are stable and unaffected 
by varying plate interval, pushing large droplets into the 
wall and entraining smaller ones until they are coalesced 
and eventually captured. The strong and stable vortexes 
in the embedded drainage channels also promote liquid 
film spreading and restrict growth of film thickness, hence 
droplets re-entrainment can be avoided.

Total pressure distributions of different plate intervals 
are presented in Fig. 13. For consistency, the pressure level is 
made non-dimensional, which is defined using the Eq. (20):
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where Pin is the total pressure at the inlet; P denotes the local 
total pressure; ΔP stands for the pressure loss from inlet to 
outlet of the passage. It is noticed that pressure gradient 
from the core region to the leeward side of Hook_B is quite 
large, which means that flow separation in this area is the 
main source of pressure loss. By contrast, pressure gaps 
between core region and both embedded drainage channels 
are smaller, which implies that drainage channels produce 
minor pressure loss. Therefore, embedded drainage chan-
nel owns the advantage of superior separation performance 
achieved with minimum flow energy consumption.

The experimental result signifies that the optimum sep-
aration efficiencies are acquired at the inlet velocities of 
5.3, 7.2 and 8.5 m/s for demisters with the plate intervals 
of 2, 26 and 28 mm, respectively, indicating re-entrainment 
comes into being at such operating conditions. Therefore, 
inlet conditions of 5–9 m/s in simulations are chosen to 
implement a detailed analysis. Since maximum local veloc-
ity is found at the tip of Hook_B, which is expected to be 
the main reason of liquid film breakup and hence drop-
lets re-entrainment, detailed local velocity distributions 
are plotted along the tip wall-normal direction to examine 
the effect of near-wall velocity gradients, as presented by 
Fig. 14. Although transvers distribution of velocity appears 
to be quite uniform in the passage core, extreme high veloc-
ity peak (Within the range of 24.03 to 28.06 m/s) is found 
to be quite close to the tip wall just next to the viscous sub-
layer of merely 0.2 mm in thickness. Thus, re-entrainment 
is most likely to occur once liquid film thickness grows to 

over 0.2 mm, in other words, re-entrainment is prone to 
take place at the tip wall of the Hook_B.

3.4. Embedded drainage channel

By using the validated numerical approach, 3D simula-
tions are implemented to check the liquid film distributions 
on the plate surface, as illustrated by Fig. 15, which is the 
mid-height cross-section. It can be found that liquid films are 
generally concentrated on the lateral sides of hooks just next 
to the tips where radius of curvature is small, which agrees 
with the aforementioned analysis on flow field presented 
by Figs. 12 and 13. These are exactly locations where shear 
forces are significant so that film breakup tends to happen, 
as noticed that film thickness near the tip of Hook_B rises 
from 0.242 to 0.593 mm with the inlet velocity accelerating 
from 3 to 7 m/s. However, further increasing inlet velocity to 
9 m/s sees film reduction from 0.593 to 0.256 mm, which is 
the result of breakup. On the upper side of the plate shown 
in Fig. 15, liquid film grows on the windward of Hook_A and 
gradually spreads to inner side of the hook with increasing 
velocity. Meanwhile, liquid film concentrates on the dis-
tal end inside the EC_1 and rapidly spreads in the reverse 
direction on the wide surface of EC_1 instead of accumu-
lating in the wall-normal direction. Therefore, liquid col-
lection and anti-re-entrainment ability is enhanced on the 
upper side of the plate. The lower side of the plate shown 
in Fig. 15 also contributes to liquid collection thanks to its 
smooth surface profile which promotes liquid spreading 

 

 

(a) I=26mm U in=5m/s Dp=3μm 

 

(b) I=26mm U in=5m/s Dp=9μm 

 

(c) I=22mm U in=5m/s Dp=3μm 

 

(d) I=22mm U in=5m/s Dp=9μm 

 

(e) I=22mm U in=9m/s Dp=3μm 

 

(f) I=22mm Uin=9m/s Dp=9μm 

Fig. 11. Droplets trajectories in the plate channels: The influence of plate intervals, velocities and droplets diameters.
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and prevents sharp increase of shear force and flow sep-
aration. It is also found that EC_2 induces the spread film 
to entry the inner side of Hook_C, which further enhances 
the liquid removal capability. The above analysis points 
out that the embedded drainage channels can suppress the 
occurrence of re-entrainment via re-organizing appearance 
of liquid film. In spite of that, film breakup is still inevitable 
on locations where large shear force dominates, specifically, 
it is limited on the small tip area of Hook_B and C.

Distribution of shear stress on plate surface under high 
velocity (Uin = 9 m/s) is presented by Fig. 16. Largest shear 
stress is produced on tip of Hook_B and C facing the flow, 
where film breakup is most likely to occur. While the rest 
of the plate surface is dominated by very small shear stress. 

In Fig. 17a linear variation of maximum shear against inlet 
velocity is presented. Noting that on any part of plate, once 
shear stress surpasses surface tension, film detachment 
takes place and secondary droplets be produced. Fig. 18 
tells that film detachment starts to occur upon inlet veloc-
ity of 7 m/s and the mass of stripped liquid increases with 
flow acceleration due to the same reason. Beyond critical 
point, the amount of intercepted droplets is smaller than 
that of stripped film, and the gap widens with increasing 
velocity, leading to overall decreased separation efficiency. 
Also noticed is that liquid stripping is more remarkable on 
the upper side of the plate than on the lower side, which 
can be explained by the fact that EC_1 on the upper side 
withstands the strongest flow impingement and separation, 

(a) I=22mm 

(b) I=26mm 

(c) I=30mm

Fig. 12. Contours of velocity magnitude in the demister passage (Uin = 5 m/s).
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while EC_2 on the lower side faces relative weak flow. 
Therefore, reorganization of flow field by embedded drain-
age channels greatly affect liquid behavior in the demister  
passage.

It is known to all that droplets separation in tortuous 
passage is dominated by inertia principle, hence larger 
droplets are easier to detach from streamlines of continuous 
phase, impact on plate surface and be removed. For dense 
two-phase flow in the MSF devices, droplets aggregation 
is one important phenomenon that has often been ignored. 
Aggregation is generated basically by velocity slip between 
droplets, the outcome is positive because fine droplets 
coalesce into larger ones along passage which promote liq-
uid collection. Fig. 19 presents the droplets trajectory char-
acterized by velocity magnitude under the inlet velocity of 

9 m/s, visible velocity slip is observed near both embedded 
drainage channels, which implies that aggregation occurs 
and helps promote droplets separation. EC_1 acts more 
effectively in promoting separation than EC_2, in terms of 
either creating velocity slip or preventing trapped drop-
lets from re-entering the main flow, as illustrated by Fig. 20 
that the upper surface of plate retains more liquid than the 
lower surface within entire range of inlet velocity. This can 
be attributed to the difference between profiles of the two 
sides, especially to the surrounding design of EC_1.

The aforementioned analysis implies that large scale 
swirling flow induced by embedded drainage channel 
plays an important role in droplets motion and liquid col-
lection. Using the Ω criterion [31] defined by Eq. (21) to 
identify intensity of vortex inside EC_1.
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where A and B are the symmetric and anti-symmetric ten-
sions of the vortexes, respectively, ε = 0.001. As shown in 
Fig. 21, a pair of large scale counter-rotating vortexes are 
created inside EC_1 corresponding to two sites of high 
vorticity regions in the corners of the channel. These vor-
texes strengthen the immigration of droplets from main-
stream into EC_1, trap them within the channel, and most 
importantly, spread the liquid film on the wide surface of 
EC_1. Therefore, better anti-re-entrainment performance 
can be realized on this side of the plate.

In the experiment, small amount of re-entrainment is 
unavoidably observed when flow velocity is high, as can 
be seen from Fig. 22 which records the secondary droplets 
attachment on the tunnel wall to the downstream of demister. 
The pictures are acquired under the inlet velocity of 8.5 m/s 

 

(a) I=22mm 

        

(b) I=26mm                                 (c) I=30mm 

Fig. 13. Total pressure distribution in demister passage (Uin = 5 m/s).
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which is quite high to create re-entrainment in the passage. 
It can be noticed that liquid pile up at certain locations over 
time due to specific flow field produced by demister pas-
sage. The rapid accumulation of liquid at such point can 
be explained by the larger size of secondary droplets than 

the primarily sprayed fog droplets. The observed liquid 
mass behind demister mostly gathered in the lower part of 
the tunnel as a result of gravity that cannot be ignored for 
liquid film and ultra large secondary droplets. This effect is 
demonstrated by 3D simulation on two-phase flow, which 
shows that liquid film thickness increases along plumb 
direction, Fig. 23a. In fact, droplets re-entrainment and liq-
uid drainage happen simultaneously, hence secondary 
droplets are more likely to be generated in the lower parts 
due to increased film thickness. Actually, secondary drop-
lets are produced via various mechanisms depending on 
flow field as well as plate surface profile. As illustrated by 
Fig. 23b that rebound and splash dominate the first throt-
tle region, and that film stripping mainly occurs at hook tip 
facing the flow where strong shear and separation dominate.

The advantage of the new demister with embedded 
drainage channels are proved via comparisons with con-
ventional demisters studied by previous published papers, 
as presented by Fig. 24a. It has to be mentioned that in the 
experimental work of present study, atomization conditions 
are controlled carefully to produce quite fine droplets orders 
of magnitudes smaller than those used in former stud-
ies listed, therefore the overall separation efficiency of the 
I = 30 mm case appears to be lower due to much weaker iner-
tia. Nevertheless, the proposed demister is superior to the 
conventional types in terms of its excellent anti-re-entrain-
ment performance, that is, the critical velocity is increased 
significantly with embedded drainage channels. Some 
researchers [23,32] suggested installing VGs in the passage, 
which improve the probability of droplets collision on the 
wall, yet VGs themselves exacerbate re-entrainment, restrict-
ing the capability of demister. Other solutions like tube-bank 
[22] or porous foam [11] increases droplets interception yet 
with the penalty of much larger pressure loss, moreover, such 
component aggravate liquid coalescence on the wall which 
is easier to be stripped than to be discharged. Targeting on 
the identical droplets size with that in the literature receives 
higher separation efficiency with the present I = 22 mm case, 
yet with the penalty of reduced critical velocity, thus over-
all separation efficiency has to be balanced with anti-re-en-
trainment ability. Anyway, the proposed demister scheme 
provides higher comprehensive performance with great 
potential that further improvement is foreseeable through 
parametric optimization on the profile of embedded drain-
age channel. Comparing the comprehensive performance 
requires the same initial conditions to be set, like the con-
sistency of droplet size distribution at the inlet, in order 
to be meaningful. The initial conditions in different litera-
ture are inconsistent, thus lacking comparability. However, 
it is worth noting that the literature provides separation 
efficiency and pressure loss for individual droplet sizes. 
Therefore, the comprehensive performance of 9 μm droplet 
studied in this article is compared with the comprehensive 
performance of 10 μm droplet in traditional demisters, as 
shown in Fig. 24b. it can be found that, the overall perfor-
mance of the proposed demister with embedded drainage 
channels are superior to most recent enhancement designs, 
at least for 10 μm-Class droplets and even if pressure loss is  
considered.

Critical velocity with tube-bank and porous foam are 
6 and 4.5 m/s, respectively, with VGs it reduced to 3.7 m/s, 
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indicating lower treating capability. Equipping embedded 
drainage channel improves the critical velocity to as high 
as 8.5 m/s in the I = 30 mm case of present study, imply-
ing strong anti-re-entrainment performance. Fig. 24c also 
gives the maximum flow velocity inside the demisters at 
critical point, which also signifies the ability in resisting 

re-entrainment. It can be seen that tube-bank and porous 
foam can only withstand internal velocity no higher than 
17 m/s, with VGs the maximum internal velocity is reduced 
to be lower than 12.5 m/s. By comparison, embedded drain-
age channel can hold the maximum velocity of nearly 
27 m/s even in the I = 22 mm case with relative lower critical 
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Fig. 16. Shear stress distribution (I = 26 mm, Uin = 9 m/s).
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Fig. 18. Stripped mass of liquid with inlet velocity.

  

Fig. 19. Droplet tracking (Uin = 9 m/s, I = 26 mm).
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velocity. Noting that higher maximum internal velocity at 
critical point basically implies stronger inertia for droplets 
removal. Therefore, it can be concluded that proposed 
demister scheme with embedded drainage channels owns 

great potential for further improving separation perfor-
mance and treating capability.

4. Conclusions

An innovative type of demister that can be used in MSF 
facilities is proposed for the purpose of enhancing anti-re-en-
trainment ability and hence improving treating capability. 
The specific design is with embedded drainage channels 
integrated into the plates. Experimental and computational 
works are carried out to investigate the overall perfor-
mance as well as the flow field details of the demister, key 
conclusions are:

Liquid film breakup is the dominant cause of re-en-
trainment in inertial demister, which is more significant 
than phenomena like droplets breakup and splash. Strong 
anti-re-entrainment ability is characterized by higher crit-
ical velocity which can be improved to 8.5 m/s with the 
proposed design. However, anti-re-entrainment perfor-
mance must be trade off with the overall separation effi-
ciency, anyway, the new type demister owns a high level 
of overall performance considering for both pressure loss 
and efficiency, especially at higher inlet velocities thanks 
to its outstanding anti-re-entrainment ability. Therefore, 
production quality and energy efficiency of MSF facilities 
can both be improved by equipping the proposed demister. 
Moreover, the most important significance of the present 

3 5 6 7 8 9
0.0

0.1

0.2

0.3

0.4

0.5

0.6

)
g( ss

a
m  

mli
F

Uin (m/s)

 upper surface

 lower surface 

Fig. 20. Mass of liquid film attached on both sides of the plate.

 

 

Fig. 21. Distribution of vortex intensity within embedded drainage channel.

  

   0s                  0.1s                0.5s                0.7s 

Fig. 22. Observation of re-entrainment in experiment.
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design lies in its potential of contributing to MSF system 
in achieving much higher treating capacity.

The adopted numerical method employing Euler-Wall-
Film model successfully predicted the decrease of separation 

efficiency at higher inlet velocities due to droplets re-en-
trainment. It is found through numerical simulation that 
embedded drainage channels plays an ultra-important role 
in resisting secondary droplets by means of promoting film 

 

 

(a)                                                      (b) 

Fig. 23. Liquid film behavior: (a) distribution of film thickness and (b) creation of secondary droplets.
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Fig. 24. Comparison of embedded drainage channel with conventional enhancing structures from literatures.
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spreading, suppressing shear force and creating vortex 
suction.

Apart from excellent anti-re-entrainment performance, 
the proposed demister scheme with embedded drainage 
channel is superior to conventional designs also due to the 
higher maximum internal velocity of 24–28 m/s at critical 
point, indicating great potential to further improve the over-
all performance through optimizing details of the embed-
ded drainage channel.
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Symbols

I — Plate interval, mm
h1 — Length of the front extension section, mm
h2 — Length of the rear extension section, mm
h3 — Length of the front deflector, mm
h4 — length of the rear deflector, mm
h5 — Length of the blade in the vertical direction, mm
H — Overall length of the plate, mm
D(a/b) — Structure ratio of the primary channel
L — Length of the third hook, mm
α — Angle of the third hook, °
Eu — Dimensionless Euler number
S — Length of the tip wall-normal direction, mm
Pin — Total pressure at the channel inlet, Pa
Umax — Maximum bulk flow velocity, m/s
U — Bulk flow velocity, m/s
Uin — Inlet velocity, m/s
Uin,c — Critical inlet velocity, m/s
ΔP — Pressure loss, Pa
P — The local total pressure, Pa
η — Separation efficiency, %
Dp — Droplet size, μm
F — Performance factor
δ — Film thickness, mm
τs — Wall shear stress, Pa
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