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Research on the CFD numerical simulation and process
optimization of countercurrent–cocurrent dissolved air
ﬂotation
Yonglei Wang, Wei Liu, Liping Tian, Ruibao Jia, Zhenqi Du and Anran Zhou

ABSTRACT
The countercurrent–cocurrent dissolved air ﬂotation (CCDAF) process is a new type of air ﬂotation
process integrating countercurrent collision and cocurrent ﬂow adhesion processes. The structural
form of the CCDAF tank and its process parameters are the required conditions to achieve
countercurrent collision and cocurrent adhesion. In this study, eight CCDAF tank process models
were established with a ﬂow rate of 0.5 m3/h. Flow ﬁeld numerical simulation and process
optimization of a CCDAF tank was conducted using Fluent software. The simulation results show that
the optimal conditions for the CCDAF process are as follows: contact zone ascending velocity
10 mm/s, separation zone separation velocity 1.5 mm/s, dissolved gas pressure 0.45 MPa, and
recirculating dissolved-gas distribution ratio R1/R2 1:1. Under these operating conditions, the ﬂow
state in the ﬂotation tank is the most stable and the gas in the contact zone is evenly distributed.
According to the simulation results, a 5 m3/h pilot plant was built. The structural dimensions were:
B × L × H ¼ 1,020 mm × 1,300 mm × 1,350 mm. The test results show that the CCDAF has a signiﬁcant
decontamination effect and is clearly superior to the cocurrent ﬂow DAF process and countercurrent
ﬂow DAF process.
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INTRODUCTION
In the ﬁeld of water treatment, dissolved air ﬂotation (DAF)

and the air bubble adhesion effect is not ideal (Albijanic et al.

has been widely used in the treatment of high algae micro-

). To improve the efﬁciency of bubble-particle adhesion,

polluted water and low-temperature and low-turbidity water

a countercurrent DAF process has been developed in recent

(Hu ; Zhu et al. ). The air-ﬂoating contact zone is

years (Figure 1(b)). During operation, the microbubbles

the main place where microbubbles and ﬂocculent particles

and the raw water ﬂow in the opposite direction, and the

are mixed, collide, and adhere (Kisner Anderson et al.

bubbles and the ﬂocs fully collide with each other. However,

). The operating effect of the air-ﬂoating contact zone

there are several disadvantages of countercurrent air

directly inﬂuences the water puriﬁcation capacity of the

ﬂotation, such as: low impact load, low efﬁciency of

DAF process (Lundh et al. ; Wang et al. ; Yang

adhesion of foam ﬂocs, unstable water, and deeper tanks

et al. ). The traditional advection DAF process

(Guo et al. , ). To solve the problems of low particle

(Figure 1(a)) is essentially a cocurrent ﬂow DAF process.

adhesion efﬁciency, unsatisfactory trapping effect, and

The microbubbles ﬂow in the same direction as the raw

unstable adhesion of foam ﬂocs to a single DAF process,

water, and the bubbles and ﬂocs have less chance of contact,

countercurrent–cocurrent dissolved air ﬂotation (CCDAF;

doi: 10.2166/aqua.2019.147
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Sketch of the cocurrent DAF process (a), countercocurrent DAF process (b), and CCDAF process (c).

Figure 1(c)) was developed (Wang et al. a, b). This
process combines the advantages of cocurrent and countercurrent ﬂow DAF processes. In the CCDAF process, the

CONSTRUCTION OF THE CCDAF MODEL AND
ESTABLISHMENT OF THE CFD NUMERICAL
SIMULATION METHOD

raw water ﬂows through the collision contact zone and
the adhesion contact zone sequentially, which strengthens

CCDAF test device

the adhesion of the microbubbles and enhances the stability
of the air-bubble ﬂocs.

The CCDAF process is a new type of air ﬂoatation process

The computational ﬂuid dynamics (CFD) method is

that incorporates countercurrent collision and co-current

used to simulate the CFD ﬂow ﬁeld in the air-ﬂotation

adhesion processes. The air ﬂotation tank of the CCDAF pro-

tank of the CCDAF process, and the characteristics of the

cess includes a countercurrent collision contact zone, a

ﬂow ﬁeld are analyzed to lay a theoretical foundation for

cocurrent adhering contact zone, and an air ﬂotation separ-

the popularization and application of the CCDAF process

ation zone. The difference between the CCDAF and the

(Wang et al. a, b). The key to the CCDAF tank for

traditional DAF process is that the air-ﬂoating contact zone

countercurrent collision and cocurrent ﬂow adhesion lies

is divided into two stages, namely, a collision contact zone

in its structure, geometry, and process parameters. At

and an adhesion contact zone. Gas-dissolved water is

present, the design of the air-ﬂoating tank relies on the

added twice. In the collision contact zone, the microbubbles

design manual calculation, and the value is within the

and raw water countercurrently ﬂow, achieving full collision

parameters given by the speciﬁcation (Lundh et al. a,

of the microbubbles with the suspended matter, which

b). There is no exact method for taking values of

become larger with ﬂocculation. The air-bubble ﬂocs then

parameters, which limits the development of the process

enter the adhesive contact zone as the efﬂuent of the collision

(Lundh et al. ). Based on the previous research, this

contact zone. In the adhesive contact zone, the microbubbles

paper continues to use CFD numerical simulation technol-

ﬂow in the same direction as the raw water and come into

ogy to simulate the ﬂow ﬁeld of the structure and

contact. Some of the microbubbles in the collision contact

operation parameters of a CCDAF ﬂoating tank. The post-

zone enter the adherent contact zone with the water ﬂow.

processing patterns such as the gas phase ﬂow pattern and

This process increases the concentration of the microbubbles

the nephrogram of gas phase volume distribution are used

in the adhesion contact zone and also enhances the adhesion

to visually compare the ﬂow patterns in the tank, optimize

of the microbubbles to the suspended matter. Finally, air-

the geometric dimensions, and process parameters of

bubble ﬂocs are formed and ﬂoat to the separation zone.

CCDAF from the perspective of hydraulics, and provide

The air ﬂotation tank diagram is shown in Figure 2(a). To

technical support for the popularization and application of

facilitate the CFD numerical simulation of the CCDAF pro-

CCDAF processes in engineering.

cess, the CCDAF tank boundary conditions and tank body
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Sketch of the air ﬂotation tank (a) and model (b).

are simpliﬁed. The simpliﬁed model is shown in Figure 2(b).

Table 1

|

List of the model parameters

The raw water enters contact zone 1 from inlet 1 and the
Separation

gas-dissolved water ﬂows back to the contact zone through

Rising velocity

velocity of

Model

of contact

separation

Length

Height

Number

number

zone (mm/s)

zone (mm/s)

(mm)

(mm)

of grids

a

10

1.5

1,300

1,350

69,392

b

10

2.0

1,050

1,800

74,432

c

15

2.0

1,430

1,800

101,432

According to the preliminary parameter optimization test, the

d

20

2.0

1,800

1,800

128,432

total recycle ratio (R1 þ R2) is 10%, and design ﬂow rate is

e

10

2.5

900

2,250

79,472

0.5 m /h. According to the design manual recommendation,

f

15

2.5

1,200

2,250

106,784

we calculated all the models of 16 size types with the contact

g

20

2.5

1,500

2,250

133,472

zone rising velocity of 10–25 mm/s and the separation zone

h

25

2.5

1,800

2,250

160,534

inlet 2 and inlet 3. The recycle ratios of contact zone 1 and
contact zone 2 are R1 and R2, respectively.
Process model design and grid building

3

separation velocity of 1.5–2.5 mm/s. Further screening was
carried out according to the design speciﬁcations, and the

Control equation

models’ contact times less than 60 s were excluded, and
ﬁnally eight models meeting the speciﬁcation requirements

This test does not involve heat transfer and assumes that

were obtained. The model parameters are shown in Table 1.

liquid water is not compressible. Therefore, Fluent only

Before using Fluent 14.5 for calculations, we needed to

needs to solve the continuity equation, the energy equation,

use pre-processing software to build the grid (Kaminsky

and the momentum equation.

et al. ). The study used ICEM CFD 14.5 for pre-processing and a two-dimensional bilinear over-limit difference

Continuity equation

method to create a structured grid (Pashchenko ). The
established mesh model is shown in Figure 3. The number

The differential form of the continuity equation can be

of grids is the same as in Table 1.

expressed as:

All of the above grid determinant quality detection values
are 1; Angle quality detection values are all 90, indicating that
all grids have an angle of 90 and the grid quality is excellent.
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Physical models of eight air ﬂotation tanks, meshes (a)–(h) and a magniﬁed view of the model (a).

This equation applies to both compressible and incom-

CFD numerical simulation method and boundary

pressible ﬂows. Sm is the source item.

condition

Momentum equation

Fluent 14.5 (Ansys Inc., USA) is the most widely used CFD
software (Ye et al. ). Fluent offers three multiphase ﬂow

In the inertial coordinate system, the momentum conserva-

models, the Volume of Fluid model, the Mixture model, and

tion equation in direction-i can be expressed as:

the Eulerian model (Kaminsky et al. ; Hu ; Yu et al.

@
@
@p @τ ij
(ρui ) þ
(ρui uj ) ¼ 
þ
þ ρgi þ Fi
@t
@xj
@xi @xj

(2)

model. It is mainly used to simulate two-phase or multi-

 

@ui @uj

þ
τij is stress tensor, its expression is τ ij ¼ μ
@xj @xi

particle (Han et al. ). This experiment mainly studies

). The mixture model is a simpliﬁed multiphase ﬂow

2 @ul
μ
δ ij , p is static pressure, gi and Fi are the gravitational
3 @xl
volume force and the external volume force in the i directions.

bubbles in the ﬂow ﬁeld, including the movement of
microbubbles and the distribution of microbubbles (Chao
et al. ; Wei & Song ; Alizadeh & Khamehchi ).
lence model adopts the k-ε viscosity model.
The model boundary settings are shown in Figure 4. The

The energy equations solved by Fluent are as follows:

water inlet to be treated is set to IN1, the two reﬂux dissolved water inlets are set to IN2 and IN3, the treated
water outlet is set to OUT1, the two tank top free surfaces
(3)

j0

E ¼ h  ρp þ

the characteristics of the ﬂow ﬁeld in the air ﬂotation
tank. The core of the experiment is the status of micro-

The ﬂow in the air ﬂotation tank is turbulent, so the turbu-

Energy equation



@
@
@
@T
(ρE) þ
[ui (ρE þ p)] ¼ 
keff
@t
@xi
@xi
@xi
X
0
0

h j J j þ uj (τ ij )eff þ Sh

phase ﬂow. The multiphase ﬂow can be either a ﬂuid or a

are set to OUT2, OUT3, and ﬁnally, the tank wall is set to
WALL. According to the preliminary parameter optimiz-

u2i
2

ation test, the inﬂow ﬂow rate is 0.5 m3/h, the recycle
ratio is 10%, the inlet pipe diameter is 32 mm, the outlet

In Equation (3), keff is the effective heat transfer coefﬁ-

pipe diameter is 50 mm, and the reﬂux dissolved water

cient, Jj is the diffusion ﬂow of component j, Sh is the heat of

inlet pipe diameter is 20 mm. Except for the top free surfaces

reaction. Other parameters have the same meaning as above.

OUT2 and OUT3, which are deﬁned as pressure outlets, the
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Each speed entry boundary condition parameter

Velocity v

Hydraulic
diameter DH

Turbulence

Boundary

Type

(m/s)

(mm)

intensity I (%)

IN1

Velocity-inlet

0.173

32

5.45

IN2

Velocity-inlet

0.022

20

7.48

IN3

Velocity-inlet

0.022

20

7.48

OUT1

Velocity-inlet

0.078

50

5.70

the microbubble particle passes through the countercurrent
collision zone, cocurrent ﬂow contact zone, and air ﬂotation
separation zone in sequence and that trajectory of the model
particles is basically the same. Most of the dissolved water
entering from inlet 2 enters contact zone 1, the trajectory
of the gas-liquid ﬂow point is obvious, and the reverse
Figure 4

|

Air ﬂotation tank boundary settings.

impact contact effect between bubble and ﬂoc is signiﬁcant.
The overall ﬂow state in the air ﬂotation tank is good, and

others are velocity inlets. According to the air/water ﬂow
ratio measured by the experiment, the reﬂux inlet bubble
volume fraction was set to 0.0479. Average bubble diameter
is 40–50 μm. The WALL uses no sliding wall conditions. The
free surface at the top is the water surface, and the simulation is set to the symmetry boundary condition, ensuring
that there is no vertical velocity component at the surface
and the wall friction is zero. In addition, the UDF (user
deﬁne function) is applied to the adjacent grid on the surface
to increase the quality source term and describe the bubble
overﬂow process. Calculations of the parameters of each velocity entry boundary condition according to the above
conditions are shown in Table 2.

the velocity of the water ﬂow in the contact area is large,
while the ﬂow velocity of water in the separation area is signiﬁcantly reduced and the ﬂow state is stable, which can
reduce the fragmentation and desorption of the air-bubble
ﬂocs. A favorable environment is formed in these models
to facilitate the collision and adhesion of microbubble and
ﬂocs, and it is also conducive to the removal of air-bubble
ﬂocs. In the models (c), (d), (e), (f), and (g), the dissolved
gas water entering from water inlet 2 is mostly inﬂuenced
by the water ﬂow and enters contact zone 2, and the
amount of gas entering contact zone 1 is relatively small,
which results in a non-obvious gas-phase ﬂow in contact
zone 1 and a relatively weak contact effect between the
microbubbles and ﬂocs. In addition, the ﬂow velocity in
the separation zone did not decrease signiﬁcantly, which
was not conducive to the ﬂoc ﬂoating separation.

FLOW FIELD SIMULATION AND PROCESS
OPTIMIZATION OF THE CCDAF AIR FLOTATION
TANK MODEL

In the eight models, the ﬂow velocity of the gas-liquid
particles at the right bafﬂe of contact zone 2 was fast.
After entering the separation zone, the gas is affected by
the ﬂow of water in the descending process and there are

Geometry optimization

different degrees of reﬂux phenomena, and both return to
the inlet. The turbulence, backspin, and vortex phenomena

Analysis of pathlines of gas-phase velocity

of models (e), (f), and (h) are signiﬁcant and can easily disturb the formed air-bubble ﬂocs and cause them to break

The pathlines of gas-phase velocity (Figure 5) show the ﬂow

as well as affect their adhesion stability, which is detrimental

path of gas in gas-dissolved water. In models (a), (b), and (h),

to the air ﬂotation effect. The stability of the ﬂow ﬁeld in the
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Pathlines of gas-phase velocity of eight models in the CCDAF tank (a)–(h).

separation zone is conducive to stable adhesion of the air-

Contour of bubble concentration analysis

bubble ﬂocs, and the desorption phenomenon is less likely
to occur. The trajectories of the gas-phase ﬂow lines in

The contour of bubble concentration represents the volume

models (a), (b), and (c) are smooth and difﬁcult to generate

occupied by the gas phase at different positions in the air-

perturbations for, which is beneﬁcial to the ﬂoating and

ﬂotation tank, and can more directly to indicate the gas-

removal of the air-bubble ﬂocs.

phase volume of fraction at different positions. The contour

Based on the above analysis of the characteristics of the
gas ﬂow streamlines in the contact zone and the separation

of bubble concentration of each model is shown in
Figure 6.

zone, we observe that: models (a) and (b) can realize the

From Figure 6, it is observed that contact zone 1, contact

reverse collision of foam ﬂoccules and co-directional

zone 2, and the separation zone of the CCDAF ﬂotation

adhesion and stable adhesion of the separation zone,

tank are covered with microbubbles. The number of micro-

which is a more appropriate process size model.

bubbles in the contact zone is large, and the bubble
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Contour of bubble concentration of eight models (a)–(h).

concentration in contact zone 2 is higher than that in con-

the disturbance is signiﬁcant. In addition, the gas phase

tact zone 1. The microbubbles gather in the upper part of

volume in contact zone 1 in the models (c), (d), (e), (f),

the separation zone. The degree of disturbance and distri-

and (g) is relatively low, which is not conducive to the col-

bution of microbubbles in each area are inﬂuenced by the

lision of microbubbles and ﬂocs. In the separation zone,

geometric size of the ﬂotation tank and the ﬂow velocity,

the distribution of microbubbles in models (a), (c), and (e)

and there are large differences.

is relatively uniform, which facilitates the ﬂotation of the

The gas-phase distributions of contact zone 1 and con-

air-bubble ﬂocs in a stable ﬂow state and removal. The air

tact zone 2 in the air-ﬂotation models (a) and (h) are

bubbles in the upper part of the separation zone have a

relatively uniform, the ﬂow state is stable, and there are no

high concentration, and a thick layer of microbubbles is

adverse turbulences, such as an obvious backﬂow. In

gathered. The microbubbles gradually decrease in concen-

models (b), (c), (d), (e), (f), and (g), the gas ﬂow distributions

tration from the top to bottom and gradually decrease

in contact zone 1 and contact zone 2 are not uniform and

along the depth of the tank. The microbubble layer has a
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good ﬁltering function. Models (b), (d), (f), (g), and (h) all

inﬂuent ﬂow is 0.5 m3/h, inlet velocity is 173 mm/s, recycle

have different degrees of non-uniform gas-phase distri-

ratio is 10%; inlet 2 and inlet 3 inlet velocity are 22 mm/s,

butions, and there is turbulence or a vortex at the inlet of

and average bubble diameter is 40–50 μm. The gas holdups

the separation zone, which creates disturbances and easily

are 2.4%, 4.5%, 6%, 6.8%, and 7.5%, which correspond to

causes the formed air-bubble ﬂocs to break.

the dissolved-air pressures of 0.3 MPa, 0.35 MPa, 0.4 MPa,

According to the contour of bubble concentration, the

0.45 MPa, and 0.45 MPa, respectively. The distribution of

model (a) gas distribution in the contact zone is uniform,

microbubbles in the ﬂotation tank at different pressures of

the ﬂow state is stable, the gas distribution in the separation

dissolved gas are shown in Figure 7.

zone is stepped and evenly distributed, there is no obvious

Figure 7 shows that when the pressure is less than

backﬂow, and the gas-phase distribution is reasonable.

0.45 MPa, most of the microbubbles in inlets 2 and 3 ﬂow to

Therefore, model (a) is the recommended model for the

contact zone 2 under the action of the water ﬂow. As a

CCDAF tank design.

result, the distribution of the microbubbles in contact zone 1

Through a comprehensive analysis of the pathlines of

and contact zone 2 is not uniform. Especially, in contact

gas-phase velocity of each model and the contour of

zone 2, the disturbance of the gas ﬂow is large, resulting in

bubble concentration, model (a) is determined to be the

poor contact between the microbubbles and ﬂocs. At the

B×L×H¼

same time, the distribution of the microbubble layer in the

102 mm × 1,300 mm × 1,350 mm. The ascending ﬂow rate

air ﬂotation separation zone is also very uneven, which is

in the contact zone is 10 mm/s, and the separation zone sep-

not conducive to the stable ﬂotation of the air-bubble ﬂocs.

aration velocity is 1.5 mm/s.

When the pressure reaches 0.45 MPa and above, the gas-dis-

best

model.

The

size

parameters

are:

solved water at water inlet 2 rises into contact zone 1 along
Process parameter optimization

the wall of the inlet side under pressure and contact zone 1
is ﬁlled with a uniform microbubble layer, achieving a collision of bubbles and ﬂocs. In addition, the gas-phase

Dissolved air pressure optimization

distribution in the air-ﬂoating contact zone and separation
The dissolved air pressure and gas-dissolved water recircula-

zone is relatively uniform, which is conducive to the collision

tion ratio are two important parameters in the operation

of microbubbles as well as the stable ﬂotation of the air-bubble

process of a CCDAF air ﬂotation tank, and the magnitude

ﬂocs. Therefore, the CCDAF ﬂotation tank is recommended to

of its value directly affects the operation effect of the pro-

have a dissolved air pressure of 0.45 MPa.

cess. The dissolved gas pressure directly affects the gas
holdup of the dissolved water, thereby affecting the size
and distribution of the microbubbles in the ﬂotation tank.

Optimization of two recycled ﬂows to two contact zones
ratio (R1:R2)

During the experiment, the dissolved gas pressure is maintained at 0.30–0.50 MPa. According to the magnitude of

Under the condition of a dissolved gas pressure of 0.45 MPa,

the outgas volume of the dissolved gas device under differ-

the dissolved water distribution ratio of model (a) was opti-

ent pressure conditions, the corresponding gas holdup is

mized to simulate the gas-phase ﬂow regime in the CCDAF

shown in Table 3. Taking model (a) as the simulation

tank under different distribution ratios. The gas phase

object, ﬁve different gas holdup conditions were selected

volume distribution cloud diagrams at different distribution

for simulation. Boundary condition settings are: inlet 1

ratios are shown in Figure 8.

Table 3

|

It is observed from Figure 8 that when the distribution
Corresponding table of dissolved gas pressure and gas holdup

ratio R1:R2 is small, most of the gas-dissolved water entering

Dissolved gas pressure (MPa)

0.3

0.35

0.4

0.45

0.5

Air precipitating amount (mL)

24

45

60

68

75

Gas holdup (%)

2.4

4.5

6.0

6.8

7.5
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Contour of bubble fraction in CCDAF tank under different pressures of dissolved gas (0.30–0.50 MPa).

in contact zone 2 is not uniform. Due to the small number of

ﬂoating contact zone 1 and contact zone 2 is complicated

microbubbles in contact zone 1, the reverse impact contact

and the turbulent ﬂow is intensiﬁed, which is not favorable

effect is weak. As observed from Figure 8, when R1:R2 is

for the adhesion of air-bubble ﬂocs. In summary, it is more

1:5, two vortex areas appear at the inlet end of the separation

appropriate to control the dissolved water distribution ratio

zone. This phenomenon has a destructive effect on the

to be approximately 1:1.

formed air-bubble ﬂocs. When R1:R2 reaches 1:1, the concentration of microbubbles in contact zone 1 and contact zone 2
is basically the same and the distribution is even. The gas-dissolved water entering through water inlet 2 rises near the

CONTRAST TEST OF DECONTAMINATION
PERFORMANCE OF CCDAF PILOT PLANT

inlet side wall. Under the action of the water ﬂow, the
water to be treated is thoroughly mixed and contacted and

According to the CFD simulation and optimization results, a

then ﬂows down together into contact zone 2. When R1:R2

5 m3/h CCDAF pilot plant was established. We performed

is 2:1 or 3:1, the concentration of microbubbles in contact

similar CFD numerical simulation and parameter optimiz-

zone 1 is greater than that in contact zone 2. There is a cer-

ation

tain disturbance in the ﬂow state in the separation zone,

countercocurrent DAF tank under the same conditions.

which increases with the increase of the distribution ratio.

The respective optimal model dimensions and operating

At the same time, due to the accumulation of a large

parameters were obtained, and the corresponding pilot

number of microbubbles in contact zone 1, the gas phase dis-

plant was established. Since the ﬂow rate of the pilot plant

tribution volume in the separation zone gradually decreases.

is 5 m3/h, it is ten times the model design ﬂow. Thus, we

When R1:R2 reaches 4:1 or more, the ﬂow state in the air-

keep the length and height unchanged, and expand the
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Contour of bubble fraction of different distribution ratios of reﬂux gas-dissolved water at the inlet (1:5–5:1).

width by ten times. Equipment parameters are shown in

Three pilot plants were stably operated for 20 days

Table 4. The dissolved gas pressure, recycle ratio, and R1:

under the same coagulation conditions, and the efﬂuent

R2 are consistent with the simulation results, ensuring that

from each ﬂotation tank was taken every day for indicator

rising velocity of the contact zone and separation velocity

detection. The 20-day average removal rate of pollutants

of the separation zone does not change. The bubble size

from different processes is shown in Figure 9.

depends on the dissolved gas pressure and does not
change with dimensional changes.
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As observed from Figure 9, the CCDAF process has a
better decontamination efﬁciency than the cocurrent and
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Pilot equipment size and parameters

Air ﬂoat type

CCDAF

Cocurrent DAF

Countercurrent DAF

Device size B × L × H (mm)

1,020 × 1,300 × 1,350

680 × 1,430 × 1,800

510 × 1,500 × 2,250

Contact zone length (mm)

150

150

150

Separation zone length (mm)

1,000

1,130

1,200

Pressures of dissolved gas (Mpa)

0.45

0.45

0.40

Recycle ratio

10%

10%

10%

R1:R2

1:1

better than the cocurrent DAF tank and countercocurrent
DAF tank. We recommend the use of CCDAF when conditions permit.

CONCLUSION
Simulation of the ﬂow ﬁeld and parameter optimization of
eight CCDAF tank models were performed. The results
show that the water ﬂow in the CCDAF tank is good overall,
Figure 9

|

Comparison of removal effects of different processes under optimal
conditions.

that the ﬂow state is stable, and that it can realize reverse
collision of air-bubble ﬂocs and adhere in the same direction. At a ﬂow rate of 0.5 m3/h, the optimal tank
conﬁguration parameters for the CCDAF tank are as

countercurrent DAF processes. In terms of turbidity

follows: B × L × H ¼ 102 mm × 1,300 mm × 1,350 mm; the

removal, the removal rate of the CCDAF process is 4.53%

ascending ﬂow rate in the contact zone is 10 mm/s; the sep-

and 5.56% higher than those of the cocurrent and counter-

aration velocity of the separation zone is 1.5 mm/s. When

current DAF processes, respectively. The removal rate of

the dissolved gas pressure is 0.45 MPa and the R1:R2 ratio

organic matter is basically the same as the removal of turbid-

is approximately 1:1, the gas in the contact zone is evenly

ity; CCDAF has the best effect, followed by the cocurrent

distributed. The gas distribution in the separation zone is

DAF, and the countercurrent DAF is the worst. Compared

evenly distributed in a step-like manner. There is no obvious

with the cocurrent DAF processes, the removal effects of

backﬂow, and the gas phase distribution is reasonable.

CCDAF on CODMn, TOC, and UV254 were improved by

Using the simulation and optimization results of three

3.13%%, 2.84%, and 3.49%, respectively. Compared to

air ﬂotation processes, a 5 m3/h pilot test device was

countercurrent DAF processes, the removal effects of

established. The structural dimensions were: B × L × H ¼

CCDAF on CODMn, TOC, and UV254 increased by 5.67%,

1,020 mm × 1,300 mm × 1,350 mm. The test results show

16.34%, and 5.52%, respectively. The excellent decontamina-

that the CCDAF has a signiﬁcant pollution removal effect

tion performance of CCDAF beneﬁts from the interaction

and is obviously superior to the cocurrent DAF processes

of the countercurrent collision contact zone and the cocur-

and countercurrent DAF processes. Compared with the

rent adhesion contact zone. This improvement increases

cocurrent DAF processes, the removal effects of CCDAF

the contact and adhesion efﬁciency of the microbubbles

on turbidity, CODMn, TOC, and UV254 were improved by

with the ﬂocs, and forms air-bubble ﬂocs which are

4.53%, 3.13%, 2.84%, and 3.49%, respectively. Compared

easier to separate, so that the efﬂuent water quality is

with countercurrent DAF processes, the removal effects of
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CCDAF on turbidity, CODMn, TOC, and UV254 increased by
5.56%, 5.67%, 16.34%, and 5.52%, respectively.
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