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When using tubular MBR to treat sewage, the water production is an important parameter to measure the efficiency of the tubular
MBR system..e problem to be solved in this paper is to calculate the water yield of the tubular MBR system, so as to evaluate the
sewage treatment efficiency of the MBR system. .is research uses the CFD simulation software ANSYS 16.0 to study the water
yield of the tubular MBR system. .e MBR model of a single membrane filament tube was established using the ICEM CFD
preprocessor in ANSYS 16.0, and the structured grid was divided to obtain a grid file. .en, the fluid solver was used to solve the
mesh file and through the flow monitoring window to obtain the water output of the tubular MBR system. Finally, the CFD
postprocessor in ANSYS 16.0 was used to visualize the calculation results and compare them with the waste-water treatment
results of some actualMBR systems..e results show that the water yield calculated by the fluent solver is basically the same as that
of the actual MBR system. .is research realizes the purpose of calculating the water yield of the tubular MBR system with CFD
technology, solves the problem of evaluating the working efficiency of the tubular MBR system with water consumption, and
realizes the MBR before deployment .e evaluation of the working efficiency of the system has certain reference value for the
planning, design, and deployment of MBR.

1. Introduction

Membrane bioreactor (MBR) is a combination of membrane
separation technology and biological treatment technology. It
has the advantages of stable effluent quality, small floor area,
and easy maintenance and management. .e tubular MBR
membrane module is one of the commonly used membrane
modules in theMBR system, so this paper analyzes the tubular
MBR membrane module. In the tubular MBR membrane
module, the deployment of ceramic membrane will affect the
working efficiency of the tubular MBR membrane module,
and the water yield is an important parameter to measure the
working efficiency of the tubular MBR membrane module, so
the problem to be solved in this paper is how to calculate the
water yield of the tubular MBR membrane module.

In order to calculate the water yield of tubular MBR
membrane module, this paper uses the computational fluid
dynamics (CFD) simulation software ANSYS 16.0 to model
and calculate the tubular MBR membrane module. ANSYS

16.0 is mainly composed of the ICEM CFD preprocessor,
FLUENT solver, and CFD-postprocessor. In the research
process, firstly, the geometry model of a single membrane
fiber tube MBR membrane module is built with ICEM CFD
preprocessor, and the mesh of the geometry model is divided
into fine meshes to generate mesh files. .en, the grid file is
solved by fluent solver. Because the research object of this
paper is to calculate the water yield of MBR membrane
module, a flow monitoring window is set at the outlet of the
model to observe the water yield. Finally, the CFD post-
processor is used to visualize the calculation results. On this
basis, in order to verify the correctness and reliability of
fluent calculation results, this paper compares the simulation
results with the actual MBR processing results.

2. Tubular MBR Membrane Module

.e basic structure of the tubular MBRmembrane module is
shown in Figure 1 [1]. .e tubular MBR membrane module
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is mainly composed of a ceramic membrane and component
housing. .ere are many small holes on the wall of the
ceramic membrane, and these small holes are used to filter
out suspended particles in the sewage [2]. When the tubular
MBR system is operated, under the action of the water
pump, the waste water which has been pretreated flows in
from one end of the ceramic membrane and the filtered
waste water flows from the small holes of the ceramic
membrane wall to the component housing [3]. Finally, the
staff can collect the filtered waste water at the outlet of the
component housing. .e concentrate formed by the solid
suspension in the waste water flows out from the other end
of the ceramic membrane. Compared with the traditional
curtain MBR membrane module, the tubular MBR mem-
brane module has the advantages of simple structure, strong
adaptability, convenient cleaning, high pressure resistance,
suitable for treating high viscosity, and high solid content
liquid [4]. .erefore, the tubular MBR membrane modules
are widely used in MBR waste-water treatment, and this
paper uses CFD technology to simulate and calculate the
tubular MBR membrane module [5].

3. CFD Simulation Software ANSYS 16.0

Computational fluid dynamics (CFD) is an interdisciplinary
in fluid mechanics, mathematics, and computer science [6].
It can simulate and analyze various problems in practical
engineering to solve various practical problems [7]. At
present, there are many kinds of software for CFD simu-
lation on the market, and ANSYS 16.0 is one of the com-
monly used CFD simulation software. ANSYS16.0 is mainly
composed of ICEM CFD preprocessor, FLUENTsolver, and
CFD postprocessor..emain function of the preprocessor is
to create geometric models and finely mesh the geometric
models [8]..emain function of the solver is to calculate the
mesh file, and the solution process is shown in Figure 2. .e
main function of the postprocessor is to present the cal-
culation result of the solver in a graphical or image manner
so that the user can more intuitively understand the CFD
calculation result. In this paper, the CFD simulation soft-
ware ANSYS 16.0 is used to simulate and calculate the
tubular MBR membrane module.

4. Simulation of CFD on Tubular MBR

4.1. Preprocessor (ICEM CFD) Establishes a Tubular MBR
Geometry Model. .e tubular MBR geometric model of a
single membrane tube established by ICEM CFD prepro-
cessor is shown in Figure 3, and there are many small holes
on the wall of the ceramic membrane [9]. Due to the limited
effect of the preprocessor opening small holes, this paper sets
the porous boundary conditions in the boundary conditions
of the solver. During the operation of the model, the pre-
treated waste water flows into the ceramic membrane from
the inlet and the sewage filtered through the ceramic
membrane flows from the small holes of the wall surface of
the ceramic membrane to the outlet of the component
housing. Due to the entrapment of the ceramic tube wall, the
concentrate composed of a large molecule particle or the like

flows out from the other end of the ceramic film [10]. .e
following is a structured meshing of the geometric model.

Since the FLUENT solver is solved in units of grids, the
geometry model needs to be meshed in the preprocessor. In
ICEM CFD, there are two types of meshing: structured
meshing and unstructured meshing. Structured meshing
usually divides the geometric model into several quadri-
laterals or hexahedrons. Unstructured meshing usually di-
vides the geometric model into several triangles or
tetrahedrons. In structured meshing, the determinant
2× 2× 2 mesh quality map can measure the quality of the
meshing..e principle of determinant 2× 2× 2 mesh quality
is to characterize the deformation of the unit by calculating
the Jacobian determinant value of each hexahedron and then
normalizing the matrix of the determinant. .e value of one
indicates an ideal hexahedral cube, and the value of zero
indicates an inverse cube with a negative volume. .e mesh
quality is represented by the x-axis and all cells are between 0
and 1. If the value of a cell determinant is zero, this cube has
one or more degenerate edges. In general, the determinant
value above 0.3 can be accepted by most solvers. Since the
mass distribution of the ceramic membrane is uniform, the
paper uses structured mesh division, in which the O-shaped
segmentation operation is performed on the cylindrical part
of the geometric model. Finally, the resulting mesh file is
shown in Figures 4 and 5 and is a determinant 2× 2× 2 mesh
quality map with a minimummesh mass of 0.621..erefore,
the meshing of the geometric model is correct..en, save the
mesh file and prepare to solve the mesh file.

4.2. FLUENT Solver CalculatesMesh File. In this section, the
mesh file in Section 4.1 is imported into the solver FLUENT,
and then, the solution model description and solution
process control operations are, respectively, performed in
the FLUENT operation tree [11]. In solving the model de-
scription, the first step is to check the mesh file to ensure that
the minimum cell volume is not negative and select a
pressure-based steady-state solver and set the gravitational
acceleration. .e second step is selecting the basic physical
model. Since the flow rate of the sewage in the tubular MBR
system is low and the Reynolds number is lower than 2300,
the flow state is set to the laminar flow model. .e third step
is to introduce fluid material from the material library and
use water as the fluid material. .e fourth step is setting the
calculation area properties and sets the water as the cal-
culation domain working medium. .e fifth step is setting
the calculation domain boundary conditions. First, the
“Mass-Flow Inlet” is set as the inlet boundary condition and
enters the water intake and operating pressure of the tubular
MBR in “Mass-Flow Inlet” (these two parameters are pro-
vided by the sewage treatment plant.)..en, set “Outflow” to
the outlet boundary condition. Finally, the “porous jump” is
set to the wall boundary condition of the ceramicmembrane,
that is, many small holes are opened on the wall surface of
the ceramic membrane. After these operations are com-
pleted, this paper will solve the process control operation.

In the solution process control, first, we set the solution
method. In the drop-down list of pressure-velocity coupling
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mode, the SIMPLE algorithm is selected to calculate the
mesh file; in the microseparation format option, the gradient
is set to the unit-based least squares method. .e pressure is
set to a second-order format and the momentum equation is

set to a second-order upwind style. Secondly, we set the
convergence threshold and the monitoring window. Since
the research object of this paper is to calculate the water
production of the tubular MBR, then this article sets the
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Figure 3: Tubular MBR geometry model.
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Figure 1: Tubular MBR structure.
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traffic monitoring window at the model exit (the mass flow
rate is positive for inflow and negative for outflow). And, we
set the convergence threshold to 0.001. .en, initialize the
flow field and start the iterative calculation. Figure 6 shows
the residual curve in the iterative calculation process of the
solver. When the residuals of the velocity in the x-axis, y-
axis, and z-axis and the continuity of the continuity equation
are not greater than the convergence threshold, the solver’s
calculation reaches convergence. Figure 7 represents the
flow at the outlet of the mesh file during the calculation, that
is, the water production of the tubular MBR [12]. Finally, the
calculation result is saved, and the postprocessing operation
is prepared.

4.3. Postprocessor (CFD-Post) Visualization Calculation
Results. .e postprocessor can present the calculation result
in a graphical or image manner. With the postprocessor, the
user can effectively observe and analyze the calculation
result, thereby more intuitively understanding the calcula-
tion result of the solver. Due to the poor performance of the
built-in postprocessor in FLUENT, this paper uses CFD-
Post for postprocessing operations. In CFD-Post, the

FLUENT calculation results are first imported, establishing
the flow graph and the pressure cloud map at different
sections of the model. Figure 8 is a streamline diagram of
water in the model file, where the colored lines on the left
represent the magnitude of the velocity, which decreases
from top to bottom. And, the flow direction and speed of the
water are basically the same as those of the actual tubular
MBR system. Figures 9 and 10 are pressure cloud diagrams
of the model in which the colored lines on the left side
represent the magnitude of the pressure, which decreases
sequentially from top to bottom. Observing Figures 9 and 10
which is not difficult to find that since there is a large op-
erating pressure at the entrance of the model, the pressure
increases as the process approaches the entrance to the
model, which is consistent with the operating principle of
the actual tubular MBR. Finally, in order to verify the
correctness and reliability of the calculation results, this
paper has carried out a lot of experimental analysis.

4.4. Experiment Analysis. In order to verify the correctness
and reliability of the FLUENT solution results, this paper
selects a large number of actual MBR system operation data
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of a sewage treatment plant in Shijiazhuang for experimental
analysis. In the analysis, the paper divides the actual data,
then inputs different water inflows into the inlet boundary
conditions of the solver, and starts the iterative calculation.
After the calculation, the calculation results obtained by the
solver flow monitoring window are compared with the
actual tubular MBR system, and the comparison result is

shown in Table 1. .e comparison results show that the
calculation results of the solver are basically the same as
those of the actual tubular MBR system, which solves the
problem of calculating the water production of tubular MBR
model by CFD and achieves the purpose of simulating tu-
bular MBR with CFD, so the calculation result is correct and
reliable.
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5. Conclusion

Because the deployment of membrane will affect the water
yield of membrane module of tubular MBR, this paper uses
the CFD simulation software ANSYS 16.0 to simulate and
calculate the tubular MBR. In the process of analysis, firstly,
the tube MBR model of a single membrane wire is con-
structed by ICEM CFD, and the mesh file is obtained by fine
mesh division..en, the fluent solver is used to solve the grid
file, and the water yield is obtained. Finally, CFD-post is used
to present the calculation results in a graphical way. On this
basis, this paper compares the calculation results of the
solver with the operation results of the actual MBR system,
and the comparison results show that the calculation results of
the solver are basically consistent with the operation results of
the actual MBR system, realizing the calculation of the water
yield of the tubular MBR membrane module, solving the
problem of measuring the working efficiency of the tubular
MBR system with the water yield, and realizing the work
efficiency of the MBR system before deployment. .e eval-
uation has certain reference value for the planning, design,
and deployment of MBR. It has certain value and significance
for the research of MBR simulation in the future.
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