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Abstract: According to the agriculture sewage in the
process of filtering impurity, medium pressure drop is
not allowed to exceed 0.02MPa requirements. Using
computational fluid dynamics (CFD) technology to
study the porosity of bag filter, the inlet velocity of filter
and the agriculture sewage viscosity change, which
influence the pressure drop. The calculation results
show that the higher the porosity, the higher outlet
back-pressure and the agriculture sewage viscosity is
higher, so when it flows through the filter, its pressure
drop is higher. CFD technology can replace a part
experimental study and it can provide guidance for the
filter bag selection and replacement.
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INTRODUCTION

At present, in view of global water shortages, urban
sewage and rainwater recycling problem has aroused
people's wide concern. Urban sewage and rainwater
recycling are reused for non-potable water, such as
agricultural irrigation, watering road, supplement
waterscape, building water [2,3,7]. But the wastewater
usually needs to filter. To meet the requirements of water
quality, some pollutants must be removed, such as
suspended solids, pathogenic bacteria/viruses, turbidity,
organic matter, including nitrogen, phosphorus and other
plant nutrients [6].

Qi et al [8] analyzed the reason which made the air
current  distribution uneven and proposed the
improvement of which modifies the structure of inlet and
adds guide plate in the lower-case. They obtained the
flow field, the streamline and granule path which were
around improvement with the software of CFD. The
conclusion may provide the reference to performance,
improve and design of fabric filters. Rocha [5] used CFD
techniques to review the distribution of volumetric
outflows in the bags and pressure drop for a more
efficient and economic filtering operation, and provided
an inferior operational pressure drop and a better
distribution of fluids between the bags. A numerical
simulation of CFD for bag filter was conducted to replace
the experimental study by Fu et al [1], the numerical
results shown that the main reasons of flow field non-
uniformity are the higher inlet velocity and unreasonable
bag chamber structure and the computer results are
basically consistent with experimental ones, which
indicated that CFD technology can replaces some test
studies. Li et al [4] used CFD method to compute the
velocity field between the bag filter, they analyzed the
influence of different distances between the air nozzle
and the filtering bag and different injecting times on the
dust-cleaning effect, and supplied theoretical basis to
design the optimal pulse bag filter.
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According to several papers from the specialty
literature [1,7], sifting of intermediate products is affected
by several factors, the most important being: size and
shape of the grist particles, character of the relative
motion of the particles on the sieve surface,
characteristics of sifting sieve fabric, revolution of
plansifter, and the amount of material that reaches on the
sieve.

Before agriculture sewage irrigating into farmland,
impurity needed to be filtered by using bag filter (as
shown in Fig.1). The permeability of bag filter will
change, so this paper uses CFD technology to do
numerical simulation about filter internal flow field,
according to the filter bag porosity, outlet pressure,
inlet velocity, agriculture sewage viscosity, so as to
provid references for replacement cycle of the filter
bag and for prediction of pressure drop loss.
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Fig. 1 - Bag Filter

MATERIAL AND METHOD

Table 1 shows the basic characteristic parameters of
flowing medium (agriculture sewage). Fig.2 is a three-
dimensional geometric model of the filter, inlet
diameter and outlet diameter are 160mm, the diameter
of the container is 610mm, the height of the container
is 1260mm. The length of the filter bag is 820mm and
its diameter is 160mm, thickness is 2.8mm.

As shown in Fig. 2, geometry model of the filter is a
single container and a single filter bag. The cylindrical
structure which in the middle of figure is filter bag,
when we do the numerical simulation, we assume it as
porous materials.

The following statistics is part of the grid information
of inlet liquid: inlet liquid grid of filter is 223600, outlet
liquid grid of filter is 139500, and the total number of
bag filter grid is 139700. The grids are divided by
using ANSYS-ICEM software, self-adaption tetrahedral
mesh as a main part and making grid of filter bag's
part flow region becomes dense. All the wall surface of
filter are divided in boundary layer. The quality of grid
as shown in Fig.3-d, the minimum quality coefficient is
0.4, which fully meets the computational fluid
dynamics software CFX to mesh quality requirements.

The boundary conditions are as follows; Reference
pressure is 0.1 MPa. Fluid temperature is 40. Heat
transfer option is isothermal. Turbulence model is k-
epsilon. Wall function is scalable. Area porosity is
isotropic. Loss model is isotropic loss. Loss velocity
type is superficial. Inlet normal speed is 0.421 m/s.
Inlet turbulence intensity is 5%. Outlet average static
pressure is 3.5 MPa.
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Table 1
Basic Characteristic Parameters of Flow Medium
Category Data Category Data
Medium Agriculture Sewage Medium density 1010 kg/m?
concentration 15000PPM Dynamic viscosity 494 mPa.s
viscosity 494mPa.s Specific pressure heat capacity 4178 J/kg.k
Operation temperature 40°C Coefficient of thermal expansion 5.405 X 10-4k™
inlet pressure 3.5MPa Heat conductivity coefficient 66.35 X 10-2W/mk
Maximum flow 150m3/h Porosity of filter bag 0.45

Fig. 2 - 3D Perspective of Filter

1.Theoretical Basis
e Navier-Stokes Equations
The general Navier-Stokes equations written in a
Cartesian frame can be expressed as:

a . . . —
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Where Q is the volume and S is the surface, U is
the vector of the conservative variables. IfI and IEV are

respectively the inviscid fluid and viscous flux vectors. E
and q; the total energy and the heat flux components.

K and S are respectively the laminar thermal
conductivity and the source terms.

e Standard K —@ Model

The turbulence kinetic energy k, and its rate of
dissipation, @, are obtained from the following transport
equations:
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Fig. 3 - Three-Dimensional Mesh of Filter
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In these equations, G, represents the generation of
turbulence kinetic energy due to the mean velocity
gradients, G, is the generation of turbulence kinetic

energy due to buoyancy. Y, indicates the contribution of
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the fluctuating dilatation in compressible turbulence to the
overall dissipation rate. C . C,, and C__ are constants.

o, and o are the turbulent Prandtl numbers for k and

&, respectively. S, and S are user-defined source
terms.
The turbulent (or eddy) viscosity, . is computed by
2

combining k and ¢ as follows: M = pC# —
&

WhereCﬂ is a constant. The model constants
Clg,ng,Cy,ak and o, have the following default
values: C_=1.44,C, =192, C”=0.09, o =10,.
o =13.

2. Numerical Simulation Results and Discussion

The simulation calculation cases include change of
porosity, outlet pressure, inlet velocity and viscosity of
fluid. Porosities are respectively 0.2, 0.3. 0.45. 0.6.
0.8, outlet pressures are respectively 0.5 MPa, 1.5 MPa,
2.5 MPa, 3.5 MPa, inlet velocities are respectively
0.168m/s, 0.421 m/s, 0.841 m/s, 1.682 m/s, 2.522 m/s,
viscosities are respectively 0.001 mPa.s, 0.05 mPa.s, 0.1
mPa.s, 0.25 mPa.s, 1.5mPa.s.

Influence of Porosity on Pressure Drop

e Porosity VS Velocity Vector Distribution

Porosity directly affects the flow velocity distribution of
the filter, as is shown in figure 4, Imports around have
whirlpool, have obvious local pressure loss. Inlet velocity
is larger, after entering the filter, the space increases
suddenly, the liquid will be slow down. After the liquid
medium enters into the filter bag, due to narrow the space
of flows, speed suddenly increases, now the liquid
medium enters into the tapering bore channel and flow,
and there is no small loss. The speed at the outlet
increased with the increase of porosity, and in this case
the loss is smaller than the import losses.

Velocity
Vector 1

l 2.6089 |

- 2.3190
- 2.0291
1.7393
- 1.4494
- 1.1595
0.8696
- 0.5798

I 0.2899

0.0000
[m s*-1]

Porosity =0.2 Porosity =0.3

Fig.4 - Effect of filter bag porosity
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e Porosity in comparison with total pressure o FLBE—REESfE

distribution diagram
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Fig.5 - Effect of filter bag porosity on flow field total pressure distribution

3. Influence of Outlet Pressure on Pressure Drop 3 W R R R
e OQutlet Pressure VS Velocity Vector Distribution o HBREA——REREN T E

The outlet pressure is refers to setting back pressure in WS DRI T e 2 R AL I A, BB MR, 0
the liquid orifice of filter, which is respectively calculated
according to 0.5MPa, 1.5MPa, 2.5MPa, 3.5MPa. As is
shown in Fig.6, with the increasing of the back pressure, B 6 Ak, BEENSE RGN, S Uy R e N A
the whirlpool scale at the bag mouth around becomes . . . N
smaller. This is caused by the downstream pressure that A SGRBIN R TBO T LI AR H AR
is relatively large. The velocity vector distribution in inlet & e & 4r A P LA AL -
and outlet of the filter are similar.
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Pressure=0.5mPa

Pressure =1.5mPa

Pressure =2.5mPa Pressure =3.5mPa

Fig.6 - Effect of outlet pressure on the velocity vector distribution

e QOutlet Pressure Vs Total Pressure Distribution

Fig.7 is the contour map of total pressure on the cross
section of the filter in different back pressure. With the
outlet pressure increasing, the total pressure drop
increases. Especially the filter bag near the inlet has
apparent change and the higher back pressure is, the
earlier pressure is reduced. The outlet pressure is from
0.5MPa to 1.5MPa, the pressure loss increases rapidly,
pressure loss increases in processes which are from
100Pa to 550Pa and from 1.5MPa to 3.5MPa, the
pressure tends to be stable, which is basically maintained
at around 580Pa.

Pressure =0.5mPa

Pressure =1.5mPa
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Fig.7 - Effect of outlet pressure on flow field total pressure distribution

4. Effect of outlet Velocity on the Pressure Drop
e Outlet Velocity Vs Velocity Vector Distribution

This paper carries out simulation -calculation on
different inlet velocity 0.168m/s, 0.421 m/s, 0.841 m/s,
1.682 m/s and 2.522 m/s by using CFD. It can be seen
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from figure 8 that velocities vector changes along with the
increase of speed. The greater inlet velocity is, the
greater high speed area which in filter bag is. When the
speed reaches 2.522m/s, there is great velocity in the
filter bag. The greater inlet velocity is, the greater
whirlpool which in the vicinity of Bag of entrance is. When
the velocity is maximum, most of the cylinder space have
full of turbulence.

0.168m/s 0.421m/s

0.841m/s
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Fig.8 - Effect of outlet velocity on flow field velocity vector distribution

e Inlet Velocity Vs the Total Pressure Distribution

Fig.9 is the total pressure contour map under different
inlet velocities. With the increase of the inlet velocity, total
pressure areas are also larger. The total pressure
gradient is larger, so that the total pressure loss is bigger.
With the increase of inlet velocity, which increases from
0.1m/s to 2.6m/s, the pressure drop is increased rapidly
and they is non-linear positive correlation. Changes in
growth amplitude are large, which range from 170Pa to
near 10000Pa and across 2 orders of magnitude.
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0.421m/s
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1.682m/s 2.522m/s

Fig.9 - Effect of inlet velocity on flow field total pressure distribution
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5. Effect of Viscosity on Pressure Drop
¢ Viscosity Vs the Velocity Vector Distribution

Viscosity represents the macroscopic properties of fluid
which is linked by a stress applied to the fluid and the
resulting deformation rate in a certain relationships; it
shows the internal friction of fluid. As for numerical
viscosity, it is equal to the fluid shear stress which is
under the unit of velocity gradient. The velocity gradient is
also called fluid motion angle deformation rate, so it also
shows the relationship between shear ratio and angular
distortion rate.

Fig.10 shows the two-dimensional vector flow chart of
filter cross section under different viscosity.

When the viscosity is small, the whole flow field has
strong turbulence and at this moment the flow loss is
smaller.

As the viscosity increases, there are more and more
rules of flow pattern. Most of the region is the laminar
region, but the inlet of cylinder and filter bag have an
obvious vortex.

Velocity
Vector 1

l 1.0159

 0.9030
0.7901
r 0.6772
0.5644
! 0.4515
r 0.3386

 0.2257

I0.1129

0.0000
[m s™-1]

Viscosity=0.001

Viscosity =0.05

Viscosity =0.1
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Fig.10 - Effect of viscosity on flow field velocity vector distribution

e Viscosity Vs the Total Pressure Distribution

Fig.11 shows the total pressure contour map of
different viscosities. In the vicinity of the inlet filter bag,
the viscosity is smaller so that the pressure gradient is
greater, and the flow pattern has a greater mess.

With the increase of fluid viscosity, flow spectrum was
shifted to the laminar flow pattern, but if the viscosity is
greater, so the pressure loss is also greater.

As the viscosity increases, and the pressure drop is
also increased, and the whole curve is approximately
direct proportion with linear increasing.

Filter viscosity is respectively 50cP, 495cP, 1500cP,
pressure losses are respectively 370Pa, 600Pa, 920Pa.
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Viscosity =0.25 Viscosity =1.5

Fig.11 - Effect of viscosity on flow field total pressure distribution

CONCLUSION

In this paper, the filter bag is simplified as a porous
medium material. Filter bag is established into CFD
numerical simulation model, and numerical calculations
are performed about the effects of porosity, outlet back-
pressure, inlet velocity and viscosity on the pressure. The
calculation results show that;

The total pressure loss which is calculated by using the
CFD technology can reflect the change regulation of
pressure drop in the filter bag.

With the increase of porosity, pressure loss increased
slightly, but overall, the change of total pressure loss is
not large, remaining at around 360Pa.

The outlet pressure is from 0.5MPa to 1.5 MPa and the
pressure loss increases rapidly, it increases from 100Pa
to 550Pa. In the process from 1.5MPa to 3.5MPa, the
pressure tends to be stable, it basically maintained at
around 580Pa. With the increase of inlet velocity, which
increases from 0.1m/s to 2.6m/s, the pressure drop is
increased rapidly and there is non-linear positive
correlation. Changes in growth amplitude are large, which
range from 170Pa to near 10000Pa and across 2 orders
of magnitude. As the viscosity increases, and the
pressure drop is also increased, and the whole curve is
approximately the direct proportion of linear increasing.
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