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ABSTRACT 
 
The present study introduces the concept of distributor and basic concept of flow 
field analysis in micro particles of catalyst particles. We have set three research 
contents in this study. First, three dimensional models for different diverter inlet 
pipes and outlet pipes with different openings are established respectively of 
Geometric Model in Solidwork and then Geometric models are imported into 
ANSYS. The unstructured meshes of the fluid domain model are generated by using 
the ICEM CFD of ANSYS. Second, the inlet pipe of different distributors is 
numerically simulated, and the flow trajectory, velocity distribution and flow 
distribution in the inlet pipe of different distributors are obtained. Finally, 
numerical simulation of the outlet pipe with different openings is carried out to 
obtain the internal fluid trajectory and the velocity and pressure distribution of the 
internal flow field. By comparing and analyzing the performance of different 
shunts, it is found that the circular Jack shunt has the best performance. Mode 2 
has the most uniform shunting effect. The horizontal layout airflow is relatively 
stable, and the number of eddies is less than that in the inclined direction of 15.  
 
Key words: Distributor, numerical simulation of a pipe, internal fluid trajectory, 
velocity and pressure distribution of the internal flow field, ANSYSICEM CFD 
modeling.  

 
 
INTRODUCTION 
 
General concept 
 
The Gas-solid two-phase as we learned in middle school is a 
kind of unit operation that fabricates the solid small particle 
size phase, and gas phase make contact closely or 
connection. This distributor device has excellent solid 
mixing characteristics of micro particles of catalyst particle 
transfer characteristics, making it an excellent unit widely 
used in chemical industry, chemical industry, energy and 
other fields. So what are the main questions we started 
with? A distributor is a pipeline component with multiple 
branch outlets that distribute liquid or gas in the main 
pipeline to each branch outlet. The distributor is composed 
of inlet pipe, distributor and outlet pipe. Gas  flows  through 

inlet pipe and distributor, and the flow rate is evenly 
distributed to each outlet pipe. The conical section of the 
outlet pipe is opened with small holes. After the gas passes 
through the holes, it rotates and drives the surrounding 
medium to rotate.  
 
 
Research objective 
 
Main objective of this research are as following: 
 
(1) Three dimensional models for different diverter (or 
distributor) inlet pipes and outlet pipes with different 
openings are established respectively.             
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(2) The inlet pipe of different distributors is numerically 
simulated, and the flow trajectory, velocity distribution and 
flow distribution in the inlet pipe of different distributors 
are obtained.             
(3) Numerical simulation of the outlet pipe with different 
openings is carried out to obtain the internal fluid 
trajectory and the velocity and pressure distribution of the 
internal flow field.  
 
 
LITERATURE REVIEW 
 
This part gives introduction or background about previous 
research, what knowledge it held and what basic necessary 
information we need to understand. Also demonstrates 
summary and sketch overview of studies most relevant to 
this thesis. Important researches related to inflow and 
outflow of distribution and drop of pressure in the 
distributor are introduced, and the former application of 
CFD to modeling micro particles of catalyst inflow is 
concluded.  

In our field of research, concentrates of how a distributor 
can take micro particles of catalyst from tanks using fluid 
and moving them outside of the tanks so that they cannot 
be used anymore are studied. So mainly we concentrate on 
the flow of micro particles of catalyst particles inside the 
tube and as a result, in literature review we will present 
some related work on An Assessment of CFD Applied to a 
Catalytic distributor System with Planar Diffuser, which is 
almost related to our research in the inflow and outflow 
points.    
 
 
Flow distribution studies 
 
To obtain the best Inflow and Outflow rate, the cross-
sectional area of the micro particles of catalyst is usually 
smaller than that of the hole tube. The inlet and outlet 
cones are connected with the exhaust as a whole, but the 
space restriction causes the cones to be relatively short in 
length and wide in angle. As Wendland and Matthes (1986) 
observed in other researches, sudden expansion results in 
uneven flow into the micro particles of catalyst. Flow 
uniformity is a key factor in the design of catalytic 
distributor, because uneven flow will have a negative 
impact on the performance of micro particles of catalyst. It 
is found that the smaller the Reynolds number (Benjamin et 
al., 1996; Lai et al., 1991) and the higher the overall 
resistance (Clarkson, 1995; Lai et al., 1991), the more 
uniform the flow profile. 

As Martin et al. (1998) found in the experiment, it was 
observed that the center of micro particles of catalyst 
degraded at a higher rate and at a higher speed and 
temperature.  In   this    regard,  Howitt   and  Sekella  (1974) 

studied the effects of various flow deflection devices 
designed to suppress flow to the center of the monolith. It 
was found that the improvement of flow uniformity will 
increase flow rate time. Will and Bennett (1992) modeled 
the Inflow and Outflow in the catalytic distributor and 
obtained the non-uniform predicted Inflow and Outflow 
curve at the overall outlet. Comfort (1974) made a 
mathematical study on the influence of velocity distribution 
on Inflow and Outflow efficiency. Assuming that the 
collision rate is determined by mass transfer, a more 
uniform profile can be found to improve the efficiency. 
Martin et al. (1998) showed that the Inflow and Outflow of 
HC, CO and no X was improved, which improved the 
uniformity of the micro particles of catalyst, especially the 
aging micro particles of catalyst. 

The velocity distribution into the micro particles of 
catalyst depends to a large extent on the geometry of the 
diffuser that connects the exhaust gas to the micro particles 
of catalyst body. Wollin (2002) used diffusers with a total 
included angle of 60° and 180° to represent the overall 
expansion of the diffuser. Under the condition of pulsating 
flow, the total flow separation produced by the 180° 
diffuser results in a more uneven shape than that of the 60° 
diffuser, but under the condition of steady flow, the two 
diffusers obtain similar results. Hauber et al. (1998) studied 
the effect of the inlet cone angle in a two-piece catalytic 
distributor, in which the two integrals are located between 
the two integrals one by one. The results show that the inlet 
cone angle has an important influence on the flow field 
distribution of the first block, but has little influence on the 
flow field distribution of the second block. Clarkson (1995) 
studied the effect of the total included angle of the diffuser, 
and found that reducing the included angle of the diffuser 
can improve the flow uniformity of the whole system and 
reduce the pressure drop, but the size limitation in practical 
application usually hinders the use of the low included 
angle diffuser. 

Measurements are usually taken downstream of the 
monolith to characterize the flow in the monolith. However, 
as a method of evaluating the whole model technology, the 
comparison of the downstream profile of the numerical 
model and the experimental data assumes an accurate 
description of the flow behavior in the upstream diffuser, 
such as Liu (2003) and Weltens et al. (1993). The 
development of noninvasive optical measurement 
technology makes it possible to study the flow 
characteristics in diffusers (Shuai et al., 2001; Turner et al., 
2011; Kim et al., 1995). The research including the 
upstream and downstream measurements of the diffuser is 
helpful to identify the flow redistribution area and further 
understand the accuracy of the CFD model. 

Quadri et al. (2009b) used PIV to measure the flow in the 
diffuser, so it was possible to compare the overall velocity 
distribution    at    about    3   mm    upstream    and    30  mm  
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Figure 1: Flux balance over a control volume. 

 
 
downstream. Significant differences in profile shape were 
observed (Figure 1). Due to the fact that the flow cannot be 
redistributed laterally within the whole channel, and due to 
the unidirectionality of the flow, only the minimum mixing 
is expected downstream, so the comparison shows that the 
flow will be redistributed violently immediately before 
entering the whole channel. The fluid is extruded directly in 
front of the whole rock surface, resulting in a second peak 
consistent with the study of Persoons et al. (2008). 

The PIV flow field obtained by Quadri et al. (2009b) 
captures the flow characteristics in a planar diffuser. The 
free shear layer separates the central jet from the 
circumfluence vortices on both sides, which occupy the rest 
of the diffuser. As the flow passes through the diffuser, the 
potential core narrows and the return zone enters the jet. 
The saddle shaped velocity profile develops and then is 
suppressed as the flow diffuses over the whole rock surface. 
It is found that the velocity in the diffuser has nothing to do 
with the Reynolds number, and the higher overall resistance 
downstream fabricates the velocity profile in the diffuser 
flat. Mat Yamin et al. (2013) measured the steady-state 
velocity profile at a distance of 2.5 mm from the overall 
stone surface and observed a flat profile with a lower RE. 
Arias Garcia et al. (2001) compared the steady-state and 
pulsating flow in the tightly coupled micro particles of 
catalyst, and observed the lower nonuniform distribution of 
pulsating flow. Benjamin et al. (2002) compared different 
pulsating flow patterns and found that the flow distribution 
was more uniform at a higher frequency, thus reducing the 
pressure drop of the whole system. It was found that the 
inhomogeneous distribution of pulsating flow is less 
sensitive to the change of RE than that of steady state. 
Benjamin et al. (2002) also introduced the dimensionless 
parameter J, the reciprocal of Strouhal number, to 
characterize the flow by the ratio of the pulse period to the 
residence time of the diffusion period. 

CFD studies in micro particles of catalysts 
 
Approaches to modelling the micro particles of catalyst 
 
To calculate simply and economically, most CFD studies of 
micro particles of catalyst systems consider steady-state 
conditions. Some transient CFD simulations have been used 
to predict flow characteristics, but their results have not yet 
been verified based on experimental data (Kim et al., 1993; 
Benjamin and Roberts, 2000; Jeong and Kim, 1997; Arias 
Garcia et al., 2001). 

The initial CFD study of pulsating tube flow is compared 
with the experimental measurements of heat transfer 
coefficients (al Haddad and Al binaly, 1989) and 
instantaneous velocity distribution (CHO and Hyun, 1990). 
Park et al. (1998) developed a full three-dimensional close 
coupled micro particles of catalyst (CCC) system model for 
comparison with a limited range of LDV measurements. 
Bressler et al. (1996) developed a full three-dimensional 
model for comparison of local volume flow isolines of cross 
sections, but the comparison in these studies is limited due 
to its qualitative nature. 

Liu et al. (2003) quantitatively analyzed the prediction of 
pulsating flow in an axisymmetric system. The 5° wedge 
section of the system is modeled, and the instantaneous and 
cyclic average velocity profiles of the whole downstream 
are compared with the HWA measurement results. The 
results show that the predicted results are in good 
agreement with the experimental results for the flow with 
small pulsation, but the predicted results are not consistent 
for the flow with large pulsation. Some people think that 
turbulence model is not suitable for this situation. Garcia-
villalba et al. (2006) used a more complex model using LES 
(Large-eddy simulation), but did not make an experimental 
comparison. 

It  requires  a  lot  of  computation to solve the whole fluid  
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domain in the complex geometry of the whole channel. 
Another method is to consider the overall pressure drop. 
This is usually achieved by modeling the whole body as an 
equivalent continuum (Jeong and Kim, 1997; Lai et al., 
1991) or even an infinitely thin interface (Ozhan et al., 
2014). By theoretical or empirical formula, the pressure 
drop of matrix can be directly applied to the model. 

The flow solution in a small number of channels can 
provide information about the flow behavior in the whole 
channel, and limit the calculation cost. To quantify 
baroclinic loss (Haimad, 1997) and heat transfer studies 
(Benjamin and Roberts, 2000; Day et al., 1999), a single 
channel study was conducted. Haimad (1997) conducted a 
separate channel study to assess the limitations of the 
porous media approach. Six channels are simulated as two-
dimensional parallel plates.  
 
 

Background to turbulence modelling 
 

The typical Reynolds number in engine exhaust is between 
103-5 × 104 (Kandylas and Stamatelos, 1999). The flow in 
the diffuser is turbulent, but due to the small hydraulic 
diameter of the passage, the flow in the whole is laminar. 
Because the flow characteristics in the diffuser have an 
important influence on the flow profile entering the whole, 
it is necessary to accurately predict the turbulence level 
displayed. Once the inertia of the fluid overcomes its 
viscous stress, the previous laminar flow of the fluid 
becomes unstable, and turbulence will occur. In fact, the 
analysis of Navier Stokes equation (Equation 2) shows that 
all terms are linear except the inertial term. Laminar flow is 
regular in nature. It is called laminar flow because people 
think it moves in smooth laminar flow. The disturbance that 
affects the flow may decay over time, thus keeping the flow 
stable. If the disturbance is not attenuated, the behavior of 
fluid particles will be unstable and the fluctuation will 
increase. 

Turbulence may have irregular, diffused, nonlinear and 
highly fluctuating vorticity (garde, 2010), and consist of 
eddy motion (that is, local vorticity with high vorticity). 
Eddy current is a group of particles moving in both 
transverse and longitudinal directions. Turbulent vortices 
are three-dimensional, even two-dimensional. In the region 
of high shear, there will be eddy currents of different sizes, 
in which large-scale eddy currents will carry small 
disturbances along the flow. With the decay of turbulence, 
kinetic energy is transferred from the larger vortices to the 
smaller vortices, and then dissipated into heat by molecular 
viscosity. This is the famous Kolmogov equilibrium theory. 
 
 

CFD methodology 
 

Computational  fluid  dynamics   (CFD)   is   the   analysis   of 

systems involving fluid flow, heat transfer and related 
phenomena (such as chemical collisions) by computer 
simulation. This technology is very powerful and covers a 
wide range of industrial and non industrial applications, 
such as aerodynamics, ship hydrodynamics, power plants, 
turbomachinery, electrical and electronic engineering, 
chemical process engineering, marine engineering, 
environmental engineering, hydrology and oceanography, 
meteorology, biomedical engineering, such as blood flow 
through arteries and veins, etc. Since the 1960s, the 
aerospace industry has integrated CFD technology into the 
design, development and manufacturing of aircraft and jet 
engines. Recently, these methods have been applied to the 
design of combustion chambers and furnaces for internal 
combustion engines, gas turbines. In addition, automakers 
now routinely use CFD to predict drag, underhood airflow, 
and interior environment. CFD is increasingly becoming an 
important part of industrial products and process design. 
The main reason for the lagging development of CFD is the 
huge complexity of the bottom layer behavior of fluid flow. 
However, the availability of affordable high-performance 
computing resources has led to a rapid increase in interest 
in it. 

The velocity and pressure of air flow are described by 
conservation of mass, Newton's second law and 
conservation of energy. Applying these physical principles 
to a given control mass, the following equations are 
obtained. 

 
Continuity 
 

  0



u

t




                                  (1)
 

 
Navier-Stokes 
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u 2














                 (2)

 

 
These are called governing equations. Navier Stokes 
equation includes a transient term ∂ U / ∂ T, convective flux 
(U ∂) u, diffusion flux μ ∂ 2U and pressure gradient ∂ P. 
Since the analytical solution of Navier Stokes equation has 
not been established, the numerical solution of the 
governing equation is obtained by using computational 
fluid dynamics. The assumptions in the model (used for 
actual calculation or proved by experimental measurement) 
(Figures 1 to 3) are: 
 
• isothermal air flow 
• Newtonian fluid 
• uniform inlet flow 
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Figure 2: Three-dimensional model of diverters with different intake pipes (a) Square-section 
Jack/socket diverter (or distributor) (b) Circular section Jack/socket diverter (c) Reflective diverter 
(or distributor) with circular cross section (d) Reflective diverter (or distributor) with square cross 
section. 

 
 

 
 
Figure 3: Outlet pipe layout. 

 
 
• planar flow - 2D flow or periodic in z-direction 
• symmetry with respect to y = 0 
 
 
Discretisation 
 
ANSYS uses the finite volume method to discretize 
Equations 3 to 4. The solution domain is divided into 
control bodies, and the integral form of conservation 
equation is applied to each control body. The calculation 
node is located in the center of each control body, and the 
boundary is defined by the grid on the domain. The net flux 
on the boundary is the sum of the integral on the surface of 
the control volume. Figure 1 shows the flow of any flow 
variable φ on the control volume. 

NUMERICAL SIMULATION OF FLOW FIELD IN 
DISTRIBUTOR 
 
The mathematical model of the flow process is a nonlinear, 
coupled partial differential equation. Only in some simple 
cases can analytical solutions be obtained. For most of the 
flow processes that need to take micro particles of catalyst 
out of the tank, the control equations need to be solved 
numerically. Generally speaking, the exact solution of PDE is 
replaced by the discrete information of finite position (grid 
point). For a given differential equation, there are several 
different ways to drive discrete equations (finite difference, 
finite volume and finite element). Before discussing CFD, 
more specifically, modeling equations, it is worth studying 
the properties of numerical solution method.   

 

 

 

                                     (a)                                                           (b)  

 

 

                                     (c)                                                            (d)  

 

 

diverter (or distributor) (b) Circular section Jack/socket diverter (c) Reflective diverter (or distributor) with 

circular cross section (d) Reflective diverter (or distributor) with square cross section.

 

The layout of the outlet pipe is shown in Figure 3.  

 

Figure 2.2: Outlet Pipe Layout 

2.2.2 Geometric models of different opening trachea(GAS OUTLET) 

We have evenly opened three holes in the gas outlet conic section, and the angle between the holes is 60 

degrees.  

（1）Three-dimensional models of outlet pipes with different openings are established according to their 

sizes, as shown in the following figures. 

 

Outlet1 1 

Outlet 2 

Outlet 3 
Outlet 4 

Outlet 5 
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Establishment of mathematical model 
 
To establish the mathematical model, we should review the 
existing numerical solution techniques: finite difference 
method, finite element method and finite volume method. 
The main difference of the three separation techniques is 
the approximate method and discretization process of flow 
variables. So we start to build equations in control 
equations, and then we continue.   
 
 
Control equation 
 

Mass conservation equation:  
 

  0i

i

u
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                (3) 

 
Momentum conservation equation: 
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Energy conservation equation: 
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Where, P is the static pressure.，ρgi is the Gravity per unit 

volume，Fi is the other model source items or 
customizations, τij is a stress tensor, defined as: 
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Physical model 
 
1). Turbulence model: In this study, the standard k-ε 
model and the standard k-ε equation are used for 
simulation:   
 
Turbulence energy equation k and diffusion equation ε: 
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C1,C2,C3 is a constant，σk and σε is the k Equation sum ε 

Turbulence of Equation Prandt1 number，Sk and Sε is User-
defined. 
 
 
Establishment of geometric model 
 
The flow field before and after the analog time divider is 
numerically simulated respectively, so the model is built 
separately. The front of the diverter (or distributor) is 
collectively called the inlet pipe, and the rear of the diverter 
(or distributor) is collectively called the outlet pipe. The 
main dimensions are shown in Table 1.   
 
 
Geometric model of diverter (or distributor) with a 
different inlet pipes 
 
According the dimensions, we build three dimensional 
model of different inlet of diverter (or distributor) pipe as 
shown in Figure 2. The layout of the outlet pipe is shown in 
Figure 3.  
 
 
Geometric models of different opening trachea (gas 
outlet) 
 
We have evenly opened three holes in the gas outlet conic 
section, and the angle between the holes is 60.  

Three-dimensional models of outlet pipes with different 
openings are established according to their sizes, as shown 
in Figure 4. 

The internal details of different opening of the trachea 
(Gas outlet) are designed as shown in Figure 5. According to 
Figure 5, we design three dimensional details of Outlet 
Treachea (Gas outlet) with different Details of opening 
patterns in Horizental layout according to Horizontal 
oblique 60 and vertical oblique 15 hole,  Horizontal 
oblique 60 degrees and vertical oblique 30 hole, Horizontal 
oblique 60 and vertical 45 hole, Horizontal oblique 75 
and vertical 15 hole, Horizontal oblique 75 and vertical 
oblique 30 degrees hole, and finally Horizontal oblique 75 
and vertical oblique 45 hole. 

We then design Three dimensional Detail Map of Outlet 
Trachea (GAS OUTLET) with Different Opening Patterns 
with 15 Inclination according Horizontal oblique 60 and 
vertical oblique 15 hole, Horizontal oblique 60 and 
vertical oblique 30 hole, Horizontal oblique 60 and 
vertical oblique 45 hole, Horizontal oblique 75 and 
vertical oblique 15 hole, Horizontal oblique 75 and 
vertical oblique 30 hole, and finally, Horizontal oblique 
75, vertical oblique 45 hole (Figure 6). The outflow fluid 
field is shown in Figure 7. 
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Table 1: Main dimensions of distributors. 
 

Name Unit Numerical number 

Inlet tube diameter nm 25 

Outlet pipe 1 diameter mm 10 

Outlet pipe 2 diameter mm 10 

Outlet pipe 3 diameter mm 10 

Outlet pipe 4 diameter mm 10 

Outlet pipe 5 diameter mm 10 

Diameter of rotating cylinder mm 100 

Diameter of outlet pipe opening mm 1 

Number of outlet pipe openings 1 3 

 
 

 
 
Figure 4: Three-dimensional model of outlet trachea (Gas outlet). 

 
 

 
 
Figure 5: 3-D Details of outlet trachea (gas outlet), 
horizontal oblique 60, vertical oblique 15 hole. 

 
 

 
 
Figure 6: 3-D Detail map of outlet trachea (GAS OUTLET), 
Horizontal oblique 75 and vertical oblique 45 hole. 
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Figure 7: Outlet airway fluid field. 

 
 

 
 
Figure 8: Intake pipe mesh drawing. 

 
 
Mesh generation 
 
The above models are imported into ANSYS respectively, 
and the unstructured meshes of the fluid domain model are 
generated using the ICEM CFD of ANSYS (Figures 8 and 9).  

When we check the quality of the grid, the quality of the 
grid is above 0.3, that means the quality is good. No 
negative volume was detected after fluent was imported. It 
can be operated on. 
 
 
Computing method 
 
The inlet and outlet of the pipes are numerically simulated 
to obtain the fluid trajectories and the internal velocity and 
pressure distribution, respectively. There are five outlet 
pipelines with the same flow condition. Only one of them 
can be simulated numerically. The gas flow rate and the 
physical parameters of the medium are the same. The 
following simulation methods are applicable to both the 
inlet and outlet pipelines.  
 
1) Turbulence model: According to the applicable 
situations of various turbulence models, the Standard k-  

model is sufficient to meet the requirements of the 
simulation. 
 
2）Discrete format: To make the simulation results 
accurate, the two order upwind scheme with high accuracy 
is used for simulation. 

 
 
Figure 9: Outlet gas grid mapping. 

 
 
3）Pressure interpolation format: The internal pressure 
gradient of the simulated separator is small. Choosing a 
correct interpolation scheme can reduce the amount of 
calculation and make the results accurate. Among the four 
interpolation schemes, the PRESTO scheme is suitable for 
strong swirling flow, but it is only suitable for structural 
grids, while the standard interpolation scheme can handle 
large ones.  
 
4）Pressure velocity coupling: Here we have two 
algorithms, one is SIMPLEC algorithm and the other is 
SIMPLE algorithm.  SIMPLE algorithm is more suitable for 
this simulation.  
 
5）Setting of solver: In the setup of the solver, there is a 
set of under-relaxation factor, which can accelerate the 
convergence, and it can control the update of field variables 
calculated in each iteration. To ensure the stable 
convergence of the simulation, the setting of the under 
relaxation factor is 0.1,0.1,0.5,0.5.  
 
 
Boundary condition 
 
The inlet and outlet pipes are simulated, and the boundary 
conditions are set on the inlet, outlet and wall.  
 
Entrance (Inlet) boundary conditions: In this  simulation,  
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the velocity-inlet condition is adopted, the fluid is air, the 
pressure is 0.15 MPa, and the temperature is 100C. Inlet 
velocity vin formula will be: 
 

2in

Q
v

r
                  (9) 

 

Q is the Entrance (Inlet) flow and r is the Entrance (Inlet) 
radius. The inlet pipe flow Q=40m³/min, the inlet diameter 
is 25 mm, and the calculated inlet velocity vin is 1358.1 m/s. 
The flow rate of one outlet pipe is 8 m³/min and the 
diameter of the inlet pipe is 10 mm. The calculated inlet 
velocity is 1697.65 m/s. It is also necessary to set the 
parameters related to turbulence. When setting the 
parameters, two parameters, turbulence intensity I and 
hydraulic diameter DH, are selected. The calculation 
methods of these two parameters are as follows: 
 

 
1

80.16 Re
HDI




             (10)

 

 

ReDH  is the Reynolds number at the entrance: 
 

Re
H

in H
D

v D




             (11)

 

 

The numerical values are substituted into the formulas to 
obtain: 
The turbulence intensity I of intake pipe is 2.57%, and that 
of outlet pipe is 2.8%. 
 
Outlet boundary conditions: The inlet and outlet pipe of 
the gas outlets are set as pressure outlet, and the pressure 
is 0 Pa.  
 

Wall boundary conditions: When set, the wall is set as 
non-slip boundary conditions.   
 
 
Summary 
 

The hydrodynamic geometric models of intake pipes of 
different diverters and outlet pipes of different opening 
modes in distributor were established, respectively and 
meshed. The appropriate boundary conditions were set up. 
Standard k-ε turbulence model was selected to simulate the 
model. 
 
 
PERFORMANCE ANALYSIS OF DISTRIBUTOR AND 
RESULT 
 
The mathematical model of the flow process is  a  nonlinear, 

coupled partial differential equation. Only in some simple 
cases can analytical solutions be obtained. For most flow 
processes of interest to reactor engineers, the control 
equations need to be solved numerically. Generally 
speaking, the exact solution of PDE is replaced by the 
discrete information of finite position (grid point). For a 
given differential equation, there are several different 
methods to derive the discrete equation (finite difference, 
finite volume, finite volume method) which is the most 
widely used method by engineers, because there is a clear 
relationship between its numerical algorithm and the basic 
physical conservation principle. 

Before discussing CFD (more specifically finite volume 
method), it is necessary to check the characteristics of 
numerical solution method. It is very important to have a 
good understanding of the numerical solution algorithm. 
Three mathematical concepts are useful to determine the 
success of these algorithms: convergence, consistency, and 
stability. Convergence is a characteristic of numerical 
method. When the grid spacing, control volume or cell size 
are reduced to zero, the solution generated by the 
numerical method is close to the exact solution. When the 
grid spacing tends to zero, it can be proved that they are 
equivalent to the original control equations. When the 
numerical method is used, the stability is related to the 
error damping. If a technique is not stable, even rounding 
errors in the initial data can cause severe oscillations or 
divergences. Convergence is usually difficult to establish in 
theory. In practice, we use lax equivalence theorem, which 
points out that for linear problems, a necessary and 
sufficient condition for convergence is that the method is 
consistent and stable. In CFD method, the application of this 
theorem is limited because the governing equations are 
nonlinear. In this kind of problems, consistency and 
stability are necessary but not sufficient conditions for 
convergence. 
 
 
Effect of different diverter on flow field of intake 
pipeline 
 
The flow field before and after the analog time divider is 
numerically simulated respectively, so the model is built 
separately. The front of the diverter (or distributor) is 
collectively called the inlet pipe, and the rear of the diverter 
(or distributor) is collectively called the outlet pipe. The 
main dimensions are Inlet tube diameter of 25 mm, Outlet 
pipe 1 to 5 diameter of 10 mm and diameter of rotating 
cylinder of 100 mm. As mentioned above, we choose 
different kind of angles. The numerical simulation and post-
processing of intake manifold are carried out to observe its 
internal flow field distribution. Figure 10 shows a three-
dimensional flow chart of intake manifolds with different 
shunts. 
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Figure 10: Three-dimensional Streamlines of Intake Pipes 
with Different Diverters(a) Square Section Socket Type(b) 
Circular Section Socket Type(c) Reflective Square Section (d) 
Reflective type of circular section. 

 
 
The three-dimensional streamline diagram (Figure 10) 

shows the trajectory of the gas in the pipeline and 
distributor. The gas enters the intake pipe and distributes 
the flow through the distributor. The gas after distribution 
enters five outlet pipes. 
 
 
Velocity field distribution 
 
The velocity profiles of intake pipe axes with different 
shunts are obtained by post-processing software (Figures 
11 and 12). 

When Fluent is used to calculate the flow of five outlets, 
and the change is shown in Figure 13. It can be seen from 
the figure that the flow distribution of the five outlets of  the  

 
 
Figure 11: Y-Square Velocity Distribution Clouds of 
Diverters with Different Structures (a) Y-Direction 
Velocity Distribution Nephogram of Square Section 
Socket Shunt (b) Y-Direction Velocity Distribution 
Cloud Map of Circular Section Interpolated Splitter (c) 
Y-Direction Velocity Distribution Cloud of Reflective 
diverter (or distributor) with Square Section (d) Y-
direction velocity distribution nephogram of reflective 
shunt with circular cross-section. 

 
 
circular orifice distributor is the most uniform and the 
distribution effect is the best.   

 
                           (a)                          (b) 

 

 
               (c)                              (d) 
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Figure 12: X-Square Velocity Distribution Clouds of Diverters with Different Structures (a) 
X-Direction Velocity Distribution Cloud Map of Square Section Socket Shunt (b) X-Direction 
Velocity Distribution Cloud Map of Circular Section Interpolated Splitter (c) X-Direction 
Velocity Distribution Cloud of Reflective diverter (or distributor) with Square Section. 

 
 

 
 
Figure 13: Flow distribution of outlet pipes of diverters with 
different structures. 

  
                                                      （a）                                              (b) 

 

 
                                                        （c）                                             (d) 
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Figure 14: Arrangement of outlet pipe of circular Jack shunt (a) Mode 1 (b) Mode 2 (c) Mode 3. 

 
 

 
 
Figure 15: Flow distribution of outlet pipe of circular 
slotted shunt with different arrangement. 

 
 

The circular orifice distributor is selected to change the 
layout of outlet pipe, and the influence of different layout on 
the uniformity of flow distribution is analyzed. The three 
different arrangements are shown in Figure 14. The radius 
of outlet pipe center from distributor center in mode 1 is 15 
mm, the radius of outlet pipe center from distributor center 
in mode 2 is 25 mm, and the radius of outlet pipe center 
from distributor center in mode 3 is 35 mm.  

The flow distribution of three different outlet pipes is 
shown in Figure 15. As shown in the figure, the distribution 
of outlet flow is more uniform in Mode 2 than in the other 
two layout modes. The maximum difference of the five 
outlet flows is 0.6%, and the distribution effect is the best. 
Therefore, a circular slotted shunt with a radius of 25 mm is 
selected. 
 
 

Effect of different openings on the flow field of gas 
outlet pipeline 
 

After    numerical    simulation   and     post-processing,    the 

distribution of the internal flow field was observed. The 
three-dimensional streamlines of the outlet pipe with 
different openings were simulated and first we present 
Different Opening Patterns in Horizontal Layout, they are 
Horizontal oblique 60 and vertical oblique 15 degrees hole, 
Horizontal oblique 60 degrees and vertical oblique 30 
degrees hole , Horizontal oblique 60 and vertical oblique 
45 hole, Horizontal oblique 75 and vertical oblique 15 
hole, Horizontal oblique 75 and vertical oblique 30 hole, 
and finally Horizontal oblique 75 and vertical oblique 45 
hole (Figures 16 and 17).   

The three-dimensional streamline diagram shows the 
trajectory of the gas in the outlet pipe and after it flows out 
of the outlet pipe. The fluid moves in the exhaust pipe and 
reaches the bottom of the cone section. Some of the fluid 
reverses and flows back, and some of the fluid flows out of 
the orifice. After the orifice flows out, the gas rotates 
upward, forming many small eddies in the interior, without 
obvious regularity. Relatively speaking, the horizontal 
layout makes the air flow relatively stable, and  the  number  

 

 
(a)                                    (b)                                     (c) 

 

 

 

 

 



 

Engineering and Technology Research; Yasin and Jun  057 
 
 
 

 
 
Figure 16: 3-D Streamline Map of Outlet Pipe with Different Opening Patterns in Horizontal 
Layout(a) Horizontal inclination 60 °, vertical inclination 15° hole (b) horizontal inclination 60°, 
vertical inclination 30° hole (c) horizontal inclination 60°, vertical inclination 45° hole (d) 
horizontal inclination 75°, vertical inclination 15° hole (E) horizontal inclination 75°, vertical 
inclination 30° hole (f) horizontal inclination 75°, vertical inclination 45° hole. 

 
 
of eddies is less than that in the inclined direction of 15°. 
For the opening mode, the movement of the vertical oblique 

45° hole is relatively regular, and the movement of the 
horizontal  oblique  60°  hole  is  relatively  uniform,  so   the 

 
                                                      (a)                                                           (b) 

 

 
                                                      (c)                                                           (d) 

 

        
                                                      (e)                                                           (f) 
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Figure 17: 3-D Streamline Map of Outlet Gas with Different Opening Patterns and 
Inclined 15° Direction Layout (a) Horizontal oblique 60, vertical oblique 15° hole (b) 
Horizontal oblique 60°, vertical oblique 30° hole (c) Horizontal oblique 60, vertical 
oblique 45 degrees hole (d) Horizontal oblique 75°, vertical oblique 15 hole (e) 
Horizontal oblique 75°, vertical oblique 30° hole (f) Horizontal oblique 75°, vertical 
oblique 45° hole.

 
 
trajectory of the horizontal layout, the horizontal oblique 
60°, and the vertical oblique 45 degrees hole is closer to the 
rotary motion. The flow is relatively regular and uniform. 
 
 
Velocity field distributor  

 
The   velocity   profiles   of  outlet   gas   axles  with  different 

openings are obtained by post-processing software (Figures 
18 and 19). 
 
 

Pressure field distribution 
 

The pressure distribution diagram of the shaft section of 
the outlet pipe with different openings is obtained by post-
processing software (Figures 20 and 21). 

     
                                         (a)                                             (b)  

 

    
     (c)                                             (d) 
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Figure 18: Velocity Distribution Map of Outlet Pipe Axis Section with Horizontal Opening (a) Velocity 
distribution nephogram of horizontal oblique 60 and vertical oblique 15 holes (b) Horizontal oblique 
60, vertical oblique 30 hole (c) Horizontal oblique 60, vertical oblique 45 hole(d) Horizontal oblique 
75, vertical oblique 15 hole (e) Horizontal oblique 75, vertical oblique 30 hole（f）Horizontal oblique 

75, vertical oblique 45 hole. 
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Figure 19: 3-D Streamline Map of Outlet Pipe with Horizontal Inclined 15 Direction Layout and Opening Mode (a) 
Horizontal oblique 60 degrees, vertical oblique 15 hole（b）Horizontal oblique 60, vertical oblique 30 hole (c) 

Horizontal oblique 60, vertical oblique 45 hole (d) Horizontal oblique 75, vertical oblique 15 hole(e) Horizontal 
oblique 75, vertical oblique 30 hole(f) Horizontal oblique 75, vertical oblique 45 hole. 
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Figure 20: Cloud Map of Outlet Gas Pressure Distribution with Horizontal Opening (a) 
Horizontal oblique 60, vertical oblique 15 hole (b) Horizontal oblique 60, vertical oblique 30 
hole (c) Horizontal oblique 60, vertical oblique 45 hole (d) Horizontal oblique 75, vertical 
oblique 15 hole (e) Horizontal oblique 75, vertical oblique 30 hole (f) Horizontal oblique 75, 
vertical oblique 45 hole. 
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Figure 21: Cloud Map of Outlet Gas Pressure Distribution in Horizontal Oblique 15 
Orientation Opening Mode (a) Horizontal oblique 60, vertical oblique 15 hole (b) 
Horizontal oblique 60, vertical oblique 30 degrees hole (c) Horizontal oblique 60, vertical 
oblique 45 hole (d) Horizontal oblique 75, vertical oblique 15 hole (e) Horizontal oblique 
75, vertical oblique 30 hole (f) Horizontal oblique 75, vertical oblique 45 hole. 
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Through the numerical simulation of the intake and 
outlet pipes, the flow trajectory diagrams of the intake and 
outlet pipes, the velocity distribution diagrams of the intake 
and outlet pipes, and the velocity and pressure distribution 
diagrams of the intake and outlet pipes are obtained, 
respectively. By comparing and analyzing the performance 
of different shunts, it is found that the circular Jack shunt 
has the best performance. Among the three outlet pipe 
layout modes, mode 2 has the most uniform shunting effect. 
For the outlet pipe, the horizontal layout airflow is 
relatively stable, and the number of eddies is less than that 
in the inclined direction of 15. For the opening mode, the 
movement of the vertical inclined 45 holes is relatively 
regular, and the movement of the horizontal inclined 60 
holes is relatively uniform, so the trajectory of the 
horizontal layout, the horizontal inclined 60, and the 
vertical inclined 45 holes is close to the rotary motion 
(Dynamic relative law of uniformity). 
 
 
CONCLUSION 
 
Through the modeling and numerical simulation of the 
intake and outlet pipes with different diverters and 
different opening modes, the trajectories, velocity and 
pressure distributions of the flow field inside the intake and 
outlet pipes are obtained, respectively. By comparing and 
analyzing the performance of different diverters, it is found 
that the circular pinhole diverter has the best performance. 
The fluid moves in the outlet pipe and reaches the bottom 
of the cone section. Some of the fluid reverses and flows 
back, and some of the fluid flows out of the orifice. After the 
orifice flows out, the gas rotates upward, forming many 
small eddies in the interior without obvious regularity. 
Relatively speaking, the horizontal layout makes the air 

flow relatively stable, and the number of eddies is less than 
that in the inclined direction of 15. For the opening mode, 
the movement of the vertical oblique 45 hole is relatively 
regular, and the movement of the horizontal oblique 60 
hole is relatively uniform, so the trajectory of the horizontal 
layout, the horizontal oblique 60, and the vertical oblique 
45 hole is closer to the rotary motion. The flow is relatively 
regular and uniform. 
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