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Abstract 

A RNG turbulence model was used to simulate the gas flow field in the SVQS cyclone rapid 
separation system. A set of 600 mm 3500 mm cold model experimental apparatus was 
numerically analyzed, the uneven distribution of high and low velocity regions results in 
the long gas residence time and pressure fluctuation. The pressure distribution and gas 
residence time distribution in the extraction section of the system were studied by 
adding different vortex eliminator plates. The results show that all three structures can 
effectively shorten the gas residence time and reduce the pressure drop, but the straight 
structure is easy to form the vortex region between the plates, and the curved structure 
has higher pressure drop than the straight structure, the folded structure has the 
advantages of uniform pressure distribution, short residence time and excellent 
structure. 
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1. Introduction 

The riser svqs cyclone fast separation system is a device to realize the high-efficiency 
separation of oil and gas and the rapid extraction of oil and gas. The centrifugal force is used to 
make the oil and catalyst particles quickly separate. At present, UDP company has developed 
the vortex separation technology suitable for the inner riser reactor in the research of fast 
separation outlet in the catalytic cracking reactor, which shortens the average residence time 
of oil and gas to less than 5S, and improves the separation efficiency of oil and gas significantly. 
However, due to the harsh start-up conditions and unsatisfactory operation conditions, the 
technology is rarely used in China's refining and chemical equipment. Lu Chunxi et al. 
Developed the vortex quick separator (VQs), which enables the oil and catalyst particles to be 
ejected from the swirl head, and the oil and catalyst can be separated rapidly by centrifugal 
force.On this basis, sun Fengxia and others found that the swirling head is prone to short-circuit 
flow, and developed a riser outlet swirling fast separation system with a baffle and a baffle cover, 
which eliminates the influence of short-circuit flow, and the length of the baffle is better.Hu 
Yanhua et al. Changed the original cylindrical separator into folded edge separator and conical 
separator, and found that the separation effect of conical separator was better. Cheng Zhaolong 
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et al. Determined the variation law of natural cyclone length under different inlet gas velocity 
conditions, which has a guiding role for the installation height of closure cover.Li Zhi and other 
researchers found that the pressure pulsation in the exit section of the riser is large, and there 
is an unstable vortex region. 

2. Numerical calculation and model validation 

2.1. Numerical model and calculation 

The total height of the device is 3.5 m, the diameter is 600 mm, the height of the upper part of 
the cyclone head in the enclosure is 1.5 m, and the diameter of the riser is 100 mm. 

 
Fig.2 Diagram of experimental apparatus(mm) 

In the simulation process, the riser inlet is set as the velocity inlet, the inlet gas velocity is 
21.1m/s (calculated from the swirl head nozzle gas velocity = 18m / s), the outlet is set as the 
pressure outlet, and the outlet pressure is the standard atmospheric pressure. All the wall 
boundaries in the experimental device are treated by the standard wall function, regardless of 
the wall roughness. In the simulation, five axial measuring sections, numbered a ~ e, are 
arranged in the leading out section above the swirl head from the bottom along the axial 
direction of the closure cover, and the measuring points are all arranged in the leading out 
section space above the swirl head 200 mm apart. At the same time, take the section a in the 
upper part of the enclosure, and the distance between each measuring point and the center is 
15 mm, 60 mm, 105 mm, 150 mm, 195 mm and 240 mm respectively. VrVs 

 
Fig.6 Distribution of velocity on horizontal section across the center of vortex quick separator 

spout 

It can be seen from Fig. 6 that the velocity distribution in the center section of the swirl nozzle 
is symmetrical. After the gas is ejected from the swirl nozzle, the strong swirl flow is made 
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under the restriction of the separator and the closure cover, which is consistent with the 
experimental results. 

2.2. Meshing  

Do not number your paper: All manuscripts must be in English, also the table and figure texts, 
otherwise we cannot publish your paper. Please keep a second copy of your manuscript in your 
office. When receiving the paper, we assume that the corresponding authors grant us the 
copyright to use the paper for the book or journal in question. Should authors use tables or 
figures from other Publications, they must ask the corresponding publishers to grant them the 
right to publish this material in their paper. Use italic for emphasizing a word or phrase. Do not 
use boldface typing or capital letters except for section headings (cf. remarks on section 
headings, below).  

In this paper, a 5 mm × 5 mm hexahedral structured grid is used to divide the main part of the 
riser svqs system, but the complex structure parts, such as the vortex elimination plate and the 
swirl fast separation part, are divided by a hybrid method of structured and unstructured grids. 
The total number of grids is 1200307 for type I, 1567532 for type II, 1686471 for type III and 
1586515 for type IV, respectively. 

Fig.7 Different Vortex eliminator plate structure 

The swirl quick separation system with three different vortex elimination plate structures is 
shown in Figure 7, which are straight vortex elimination plate (type II), curved vortex 
elimination plate (type III) and folded vortex elimination plate (type IV) on the upper space 
wall of the leading out section. 

There are three types of vortex eliminators: straight type, curved type and folded type. The 
angle between the curved and folded vortex eliminators is 140 degrees, the total height is 200 
mm and the width is 100 mm. There are 12 vortex eliminators, which are distributed in two 
layers. 

2.3. Boundary condition 

(1) The fluid simulation medium is air under normal temperature and pressure (temperature 
is 20 ℃, density is 1.225 kg / m3, viscosity is 1.7894 × 10-5)The flow field is calculated from 
the riser inlet, and the velocity inlet condition is adopted for the inlet boundary type. The 
velocity direction is perpendicular to the inlet section and inward, and the inlet gas velocity 
distribution is uniform. The inlet velocity is converted from the gas velocity of the swirl head.As 
the internal flow field belongs to turbulent flow field, the three parameters (turbulent 
diffusivity), (turbulent intensity) and (turbulent kinetic energy) at the entrance need to be 
determined, which can be calculated by the following formula: 
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(2) The outlet boundary condition is pressure outlet condition, and the pressure is set to 
atmospheric pressure. The turbulence intensity and hydraulic diameter are used in the outlet 
and the inlet respectively. 

(3) The wall surface refers to the interface that limits the movement of fluid and particles, 
including the wall surface of the fast separator, the wall surface of the riser and the wall surface 
of the swirl head. Wall roughness. 

Table 2 Boundary condition of riser inlet 

Gas velocity 
Vr/(m/s) 

Inlet 

area 

Ar/m2 

Hydraulic 
diameter Dh/m 

Turbulent 
intensity I/% 

Volume flow rate 
Q/（m3/s） 

21 0.00785 0.1 3.497 0.16485 

                      

3. The results were discussed and analyzed 

3.1. Structure without vortex elimination plate (type I) 

Type I structure without vortex elimination plate is selected, as shown in Fig. 7. Section B is 
selected as the reference plane, and sections C, D and e with axial distances of 200, 200 and 500 
mm are selected. 

 
Fig.9 Cross section without vortex plates 

Fig. 9 is the gas phase pressure nephogram of section B to section D. The pressure of section B-
D and section a decreased by 2.27%, 2.09%, 2.05% and 1.92% respectively. It can be seen from 
Fig. 11 that the pressure of the four sections decreases gradually from the outside to the inside 
along the radial direction, and the pressure distribution is uniform. 
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Fig.10 Radial pressure distribution of different section 

A radial measuring point is evenly arranged every 20 mm at the radial position of the four axial 
sections, and the radial pressure distribution of different sections is obtained as shown in FIG. 
10. It can be seen that with the increase of the distance between the measuring point and the 
central axis, the pressure of each radial measuring point increases gradually, and then remains 
stable. 

 
Fig.11 Each section stress contour of Ⅰ 

Comparing the four cross-section velocity vector images, it can be seen that the irregular area 
of the vector gradually decreases with the increase of the height at the side wall. The results are 
consistent with the experimental results: there is a vortex area in the side wall of the enclosure, 
and with the increase of height, the vortex area decreases. 

 
Fig.12 Each section velocity vector contour of Ⅰ 
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3.2. Adding straight vortex eliminator on the wall (type II) 

Similar to type I structure, the section with the same height is selected for type II structure with 
vortex elimination plate. The pressure at the side wall of section B-D based on section a 
decreases by 2.04%, 1.90%, 1.88% and 1.73% respectively. There is only a small amount of 
high pressure zone on the side wall of section B, and the distribution is relatively uniform. At 
Section C, there are only high pressure zones between the sidewall and the vortex elimination 
plate, and two low pressure zones between the vortex elimination plates. It can be seen that the 
pressure distribution gap from Section D to e increases gradually, and the fluid pressure field 
changes from four regions to three high pressure regions of section e. the reason may be that 
there is still vortex region above the vortex elimination plate, which is consistent with the 
experimental results. 

 
Fig.15 Each section stress contour of Ⅱ 

FIG. 15 and FIG. 16 are velocity nephogram and velocity vector diagram of each section. 
Compared with the type I structure without vortex elimination plate, it can be seen that the 
regular velocity distribution at the side wall of section B of type II structure is broken, the three 
high-speed regions of the internal flow field are significantly larger than those of type I 
structure, and the velocity vector near the side wall in the velocity vector diagram is also 
relatively regular. 

 
Fig.16 Each section velocity contour of Ⅱ 

 Because the straight vortex eliminator acts as a barrier to the gas phase, the direction of the 
fluid changes, resulting in Section C at the junction of the sidewall and the vortex eliminator. 
The velocity nephogram of type II structure shows that the high-speed area is concentrated 
between the vortex elimination plate and the closure cover. There are regular velocity blank 
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areas at Section D and E, which indicates that there is no or only a small amount of fluid passing 
through these areas. 

 
Fig.18 Streamlines of inlet gas of Ⅱ 

It can be seen from the overall streamline diagram of the straight plate vortex elimination plate 
structure of the closure cover in Figure 18 that there are gas vortex areas at the outlet end above 
and below the vortex elimination plate. The swirling flow in other regions is basically broken, 
and there are blank areas and dense areas above the vortex elimination plate, which is 
consistent with the previous cloud and vector images. Compared with the structure without 
vortex elimination plate, the regular pressure velocity distribution and the regular spiral rise 
of fluid in the enclosure with vortex elimination plate on the wall are broken, which shortens 
the gas residence time. 

 
Fig.19 Comparison of Tangential, radial and axial velocities of E-section fluids 

Figure 19 shows the comparison of tangential, radial and axial velocities of fluid in section e. it 
can be seen from the above figure that although the vortex area above the swirl head has been 
effectively eliminated, there is still a large difference between tangential velocity and radial 
velocity near the outlet end, so it can be judged that there is still vortex area. According to the 
gas streamline diagram, there is a small vortex area between the vortex elimination plates, and 
there is still room for optimization. 
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4. Summary 

In this paper, RNG turbulence model is used to simulate the gas flow field in svqs cyclone fast 
separator. The effects of different structures of vortex eliminators on the pressure distribution 
and gas residence time in the fast separator are studied 

(1) After installing the vortex elimination plate, the residence time of the gas is shortened, the 
vortex area in the leading out section of the enclosure basically disappears, the internal flow 
field tends to be stable, and the pressure drop of the system is reduced, but there is a vortex 
area between the vortex elimination plates. 

(2) The results show that the three types of vortex elimination plates can effectively shorten 
the residence time of gas and reduce the pressure drop, breaking the spiral upward motion 
pattern of fluid. The pressure drop of curved structure is higher than that of straight structure, 
the pressure distribution of folded structure is uniform and the gas residence time is shorter, 
so the structure is better. 
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