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Structure design and flow field simulation analysis of a dust collector
based on tornado principle
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Abstract; To improve the performance of garbage cleaning, a dust collector was designed based on the tornado
principle and its structure parameters and extended domain were analyzed. The flow field of the dust collector was
calculated using finite volume method, RNG k-& model, and ANSYS FLUENT 16.0, and the influences of each
structure parameter and extended domain parameters on the formation and dust suction effect of tornado were
analyzed. The principle and the design scheme of the new type of dust collector were proposed. Results show that
the upper part of the tornado was completely developed and the structure was stable, when the ratio of the height of
the dust outlet to the diameter of the nozzle was 1.6. The tornado produced by the device had a distinet single vortex
structure, and the wind speed near the surface of the nozzle was the largest and the dust suction effect was the best,
when the ratio of the height between the nozzle inlet and the ground to the diameter of the cylinder was 0.2. When
the inclination angle of diversion orifice was 45° or —45°, the structure of the tornado generated by the device was
the most stable and the intensity was the largest. With the increase of the swirl ratio in a certain range, the intensity
of the wind field structure in the proposed device was increased, which was beneficial to the improvement of dust
collection efficiency. Moreover, the height and the diameter of the extended domain had threshold values, and when
the extended domain parameter was greater than the corresponding threshold, its impact was negligible. By setting
appropriate structure parameters, the proposed dust collector can form a tornado-like flow field with strong stability
and good dust suction effect, and can achieve an efficient cleaning effect.
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Fig.1  The dust collector based on the tornado generation

principle
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Fig.2  Dimensions of the dust collector based on the tornado
generation principle (mm)
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Fig.3 Computational domain of the flow field
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Fig.4 Parameters of the dust collector
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Tab.1 Combinations of structure parameters of the dust collector
PeEsE PSR AR E RS/ mm D/ mm Dy/ mm H,/ mm Hy/ mm H;/ mm 6/ (°)
H, 100 500 6 000 200 20 0 ~ 1800 45
H, 20 500 6 000 200 20 ~ 400 800 45
0 10 500 6 000 200 100 800 -45 ~ 45
H, 20 500 6 000 100 ~ 300 100 800 45
200 400 ~ 2 700 60 40 320 45
300 600 ~ 3 800 90 60 480 45
400 800 ~ 4 900 120 80 640 45
D, 100 500 1000 ~ 5 300 200 100 800 45
600 1200 ~ 5 000 180 120 960 45
700 1400 ~ 5900 210 140 1120 45
800 1 600 ~ 5 600 240 160 1 280 45
900 1 800 ~ 5 600 270 180 1 440 45
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Fig.5 Grid model of the dust collector based on the tornado
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Tab.2 Range of grid numbers and grids quality under different structure parameters of the dust collector
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H, 69.3 ~ 102.5 0.88 ~ 0.89 0.24 ~ 0.25 25 ~ 32 2.25 ~ 2.44 0.853 ~ 0.854
D, 24.7 ~ 66.8 0.86 ~ 0.87 0.24 ~ 0.25 18 ~ 22 2.53 ~ 2.76 0.852 ~ 0.855
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