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Abstract

The vortex generator inserted into a circular tube is a passive heat transfer enhancement method.
The secondary flow induced by the vortex generator in the tube is the main reason for the heat trans-
fer enhancement, and the intensity of secondary flow is subject to flow parameters and the structural
parameters of vortex generators. In this paper, the numerical method is used to study the flow cha-
racteristics of the different shapes vortex generators inserted into the circular tube. It is found that
the average secondary flow intensity and the local secondary flow intensity along the flow direction
generated by the vortex generators with different shapes are the strongest in the order of isosceles
trapezoidal vortex generators, followed by right-angle trapezoid vortex generator and the weakest in
the rectangular vortex generator. When the geometric area of material cut from the traditional
twisted tape to form different vortex generator inserts is identical, the shape of vortex generator has
little influence on the average friction factors and the local friction factors along the flow direction. By
comparing the secondary flow cloud graphs at different locations, it is found that compared with the
baseband, the vortex generator induces stronger secondary flow in the tube. When vortex generators
with different shapes are built in, the secondary flow intensity distribution and streamline distribu-
tion of the fluid in the tube change. Compared with the other three vortex generators with different
shapes, the isosceles trapezoidal vortex generator can induce stronger secondary flow.
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Figure 1. Schematic diagram of twisted vortex generator
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Table 1. Geometrical parameters of vortex generator

=L ORTEREHEY

RYRe s e T SJYW (-) SdW (-) B() re) B/W (-) Wo/W (-) W (mm)
TVG1 4 1.063 0.989 60 60 0578 0.3 18
TVG2 4 1.063 0.989 60 120 0.376 0.3 18
TVG3 4 1.063 0.989 60 90 0.477 0.3 18
TVG4 4 1.063 0.989 90 90 0.376 0.3 18

Figure 2. Computational domain
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Figure 3. Model diagram established by SolidWorks
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Figure 4. Schematic diagram of grid division by ICEM
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Figure 5. Comparison of Nu,, and f between simulation results and empirical formulas
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Figure 6. The variation of average resistance coefficient and secondary flow intensity with Reynolds number Re
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Figure 7. When Re = 400, the fluid flow diagram after inserting vortex generators of different shapes into the tube
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Figure 8. When Re = 400, the influence of vortex generators of different shapes on the local resistance coefficient and the
local secondary flow strength
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Figure 11. When x = 0.270 m, flow diagram of the fluid inside the vortex generator with different shapes. (a) Isosceles tra-
pezoidal vortex generator; (b) Rectangular vortex generator; (c) Parallelogram vortex generator; (d) Right-angle trapezoidal
vortex generator
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Figure 12. Cloud map of secondary flow distribution at different positions in the tube
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Figure 13. When x = 0.270 m, cloud map of secondary flow distribution of vortex generators of different shapes. (a) Isos-

celes trapezoidal vortex generators; (b) Rectangular vortex generator; (c) Parallelogram vortex generator; (d) Right-angle
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