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Effect of Mesh form on the Friction Coefficient of Flow Transversely Eroding Staggered Tube Bundles
Huo Haie® Jing Chengjun’ Huo Haibo® Li Kai®
( 1.College of Architecture and Environment, Sichuan University, Chengdu, 610065;
2.0cean Engineering Research Institute, Shanghai Ocean University, Shanghai, 201306;
3.National Microgravity Laboratory, IMCAS, Beijing, 100190 )

Abstract Computational fluid dynamics software FLUENT was used to numerically simulate the exhaust gas flow crossing
staggered tube bundles (number of rows in the horizontal and vertical direction is 5, and the transverse and longitudinal spacing
ratio is 1.25, respectively). The focal point was directed at the effect of mesh form on the friction coefficient of flow in a limited
space. The whole flow field was gridded by using triangular and quadrilateral unstructured mesh, and quadrilateral structured mesh.
The friction coefficient f was calculated and compared with the experimental value. It is found that much time was needed to
generate a structured mesh, however, the numerical simulation on the structured mesh was easily convergent and the accuracy of
simulation was good comparing with the unstructured mesh. Furthermore, the grid boundary layer thickness and grid number in the
circumference direction of tube gave large influence on the results of simulation.
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Fig.1 Side view of heat exchanger (mm)

mm

Fig.2 Calculation region (mm)
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Table 1 Thermo physical properties of exhaust gas at
characteristic temperature

el Cp A v
kg/m®>  kl(kg-K)  W/m-K m?/s Pr
0.457 1.185 0.0656  76.3x10°  0.64
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Fig.4 Quadrilateral unstructured mesh

5
Fig.5 Quadrilateral structured mesh

2 f
Table 2 Mesh, friction coefficient and relative error with the experimental value under scheme 1 and scheme 2
0.1mm 180
f f
0.1 — — — — — —
0.5 — — — 86799 0.35 2.78%
1 77534 0.3497 2.86% 35384 0.3516 2.32%
2 49680 0.348 3.33% — — —
5 38894 0.341 5.28% — — —
3 f
Table 3 Mesh, friction coefficient and relative error with the experimental value under scheme 3
60 0.03mm 0.1mm 0.3mm
f f f
0.1 65398  0.354 1.67% 89274  0.352 2.22% — — —
0.5 20300 0.35 2.78% 16784 0.352 2.22% 14876 0.354 1.67%
1 15314 0.348 3.33% 11968 0.35 2.78% 19547 0.35 2.78%
2 8372 0.34 5.56% 9886 0.346 3.89% 7260 0.348 3.33%
5 6968 0.311 13.61% 8454 0.307 15.61% — — —
90 0.03mm 0.1mm 0.3mm
f f f
0.1 92573 0.354 1.67% 88618 0.354 1.67% — — —
0.5 25330  0.352 2.22% 24444 0.352 2.22% 21786 0.35 2.78%
1 16484  0.346 3.89% 16302 0.35 2.78% 19547 0.35 2.78%
2 11856 0.338 6.11% 11157 0.346 3.89% 11088 0.346 3.89%
5 9854 0.309 14.17% 9158 0.305 16.87% — — —
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Table 3 Mesh, friction coefficient and relative error with the experimental value under scheme 3
180 0.03mm 0.1mm 0.3mm
f f f
0.1 174638  0.354 1.67% 163738  0.351 2.32% — — —
0.5 49300 0.352 2.22% 24444 0.354 1.67% 43116 0.35 2.78%
1 33408 0.35 2.78% 31936 0.352 2.22% 30162 0.35 2.78%
2 23856 0.338 6.11% 23856 0.346 3.89% 21372 0.498 38.3%
5 19722 0.303 15.8% 18522 0.30 16.7% — — —
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