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Numerical simulation of flow and heat transfer in a curved

rectangular channel with artificial roughness
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Abstract; As a local heat transfer enhancement technology, artificial roughness is of great signifi-
cance to improve the regenerative cooling efficiency. In order to study the influence of artificial roughness
on the three-dimensional flow and heat transfer characteristics of the rectangular cooling channel, and the
coupling effect with the secondary flow in the curved section, a three-dimensional curved rectangular
channel with artificial roughness was modeled and simulated by Fluent software in this paper. RNG k-¢
turbulence model was used to effectively and accurately solve the turbulent flow in the pipeline and near-
wall flow affected by the strong curvature. The results show that adding artificial roughness to the bottom
of the cooling channel will disturb the bottom flow and cause the velocity center to move up. Therefore,
in the curved section, the range of Dean vortices generated in the cooling passage with artificial roughness

is relatively small and far from the bottom. With the generation of the secondary flow, the flow velocity
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center moves to the bottom, so that the heat transfer is enhanced and the overall convective heat transfer

coefficient is increased. When the inlet mass flow rate is 0. 1 kg/s, 0.2 kg/s and 0. 3 kg/s, the average

convective heat transfer coefficients of the heating surface in the curved section under artificial roughness

conditions increase by 11. 86% , 13.11% and 16. 14% , respectively. It is shown that the heat transfer

can be improved obviously by adding artificial roughness, and its effect on heat transfer becomes more

and more obvious with the increase of mass flow rate.

Keywords : regenerative cooling; artificial roughness; secondary flow; heat transfer enhancement;

convective heat transfer
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Fig. 1 Geometry and mesh of the computational model
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