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Investigating Leakage Flow Characteristics of Brush Seals via
Three-Dimensional Staggered Tube Bundle Model

MA Dengqgian, ZHANG Yuangiao, LI Zhigang, LI Jun, YAN Xin

(Institute of Turbomachinery, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To accurately predict the leakage flow and resistance characteristics of brush seals, the
multi-block structured mesh and the mesh motion technique are applied to the three-dimensional
staggered tube bundle model of brush seals. The application of the multi-block structured mesh
ensures that there is no need to set interfaces between the fluid domains of the bristle pack and
cavity, hence the interpolation errors due to the existence of the interfaces are eliminated. The
mesh motion technique could realize the overall axial compactness of the bristle pack. The
numerical leakage flow rate of the brush seal is in good agreement with the experimental data and
the validation of the developed numerical method is verified. The effects of the pressure ratio
(1.5, 2.5, 3.5), sealing clearance (0, 0.1, 0.2 mm) and longitudinal pitch reduction (0-0. 005
mm) on the leakage flow rate and flow resistance performance of the brush seal are investigated.
The results show that the reduction of longitudinal pitch has dominant effect on the relative rate
of leakage flow for the contacting brush seal. With the increase of sealing clearance, the effect of

longitudinal pitch reduction on the relative rate of leakage flow weakens gradually for the brush
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seal with clearance. The flow resistance parameter Eu of the brush seal with clearance is much

smaller than that of the contacting brush seal. The leakage flow rate of the brush seal with

clearance is larger than that of the contacting brush seal because the sealing clearance effectively

converts the pressure energy into kinetic energy of the leakage flow. The developed numerical

approach based on the three-dimensional staggered tube bundle model could serve as a technical

method for analysis of sealing mechanisms and multi-physical coupling of brush seals.

Keywords: brush seal; three-dimensional staggered tube bundle model; leakage flow; resistance

characteristics; numerical simulation
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