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Abstract: To investigate the effect of bristle pack position on the leakage flow characteristics of
helical-labyrinth-brush seals, based on the computational fluid dynamic (CFD) analysis and a
porous medium model, this paper investigates the leakage flow characteristics of two types of
helical-labyrinth-brush seals with a bristle pack element installed upstream or downstream of the
helical-labyrinth tooth under various pressure ratios (1-1.3) and rotational speeds (0-10 000 r/
min). Meanwhile, the leakage flow characteristics of the seal with a bristle pack element installed
upstream of the helical-labyrinth tooth are experimentally measured at the pressure ratios of 1 -
1. 3 and rotational speeds of 0 -2 000 r/min. The CFD-derived leakage flow rate and cavity
pressure agree well with the experimental data in the whole range of test conditions. Most of the
leakage airflow flow downstream from the clearance between the bristle pack and the rotor.

Compared with the seal with a bristle pack element installed downstream, the seal with a bristle
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pack element installed upstream possesses less leakage flow rate, and the leakage flow rate is less
sensitive to the changes in speed. The helical tooth and the annular steps on the rotor are
designed with staggered pattern along the axial direction, resulting in an uneven distribution of
circumferential static pressure, and the phenomenon that the downstream pressure is higher than
the upstream pressure. The x-axis component and y-axis component of static aerodynamic forces
of the two seals are in opposite directions. Compared with the seal with a bristle pack element
installed downstream, the seal with a bristle pack element installed upstream has a larger

absolute value of x-axis component of the static airflow force and a smaller absolute value of y-
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axis component. The absolute value of static aerodynamic force of the two seals increases

significantly with the pressure ratio, and is not sensitive to the speed change.

Keywords: helical-labyrinth-brush seal; leakage flow; experimental measurement; numerical

simulation
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