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Abstract: This paper studies the effects of honeycomb cell diameter, radial clearance and
operating conditions on the leakage flow characteristics of labyrinth honeycomb seal. The leakage
flow rate of the labyrinth honeycomb seal is measured at seven different pressure ratios and five
different radial gaps using the stationary experimental test rig. Furthermore, the leakage flow
characteristics of the experimental labyrinth honeycomb seal are numerically investigated using
three-dimensional Reynolds-averaged Navier-Stokes (RANS) and standard k¢ turbulence model.
The effects of the pressure ratios (1.05—1.6), radial clearances (0.4—1.2 mm), rotational
speeds (0—8 000 r/min) and honeycomb cell diameters (0—3.2 mm) on leakage flow
characteristics of the labyrinth honeycomb seal are analyzed and compared with those of the
smooth labyrinth seal. According to the results, the leakage flow rate of labyrinth honeycomb

seal increases almost linearly with the increase of pressure ratios; the leakage flow coefficient of
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labyrinth honeycomb seal decreases slightly with the increase of the radial clearance by up to
10%. The rotational speed has little effect on the leakage flow rate when it is lower than 3 000 r/
min. When the rotational speed is higher than 3 000 r/min, the leakage flow coefficient of
labyrinth honeycomb seal decreases significantly as the honeycomb cell structure can suppress the
circumferential flow and thus improve the sealing performance of the labyrinth honeycomb seal.
The leakage flow coefficient of labyrinth honeycomb seal at 8 000 r/min is reduced up to 51%
compared with that when the rotational speed is 0. The leakage flow coefficient of the labyrinth
honeycomb seal first decreases and then increases with the increase of honeycomb cell diameter.
The smallest leakage flow coefficient of the labyrinth honeycomb seal is obtained when the
honeycomb cell diameter is 0.6 mm, same as the tooth width. In addition, the leakage flow
coefficient of the labyrinth honeycomb seal is 3.0% — 5.5% lower than that of the smooth
labyrinth seal. When the honeycomb cell diameter is less than 1. 6 mm, the sealing performance
of the labyrinth honeycomb seal is better than that of the smooth labyrinth seal. The research
results in this paper can provide reference for the performance analysis and structure design of the
labyrinth honeycomb seal.

Keywords: labyrinth honeycomb seal; leakage characteristic; seal performance; honeycomb cell

diameter; radial clearance
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Fig. 1 Schematic diagram of experimental system of seal
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Fig. 3 The structure diagram of labyrinth honeycomb seal

and smooth labyrinth seal
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Fig. 4 Physical drawing of test piece of honeycomb seal
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Fig. 10 leakage flow coefficient of labyrinth honeycomb seal

varies with different seal clearances
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