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Analysis on working characteristics of balanced piston with

groove structure for turbopump

DANG Xiaorui, XU Kaifu,JIN Lu, HUANG Xilong
(Xi’an Arerospace Propulsion lustitute , Xi’an 710100, China)

Abstract ; The design of balanced piston structure in turbopump is one of the most important methods
to balance the axial force. The balanced piston reduces the axial force by adjusting the pressure distribu-
tion between the impeller and shell , while adding a groove structure in the balanced piston can better bal-
ance the axial force and expand its working range. In view of the working characteristics of the groove
structure ,a numerical simulation model of the balanced piston with different grooves was established , and
the pressure distribution,flow characteristics and sensitivity analysis of the balanced piston were analyzed
based on the numerical simulation results. The numerical simulation results show that the increase of inlet
and outlet axial velocity caused by the groove structure,which is the radial velocity of the rotating static
cavity, leads to a decrease of the total flow resistance,an increase of the leakage flow,and an increase of
the pressure drop at the labyrinth seal. In addition,the decrease of the angular momentum and tangential

velocity of the fluid flowing through the groove structure is the main reason for the decrease of the radial
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pressure difference. The upper part of the groove structure plays a major role in balancing the axial force,

while the lower part has no obvious effect on balancing axial force. Moreover,the axial force is sensitive to

the change of the groove width,but the change of the groove depth has little effect on it.

Keywords : balanced piston; groove structure ; numerical simulation ; pressure distribution ; flow char-

acteristic ; sensitivity analysis
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Fig.1 A balanced piston system with two balance gaps
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Fig.2 Comparison of each simulation model
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Fig. 3 Comparison of full flow field

simulation and test data
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Fig. 4 Schematic diagram and partial enlarged

view of grid for model A
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Tab.1 Parameters for grid independence
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Fig. 5 Radial pressure distribution of each model
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