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Axial Force in Turbopump Balance Pistons
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Abstract: Through three-dimensional steady-state numerical simulations and orthogonal experimental
design, this study systematically investigates the influence of anti-swirl ribs with varying structural
parameters on flow characteristics and axial force within turbopump balance pistons. The flow
domain of the turbopump balance piston in a liquid rocket engine is selected as the research object
for 3D steady-state numerical simulation, revealing the impact of anti-swirl ribs on internal flow
patterns. An orthogonal experimental scheme is designed to evaluate the differential effects of rib
width, height, and quantity on axial force. The introduction of anti-swirl ribs significantly alters
the internal flow characteristics of the turbopump balance piston. After implementing anti-swirl
ribs, the internal flow patterns become more complex, with increased vortex generation in the
rotor-stator disk gaps that enhances energy dissipation. This subsequently modifies the internal
pressure distribution, leading to notable changes in axial force-achieving up to a 14. 3% reduction

in axial force within the leakage channel. Among the selected structural parameters of anti-swirl
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ribs, their influence on axial force, ranked from highest to lowest, is as follows: width, height,

and quantity. The first two parameters show ranges of 4. 6 times and 3. 5 times the corresponding

results for the quantity of anti-vortex ribs, respectively. Through optimized anti-swirl rib

parameter design, this study improves the operational characteristics of balance pistons, thereby

enhancing turbopump stability.

optimization of liquid rocket engine turbopumps.

The findings provide valuable references for performance
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Fig. 1 Structure diagram of balanced piston
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Fig. 4 Setting of balance piston boundary conditions
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Fig. 6 Balance piston velocity distribution without swirl brake
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Fig. 7 Balance piston streamline distribution without swirl

brake
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Fig. 8 Velocity distribution of balance piston with swirl brake
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Fig. 9 Balance piston streamline distribution with swirl brake
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Fig. 10 Streamline distribution of two types of balanced pistons
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Fig. 11 Balance piston pressure distribution without

swirl brake

XA AT T E I R A B A T T 0 R AT a0 A,
T e Ay A DX S0 I 1 e A A DX SR ) e s 2 ] 20 A
B 12 o X He A DX A i T 0 A Rl LU S 7
AN DX T 3 53 A ASCHE Tl A DX 387 A T g A
F14 DX 38k Al DX ISR e g 0 A R R . X LR 12
Hh JE T e AU R DX T g 37 FEL 1T R AN 3 i T
Fr R e T3 51 B AT LAR Y L 5 T e R B S A




B 24
P13 - Al S Y W T g 4 A

Fig. 13 Pressure distribution of monitoring points for two
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Fig. 12 Balance piston pressure distribution with swirl brake
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two types of balanced pistons
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Table 3 Orthogonal experimental table of influencing

parameters of swirl brake

P BRI TR e e e R LS

1 19 1.0 1.0 111
2 19 0.8 0.8 122
3 19 1.2 1.2 133
1 17 1.0 0.8 212
5 17 0.8 1.2 223
6 17 1.2 1.0 231
7 21 1.0 1.2 313
8 21 0.8 1.0 321
9 21 1.2 0.8 332
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Fig. 15 Comparison of pressure drop of balanced pistons in

various experimental combinations
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Table 4 Sensitivity analysis of key structures

febn  WBEMY B WBEM TSR e AR
t 0.508 0.531 0.497
t2 0.509 0. 546 0.537
s 0.491 0. 462 0.474
R 0.018 0.084 0.063
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