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Mathematical modeling and experimental study of flow force in
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Abstract: The fluid flow force on the deflector is of great significance for analyzing the vibration
and whistling faults of the deflector-jet servo valve. The existing models of fluid flow force only consider
the jet impact force while neglecting the static pressure on the walls of the V-shaped groove. For this, it
was proposed that the fluid flow force was mainly composed of two parts: the impact force generated by
the oil impacting the walls of the V-shaped groove in the primary jet phase, and the static pressure on the
walls of the V-shaped groove in the pressure recovery phase. Based on the mass conservation law, the
momentum conservation law, and the continuum hypothesis, the variation of jet impact force and static
pressure with aspect to the deflector displacement was investigated, and a novel mathematical model of
flow force was derived. Then, experiment and CFD simulation for the pressure characteristic of the

deflector-jet amplifier were conducted to verify the accuracy of the proposed flow force model. The results
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showed that the larger deflector displacement indicated the larger difference of pressure area between the

two sides of the V-shaped groove, and the more obvious effect of static pressure on the flow force.

Validated by the CFD simulation, the mathematical model of high accuracy can provide the theoretical

support for the vibration and resonance analysis of deflector-jet servo valve.

Keywords: deflector-jet servo valve; deflector-jet amplifier; flow force in the prestage;

mathematical modeling; CFD numerical simulation
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Fig. 1  Structure schematic of deflector servo valve
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Fig. 2 Deflector-jet amplifier flow phase division
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Fig. 13 Wall pressure distribution of V-shaped groove with different deflector displacements
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Fig. 14 Pressure distribution on the side wall of V-shaped groove
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