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Influence analysis of trapped oil pressure on flow pulsation in external gear pumps
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Abstract: In external gear pumps with involutes gear pairs, the existing literatures did not consider the quantitative relationship between its trapped oil pressure and its flow
pulsation. Therefore, this paper aimed at seeing clearly the influence of its trapped oil pressure on itsflow pulsation with no backlash value of gear pairsand apair of symmetrical
rectangle relief grooves for relieving trapped oil pressure as an example, based on the swept area method for cal culating closed area and a detailed analysis of trapped oil process
inherent to external gear pumps. From an accurate cal culation of the changed volume in the discharge side of gear pumps along with the meshing position variables, which was the
curvature radius of meshing point on meshing contour of active gear, the formulafor calculating flow pulsation and the related measurable indicators such as average flow rate and
flow non-uniform coefficient were derived in aideal state and an actual state. Theideal state was that no trapped oil pressure and no leakage flow rate from discharge side of pumpsto
suction side was considered in the calcul ation of flow pulsation; and the actual state wasjust in contrast to the ideal state, the trapped oil pressure and the leakage flow rate must be
considered in the calculation of flow pulsation; at the same time in the cal culation of flow pulsation, the trapped oil pressure was performed simulating calculation by atrapped oil
model which was validated to be correct and reliable in the existing literature. Then the associated indicators with the flow pulsation such as average flow rate and flow non-uniform
coefficient were analyzed, and some results and conclusion were obtained. All results from the paper indicated that, relative to no relief groove in pumps, the quality of flow pulsation
with arelief groove wasimproved in theideal state. In an especial case, the flow rate wasincreased by 12.34% on average, and the flow non-uniform coefficient was reduced by
85.09%. Compared with the ideal state, the quality of the flow pulsation was decreased in the actual state, but compared with no relief groove, the quality of the flow pulsation with a
relief groove wasimproved in the actual state, in an especial case, the flow rate was increased by 6.73% on average, and the flow non-uniform coefficient was reduced by 73.9%. At the
higher speed, there was agreat trapped oil pressure, but it was helpful for improving the quality of the flow pulsation. in an especial case, in which the rotating speed was 5 000
revolutions per minute, the maximum peak value of the trapped oil pressure was up to 97 MPa, but the flow non-uniform coefficient was reduced by 87.61%. Finally, the trapped oil
phenomenon was objectively shown to exist, so the important conclusion was summarized that the trapped oil pressure and the various rel ated | eakages from the trapped oil zone must
be taken into account in the cal culation of flow pulsation, and only then can the associated results with the flow pulsation be more reliable and more accurate. Although the paper was
aimed at the calculation and analysis of flow pulsation with no backlash value and apair of symmetrical rectanglerelief grooves, the new method of calculating flow pulsationis
suitable for any backlash value and any relief groove type.
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