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ABSTRACT 
 
A three-dimensional model of an external gear pump and a new application of an 

algorithm for the measurement of the unsteady flow rate in hydraulic pipes are 

presented. The experimental delivery flow ripple was compared with the outcomes of a 

simulation under different operating conditions. A comprehensive computational fluid 

dynamics model of the pump and of the high-pressure delivery circuit was developed in 

SimericsMP+®. The pump model considers the clearances, which vary according to the 
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A very satisfactory agreement has been obtained in terms of flow oscillations, in all the 

analysed configurations (for the sake of conciseness, only three working points are 

reported). Therefore, the Flotec approach has been found to give accurate flow rate 

results, and the dynamical model of the pump has also been further validated by the 

results of the comparison. Moreover, the model for the fluid leakages through the pump, 

which can have a significant impact on high-pressure systems [30], and particularly on the 

prediction of the instantaneous flow rate, has been shown to be adequate.  

 
6. CONCLUSIONS 
 

The CFD model of a fluid power external gear pump, developed in SimericsMP+, 

has been presented. The 3D computational domain considered in the model includes all 

the internal volumes between the suction port of the pump and the fixed orifice that 

generates a counterpressure at the end of the high-pressure delivery duct. The simulation 

of the complete piping system, located downstream from the pump, was necessary to 

accurately validate the dynamic behavior of the pump. However, the high-pressure test 

circuit, installed at the pump delivery, was deliberately simplified in order to reduce the 

computation efforts. Furthermore, thick wall steel ducts were used in the experimental 

system to avoid the uncertainty that could occur because of the deformation of the pipe 

walls. A comparison between the simulated and experimental pressure amplitudes at the 

pump delivery has shown a very satisfactory agreement, without any specific tuning of 

the model. 

The model, validated in terms of pressure, was then applied to assess the accuracy of the 

Flotec device, which supplies the real flow ripple of the pump. The excellent agreement 
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Figure 1: view of the external gear pump 
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Figure 2: 3D drawing of a balance plate (gear side) 
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Figure 3: Photo of the pump mounted onto the test rig 
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Figure 4:  detailed view of the test-rig delivery line 
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Figure 5: Model of the pump in Simerics MP+ 
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Figure 6: Details of the grid in the meshing region (a) and at the tooth tip (b) 
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Figure 7: Influence of the number of cells on the instantaneous delivery pressure 
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Figure 8: Pressure ripple at 1000 r/min and 45 bar 
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Figure 9: Pressure ripple at 1500 r/min and 95 bar 

 












