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is defined by a certain parameter (hereinafter referred to as the leakage parameter). The leakage is modelled by 
changing this parameter in one of the pump cylinders. The leakage parameter is represented as a fraction of the 
maximum cylinder area. In other words, to simulate leakage, we reduce the area of the cylinder bore through 
which the liquid passes by taking away a fraction of it – the leakage parameter.

The formula for the leakage flow rate is written as follows:
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where Qleak is the leakage flow rate, m3/s; Cd  is the discharge coefficient; Aleak  is the leakage orifice area, m2; 
�P P P� �in out is the pressure difference in the cylinder and in the leakage area; Amax is the maximum orifice 
area without leakage; n leak  is the leakage fraction in inlet cylinder.

After running the simulation with a leak in the seal, the following results were obtained. From the graphs above, 
it can be seen that the volume flow rate at the outlet drops compared to the model without any faults (fig. 6 and 7).  
Also, the cylinder pressure drops in the system and the piston stroke becomes insufficient.

Fig. 6. Volumetric flow rate at output (a) and pump speed (b) of the pump with seal leakage

Fig. 7. Output pressure of the pump with seal leakage


