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Fig. 2. Dependency between the valve passage area A  
and the pressure differential across

The opening area of the valve is set as a function of pressure
A A p� � �.

The flow rate through the valve is determined according to the following equations:
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Here q is the flow rate, pA and  pB are gauge pressures at the block terminals, CD  is the flow discharge coef-
ficient, A is the instantaneous orifice passage area, A p� � is the pressure-dependent orifice passage area, Amax 
is the fully open valve passage area, Aleak is the closed valve leakage area, pcrack  is the valve cracking pressure, 
pmax  is the pressure needed to fully open the valve, pcr  is the minimum pressure for turbulent flow, Recr  is  
the critical Reynolds number, DH  is the instantaneous orifice hydraulic diameter, r is the fluid density, ϑ is the 
fluid kinematic viscosity.

For the model developed the following parameters were assumed: maximum passage area Amax ,� � �
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cracking pressure pcrack Pa= 50 000 , maximum opening pressure pmax ,= 140 000 Pa  flow discharge coefficient 
CD = 0 7. , leakage area Aleak m� � �
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. The block positive direction is from port A to port B. This means that 
the flow rate is positive if it flows from A to B, and the pressure differential is determined as � � �p p pA B . 
The opening of the valve is directly proportional to the difference in pressure. Factors such as inertia, friction, 
springs, and other loads on the valve are not taken into account.

Model validation
Parameter estimation. As already mentioned, some of the parameters required to create a digital copy 

of the pump are known from the model description supplied by the manufacturer. However, some of the data 
may differ from model to model and may be specified as gaps and ranges. In this case, the digital model has to 


