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Abstract: 
 
 

This thesis deals with various aspects related to the design and optimization of fast switching valves 
used in Digital Displacement machines. Here, the focus is primarily on developing model-based 
methods to predict the fluid dynamics during valve switching, because this is essential for predicting 
the performance of such machines. 

The need for more detailed simulation tools is related to the time consuming process of developing 
new technologies/products in hydraulic systems. This applies to both performance and durability. 
One of the latest proposals for a more efficient pump technology has therefore driven the motivation 
for developing design methodologies and prototypes of so-called "digital valves". 

Based on a valve concept and state-of-the-art design methodologies, a set of equations has been 
established to describe the motion of the valve plunger. The method is based on an interaction 
between equations solved analytically and numerically, to describe the influence of the flow 
geometry on the switching time and the fluid dynamic energy loss. During the optimization process, 
the simpler models are used to find a dimensioning that fits the purpose. Here, there is special focus 
on mechanisms that lower the speed of the plunger before it is stopped by the valve seat. 

The primary conclusions regarding the flow geometry are drawn on the basis of transient and 
dynamic CFD simulations. The formulation of this simulation model is novel in the manner the 
dynamic mesh is updated and how the maximum time step is limited as a function of the current 
plunger position. 

 
 
 


