Cavitation erosion assessment of a wobbling high-pressure fuel injector
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Abstract 
This study investigates cavitation induced erosion due to 3-axis needle motion inside a high-pressure fuel injector. The flow inside the high-pressure fuel injectors is prone to low-pressure regions where cavitation is triggered once the pressure drops below the vapor pressure. Repetitive violent collapse events of vapor structures can finally alter the geometry via material loss. This cavitation induced erosion affects the performance of the injectors and may lead to operating failures [1]. 
[bookmark: _Int_1yaQAGRD][bookmark: _Int_7wgRJwIo]There are previous studies investigating different types of dynamic mesh motion approaches such as cartesian cut-cell [2], node interpolation [3] and Arbitrary Lagrangian–Eulerian [4] methods. To the best of our knowledge, there is no study that applies the overset mesh methodology and examines cavitation erosion for wobbling needle motion. Despite the time cost for mesh and topology construction, overset mesh technique is a promising approach as it allows to simulate very low needle positions with non-skewed cells unlike the aforementioned approaches.
As a first step, a Woodward L’Orange injector is investigated in static high lift (480mm) condition. The studied model and a 3D experimental mold taken at the end of the experiment is shown in Figure 1.For the mold, the geometry is filled with an epoxy material, which fills gaps of the eroded material. The flow is examined with the help of unsteady Reynolds Averaged Navier Stokes simulation. Assuming a homogeneous mixture, cavitation is modelled via the mass transfer approach. Hence, the Zwart-Gerber-Belamri cavitation modelling is used with altered model coefficients. 
Cavitation erosion is assessed with a combined approach [5,6] using different post processing erosion indicators. Figure 2 shows surface plots of the maximum squared material derivative of pressure, , evaluated throughout the simulated time. Maximum values appear only on the upper surface of the orifice in accordance with the experiment.
Further analysis will include needle lift and off-axis motion effects utilizing the overset mesh methodology. 
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Figure 1:  8-hole Woodward L'Orange injector model in high lift condition (left), experiment (right)
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Figure 2: Maximum squared material derivative of pressure, , throughout the simulated time. Top (left) and bottom (right) of the injector.
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