
    
      Fig. 3 
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        Resolution dependence of the minimum scale height min(Hx) of the passive scalar in the Kelvin–Helmholtz problem expressed in units of the computational cell width and shown at five points in time. Grid resolution is given by the number Nx of computational cells along the x axis. The initial Mach number is [image: equation]0 = 10−2 and we use PSH reconstruction and the LHLLC flux function in this series of simulations. Once the steepest gradients in X become resolved the minimum scale height starts to follow the linear scaling relations shown.

      

    

  
    
      Fig. 5 
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        Relative L1 errors for different variables (rows), flux functions (columns), and reconstruction methods (legend) as functions of the grid resolution in the simulations of the Kelvin–Helmholtz instability with the initial Mach number [image: equation]0 = 10−2. The dashed and dotted lines, which are at the same locations in all of the panels, show the 1st- and 2nd-order scalings to guide the eye.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Hydrostatic stratification of density, gas pressure, pseudo-entropy (p/ργ), and gravity at t = 0 in the problem of turbulent convection and wave excitation at a convective boundary, based on the initial conditions provided in Andrassy et al. (2022). The distribution of the mass fractional abundance of a passive tracer (X) and the heat source ([image: equation]) are also shown, here represented by a dash-dotted pink and dashed black line, respectively. In this setup, the gravitational acceleration smoothly turns to zero at the bottom and top boundaries of the spatial domain to make the problem consistent with the usage of reflecting, stress free boundary conditions, which for the gas pressure imply ∂p/∂y = 0.

      

    

  
    
      Fig. 10 
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        Kinetic energy spectra computed on the horizontal plane y = 1.5 of the convective layer for all of our 18 combinations of Riemann solvers and spatial reconstruction schemes in the problem of turbulent convection and wave excitation. The spectra have been averaged over the time interval t ∈ (10τconv, 32τconv) and rescaled by the Kolmogorov law (kh−5/3) and by the value Ê0 of the spectral energy density of the reference run at kh = 15.

      

    

  
    
      Fig. 11 
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        Kinetic energy spectra computed on the horizontal plane y = 2.5 of the stable layer for all of our 18 combinations of Riemann solvers and spatial reconstruction schemes in the problem of turbulent convection and wave excitation. The spectra have been averaged over the time interval t ∈ (10τconv, 32τconv). The black solid line represents the reference run (REF), which is computed using the LHLLC Riemann solver and the PAR reconstruction scheme on a 5123 grid.

      

    

  
    
      Fig. 12 
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        Time evolution of the position of the upper convective boundary (ycb) in the problem of turbulent convection and entrainment described in Sec. 3.2 The top and bottom rows show results from 1283 and 2563 simulations, respectively. The black solid line represents the reference run (REF).

      

    

  
    
      Fig. 13 
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        Vertical profiles of the Brunt-Väisälä frequency (NBV) averaged over the time interval t ∈ (30τconv, 32τconv) in the problem of turbulent convection and wave excitation. Each panel shows the results of simulations run using the same reconstruction scheme but different Riemann solvers. Here, we only show results from the 2563 grid to avoid cluttering the figures. The reference run (REF) is represented by a black dashed line. The black dash-dotted line is the profile of the Brunt-Väisälä frequency at t = 0, and the vertical black dotted lines represent the position of the convective boundary at the beginning and the end of the chosen averaging time interval in the reference run, y = 2.168 and y = 2.174, respectively. The percentages shown in the insets for simulations run with the HLLC and LHLLC solvers represent the amplitude of the largest undershoot in NBv relative to NBV,t=0, in the spatial range y ∈ (2.15, 2.40). The amplitude of the largest undershoot in the reference run is 12%.

      

    

  
    
      Fig. 14 
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        Frequency power spectrum of the vertical velocity component υ extracted in the middle of the stable layer at (x, y, z) = (−0.2, 2.5, −0.2) over the time series t ∈ (10τconv, 32τconv) in the problem of turbulent convection and wave excitation. The left and right panels show results obtained on the 1283 and the 2563 grid, respectively. Each row of panels shows the results of simulations run using 6 reconstruction schemes with the same Riemann solver. The reference solution (indicated with REF) is the black curve. The convective turnover frequency (ωconv = 2π/τconv), the Brunt-Väisälä frequency at (x, y, z) = (−0.2, 2.5, −0.2) (NBV), and the frequency of the fundamental oscillation mode of the cavity (ω0 = 1.1) are represented by the black dashed-dotted, dashed, and dotted lines, respectively.

      

    

  
    
      Fig. 15 
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        Frequency power spectrum of ν as in Fig. 14 but showing only the results of PPM08 + HLLC on the 2563 grid. The vertical black dotted lines represent the resonant modes of the cavity which we derived from the theory of linear oscillations in Cowling approximation (see, e.g., Aerts 2021). The pink line at ω = 1.1 is the frequency of the fundamental oscillation mode of the cavity.

      

    

  
    
      Fig. B.1 
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        Relative L1 errors obtained by advecting a sinusoid by one period on 1D grids with Nx cells using different reconstruction schemes. A few scaling relations are shown to guide the eye.

      

    

  
    
      Fig. D.1 
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        As Fig. 4 but with the initial Mach number [image: equation]0 = 10 1.

      

    

  
    
      Fig. D.4 
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        As Fig. 5 but with the initial Mach number [image: equation]0 = 10−3.

      

    

  
    
      Fig. D.5 
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        As Fig. 6 but with the initial Mach number [image: equation]0 = 10−1.

      

    

  
    
      Fig. D.6 
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        As Fig. 6 but with the initial Mach number [image: equation]0 = 10−3.

      

    

  
    
      Fig. D.8 
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        As Fig. 6 but showing simulations computed on the 4096 × 2048 grid.
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