
    
      Fig. 3. 
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        Comparison of radial velocity in the 3 M⊙ red giant star from (left) 2D simulation bg2D, and (right) 3D simulation bg3D. The visualization is zoomed in on a small region inside the convection zone. Outward flows are indicated in pink, while inward flows are in blue; the zero point in velocity is black. The maximum and minimum values of the color scale are defined by a radial velocity magnitude near the maximum for each simulation: bg2D (±6.5 km/s), bg3D (±2.9 km/s).

      

    

  
    
      Fig. 5. 
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        Diagnostics for convective asymmetry: radial profiles of (a) the volume-percentage filling factor of the inward moving plumes σvp, in, and (b) the normalized kinetic energy flux, Fkin, for the red giant simulations bg2D/bg3D. The solid and dashed lines indicate time-averaged radial profiles. Shaded areas indicate one standard deviation above and below these averaged lines. A thin vertical line indicates the convective boundary determined by the Schwarzschild criterion.
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        Time-averaged mass-flux filling factor evaluated at the convective boundary determined by the Schwarzschild criterion σmf, CB vs the overshooting depth in units of the pressure scale height at the convective boundary ℓov/Hp, CB for all simulations described in Table 1. Error bars indicate one standard deviation around the time-averaged value of σmf, CB. Error bars obtained in the calculation of the overshooting depth ℓov are smaller than the size of the data points.

      

    

  
    
      Fig. 10. 
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        Radial profile of the absolute difference |fz − fcomp| between the incompressible convective-flux filling factor and the compressible convective-flux filling factor for 2D and 3D simulations of the 3 M⊙ red giant star. The radial position of the convective boundary determined by the Schwarzschild criterion is indicated by a vertical black line.

      

    

  
    
      Fig. 11. 
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        Anders penetration parameter PA vs the overshooting depth in units of the pressure scale height at the convective boundary determined by the Schwarzschild criterion ℓov/Hp, CB for all 2D and 3D simulations described in Table 1. Error bars consider one standard deviation of the convective flux at each of the two radial points that contribute to this number. A logarithmic scale is applied to the vertical axis because this parameter, as formulated, can be larger than one.

      

    

  
    
      Fig. 12. 
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        Widths of inflowing plumes for (a) 2D and 3D simulations of the young sun, and (b) three 2D simulations of the red giant that have different grid sizes as labeled, but are otherwise identical. The shaded region represents one standard deviation above and below the time-averaged line. The radial position of the convective boundarydetermined by the Schwarzschild criterion is indicated by a vertical black line.

      

    

  
    
      Fig. 13. 
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        Time-averaged profiles of skewness and excess kurtosis of the width of inflows for the red giant simulations (a) in bg2D, and (b) bg3D. The radial position of the convective boundary determined by the Schwarzschild criterion is indicated by a vertical black line.

      

    

  
    
      Fig. 14. 

      
        [image: thumbnail]
      

      
        Time-averaged profiles of skewness and excess kurtosis of the width of inflows for the young sun simulations (a) in wm2D, and (b) wm3D. The radial position of the convective boundary determined by the Schwarzschild criterion is indicated by a vertical black line.

      

    

  
    
      Fig. 15. 
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        Radial profile of the average number of (a) inflows for simulations of the 3 M⊙ red giant star, and (b) outflows for simulations of the 20 M⊙ main-sequence star with a convective core. The radial position of the convective boundary determined by the Schwarzschild criterion is indicated by a vertical black line.

      

    

  
    
      Fig. 16. 
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        Nondimensional ratios (a) the plume interaction parameter, and (b) the ratio of average numbers of plumes NCZ/NOL vs the overshooting depth in units of the pressure scale height at the convective boundary determined by the Schwarzschild criterion, ℓov/Hp, CB, for all simulations studied in this work. A logarithmic scale is applied to the vertical axis.
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