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Classical Hydrodynamics 
Mass Conservation: 

Conservation of mass requires 



Conservation Equations 

Or using the advective time derivative, 

(Conservation of mass) 



Conservation Equations 



Conservation of momenutm 

Or using the advective derivative again, 

Conservation Equations 

i-momentum density flux across the j-surface 

(when stress is isotropic) 

body force (e.g., gravity) 

(Conservation of momentum) 



In similar fashion, 

and 

Conservation Equations 

(Conservation of kinetic energy density) 

(Conservation of internal energy density) 



Combined energy equation:  put (isotropic pressure) 

where internal energy per unit mass 

enthalpy per unit mass 

radiative flux vector 

conductive heat flux 

Conservation Equations 



Radial Infall 

For zero angular momentum (in steady state):  

(mass)  

(momentum)  

(polytrope)  

Adiabatic:                               Isothermal:    



Analytic Solution 

Combining the mass and momentum equations:  

where                                is the sound speed 







Filled circles:  high-proper motion stars within 0.1 pc 

Open circles:  earlier study by  Genzel & Eckart 

Squares:         radial velocity study 

Plummer model:  r(r) = r(0) [1 + (r/r  )   ] c 
2 (-a / 2) 



10’= 24 pc 









The mass accretion rate 
shows ~ 100 year 
variability with 20 - 40% 
fluctuations. 

The specific angular 
momentum varies both 
in magnitude and sign 
on a similar time scale.  
So if a small disk forms, 
it can dissolve and 
reform every few 
hundred years. 
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Introducing a magnetic field B creates 3 new effects: (1) currents, (2) a Lorentz force 
(that can change the momentum of the plasma), and (3) an evolution  (growth or decay) 
in B with a subsequent energy exchange with the plasma.  

Magnetohydrodynamics 

(Ohm’s law) (1) 

(the IDEAL MHD condition) 

(2) 



Magnetohydrodynamics 

(3)   From Faraday’s law 



First Generation MHD Simulations 

(4) 3D MHD with radial boundary conditions 

Igumenshchev et al. (2001) 



What happens physically? 

So eventually at small enough r, the magnetic field becomes super-equipartition. 

Assume that the excess B reconnects and goes directly into heat: 

This heats the gas substantially, especially at small radii, and leads to 

self-sustained convection.  The velocity is greatly subsonic everywhere. 



Some results 

B = 0 

0.5 

8.0 



Density Map after 8 free-fall times 

(Igumenshchev et al. 2001) 





The net result is that the rate of accretion drops everywhere compared to the 
pure Bondi-Hoyle value: 



Accretion with non-zero angular momentum 

(for a Keplerian orbit) 

So the gas circularizes somewhere between 10 and 1,000 Schwarzschild radii away 
from the black hole. Viscosity then drives the accretion from there. 







Disk Viscosity 

In steady state 

(coefficient of kinematic viscosity) 



Disk Viscosity 



One Temperature vs Two 

If the cooling rate cannot keep up with the heating rate due to dissipation, then 
heat builds up and is advected inwards. 

(dynamical time scale) 

(viscous time scale) 

(hydrodynamic time scale) 

(thermal time scale) 

Similarly,                                                         (the ratio of momentum fluxes). 



One Temperature vs Two 



One Temperature vs Two 
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