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ASTR398B Black Holes (Spring 2017) 
Prof. Chris Reynolds 

Class 16 : 
Accretion Disks 

RECAP 
n  Theoretical groundings 

l  The nature of gravity 
l  Theory of black holes (non-spinning and spinning) 

n  Life and death of stars 
l  Low-mass stars fizzle and leave white dwarfs 
l  High-mass stars explode and leave neutron stars and black 

holes 

n  Discovery of neutron stars 
l  Pulsars, first found through pulsed radio emission 

n  Discovery of black holes 
l  First found through X-ray emissions from a black hole in a 

binary system (with a normal star) 
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This class 

n  How do black holes shine? 
n  Accretion Disks! 

l  The angular momentum “problem” 
l  Viscosity 
l  Turbulence and magnetic fields 
l  Fun with supercomputers 

I : Angular momentum 

n  Recall… momentum is p=mv 
n  The angular momentum about some center of 

motion is given by L=mvr (r=distance) 
l  Key issue that angular momentum is a conserved 

quantity if all forces act towards/away from the 
center of motion. 

n  Consider the X-ray binary scenario… 
l  Gas streams flow from companion star towards BH 
l  But, star and black hole orbit common center of 

mass, so gas streams do NOT fall directly into the 
black hole 

l  Instead, gas has some angular momentum about the 
black hole, and goes into orbit around it  
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n  Consider a parcel of gas with mass m in orbit 
about a black hole with mass M. Recall that 
velocity is  

 
l  Angular momentum about the black hole is 

l  So, to get closer to the black hole, the piece of gas 
must lose its angular momentum… but what about 
conservation of angular momentum? 

€ 

L = mvr = m GM
r
r = m GMr€ 

V =
GM
r
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II : Sheared flow 
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n  The accretion disk is a “sheared flow” 
l  Orbital velocity increases as you move inwards 
l  Rings of orbiting gas can “rub” against each other 

n  Viscosity is the ability of a gas/fluid to 
exchange momentum with neighbouring gas/
fluid if there is a shear flow 

n  So, if gas has viscosity then… 
l  Inner/fast ring is being slowed down by outer/slow 

ring… and vice-versa 
l  Angular momentum is being moved outwards 

through the disk 
l  This let’s material flow inwards! 

n  But, is the gas viscous?  [Discussion] 
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Ang Mtm Mass 
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Example of a non-accreting disk! 

11 

12 



7 

III : Turbulence 

n  Modern ideas suggest that the flows in 
accretion disks are not smooth, they are 
turbulent. 
l  Motions of an individual parcel of gas chaotic 
l  The turbulence induces an “effective viscosity” 
l  This allows the angular momentum to be moved and 

the gas to actually fall inwards (accrete) 

n  But WHY is the gas turbulent? 
l  Maybe it just happens naturally with such fast flows? 
l  But, today it is thought that magnetic fields are very 

important [Discussion on board] 

Ang Mtm Mass 
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theoretical stability  
boundary 

Slide courtesy of D.Lathrop (UMd) 
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Stampede (Texas Advanced Computer Center) 
6,400 Dell C8220 nodes (102,000 cores + 390,000 co-proc cores) 
10 Pflops aggregate performance 



9 

3/27/17 MASPG 17 

Use PLUTO code 
Spherical polar grid 
512 x 384 x 128 zones 
200,000 cpu-hours 

3/27/17 MASPG 18 
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Simulated accretion disk 
(Hogg and Reynolds 2016) 

X-ray data of accreting super-massive 
black hole in MCG-5-23-16 (Zoghbi et 
al. 2014) 


