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Inviscid accretion tori



Accretion tori
Rotating fluid (V' = Q&);, Q = ¢/r?):

Vi - f—z(s; = ;:)V"p,
Polytrope p = p(p) « p**1/" = RHS is a gradient,

RHS = %V’p =nV'c? = nciV'f, (0<f<1)
and therefore LHS is a gradient (= ¢ = £(r) only),
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1
f=1-—(U-Us+ V)
ncso



Torus structure
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Pressure and density are given by f,
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Slender-torus limit
Slenderness parameter and local coordinates
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Viscous tori
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Viscosity prescription
Navier-Stokes equation

A N T
E + v VkV’+;V’p+V’¢ = /—)VkO' ! :7jvlisc

o' is the viscous stress tensor (Landau & Lifshitz):

o =n(VKV' + VIvK) + (f —~ %77) (V-v)g*

» 1 dynamic viscosity coefficient, & bulk viscosity coefficient
‘ap’-parameterization (Shakura & Sunyaev):

ap 2 ap
= - —_—— pry e 1
n Q' (f 377) a 0’ o<

a is a small (perturbation) parameter in our analysis



Secular evolution — |
We assume a slow poloidal flow

VicarQ (i=r2)

» Poloidal components (O(1)) = Torus structure
1o i 2i
-Vip+V'd-rQ°, =0,
)

» Azimuthal component (O(«)) = Evolution of ang. momentum

ot 00 @ d(, dinQ
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» Continuity equation (O(«)) = Evolution of the density
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Secular evolution — 11

Same structure as in the inviscid case
p=pof’, p=poftt, f=1- (a)r - KZ) x? - &%y?,
but po, po, S and k are slow functions of time.

Their evolution follows from the two other equations
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Secular evolution — I

Ansatz for the solution
vr(t, X,Y) :,BF(Vr(t), vZ(t, X, y) :ﬂj/vz(t),

then one obtains a close system of equations
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Secular evolution — solution
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Perturbations
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Master equation

Master equation for the oscillation modes

7+ G2BW + CW = iaF(5)W

v

Eigenfunctions: Papaloizou & Pringle variable W = —-6p/(p o)

v

Eigenfrequencies: Corotation frequency o = w — m€g

v

A, B: linear differential operators
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aF: a small perturbation of the eigenvalue problem
aF = 0: inviscid-torus problem
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Master equation
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Perturbation approach to perturbations

A small change of the eigenfunctions and eigenfrequencies due to
the viscosity
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MszWWWW



Damping of the lowest-order modes



Lowest-order modes (Blaes, 2006)
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Radial dependence of the damping rates
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Dependence on bulk viscosity
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Dependence on the angular momentum profile
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Dependence on the angular momentum profile
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Inertial mode — viscous instability?
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v — Q relations
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X-mode and kHz QPO in 4U 1636

Quality factor
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