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ACCRETION DISK

Accretion disks are rotating disks of material spiraling inward, which are formed around gravitating
objects such as young stellar objects, white dwarfs, protostars, neutron stars and black holes.
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Viscosity plays an important role in accretion mechanism.
Through viscous interaction the faster rotating inner layer
loses angular momentum and accretes onto the central
star. The slower rotating outer layer gains angular
momentum and transports it outwards.

ALMA image of the HL Tau protoplanetary disk
Marel et. al , 2018
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Backflow - Flow of matter, along the midplane of accretion disk, away from accreting object.



THREE-DIMENSIONAL STRUCTURE OF AN ALPHA ACRRETION DISK

Kluzniak & Kita (2000) o < Olp

An analytic solution is presented to the
three-dimensional problem of steady axisymmetric
fluid flow through an accretion disk. The solution
has been obtained through a systematic
expansion in the small parameter (the ratio of
disk thickness to its radial dimension) of the
equations of viscous hydrodynamics. The equation
of state was assumed to be polytropic. For all
values a < 0.685 of the viscosity parameter, we
find significant backflow in the midplane of the disk
occuring at all radii larger than a certain value;
however, in the inner regions of the disk the fluid

always flows toward the accreting object. The
region of backflow is separated from the region of
inflow by a surface flaring outwards from a circular
locus of stagnation points situated in the midplane
of the disk.
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Fig. 6(a).— The unit velocity vector field, i.e. (9:-/]v.[,5./]v.]) for € = 0.1 and = 0.1.
‘The dashed curve represents the disk surface and the solid curve the vertical flow surface
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Fig. 6(c).— Same as Figs. 6(a)-(b) except now o = 1.0. There is no longer any outflow

in the disk as o« > a, = 0.685.



INITIAL CONDITIONS
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HD Equations

0 5 . )

a_f + V. (pv) =0 Continuity equation

d(pv) v |54 Pl — |
ot + V. [pvv + = pg Momentum conservation

36_? + V. [(E + p)q—)’] — (pg). 2 Energy conservation



Solution
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HD and MHD Equations

0 —
0_5 + V. (pv) =0 Continuity equation

) 4 v [pafv+ (P+ £)f - 2B

ot 8T T] = P9 Momentum conservation

(v.B)B

OE B\~ T oD - | -
a5 T V. [(E—i—P-l— =)0 — — ]-I—V. [7)77;J><B/47r—v.7' = (pg).v

Heating terms

88—? + V X (B X U+ nmf) =0 Induction equation

Energy
cooling conservation
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Backflow in cases with magnetic field
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Summary

= \Ve confirm that there is backflow in the accretion disk for viscosity parameter less
than 0.6 .

= The position of stagnation radius moves outwards with increasing viscosity as
predicted by analytical model .

= In cases with magnetic field we also find backflow in the disk. We will study it
further.
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