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Outlook

-Introduction to the mean field theory
-Introduction to SPMHD
-Testing of SPH implementation

-Steps towards Astrophysics (turbulence)
-Conclusions
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-Hydrodynamics is complex
-Separation of the problem in parts, is
helpful to our understanding
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Mean Field Th‘é()ry..... i £

0B . . Nice model and workhorse for
J E=VX(V><B—TIV><B) theoreticians
)
B=(B)+b V=(V)+V Theory
Statistical
Properties
%—szx(VxE—anE+ £)
E=a B+ yxB—BVXxB—8xVXxB+ ..
Non Linear Kinematic
1 Approach approach
(from B,V get <:I> (from alpha, beta,
alpha,beta, etc) etc get B,V)
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SPMHD

© .« Lagrangian Scheme
-+ The mass is discretized, not volume
- » Huge dynamical range

 We use a compact Kernel to “smooth” the
properties, and build derivatives

« Easy integration with gravity calculation




Stasyszyn et al. 2012
Dedner et al 2002



SPMHD

%:Vx(oﬁ%—ﬁVxE)

 Numerical Options:

0B _ > >
E—VX(OLB BV XB) ik
%—t:Vx(aE)—VBxVXT%BVzE’

Therefore we have plenty of possible implementations, with their respective
performance and different accuracies
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SPMHD Tests

* Meinel (1990)
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SPMHD - Tests

e Meinel (1990)




Std @

Half Z*10E-3 @
Ring @
Ring*10E—-3




SPMHD - Tests
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-Resolution convergence, towards
the critical values.



SPMHD - Tests
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-Slow resolution convergence towards the critical values. (SPH inherent smoothing)
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SPMHD - Tests

i Anisotropic o
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SPMHD - Tests
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SPMHD - Tests
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Same Bias as previous tests
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SPMHD - Tests
* Alpha-Omega
- Mean field equations + Differential rotation




SPMHD - Tests
* Alpha-Omega
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Differential rotation: Brandt Law



SPMHD - Tests
* Alpha Omega
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e a evolution not stable
 Critical a, lower than expected.



SPMHD — Proof of Concept

Galaxy Model BN%

A o Sign given by
a~EP angular momentum




SPMHD — Proof of concept
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Important contribution from the IGM, otherwise the B field is truncated.

(wrong boundary conditions) and B field distribution.
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Mean Field SPMHD

Status

- a and 3 terms implemented (in tensor form)
- a?-dynamo tested

- a-w dynamo in testing face

- Critical a, in general smaller than expected
- Simple galaxy models developed

Tests caveats:

- SPH densities — energies inhomogeneities
- Long term stability and convergence



Pause: Turbulence

 Turbulence: statistical nature
e Book definitions:
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— Correlation functions
— Structure functions
 Actual definitions: _ ]
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Stasyszyn 2012, Vazza 2012, Kotarba 2011
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Impasse — Turbulence - SF

Frmaay * : Ny
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Density

-Turbulent box: 4 pc*3, ~256"3 — initial Kolﬁgggorov spectrum Gritschneder 2009
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Impasse — Turbulence - SF

n_a Turbulent i) Random

Coherence Length

Random fields, have an averagegmall coherence lengths.
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Impasse — Turbulence - SF
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Random fields, have an average Higher turbulent velocity.
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Impasse — Turbulence - SF
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Impasse — Turbulence - SF
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Impasse — Turbulence - S
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Impasse — Turbulence - SF

Conclusions

— Structure Function estimator gives turbulent Velocity and
coherence length

- We can identify random field from turbulent fields
- No influence of shear cases in laminar flows
- Values measured are consistent with theory

- No overhead in calculation (inside Gravity)
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o Status and Prospects

Implemented the mean field equations in SPMHD

Consistence checks with other solutions (analytically
or/and numerically)

Concept proof of Disk Galaxy initial conditions

New estimator for Turbulent components




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30

