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•Sound waves propagate along B-field lines with speed ργ /PCs =

•To propagate in the poloidal direction, the sound waves
must go the long way       ----------->   effective speed B
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The relevant sound speed for transonic poloidal
flow is the poloidal sound speed 
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Equilibria with transonic polodial velocity profiles
are radially discontinuous

• Transonic equilibria are characterized by a  poloidal flow varying from subsonic
to supersonic with respect to the poloidal sound speed Csθ=(Βθ/Β0)(γP/ρ)1/2

• V, P and ρ are discontinuous at the transonic surface -> large velocity shear 
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MHD equilibrium equations
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Bernoulli equation


R = + ∈1 cosϑ X X= ( , )ψ ϑ

MHD equilibria with flow require the solution
of the Bernoulli and Grad-Shafranov equations

P(ψ), D(ψ), F(ψ), Mφ(ψ) and Mθ(ψ) are  free functions. 

Grad-Shafranov equation
(β ∼ ∈2 ,  ∈<<1)



Mθ(ψ)

Poloidal Mach number Mp vs free function Mθ(Ψ)
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The poloidal Mach number profile is radially
discontinuous for transonic poloidal flow profiles.



2D MHD SIMULATIONS OF AN INITIALLY
STATIC PLASMA SET IN MOTION BY 
A SOURCE OF POLOIDAL MOMENTUM















Evolution of the MHD pedestal in free boundary simulations



Details of the MHD pedestal



Similar pedestal can be obtained from 
the equilibrium solution
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Conclusions

• Theory, equilibrium solutions and 2D free-boundary
MHD simulations show the formation of a pedestal
when the poloidal velocity exceeds the poloidal sound
speed

•At the pedestal, a velocity radial-shear layer forms
where the poloidal velocity jumps from subsonic
to supersonic

• Such a layer is NOT a shock but a contact discontuinity




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

