






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































1 Solutions of the drift-kinetic equation - Florin Spineanu

Î˜ v2. âŠ¥. 2. + v2. R sin Î¸. âˆ‚. âˆ‚v with dimensions m2sâˆ’2 m. ( âˆ‚âˆ‚v ). âˆ¼. 1 s. (correct). 3 ...... and. jNC. = bootstrap. = B [|e| (ZKi âˆ’ Ke) âˆ’. Ip. B2. 0 ]. NOTE that here it is introduced the new variable function. Kj , j = e, i ... PFL000537.pdf. It treats the ... 

















 Télécharger le PDF 






 201KB taille
 5 téléchargements
 361 vues






 commentaire





 Report
























1



Solutions of the drift-kinetic equation



Version of May 2017. Raw material for the third Meeting of the Work Sessions of Plasma Theory, Florin Spineanu and Madalina Vlad.



1.1



Introduction



the …rst approximation to the distribution function is the Maxwellian. It is determined by the density of particles and the local temperature of the plasma. The toroidality imposes the drift of charged particles and this inevitably means a change relative to the Maxwellian. This change is measured in neoclassical theory by two small parameters = and =



a



! bounce ei



In these de…nitions is the poloidal Larmor radius and a is the small radius of the torus. ! bounce is the inverse of the time of bounce of a trapped particle in its motion on the banana orbit and ei is the collision frequency. We then expect the correction which the neoclassical theory will add to the basic Maxwellian to be of the order and the role of trapped particles to become important when the collisions are not so frequent such as to prevent a banana orbit to be travelled. Of course, when the collisionality is high, even if the banana are less visible since they are not completed by the particle, the neoclassical physics is still manifested through the P…rsch Schluter ‡ows. A good basic text is collisional di¤usion non-axisymmetric Frieman The basic content of the …rst order drift-kinetic equation is vk rk f (1) + vD rf (0) = 0 The short expression for this would be parallel advection of the perturbation is balanced by the radial advection of the equilibrium Since the variation in the parallel direction of f (1) is actually the variation in -angle poloidal direction - projected on parallel, it is possible to integrate this equation if one represents vD = The expression that is useful is



b vk n



r



v D r = vk rk I 1



vk c



vk c



since it will multiply @f (0) @ But here one actually MUST include collisions. f(



1.2



1)



1



Solutions circulating - trapped, of Galeev Sagdeev 1968



The equation @fj + [H; fj ] = St (fj ) @t where [H; fj ] 8 < 1 = : j 0 +@ +



2 v? 2



2 v? 2



+ vk2



R



1 d vk + B0 dr + vk2



R



sin



We recognize the terms 2 v? 2



1



+ vk2



R



j



@ @r



sin



sin



@ fj @r



1



2 v? 2



j



+ vk2



R



9 @ = fj @vk ;



1



@ cos A r@



@ fj @r the radial component



! vD;r



of the DRIFT velocity vD v2



2 ? 1 d 1 2 + vk vk + cos B0 dr R j = the poloidal velocity, composed of



- poloidal projection of the parallel velocity - poloidal velocity due to radial electric …eld - poloidal projection of the drift velocity, vD; this multiplies



@fj r@



.



2



The last term is energetic and is the transfer of energy from the time variation of the parallel projection of the drift velocity multiplied by the derivative of the distribution function to the parallel velocity dvk @fj dt @vk where we …nd above dVkj dt



" q



ej @ mj r@ " 2 " sin V q ?j 2r " sin +V0 Vk r We see that Galeev Sagdeev only retain a part of this: the middle term. Here one replaces the de…nition " = q B = 1 BT =



" 2 " sin V q ?j 2r 2 v? 2



=



R



sin



NOTE. Then there is an error in GS 1968, in that the last term, which is energetic, contains in the denominator a supplementary j which must not be there 1 j



2 v? 2



+ vk2



R



m2 s 2 s 1m



has dimensions =



m s



@ @vk



@ @vk



sin



@ @vk



1 non-dimensional, which is NOT correct



The cause is the presence of



j 2 v?



2



in the denominator. We would need + vk2



R



sin



@ @vk



with dimensions 1 (correct) s 3



m2 s m



2



@ @vk



since in this way the dimensions are correct. Actually the correct term should be B0 =m + vk2 R



@ @vk



sin



where we note that it is B0 instead of B as would be needed to connect 2 v? =2.



with



This is however a new and important variable. In Galeev Sagdeev the expansion of the invariant J to second order in the distance relative to the magnetic surface r



r0



it si found r



r0 =



1



q 2 ( v) + 2r0



v



c



where



vg



B0 m



c



+ R



(cos



1)



vE



v (r0 ; 0) = vk (r0 ; 0) 1



c vg



2 vE



2



(note that vg looks similar to vD but has a di¤erent origin). END The un-usual thing is the fact that GS neglect the other two components of the equation dvk dt



: " q



ej @ mj r@ " sin +V0 Vk r and in addition the presence of vk2 at the numerator, making this expression to have the same velocity-dependence as vD . The reason may be that vk is considered to be small, or VE



vk



4



Then the last term is the one that produces vk2 V0 Vk



" sin r



Vk



Vk



sin R



This should be added to the term derived previously 2 v? 2



sin



R leading to



#



2 v? 2



+ Vk2 R



sin



The collision operator is



=



St (fa ) X



2



@ (ea eb ) 2 ln @v ma



sp ecies b



Z



u u u u3 1 @fb (v0 ) fa (v) mb @v dv0



fb (v0 )



1 @fa (v) ma @v



where u =v



v0



The expansion fa



; vk ; r;



= fa(0)



; vk ; r + fa(1)



; vk ; r;



The local maxwellian function na (r)



fa(0) =



2 vth;a



3=2



exp



"



2 B=ma + vk2 2 vth;a



ea (r) Ta



#



and the equation for the …rst order (1)



vk + vE



@fa r@



(1) a fa



= +



B0 =ma + vk2 R



5



sin



@ 1 @ + fa(0) @vk ca @r



Note in the left we recognize the convection of the poloidal variation of the distribution function by the projection of the parallel velocity on the poloidal direction. In the right we recognize vDr @f@rM . There is however in the right an energetic term, @fM =@vk End. The solution fa(1) =



X B0 =ma + vk2



1



@ @vk



R



@ fa(0) vE ca @r r



1 vk r



i



exp ( i ) a



The weak collisionality (banana regime) fa = fa(0) ( ; ; J; ) + fa(1) ( ; ; J; ; ) The collision term is linearized B0 ma



(1)



@fa r@



vk + vE =



X



+



+



2 vE



R



2



2 ln



b



@ @v



+



(0)



1 @fa ma @v



b



(1)



sin



@fa @vk



(ea eb ) ma b



where



2



d b dxb



b



2xb



1 2v (0) fa + 2 mb vth;b



2 (xb ) = p



Z



xb



!



v



v v v3



+



v v b v 3 xb



p dt exp ( t) t



0



2 B0 2 mb vth;b



xb



2 v? h 2 vth;b



=



Now, to solve the equation in the two regions of the phase space: circulating and trapped, it is adopted neglect of all derivatives to other velocity variables except parallel velocity. This is because the distribution function is most sensible to the variations of vk ; neglect order-2 powers of electric velocity 6



adopt ambipolar assumption e (r) Ti



ln n (r)



then vE



vth;i



0



B0 " m



2



and one substitutes vk =



vE



+2



s



sin2



2



The kinetic equation becomes (1) p @fa vth;a 2xa " r@



=



1 "



a



A (xa ) ( r



@2 @ 2 where



(0)



2



@fa + 2xa "fa(0) @ 2



2



sin



p 3 Aa (xa ) = 4



2 X



b



sp ecies b



and



d b dxb



b



2xb



+ ca



p



2xa "fa(0)



)



xa 3=2



vE vth;a



ca



1.3



+



!



Solution of the drift-kinetic equation: Wong Burrell 1982



The equations of motion are written for the variables 2 v? 2



with E=



1 2 v + 2 k



+



e m



and



2 v? B 2B In previous calculations it has been obtained (described in detail above)



=



dvk = dt



2 v? 2



=



rk ln B + vk 7



r B



b n



r ln B



e rk m



Then the equations are rd = dt



vk +



+ vk2



1



dr = dt



R



c



d = vk sin + dt dvk = dt



1 sin + vk R



1 d 0 B0 dr sin



1 d 0 B0 dr 1 d 0 B0 dr



1 sin R



1 sin R



e @ 1 m r@



Note the presence of the variation of the potential in the magnetic surface. The equation to be solved (drift-kinetic) is dvk @f d @f dx rf + + =0 dt dt @vk dt @ Wong Burrell estimate r vD



= r 1 c



"



1 c



+ vk2 R



+ vk2 R



b n



r ln B



!



+ O "2



1 J r ln B B2



3 vD



r can be neglected This is strange since the divergence of the diamagnetic drift is the origin of the P…rsch-Schluter return current. The solution is expanded re‡ecting the existence of di¤erent, largely separated, frequency scales f = f0 + f1 + ::: The …rst order of these equations dx @f0 = C (f0 ; f0 ) dt @ " vk U n f0 = exp 3=2 2T =m ( 2T =m)



8



2



2 v? 2T =m



#



with U



U (r) parallel ‡ow



The next order linearized equation vk + + vk



1 d 0 B dr U



Cl (f1 ) " 2 v? 2T =m



= +



@ r@



@f1 r@ e 1 T



f0



2vk vk U 1 d 0 + 2T =m B dr



1 d 0 U+ B dr



#



sin R



f0



@ e 1 T m v 2 sin vk2 + ? + eB T 2 R r@ T " ! 2 2 vk U 2 vk U d v? 3 d ln n + + ln T + dr 2T =m 2T =m 2 dr 2T =m



dU dr



#



f0



We interpret this equation as follows the …rst term refers to the …rst-order correction f1 . This …rst order function f1 is assumed to correspond to a small variation of the distribution function in the magnetic surface. The reason of this variation is contained in the drift trajectories of the particles, which contain the trigonometric functions sin and cos and these occur because of the projection of the vertical drift velocity. Another reason for dependence of the full f with (i.e. in the magnetic surface) is the trapped particles, located in general in the low-…eld side. With a radial variation of the potential 0 (r) the expression vk + B1 ddr0 is approximatively the parallel velocity, due to vk and the E B velocity. Then the factor 1 d 0 vk + B dr is the projection onto the poloidal direction of the parallel velocity. This will "move" the gradient along the poloidal direction, of f1 : v r f1 . The term vk



@ r@



U



e 1 T



f0



does the same thing, but here the variation at this order comes from the potential =



0



(r) +



9



1



(r; )



and the parallel velocity is vk



U



which is further projected onto the poloidal direction vk



U



The …rst line in the right hand side is " # 2 2vk vk U 1 d 0 sin v? 1 d 0 U+ + 2T =m B dr 2T =m B dr R



f0



and comes from the derivation of f0 to the velocity. This term reveals the energetic aspect of the drift motion of the particles. The drift motion is characterized by the variation of the parallel and of the perpendicular velocities. The last two lines +



v 2 sin @ e 1 m T vk2 + ? + eB T 2 R r@ T " ! 2 2 vk U 2 vk U d v? 3 d ln n + + ln T + dr 2T =m 2T =m 2 dr 2T =m



come from



df0 dr



which is from vr rf0 and we see that m v 2 sin vk2 + ? T 2 R 2 sin v = vk2 + ? 2 R c = radial projection of vD T eB 1



and T @ e 1 eB r@ T 1 @ 1 = B0 r@ = radial velocity induced by poloidal variation of the potential in the magnetic surface 10



dU dr



#



f0



NOTE The developments in this approach reveal the variation of the distribution function and of the electric potential in the magnetic surface. END



1.4 1.4.1



Solution of the drift - kinetic equation Rosenbluth Hazeltine Hinton Basic aproach with entropy functional



The starting equation is d dt



R0 hmv'



R0 jej



Z



r



b (r) dr



=0



we note R = R0 h. (since this is R (p



eA) = ct



where h = 1 + " cos Z r b (r) dr = A'



From the …rst term



d (hmv' ) dt



mv r hvk mvk



where



vk =



B r



jBj 2 ( m



B @ B r@ B0 h



jej



=



2 mv? 2B



Note that we can recognize B = B and the similarity vk



@ r@



hvk ! vD



End.
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hvk



B)



Now the derivation at time (convective) of the second term Z r Z r d @ R0 jej b (r) dr = R0 +v r jej b (r) dr dt @t @A' = R0 jej @t dr +R0 jej b (r) dt We replace dr = vDr dt and factorize the constant R0 , the seocnd term is R0 jej



@A' + jej vDr b (r) @t



and the result d dt R0 mvk



B @ B r@



R0 hmv'



hvk



R0 jej



R0 jej



Z



r



b (r) dr



=



0



@A' + jej vDr b (r) @t



=



0



here we replace @A' @t



E' =



B @ hvk + jej E' jej vDr b (r) = 0 B r@ In the absence of the electric …eld E' = 0 , and taking into account that mvk



B



b (r) h B0 h



=



B



=



we have vDr



= = =



1 B @ mvk jej b (r) B r@ m @ vk hvk jej B0 r@ 1 @ vk hvk r@ c



with the de…nition c



=



jej B0 m
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hvk



Other parameters B0 jej



=



h



2 mv? 1 B0 2B mv 2 =2



=



2 v? v2



Next one introduces



2 v? v2



sin2



= h sin2 The parallel velocity vk = jvj



r



1



h For trapping it is necessary that vk becomes zero. This is possible only if 1 + " cos



= cos



0



=



1 "



but 1



< cos < 1 1 
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