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Abstract, The ma,s flow perpend icular to the magne tic surfaces 

is calcu la t ed for rotational symmetl'ic system" .The influence 

of an induced electric fl.eld on the clilssical diffusl.on is 

included. The formula Io'ill be simplified for a special 5el£

consistent Tokomak case ..... ith magnetic surfaces of nearly 

circular cross sect ion., It will De shown that a stationary 

equ.ill.ocium with vanishinq mass flow has no physical meaning 

for realistic Tokomak conditions. 

The influence of an induced electric field produced by ohmic 

heating i n a teroidal discharge has not been taken into account 

in the worll of Ptirsch-Schlilter on classical diffusion [1]. The 

effect of this electric field consists in an additional t x t 
drift wh ich decreases the classical diffusion. If we ",ant to 

calculate this effect wc ,,"ust stllrt with the milgnetohyd.r<Xiynam:i:: 

equation 
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From the condition t7-t _ 0 there results the differential 

equation for;L , 
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"'hich is to be solved by the general solution: 
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Here we have u.ed cylindrical coordinates (g, e, z), with! -

the distance from the torus axi s, e - the dire ction of the ma~ 

magnetic fiel~ Be • Bo ~ ,11. - th!'! distllnce of the center of 

the discharge vessel from the torus axis, Z - the distance fll;Dl 

the torus plane. We s hall also introduce iI system of polar 

coordinates: 
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It is lInown that the ~agnetic field can be generated by a 

scalar function F (2], 

(4) 
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",here the lines F • const coincide with the lines p - const. 

The contribution of the magnetic field of the diamagnetic 

currents to the main magnetic field Be is negl!'!cted. 

Pe .0/ it. 1 , p - the p l asma pressure - - - - - (6) 
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In equation (2J the aaSl.llllptio n was lIIade /a/'" laep~) l/~ 
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where a~ • }(~)2 + ~(15f) This as sumption is ~ot used 

in t he fo llo wing equations. 

The free function )0 (P) is determin"'d by Ohm's law: 

Ohm's la", in this fOrlll CilLn be r eceived on l y for constilLnt 

temperature . ~ 

('rhat means, U- Mass ve locity, n - particle density, e -elec:t1ul 

charge, m - electron mass,r - electron-ion collision time.JThe 

difference bet_en the conductivity par~llel and perpendicular 

to the magnetic field is tall"'n into account by a f actor 2.The 

electric field 
- - - - - - - (8) 

consists of a scalar field in the meridiona l (~, zl plane and 

the induced field in direction- a . 

f';,JA) .E. j ~",(, ~ 
(;: e<t 9 J (91 

~ 

If we multiply equati.on (7) scalar with B and integrate over a 

magnetic surface F • const, we obtain: 
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The formula for the ma"ss flow M is obtained using the vector 
product of equation (7) wiLh ;, 

j" .. Of) 1[1fI .tJ-
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Th!'! first term A( F ) accounts for the classical diffu eion in a 

s traight cylinder, the second term B(F) contains the pfirs c h

SchlUter diffusion and t he third t e rm C(FJgivee t h e cCJ"lt::rlbut.ion 

of the electric field . 

In the following now we shall look for a epecial simp l e 'l'l)konilk 

case . The Maxwel l e quation for the meridional magnetic field is: 

Nt ~ .. ~ it} - - _ _ _ _ __ (13) 

Thi s equ .. tion will be solved in the app:ooximation of a h igh 

discharge curr ent . 

E ": .... , .\.~ , " .s 

Wa apply a homogeneous vertical ... agnetic fie ld 
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(J - to t .. l curr ent, a - plasm .. radiu s) and obtain the solution 

for the magne tic surfaces: 
t - t> I ~ 

• (' , J J) _..,. IIIr .. tt"~ ... c> F = 'if X - :f)( (0) . ' J'. - b j 01-"".. .... C. . 
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In this configurat ion with nearly circularly shaped s urfaces 

_ can use a simplified expression fo r the mass f low. 

'R ' , 
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For M • 0 it follows for t he density profi l e. 

( ¥'") l:J e E. "etc-4. 
't "' ... . 1 - L ",,, I j :;. 16,JR. ... c. 'T - - - - - - (8) 

Por the conditions realiz:ed in T - 3 _ h aveL "" 103 , that means 

that the e l ectric f i eld in r ealistic cases ii too pall t o 

prevent the pla.sma d if fusion. An int eresting stationary stage 

with M - 0 can be achi eved o nly when a temperature gradie nt 

is considered [ 3 , 41. 
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