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ResisMve wall boundary condiMon allows 
non‐zero Br at the wall 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¥  this boundary condiMon allows 
RWMs to grow and other modes 
to couple to the wall 

¥  the wall‐Mme can be changed to 
reflect experimental parameters 

¥  resisMve wall boundary condiMon 
in a periodic cylinder 
benchmarked for a simple 
equilibrium 

¥  addiMonal terms can be included 
in the boundary condiMon to 
allow for external 3D magneMc 
fields which leak into the plasma 
over the wall‐Mme. 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External resonant field is modeled as a helical 
current sheet that affects the B‐field at the wall  

thin    
resisMve 

wall 

€ 

Bvac = −∇χ

∇2χ = 0
χ1 = p1Km ( k r)

χ2 = p2Km ( k r) + p3Im ( k r)[ ]
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Matching CondiMons on components of B: 



TangenMal electric field dependent on 
perturbed plasma fields and input parameters 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Electric field boundary condiMon: 

Normal magneMc field boundary condiMon: 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Geometric factors: 

Velocity boundary condiMon: 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vr = vθ = vφ = 0

magnitude of external 3‐D  
field surface current density 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Furth‐Rutherford‐Selberg profiles can 
be used for tearing mode calculaMons 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1
(;  (safety factor) 

?!  (MA) 

stable 
marg. stable 

stable 
marg. stable 

q0  r0  lambda 

stable  2.02  0.65  2 

marginally 
stable 

1.01  0.65  2 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" = 0

q=2 

q=3 

¥  profile with q=2 surface 
only marginally stable for 
m=2, n=1 

¥  raising the q‐profile to have 
a q=3 surface is stable for 
m=3, n=1 



Error‐field tests are run in the visco‐
resisMve regime with stable equilibria 

¥  Using stable q‐profile with q=3 resonance and β = 0: 
¥  Large step‐funcMon jump in resisMvity at r=0.95 
¥  In visco‐resisMve plasma regime 
¥  Both resonant and non‐resonant error‐fields are tested 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Pm =
τR

τ v
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νµ0

η

S=
τR

τA

τ L =
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µ0

η

rwall  1 m 

R0  5 m 

S(rs)  1 x 106 

Pm(rs)  3 

δL  0.02 m 

τL  7 x 10‐3 s 

τA  5 x 10‐7 s 

τw  1 x 10‐3 s 



Error‐field penetrates plasma when 
there is no raMonal surface 

¥  Effect of a non‐resonant error‐field can be 
seen with a current‐free plasma in a linear 
run 
¥  No raMonal surface, thus no resistance to 
the error‐field 
¥  Residual curl‐free electric field in the wall 
¥  External field gives an effecMve Br=1x10‐4 T 

rm‐1  profile in perturbed Br 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Resonant error‐field penetrates plasma 
to q=3 surface and forms island 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Resonant error‐field penetrates plasma 
to q=3 surface and forms island 

Re[Br] (at rwall)  Z (~poloidal) Im[E] in the wall 

x10‐2 

x10‐2 

x10‐2 

Total Energy  ¥  Time traces shown here show 
growth phase before saturaMon. 

 t=10‐2 s=10τw=1.4τL 

¥  Non‐linear results (with 
n=0,1,2) are similar for no‐flow 
cases. 



Varying wall and plasma resisMvity 
changes Mme scale of plasma evoluMon 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x10‐2 

Re[Br] (at rwall)  Z (~poloidal) Im[E] in the wall τw= 5 x 10‐3 

τL= 8 x 10‐5 



RotaMon sustains eddy currents at resonant 
surface which shield the error field 

¥  Toroidal flow (along the axis of the cylinder in cylindrical 
geometry) is present in tokamaks 
¥  Considering only linear effects, rotaMon maintains eddy 
currents at the resonant surface which shield the interior 
plasma (r<rs) from the external error field. 
¥  RotaMon above some criMcal value will force Br to zero at the 
raMonal surface. 

¥  A <&2@*%> equilibrium axial flow implemented in error‐field 
test cases. 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Linear runs show shielding of the 
error field at the raMonal surface 

for V0= 5 x 104 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Re[Br] (at rwall)  Z (~poloidal) Im[E] in the wall 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An error‐field can penetrate rotaMng plasma by 
applying an EM torque to the raMonal surface 

¥  For a tearing‐stable, flowing 
equilibrium, an applied 
error‐field will apply an EM 
torque to the resonant 
surface and slow the equil 
flow. 

¥  At some criMcal error‐field 
magnitude, the flow is 
slowed to V0/2, islands 
form, and the mode locks 
to the wall. 

Image from R. Fitzpatrick, “Driven ReconnecMon in MagneMc Fusion Experiments” – Lecture, August 1995 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EM torque and opposing viscous torques at 
raMonal surface balance 

¥  Non‐linearly, the balance between electromagneMc and 
viscous torques at the raMonal surface determine the net 
rotaMon of the plasma. 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Error field below criMcal value is 
shielded by rotaMon in nonlinear run 

for V0= 5 x 104, Br(wall)=1x10‐4<Br,lock n=1 (m=3) 

n=0 (m=0) 

θ 
ϕ

ϕ



Error field below criMcal value is 
shielded by rotaMon in nonlinear run 

for V0= 5 x 104, Br(wall)=1x10‐4<Br,lock 

Re[Br] (at rwall)  Z (~poloidal) Im[E] in the wall 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Larger error field makes it difficult to 
saMsfy zero‐velocity boundary condiMon 

for V0= 5 x 104, Br(wall)=1x10‐2 

n=0 (m=0) 

θ  ϕ

¥  A few things to try: 
¥  Use both large resisMvity '&-  viscosity jump near the edge to 
allow use of a larger field error 
¥  Change plasma resisMvity so that a smaller criMcal velocity can be 
used (therefore requiring a smaller Brlock).   



Conclusions 

¥  ResisMve wall boundary condiMon for a periodic 
cylinder modified to allow external 3‐D resonant 
magneMc fields 

¥  External 3‐D magneMc fields are used to study error‐
field penetraMon and island formaMon in an otherwise 
stable equilibrium 

¥  RotaMonal shielding of error‐fields at the resonant 
surface is demonstrated 

¥  Nonlinear runs show rotaMonal shielding with some 
slowing due to EM torque, but applied field large 
enough to cause mode‐locking is too large to play nice 
with the velocity boundary condiMon 



A NIMROD boundary condiMon for a resisMve 
wall in toroidal geometry is being developed  

¥  Vacuum magneMc field (toroidal n harmonics) to match 
across wall are: 

¥  M(w,w’) is the vacuum response matrix (a result of a 
Greene’s funcMon calculaMon) and w and w’ are locaMons 
along the wall. 

¥  : sec is the result of an irregular wall around the plasma 
current.  To start, we will consider it to equal : eq at the 
wall, though there are other, more complicated opMons. 

¥  TangenMal surface electric field is then: 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Bvac = −∇χ + Bsec

χ(w) = M w,w'( )
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∑ Bn w'( )
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