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MARG2D Code (1) : Eigenvalue Problem

for Two Dimensional Newcomb Equation
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A new method and a code MARG2D have been developed to solve the 2-
dimensional Newcomb equation which plays an important role in the magneto-
hydrodynamic (MHD) stability analysis in an axisymmetric toroidal plasma
such as a tokamak. In the present formulation, an eigenvalue problem is
posed for the 2-D Newcomb equation, where the weight function (the kinetic
energy integral) and the boundary conditions at rational surfaces are chosen so
that an eigenfunction correctly behaves as the linear combination of the small
solution and the analytical solutions around each of the rational surfaces.
Thus, the difficulty on solving the 2-D Newcomb equation has been resolved.
By using the MARG2D code, the ideal MHD marginally stable state can be
identified for a 2-D toroidal plasma. The code is indispensable on computing
the outer-region matching data necessary for the resistive MHD stability analysis.
Benchmark with ERATOJ, an ideal MHD stability code, has been carried out
and the MARG2D code demonstrates that it indeed idetifies both stable and
marginally stable states against ideal MHD motion.

Keywords: 2-dimensional Newcomb Equation, Multi Rational Surfaces, Ideal MHD
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155, ZZ T, Diag(m?) B LU Diag(m) 12, FNEN, WHHERI m*BLUTm
DX ATH Fiz, TG BLU Hp i3

1

_ L 2 2
Gin = (Pl = — g (9 Phol| V7l (3.29)
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K (3.45) FM-TIF 5 /Y7 (3.12) D VEHETE, FFry¥x V- =%
VWE—% X TEBTEL, #0702 f(8) 2 LEOFLBEE. T4 w@) %
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UNTBLK
RON R*8
RO R*8
FUNBLK
F(IAS) R*8
DFDS(IAS) R*8
P(TAS) R*8
DPDPSI(IAS) R*8
Q(IAS) R*8
DQDS(IAS) R*8
DFDR(IAS) R*8
DPDR(IAS) R*8
DQDR(IAS) R*8
FCOBLK
DEL(IAS) R*8
DELDR(IAS) R*8

CR(IAS,JAFCO)  R*8
CRDR(IAS,JAFCO) R*8

CZ(IAS,JAFCO) R*8
CZDR(TAS,JAFCO) R*8

NFCO I

97—040

=
o

L \

r(s)
¢

s HmEZ Uy FE-1, 78
g Hmr )y FE-1. 2E%

Ro
Ro

F(si)
dF'/ds(s;)
p(si)
dp/dip(s:)
g(s:)
dg/ds(si)
dF/dr(r{s;))
dp/dr(r(s;})
da/dr(r(s:))

A

AA/Or % 72120/

(A7)

p7R2= e 9RNFCO

ap/a?‘, 3R2/37‘, e ,3RNF00/87’
F7:130/0s

K7Z2: ot ':ZNFCO

3&/51‘, 622/67‘, Tty 8ZNFCO/6‘7~
F7:13a/0s

7 =) AR



JAERI—Data/Code 97—040

comtmp.f : SUB.RTHVAL, EHVAL, RVALFM, MTRX TZH

KB UV 2% BN B HE
TMPBLK
R(IAANG) R*S R
DRDT(IAANG)  R*8 AR/06
DRDR(IAANG)  R*8 @8R/dr

DRDT2(IAANG)  R*8 &*R/86*
DRDRT(IAANG) R*8 @&*R/8ro¢
Z(IAANG) R*8 Z
DZDT(IAANG) R¥8 9Z/08
DZDR(IAANG) R*8 dZ/dr
DZDT2(IAANG) R*8 8%Z/06°
DZDRT(IAANG) R*8 8°Z/0r08

GR2(IAANG) R*8 |Vr|?
GR2DT(IAANG)  R*8 8/88(|Vr|?)
GR2DR(IAANG)  R*8 8/0r(|Vr|?)
GRGTDT(IAANG) R*8 8/98(Vr-V8)
BRT(IAANG) R*S B¢
BRTDT(IAANG)  R*8 8/98(5.s)
GR2DB(IAANG) R*$ 3.(|Vr|?)
R2DB(TAANG) R*8 8, (R/Ro)*
GRGT(IAANG) R*8 Vr.Vé

WRR R*8 r

WF R*8 F

WDFDR R*8 dF/dr

wQ R*8 ¢

WDQDR R*8 dg/dr
WDPDPS R*8 dp/dy
WDPDR R*8 dp/dr
R2FQDR R*8 d/dr(r*F/q)

TMPBL2
CHPRTW(IAANG) R*8 18 (|Vr[?) + r[Vri?d/d0(8,s)
CHPRTO(IAANG) R*8 rd/dr(|Vr|?)+ rd/d8(Vr - V8)
CHPRT1(IAANG) R*8 —1/e2/r(q/F)2((R/RO)dp/dr + FdF/dr)
—q/r/F|Nr|2d/dr(r? F/q)



JAERI—Data/Code 97—040

f@L STE/INT A —24)

RAE ST OBED Solovéy Tl (BHH ¢ = 1) DHAOFENT A—F %R
T K1, 458,

SELENE] ¢ DA ¥ =7 24 A70F T LDFENNT A—¥

LNEWRUN WNTORE=-1.0D0, AL0=-1.00D-3,
NPSI=100, NCHI=128, NV=0,

NR=513, NZ=513,

NLGREN=FALSE., REXT=1.0D0, NCORD=1, NTCASE=2,
WIDTH=1.0D6, NLEINQ=.FALSE.,

NSHIFT=1, SDIV=0.5D0, NAN=10,

EPSR=1.0D-5, EPSEQ=1.0D-4, EPST=1.0D-5,
NITMAX=10, ITEST=1, NFIG=0,

EPSCON=1.0D-4, EPSMAC=1.0D-12,

SCALE=1.D0, MSPL=3, NTURN=10,
SDIST(5)=1.05D0, CDIST(5)=0.8D0,
WDIST(5)=0.02D0,

INTORE=0, NUMEQU=1, NMESH=0,
SDIST(1)=1.00D0, WDIST(1)=0.10D0, CDIST(1)=0.20,
NSHELL=-1, IFC=0,

RMSOL=0.93417D0, RPSOL=0.35682D0,
ESOL=1.0D0, DSOL=0.0D0,

QOSOL:==0.8D0, VESOL=0.0D0,

RVSOL=0.0D0, TOSOL=1.0D0,

DBEQU="TTEREDA’, RUNEQU="",

NOREQU=777, MODEL=-1, MODEU=11,

&END

&M2D

IPRFLG = 2,

MRZ = 15,

IEQSYM = 0,

&END

&RZWALL N2SHEL=0,

&END

MARG2D DEIE/XF A—%

&NEGN NS = -16, NE = 18,
LMBDO = 1.9000D00,

NR = 200, RR2 = 0.001D0, NN = 1, MM = 1, 0,0, 0, 0, 0,
CDIST = 0.2D0, WDIST = 0.20D0,

INFLG = 2, IOPTN = 1, IBOUND = 1, MSFLG = 0,
&END



JAERI—Data/Code 97—040

MM EEAE T (8, = 1.0, g = 0.9) DFEDERENT A—-F &7, K 20,
262

i s]

SELENEJ OFtEI/INT A—%

&DSK NPRNT=6, KTMAX=1, MCPU=1000,
IERATO = 68,

&END

=== IN.bl10.en ==== JT-60 Ex. 8 TOKAMAK ====
ENEWRUN

ITMAX=1,

LOHM=.FALSE., LNEO=FALSE., AION=2.D{,
AION=1.D0, ZION=1.D0,

BTOL=3.8D0, TCUR=2.95D86,

CIEXT= 0.0D0,

RMAJ=3.42D0, RPLA=1.00D9, ELIP=1.0D0, TRIG=0.00D0,
RCNT=3.42d0,

CD(1)=1.050D20, CD(2)=1.050D19, CD(3)=0.5D0, CD{4)=1.5D0,
CD(5)=4.D0, CD(8)=0.D0, CD(7)=0.D0,
CTE(1)}=1.0D4, CTE(2)=1.0D4, CTE(3)=0.5D0,
CTI(1)=1.0D4, CTI(2)=1.0D4, CTI{3)=0.5d0,
CSE({1)=1.0D0, CSE(2)=1.0D0, GSE(3)=1.5D0,
CSE(4)=0.2Dg, CSE(5)=1.0D7, CSE(8)=0.D0,
ZLOW=6.D0, ALOW==12.D0,

CZEFF(1)=1.0D0, CZEFF(2}=1.0D0, CZEFF(3)=1.0D0, CZEFF{4)= 1.5D0,
CZEFF(5)=4.0D0,

NR = 513, NZ = 513, NV=101, NSUMAX= 101,
JSHAPE=-1, FIXSET=1.0D-2,

MABIKI=2, IGUESS=0, NUMAX=101,
IEQMAX=40, EEQMAX=1.0D-4, ESETUF=1.0D-5,
IBLMAX=50,

CFCT(1) = 1.0D0,

CFCT(3) = 0.90D0,

CFCT(4) = 0.1D0, CFCT{5) = 20.D0,
ZWAL=1.2D0, RWAL=1.2D0,

EEND

&COILP

NCLNUM = 7, WIV=1.D0O,

RCOIL(1,1)=1.80D0, ZCOIL{1,1)=0.10D0,
RCOIL(1,2)=1.80D0, ZCOIL(1,2)==0.50D0,
RCOIL(1,3)=1.80D0, ZCOIL(1,3)=1.00D0,
RCOIL(1,4}=2.60D0, ZCOIL(1,4)=2.00D0,
RCOIL(1,5)=4.00D0, ZCOIL(1,5)=2.00D0,
RCOIL(1,6)=4.80D0, ZCOIL(1,6)=0.90D0,
RCOIL(1,7)=4.80D0, ZCOIL(1,7)=0.30D0,

&END

E&FIXP

NSFX = -13, NFREAD=0,

WNV(0)=1.0D2, WNV(1)=1.0D2, WNV{2)=1.0D2,
&END

====ENDofJOBS ====

LENEWRUN

ITMAX=0,

LEND

CD(1). CD(2) PAZEILEET, BEEOFHENERT 5o ZOHAEL, = 1.0
b,
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JAERI—Data/Code 97040

A

SELENE]J ¢ DA v % — T 24 2707 I LDHHE

LNEWRUN WNTORE=-1.0D0, ALO=-1.00D-3,
NPSI=100, NCHI=128, NV=0,

NR=257, NZ=257,

NLGREN=.FALSE., REXT=1.0D1, NCORD=1, NTCASE=3,
WIDTH=1.0D6, NLEINQ=.FALSE.,

NSHIFT=1, SDIV=0.5D0, NAN=10,

EPSR=1.0D-5, EPSEQ=1.0D-4, EPST=1.0D-5,
NITMAX=6, ITEST=0, NFIG=0,

EPSCON=1.0D-4, EPSMAC=1.0D-12,
SCALE=0.8259D0, MSPL=5, NTURN=10,
SDIST(5)=1.05D0, CDIST(5)=0.8D0,
WDIST(5)=0.02D0,

INTORE=0, NUMEQU=8, NMESH=1,
SDIST(1)=1.00D0, WDIST(1)=0.10D0, CDIST(1)=0.20,
NSHELL=-1, IFC=0,

RMSOL=0.93417D0, RPSOL=0.35682D0,
ESOL=1.0D0, DSOL=0.0D0,

QUSOL=0.8D0, VESOL=0.0D0,

RVSOL=0.0D0, TOSOL=1.0D0,

DBEQU="TTEREDA’, RUNEQU="",

NOREQU=777, MODEL=-1, MODEU=11,

&END

&M2D

IPRFLG = 2,

MRZ = 15,

IEQSYM = 0,

&LEND

&RZWALL N2SHEL=181, MCHI = -180, NWFILE=3,
RSCL = 1.75D0, ZSCL = 2.50D0, THTSHL = 0.D0,
&END

MARG2D OFtE/NTF A—%

&NEGN NS = -16, NE = 16,

LMBDO0 = -0.500D00,

NR = 200, RR2 = 0.00IDO, NN =1, MM =1,2,0,0,0, 0,
CDIST = 0.2D0, WDIST = 0.20D0,

INFLG = 2, IOPTN = 1, IBOUND = 1, MSIFLG = 0,
&END
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ERATOJ OFtE/T A—%

ZNEWRUN WNTQRE= -1.000D0, AL0=-0.4000D-4 NUMEQU=1,
NPSI=200,NCHI=60,SCALE=0.8259D0,

NCORD=1, NLGREN=.FALSE., REXT=1.0D0,
WIDTH=1.0D+6, NV=0, NLEINQ=.FALSE.,
NMESH=1,SDIST(1)=1.0D0, CDIST(1)=1.0D0, WDIST{(1)=0.05D0,
NTCASE=3,NEQSI=21,

NITMAX=10,NSHIFT=1,

NR=129, NZ=65,

ITEST=1, .

RMSOL=3.0D0, RPSOL=1.0D0, ESOL=0.8D0, DSOL=-0.2D0,
Q0S0L=1.0D0,

SDIV=1.0D0, IFC=0,
NFIG'—‘O,ANGLE(]):O.,ANGLE(2)245.,ANGLE(3):90.,
ALARG=20.,

ARROW=0.8, .
IDEN=0,DENA=1.0D0,DENB=1.0D0,DENC=0.1D0,
DBEQU="ERATOQ-JV3’, RUNEQU="",

NOREQU=777,

NAN=10,

EPSR=1.0D-5, EPSEQ=1.0D-4,

EPSCON=1.0D-4, EPSMAC=1.0D-12, MSPL=3, NTURN=10,

NSHELL=-1,
LEND
LRZWALL N2SHEL=0,
&END

SDIST(5)=1.05D0, CDIST(5)=0.6D0, WDIST(5)=0.05,
SDIST(5)=1.10D0, CDIST(5)=0.1D0, WDIST(5)=1.0D8,
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JAERI—Data/Code 97—040

Fe MR TAG (8 = 1.04 go = 0.9) DBEDEENT 2 — % %5 T,

SELENE] OFtE /5 A—%

&DSK NPRNT=6, KTMAX=1, MCPU=1000,
IERATO = 686, .

LEND

=== IN.b10.dat ==== JT-60 Ex. 8§ TOKAMAK ====
ENEWRUN

ITMAX=1,

LOHM=.FALSE., LNEO=_FALSE., AION=2.D0,
AION=1.D0, ZION=1.D0,

BTOL=3.8D0, TCUR=3.50D8,

CIEXT= 0.0D0,

RMAJ=3.42D0, RPLA=1.00D0, ELIP=1.2D0, TRIG=0(.20D0,
RCNT=3.42d0,

CD(1)=1.250D20, CD(2)=1.250D19, CD{3)=0.5D0, CD(4)=1.5D0,
CD{(5)=4.D0, CD(6)=0.D0, CD{(7)=0.D0O,
CTE(1)=1.0D4, CTE(2)=1.0D4, CTE(3)=0.5D0,
CTI(1)=1.0D4, CTI(2)=1.0D4, CTI(3}=0.5d0,
CSE(1)=1.0D0, CSE(2)=1.0D0, CSE(3)=1.5D0,
CSE(4)=0.2D0, CSE(5)}=1.0D7, C8E(6)=0.D0,
ZLOW=6.D0, ALOW=12.D0,

CZEFF(1}=1.0D0, CZEFF(2)=1.0D0, CZEFF(3)=1.0D0, CZEFF(4)= 1.5D0,
CZEFF(5}=4.0D0,

NR = 513, NZ = 513, NV=101, NSUMAX= 101,
JSHAPE=-1, FIXSET=1.0D-2,

MABIKI=2, IGUESS=0, NUMAX=101,

IEQMAX=40, EEQMAX=1.0D-4, ESETUP=1.0D-5,
IBLMAX=50,

CFCT(1) = 1.0D0,

CFCT(3) = 0.90D¢,

CFCT(4) = 0.1D0, CFCT(5) = 20.D0,

ZWAL=1.2D0, RWAL=1.2D0,

&END

&COILP

NCLNUM = 7, WIV=1.D0,

RCOIL{1,1)=1.80D0, ZCOIL(1,1)=0.10D0,
RCOIL{1,2)=1.80D¢, ZCOIL(1,2)=0.50D0,
RCOIL(1,3)=1.80D0, ZCOIL(1,3)=1.00D0,
RCOIL(1,4)=2.60D0, ZCOIL{1,4)=2.00D0,
RCOIL{1,5)=4.00D0, ZCOIL(1,5)=2.00D0,
RCOIL{1,6)=4.80D0, ZCOIL{1,6)=0.90D0,
RCOIL(1,7)=4.80D0, ZCOIL(1,7)=0.30D0,

&LEND

LFIXP

NSFX = -13, NFREAD=0,

WNV(0)=1.0D2, WNV{1)=1.0D2, WNV(2)=1.0D2,
&END

====ENDofJOBS====

ENEWRUN

ITMAX=0,

&END

CD(1), CD(2) DAEXEALE T, BE[,OFHLERT b, TOHAIEL, =1.0
E b,
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SELENE] DA v ¥ —7 24 A7 0T 5 LDOHE

LNEWRUN WNTORE=-1.0D0, AL0=-1.00D-3,
NPSI=100, NCHI=128, NV=0,

NR=257, NZ=257,

NLGREN=.FALSE., REXT=1.0D1, NCORD=1, NTCASE=3,
WIDTH=1.0D6, NLEINQ=FALSE.,

NSHIFT=1, SDIV=0.5D0, NAN=10,

EPSR=1.0D-5, EPSEQ=1.0D-4, EPST=1.0D-5,
NITMAX=6, ITEST=0, NFIG=0,

EPSCON=1.0D-4, EPSMAC=1.0D-12,
SCALE=0.85422D0, MSPL=>5, NTURN=10,
SDIST(5)=1.05D0, CDIST(5)=0.8D0,
WDIST(5)=0.02D0,

INTORE=0, NUMEQU=8, NMESH=1,
SDIST(1)=1.00D0, WDIST(1)=0.10D0, CDIST(1)=0.20,
NSHELL=-1, IFC=0,

RMSOL=0.93417D0, RPSOL=0.35682D0,
ESOL=1.0D0, DSOL=0.0D0,

QOSOL=0.8D0, VESOL=0.0D0,

RVSOL=0.0D0, TOSOL=1.0D0,

DBEQU='ITEREDA’, RUNEQU="",

NOREQU=777, MODEL=-1, MODEU=11,

&END

&M2D

IPRFLG = 2,

MRZ = 15,

IEQSYM = 0,

&END

&RZWALL N2SHEL=181, MCHI = -180, NWFILE=3,
RSCL = 1.75D0, ZSCL = 2.50D0, THTSHL = 0.D0,
&END

MARG2D OFtHE/ (T A—F

&NEGN NS = -16, NE = 16,

LMBDO = -0.700D00,

NR = 200, RR2 = 0.001D0,NN =1, MM =1,2,0,0,0,0,
CDIST = 0.2D0, WDIST = 0.20D0,

INFLG = 2, IOPTN = 1, IBOUND = 1, MSFLG =0,
&END
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ERATOJ OETR/NT A—%

&NEWRUN

WNTORE= -1.000D0, AL0=-0.5000D-4 NUMEQU= 1,
NPSI=200,NCHI=60,SCALE=0.85422D0,

NCORD=1, NLGREN=.FALSE., REXT=1.0D0,
WIDTH=1.0D+6, NV=0, NLEINQ=.FALSE.,
NMESH=1,SDIST(1)=1.0D0, CDIST(1)=1.0D0, WDIST(1)=0.05D0,
NTCASE=3,NEQSI=21,

NITMAX=10,NSHIFT=1,

NR=129, NZ=65,

ITEST=1,

RMSOL=3.0D0, RPSOL=1.0D0, ESOL=0.8D0, DSOL=-0.2D0,
Q0SOL=1.0D0),

SDIV=1.0D0, IFC=0,
NFIG=0,ANGLE(1)=0.,ANGLE(2)=45.,ANGLE(3)=90.,
ALARG=20.,

ARROW=0.8,
IDEN=0,DENA=1.0D0,DENB=1.0D0,DENC=0.1D0,
DBEQU="ERATO-JV3’, RUNEQU="",

NOREQU=777,

NAN=10,

EPSR=1.0D-5, EPSEQ=1.0D-4,

EPSCON=1.0D-4, EPSMAC=1.0D-12, MSPL=3, NTURN=10,
NSHELL=-1,

&END

LRZWALL N2SHEL=0,

LEND

SDIST(5)=1.05D0, CDIST(5)=0.6D0, WDIST(5)=0.05,
SDIST(5)=1.10D0, CDIST(5)=0.1D0, WDIST(5)=1.0D8,
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