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MHD Stability Analysis by Revised Version of ERATO-J

Shinji TOKUDA, Toshihide TSUNEMATSU, Masafumi AZUMI,
Tomonori TAKIZUKA, Ken-itsu NARAOKA* and Tatsuoki TAKEDA

Division of Thermonuclear Fusion Research,

Tokai Research Establishment, JAERI

(Received December 21, 1981)

The linear ideal MHD stability analysis code ERATO-J has been improved
i in the following four problems. (i) The high accuracy mapping module is
| developed, which guarantees the convergence of eigenvalues to be smooth
and quadratic with respect to the mesh number. {(ii) The quasi-mode repre-
| sentation is ad&ed, which is essential to analyses of middle and high n
mode stabilities. (diii) The vector potential method in the calculation of
| the vacuum energy is applied in place of the Green function method (GFM),
which removes the singularity in the GFM and also included the effect of
the axisymmetric mode. (iv) The packing technique for the large scale
sparce matrix is used to solve the generalized eigenvalue problem by the
inverse iteration, which reduces the necessary disk files, I/0 accesses,
and CPU time. By using this revised version of ERATO-J code, the n=1
internal kink mede and ballooning modes are studied. The second stability
region against the.n=l internal kink mode is found. The dependence of the
growth rate of ballooning modes on the toroidal mode number n and shear

is clarified.

Keywords: ERATO-J, MHD Stability, High Accuracy Mapping, Quasi-mode Repre-
sentation, Vector Potential Method, Large Scale Sparce Matrix,

n=1 Internal Kink Mode, Ballooning Mode, Second Stability

* On leave from Fujitsu Ltd.
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Convergence curves of the squared growth

rate vs. Ng.

The solid lines and the

broken lines denote the cases with and

without exp{ingx), respectively.
calculations with exp(inqx) give the

quadratic convergence with respect to

1/Ng upto n=100.
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Fig. 5.3 Structure of the block used in Scott's algorithm
(a) before and (b) after the Cholesky decomposi-
tion.
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Fig. 6.5(a)

Eigensolution X7 (« sgs) and Vg (= X - €¢/q) at
the midplane (x=0) for Bp=0.85 and q0=0.85.
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Fig. 6.5(b)

Eigensolution Xy and Vy for Bp=1.14 and qq=0.85.
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Fig. 6.5(c) Eigensolution Xy and Vg for Bp==l.45 and qp=0.85.
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Fig. 6.6 Radial structure of the Fourier components of X1 in
the azimuthal direction for q0=0.85 and Bp=l.45.
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Fig. 7.1 Profiles of the safety factor for the case
of strong shear (W6) and weak shear (sl).
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BEED
NCHI=20
NPSI=21

KETor3 L NV=5
&NEWRUN QUT="PS' &END

COMDECK

>
”)

FTO0Z F 001

namelist

FT 05 F 001
FTO01 F0G1

AUTDIM

FT06 FOO01 FT03 F001

Fortran TTHv/—R -
FOFFheTyrAN

__________ l_ S

Comptle
Link

. _

o— K+ ®Ja—Jib

(1)

Fig. A2.1

B
NCHI= 20
CONDECK NPSI= 21
NV=5
D &NEWRUN OUT='PO’ &END
E namelist
FT02 F 001 FTO05 F001

AUTDIM
FTOSFV FT03 Foo!
ﬁ “JSEUPDTE” (OSYSIN ¥— %
l SYSIN
JSEUPDTE
l SYSUT 2

“COMDECK” 7 = 1
PO

12}

Flow chart of the preprocessing by using AUTDIM. Figures

(1) and (2) show the flows to create the compilable source
program and the common blocks, respectively.
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00100 //JCLG JOB

oo20¢ // EXEC JCLG

00300 //SYSIN DD DATA,.DLM='==?

00400 // JUSER (R . 0021 . 120, TRITONOS

00500 .1 W.2 P.O0 C.0 1,3 OPN

00600 OPTP MSGLEVEL=(1l,1,1),NOTIFY=J3190

00700 //#=-mmmmmm-mmme-—ee----—ssemmmmmmmo e ememmse-———eas-s-o--—sssessessSooos
0o0g0e //* ERATO ({ COMMON FILE }}

00000 //%----mammmmmm—m e — e emme e mmremmememme—mo oo s—=—eo-oasoss—woses-o—s

01000 //AUTDIM EXEC AUTDIM,CO='J3190.COMERT.FORT77(COMDECK)'
01100 //FTOS5F001 DD =

01200 &NEWRUN NPSI=80,MCHI=60,NR=257,N2=131,0UT='PO",HV=0 JENI
01300 //JSEUPDTE EXEC PCM=JSEUPDTE,PARM='NEW,LINECHT=0'

014060 //SYSPRINT DD SYSQUT=%

01500 //SYS5IN DD DSN=&&ERATO,DISP=(OLD,DELETE)

01600 //SYSUT2 DD DSN=J3190.CMERSO.FORT?7,DISP=(NEW,CATLG,DELETE),
01700 // SPACE={TRK,{%4,1,2).RLSE),UNIT=USER,

oI1800 // DCB={(LRECL=80,BLKSIZE=3200,RECF¥=FB)

01850 //POLIST EXEC POLIST,DSN='J3190.CMERG0',Q='.FORT77’

01940 ==

02000 //

END OF DATA SET

Fig. A2,2 JCL for the-preprocessing of the common blocks.

//7JCLG JOB

/7 EXEC JCLG

//SYSIN DD DATA,DLM=‘=="'

// JuseR NN 0021 .120, TRITONOS
€.1 W.3 I.3 T.1 QPN

OPTP MSGLEVEL=(1,1,1),NOTIFY=J3190

//FORT77 EXEC FORT77,0PT=2,A="INCLUDE,ELM(%)"

J//SYSIN DD DSN=J3190.ERATOLT.FORT77,DISP=SHR

//SYSINC DD DSN=J3190.CMER4O.FORT77,DISP=SHR

//LKED77 EXEC LKEDCT77,LM='J3190.ERATOT',Q=".LOAD(ERATO1) ', UNIT=TDS,

Iy, GRLIB=COM,M0DS=7100,10,20"

//SYSLMGD DD DCB=(BLKSIZE=13030),DISP=SHR

1/

Fig. A3.1 JCL to create the load module.
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//ERATOD1 PROC PNM=ERATO1,LM="J3190.ERATQ',B=13700

//ERATO1 EXEC
//STEPLIB 0D
//FTO4FQO01 DD
1

17

//FTO5FQ01 DD
//FTG6FO0L1 DD

//FT08F001 DD
1/
f/FT16F001 DD
r
r
//FT17F001 DD
I/
i

PGM=&PNM, COND=(4,LT)

DSN=&LM, . LCAD,DISP=3HR
DSN=&&FQ4L,UNIT=TSSWK,DISP=(NEW, PASS),
SPACE=(TRK, (20,2002,
DCB=(LRECL=189964,BLKSIZE=19000, RECFM VBS)
DDNAME=SYSIN
SYSCUT=%,DCB=(LRECL=137,BLKSIZE=8B,RECFM=FBA)

DSN=8&FO0B8,UNIT=TSSWK,DISP=(NEW,PASS),
SPACE=(TRK, {10,102
DSN=8&F16,UNIT=TSSWK,DISP=(NEW,PASS),
SPACE=(TRK, (20,2023,
DCB=(LRECL=18996,BLKSIZE=19000,RECFM=VBS)
DSN=&&F17,UNIT=TSSWK,DISP=(NEW,PASS),
SPACE=C(TRK, (20,20))., M
DCB=(LRECL=18996,BLKSIZE=19000,RECFM=VBS)

Fig., A4.1 PROCLIB for ERATOL.

//ERATQ2 PROC PNM=ERATO2,LM="J3190.ERATO'

//ERATO2 EXEC
//STEPLIB DD
//FTO&FC01 DD
//FTOBFOOT DD
//FT17F001 DD

Fig.

PGM=&PNM,COND=(4,LT)

DSN=&LM..LOAD,DISP=SHR
SYSOUT=%,0(B=(LRECL=137,BLKSIZE=13700,RECFM=FBA)
DSN=R&FC8,DISP=COLD,PASS)
DSN=8&F17,DISP=(OLD,PASS)

A4 2 PROCLIB for ERAT02 {old vacuum code).

//ERATO3 PROC PNM=ERATO3,LM="J3190.ERATO’

J//ERATO3 EXEC
//STEPLIB DD
//FTO4LFOOL1 DD
1IFTO6FCOL DD
//FTO7F001 DD
¥
¥
//FTO8F001 DD
//FTO9F00t 0D
//
/7
//FT14F001 DD
//
¥
f/FTI7FO01 DD

PGM=&PNM,COND=(4,LT)
DSN=&I{.M..LOAD,DISP=SHR
DSN=8&F04,DISP=(0LD,PASS)
SYSOUT==,D{B=(LRECL=137,BLKSIZE=1370,RECFM=FBA) -
DSN=&&FO7,UNIT=TSSWK,DISP=(NEW,PASS),

SPACE=(TRK, (60,6021,

DCB=(LRECL=18694,BLKSIZE=19000,RECFM=VBS)}

DSN=L&F08,DISP=(0LD,PASS?

DSN=Z&FO09,UNIT=TSSWK,DISP=(NEW,PASS),

SPACE=(TRK, (60.,603),

DLB=(LRECL=18996,BLKSIZE=19000,RECFM=VBS)
DSN=&&F14,UNLT=TSSWK,DISP=(NEW,PASS) ,
DCB=(LRECL=18996,BLKSIZE=19000,RECFM=VBS)

DSN=&&F17,DISP=(0LD,PASS)

P

Fig. A4.3 PROCLIB for ERATO3.
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//ERATO4L PROC PNM=ERATD4,PNM=TJ3190,.ERATO’

//ERATO4 EXEC PGM=&PNM,COND=(4,LT)

//STEPLIB DD DSN=&LM..LOAD,DISP=SHR

//FTQ5F001 DD DDNAME=SYSIN

//FTO048F0C1 DD SYSOUT=x=,00B={LRECL=137,8LKSIZE=1370,RECFM=FBA)
//FTO7FOO01 DD DSN=88&FQ7,DISP=(0LD,DELETE? '

//FTOBFO0O1 DD DSN=%&F08,DISP=(0LD,PASS)

//FTOSFO01 OD DSN=&&F09,DISP=(OLD,DELETE)

J/ET10F001 DD DSN=2&F10,UNIT=TSSWK,DISP=(NEW,PASS),

/7 SPACE=(TRK, (30,30)) .,

// DCB=(LRECL=18996,BLKSIZE=19000,RECFM=VBS)
J/FT14F001 DD DSN=8&F14,0ISP=(0LD,PASS)

//FT33F001 DD DSN=8RF33,UNIT=TSSWK,DISP={(NEW,PASS),

i/ SPACE=(TRK,(120,1202),

i/ DCB=(LRECL=18996,BLKSIZE=19000,RECFM=VBS)

Fig. A4.4 PROCLIB for ERATO4.

/FERATOS PROC PNM=ERATOS,LM='J3190.ERATO!

//ERATOS5 EXEC PGM=&PNM,COND=(4,LT)

f/STEPLIB DD DSN=&LM..LOAD,DISP=SHR

//FTOLFOO1 DD DSN=8&FQ4,DISP=(0LD,DELETE)

J/FTOSFOO1 DD DONAME=SYSIN

//FTO8FOCL DD SYSQUT=%,DCB=(LRECL=137,BLKSIZE=13700,RECFM=FBA)
//FTO8FO01 DD DSN=RR&F08,DISP=(0OLD,DELETE?

//FT10F001 DD DSN=R&F10,0ISP=(OLD,DELETED

//FT14F001 DD DSN=R&F14,DISP=(0OLD,DELETE?

//FT16F001 DD DSN=88&F16,0ISP=(OLD,DELETED

//FT17F001 DO DSN=88F17,DISP=(0OLD,DELETE?

Fig. A4.5 PROCLIB for ERATOCS.

/FIVACUUM PROC PNM=ERATOV,LM="J3190.ERATQ’

J/fmmmmmmmmmmEmmmm e — e A m e oo ss s oo oo oSS C oSS oSTTomTTomTTET
/IVACUUM EXEC PGM=8PNM,COND=(4,LTD

//STERPLIB DD DSN=&LM,.LOAD,DISP=SHR

JiFTO4F0OC1 DD DSN=R&F04,DISP={(CLD,PASS)

/1FTO6F0O1 DO SYSOUT==,0CB=(LRECL=13?,BLKSIZE=13700rRECFM=FBA)
//FTQ8FQ01 DD DSN=8&FO8,DISP=(0LD,PASS) :

J{ET17F001 DD DSN=2&F17,DISP=(0LD,PASS}

Fig. A4.6 PROCLIB for ERATOV (new vacuum code}.
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f/JCLG JOB

// EXEC JCLG

//SYSIN DD DATA,DLM='=="' .

/¢ Juser S C02t.120,TRITONOB
T.5 €.3 W.2 P.,0 I.4 OPN

OPTP MSGLEVEL={1,1,1),NOTIFY=J3190

//ERATC1 EXEC ERATO1,LM='J3190.ERATC®

//SYSIN DD *

RNEWRUN WNTORE=-1.0DC,
REXT=0.0D0,

NTCASE=4,
NMESH=1,S0IST(1)=0.623,WDIST(1)=0.3,SDIST(2)=0.956,WDIST(2)=0.2,
NPSI=S2,

NCHI=39,

NV=0,
NLEING=.FALSE..,
ALO=-0.380D-3,
NLGREN=.FALSE.,
SCALE=1.250D0.,

NITMAX=6,
WIDTH=1.5.
&END

ZERT1DA NCHECK=S0,IFC=0,5DIV=1.200,EPSR=1.D-5,EFSEG=2.0D~4 REND
//ET11F001 DD DSN=J3331.APLEQ1.DATA,DISP=SHR,LABEL=(,,,IN}
//ERATOV EXEC ERATOV,LM='J3190.ERATOD’

//ERATO3 EXEC ERATO3,LM='J3190.ERATO’
//ERATO4 EXEC ERATO4,LM="J3190.ERATO"
//ERATOS5 EXEC ERATOS5,LM='J3190.ERATO"

1/

Fig. A5.1 JCL for the execution of ERATO code. Sequential
access method is used in ERATO4.

F/SCLG JOB
74 EXEC JCLG
//7SYSIN DD DATA,DLM='=="
/7 JUSER (NN 0021 .120, TRITONGS
T.5 €C.3 W.2 P.0 I.4 OPN
OPTP MSGLEVEL=(1,1,1),NOTIFY=J3190
//ERATO1 EXEC ERATO1,LM='J3190.ERATO"
F/SYSIN DD =
ZNEWRUN WNTORE=-1.0D0,
NUMEQU=3,
REXT=0.0DC,
NTCASE=3,
NMESH=0,%DIST(1)=1.000,WDIST(1)=0.1,
NPSI=50,
NCHI=50.,
Nv=2GC,
NLEINQ=.FALSE..,
ALO=-0.184D-3,
NLGREN=.FALSE..,
SCALE=1.11111D0,
ITEST=0,
NITMAX=6,
WIDTH=1.5,
REND
LERT1DA NCHECK=50,IFC=0,SDIv=1.2D0,EPSR=1.D-5,EPSEQ=2.0D~4 &END
//FTL1FOCY DD DSN=J3331.APLEG2.DATA,DISP=SHR,LABEL=(,,,IN}
//ERATOV EXEC ERATOV,LM='J3190.ERATO"
//ERATO3 EXEC ERATO3,LM='J3190.ERATO'

//ERATOL EXEC

ERATO4, L M="J3190.ERATO' ,PNM=ERATO4D

//FT33F001 DD
/7

DSN=8&F33,DISP=(NEW,DELETEY,DCB=(RECFM=F),
UNIT=TSSWK,SPACE=(19000,(500))

//ERATOS EXEC

r

ERATOS,LM="J3190C.ERATO"

Fig. A5.2 JCL for the execution of ERATO code.

access method is used in ERATO4.
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