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A Study of Quasilinear Diffusion Coefficient of the Fokker — Planck
Equation Based on Full Wave Method
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Abstract: Based on the wave fields evaluated by full wave method, the various components
of quasilinear diffusion coefficient in spherical velocity coordinates are obtained by numeri-
cally resolving. The quasilinear diffusion coefficient of Fokker — planck equation is presen-
ted for investigating fast wave current drive in the ion cyclotron range of frequencies, and
the results will be used to solve bounce - averaged quasilinear Fokker — Planck equation
for further study of fast wave current drive.

Key words: diffusion coefficient ; Fokker - planck equation ;fast wave

0 3= (FWCD) B—FRA RS H S MBS T3k, K
EEMREEBLBIAREENEETEFL,

ALHARKEFIRETENRSETNE HhOTFREMBEREMEK, B FEANEF
BT HRERET, IRIEBM A REIRAR DREEREEGATESNRMERSHE F&ES
N HTFEFEHERAREEANOREBAES OEETFREH, RARENEREDRE R

i8S A HE 2009 - 01 — 14

EEWE:EXAABEESEWHIHE (10475039)

EEEM. 7 K982 -), &, WEERA BEREEHFBRERBIHRE. TEWR M -BET5%E
THYE. « EREE.



2 BleRFEFR( ARBER)

2009 6 A

W, PRI ESE TR R KM R AR

MIEHREERF SRR EREs +, FE
FRREAESE PRI K3 & 4 R
R RIS RE, I FENE S TREE
RS 4 , T 74070 SR ¥R Fokker -
planck HREHRE , T oK i Fokker — planck 5#2,
J35Kf# Fokker ~ planck F B FEMER 5FE T
AR T B FERESREBE MY
BRYE, XA RN EXERTEHYE
M EHEY BRRSEESE F AP MEBHGHE
X, MRS+ B, RERZSHERLT X
RAgMEMA B HRER, WEPFR & F B jE
E RRZRB RIS  EXAA RR .
XEMASEED KB REESE TR EE
R, FRIEE SUH R SRR, it — PR
Fokker - planck 2B EELRE.

1 YRR
L1 &EFE

HLAR B YIRS MY LA, S ST
HBUH R, R RN E D RSB T

BT EBE AR B A R B R IR 3 T 2K
T

vV xV xE:—;E l'U'°c(7 +J4)) (1)

R T FREE TR, RIS R,
Horh i, = 6, = iy X 0y = %

£LEFRAN) BRMILE[RESTEAGH
o - MR R

Jaul I =

0 (2)
R A 0 L XA BT S AR BT

E, =e™ Z E:(nv,r)ew 3)

MIEFHESMEARY - Mo SPTER
BT T

Y X [fr e (1) - 0*(mym)
E™(r))dedr + zzjre“""-m“’(i“m"(r,) .

gl E(m')(r,))de _ 411'12”' o (frm e ()
T(n,,r,&))deodr (4)

& 47ri
-5V xVXE+E+-=
w

EEEARAEREZBRNETEBE,
St BT BRERE bR REMSH 32 (FFT)
MEFEHE; ERM r EFAZWRREEARTE
R B 2 E RN BER R TR ER
OREE TR R R T R A
1.2 HSMy#Ry

B BT SR i TRERN, /R
BTGP REEEAETENERS, XRF
AR AR, BT IE  R AR F- 2 Fokker -
planck 77 ERHRRL T8 30, A BRBERI T L FR
MR BB T RS g R, TR T

dF, dF,

= +(vD+1)"E)

& dr V F.+

F ~ ~
;eEonBo : a_a;f = C(F,) + Q(Fe)

‘ (5)

v, REBEE b, = By/By RHEHHE

PiFR,E,, RAKMEY. S(F,) Ru#m™>,

Q(F,) REEGSEEFHREATET #TY,
ERTF -

O(F) === AjR]quRe
v, - [(a +—c—x§)‘fa] > dg
(6)
P N

e R B A BIFRR I BN f, R TR S
Fl 944 BB R BAER, | FARH L Fizs
HNEREAHBNETREERGNIE DR
BTEE, < > BRERAY o™ AEES N
1% £ B 0 R F 4, 38(5) PR TEHHEC R
BE AR OERERENNE - B
gR/v,, WEFHARBEME, 3 BN FERE
A IRV T BOEREIE] L R S B e (A 15 %8, K
b T SRR AT I SO A I S A

‘Xl e, = (1)2“ +v,)/2,u, =" 2B

HEBELHF,Q(F,) BIAWTER:

~ 1 FIES aF, - aF,
F,) = ~[2(D "
Q(F.) 2 [as( “* de, S L, )

BF

20, LD, 501 ®)
iy

b, .b,,.D,,.D,, ﬁﬁrgiumfm {OE €3
BEA .



23 HEE2H

x$(6) e FGFBYG T LAER [ 0 L
o FEOUE G R, BRI T K
g(r,t) = Y & () (9)

B, Hop ¢ RRHE, BT EER
PP BARS, HIREE RSN EE, AT RS
FHRRBRIRER, FRAERUERER
{815, B Kennel 1 Engelman 7E SBR[ 5] 25 1Y
LMY #0018 (8) PRHMALUE X, L
ﬁ#ﬁ?ﬁﬁ@]ﬁﬂ?ﬁﬁﬁ
- —Rez > $RJ, —doe‘"‘z o

n my,my
H

Jexp(i(m2 +qn)(6' -0) - w(t' -

-l— Lan,)

0) X (o6 = i3

(0"6‘; lm—an)dt (10)

BREER TP OEERAORN ¢ B4,

BRESHT. EEMNERET SRR D, FER
BROR H FRUMER R SR B R R B 8 1k
B, 3F B, 4 KRS T AL IRAC BE R 3R 5
B E R 0% /INERSY , B A B ILIR B AT
FnE, 6 &&m 9 Wﬂ%—iﬂm

~

i(my- "‘1)0

£ 2
i 2 r mp,my

my,n _w .L m,ny
(v,e 120 cB )T Wt

(v, e*" li—!-)-—le"'”)],:,R (11)
Hf o RESE,m, e RBZATFHENHRE R
P REEE, m, ,m, B—XURERE,BEES R
ERHFEENN, BHMEGL BT LK%
HESE. K1) PREH 6, = 67" (¢,v,) B
AL RE:

kP o= %Sin@ + —Ir—;—cos@ =2 (12)
] Uy
FATRB K" BB AR m HX BRI

BB T IR A3 2 i R P PR B P AR B i T O e
A A B AT T B B, 1R

mn n = o
B " R, + rcosé —v" (13)
AR T A -
g = arccosw (14)
wr
K (11)

F K% :Tokamak %8 kb il IS BR K 3
e L (15)
Wovy) = 1 k7736 |,

Wt G F IR m, , n BB ERBIEIRA
et 1] B LL A5, AR ISR AR 5] 45 3 -

e
W (go,) = ‘—J——
v K™/ 30

6=06g

B (n + m/q)/R, + rcosé
r(n + m/q)sin@/R, + rcosé

1

rsing

6=6,

(16)

5 8 TR BT R e B B =S 8] Y IE 3C AR AR
.83

bi,a, = v2|| (Dw(vu ) o+ DMX(v" )”41 +

mp(”")"l) (17)

HA Dy, Dyy Dy A HI3T M BAEZEW I, BE
o, R EDR. BTSN TAEERAER
R F R E EMEERERL, MATEE
FEEHEESBRARE-ITBH

H3R## Fokker - plank 512, RA T EILHI
IR T o, Flp, BRHRARELIFR TR MG,
HELHEY BN -

QR = = 210D 52 4 D0 32
F,
vs:nao 600[ ( bo.v a& *
Dy ‘3—2)] (18)
kB, = 5D, (19)
Don == 2ot 20)
Do = oD )
Du = D o)

SCERARIE 2T 7 ok th 49 B 70 Bl 0 X g

2 BUEHBERER S

HEHRANE RS RAEE FERURKY
EASHAN: K¥ER R, =1.65 m, /h¥4E o =
0.70 m, F.LIRE Y B, =2.00 T, B FKH
#idy =7.5 x10° A(FLDALHPRLFHRE) ,ng, =ny =
8.0 x 10°/m’ (LML MIB FHERE) , to, = to; =
2 keV, RE RS M BIAE w =30 MHz. A& Kt



4 BERFFER(ARPER)

2009 4£6 A

BRIy e T BE 43 A 9 3 T R R A
i, BRI ER U BRGRAKXL), FE
FAEFRFAHFR (12) BE, X RLA R AR [ B3
PP AR R I R Y BOR S
B 1 SH T TP A LR RE RS

1,00 = 2T /m BT, =T, (1~ (r/a)?).

6.51
6.0
~ 551
"
g 501
© 4.5

=401
3.5

3.0 v v T v v T T |
00 01 02 03 04 05 06 07 038

r/m

Bl FTAREESG
Fig.1 Distribution of v,

B 2 4 o Bk H L O T
. AR, BT B RSE T, 3
£ .0 K S TR

0.0015

0.0010

0.0005
£ A\
b
0.0000 /AP

e

i/

-0.0005

-0.0010
00 01 02 03 04 05 06 07

r/m

2 EFHRBSEERASH
Fig.2 Distribution of E,

B3 AE THREER 7. 195 x 10° Hz MHRPHER
R T MRS BARRNBRA T ARERT
PORRIT , SR F AR s R S SR AR AR o
BUR L RBUT R R R E T HR TRT R
&, ANE TR MY BREE R A LR HE
LSBT PO KR BIEOK .

B4, 5 554 1 T IR EB AR N RE
BT 0,0 HIMERAET SRR B B,

2.51
2.0
"é_, 1.51
B
1.01
0.51
0.0 1
0.0 0.1 02 03 04 0.5 0.6 0.7
rim
B3 #HEtreREEaSsH
Fig.3 Distribution of quasilinear
diffusion coefficient
0.7
0.6 H
T 0.5
0.4 1
Q
0.3
0.21
0.14
A
0.0 Ll T lA T AATA IA 1
00 01 02 03 04 05 06 07
r/m
B4 D, HBREASH
Fig.4 Distributiion of D, ,
35
3.0 ﬂ
2.54 1
s 2.01
Q 1.51

10 20 30 40 50 60 170
rim

5 D, MBRESTH
Fig.5 Distribution of D, ,



FBLBHBE2H

F A% :Tokamak BT PR R MISHY R -5

3 g

XEREF2W T, KE Fokker - planck
B RHER Y BURE, 1R HE Kennel 1 Engelman
RABE S BT 8 RER, LELR
O FASEERREMEEF AR ag, Eid
BEITEBIATEESRN TR RABEN S
B AREXATHABSREBEEGERE,
SHTERYBEERM RN THRIETHR, &R
B MERRE T EN TRBERE IR, &
SR Y 8RB Ay A A .

FENTETERITET A RERmE—
AR A, X R B R 3R 3D T A9 Fokker -
Planck JR3H7T HUER#, X R B IR Shoh RITF.
IR Wi o 16 BT T Rt — i+ B BT

BE 30k
[1] R4 EBE, WX, % K EIREETFERR
BRATHRR FEER R RIS (I]). wEER,

2006,55(3) 1307 - 1314.

(21X % ZB¥4K.8 R.% HAREEFREFIR
PHREERRENNERRS[I]. BERER(AR
BI2R) ,2007,21(1) ;1 6.

[3] Kamey C F F. Using quasi - linear diffusion to model ac-
celeration and loss from wave — particle interactions[J].
Comput. Phys. Comm,1986(4) :179 - 186.

[4] Bilato R, Brambilla M, Pavlenko I, et al. Simulation of
fast wave current drive in tokamaks in the ion cyclotron
frequency[ J . Nucl. Fusion,2002,42(9) : 1085 - 1088.

{5] Kennel C F,Engelmann F. Velocity space diffusion from
weak plasma turbulence in a magnetic field[ J]. Plas-
maPhys. Control. Fusion,1966,9(12) ;2377 - 2388.

(6] Stix T H. Fast — wave heating of a two ~ component plas-
ma[ JJ. Nucl. Fusion,1975,15(10) ;737 - 754.

[7] Brambill M,Bilato R. Simulation of ion cyclotron heating
of tokamak of plasmas using coupled Maxwell and quasi-
linear — Fokker — Planck solvers [ J]. Nucl. Fusion,
2006,46(7) :387 - 396.



