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1 Current diffusion equation

outcome:

Y (p) — flux function,

71 (p) — parallel current density,
Jtor (p) — toroidal current density,

Qoun (p) — ohmic heating power,

q(p) — safety factor,
Ey(p) — parallel electric field
o pBy 0 F2 0 [V [|Vp|*\ 10V v ‘
——— — | ¥ = a_ = = a | T & Uniex ni,im -0 1.1
2l (615 2By 8p> woBop Op | 4m? R F Op 2mp Uni.exp + Jniimp - %) (1.1)
where:

1o is permeability of free space ;
B is the magnetic field on geometrical axis, Ry is the major radius
F = R B, is a diamagnetic function (comes from equilibrium solver, IMP1)
2
metric coefficients such as V' and <’VR‘7‘ > should be provided by the equilibrium solver
non inductive current includes contributions (1:NSOURCE) in generic form from external sources (com-
puted by other modules, like ICRH, ECRH, NBI, neutrals and etc.), in the form of explicit and implicit

terms (index 1 is used for explicit parts and index 2 for implicit):

nsource

Jniexp = JBS,1 + JuH,1 + JICRH,1 + JNBL1 + JECRH,1 + ... = Z Jisource,1 (1.2)
isource=1
nsource

Joiimp = JBS.2 + jLH2 + jicRH2 + JNBL2 + JECRH2 - = Y Jisource,2 (1.3)
isource=1

(individual contributions by various sources should be provided by IMP#5 modules, accept for neutrals
and pellets, being the IMP#3 responsibility)

Poloidal components of the magnetic field and flux function:

[Vp| O
bl 1.4
27 R() (3',0 ( )

Bpol =

Parallel electrical conductivity, computed by COLLISIONS module, is used (unless neoclassical value is
provided):

2
o) = 1.96——< (1.5)
with .
3 /me T2
_ 3 [Mme 1.
Te= 1\ 27 neet\ (1.6)
Safety factor:
27TBo,0
(@9 /0p)



Total current:

(toroidal)
o= A 5 (13)
H = 4:/2'<(vftf)>2>
(parallel)

2 (FN' 0 (RbBy, 00
= rv \By ) ap\"F " op

Ohmic heating:

Qon = o)k
1 . . .
EH = (.7” — Jniexp — jni,imp\I/)

ol

1.1 Boundary conditions

(1.10)

(1.11)

(1.12)

(three different options to specify boundary conditions should be available with the transport solver)

on axis p=0:
N

=0
Op p=0

at the edge p = ppnq :
type=1 (value)

z/]lpzmmd = Ybnd

type=2 (total current inside p = ppna)

i
dp

A g

P=Pbnd V! < ‘ %

2>Ibnd

type=3 (loop voltage at p = ppnd)

oY
E = Uloop,bnd
P=Pbnd
type=4 (generic)
oY
Vgen 87,0 bnd + ugenwbnd = Wgen

(1.13)

(1.14)

(1.15)

(1.16)

(1.17)

If equation 1.1 is not solved (PSI.BND_TYPE=0), q(p) should be specified, other quantities

are defined as:



Jtor = ,UzOV/ : aip

q
o F\’ 0 (RoBo 2w Bop
M= poRoV' \Bo) Op \ F q
1 2
QOH = (]H jnl exp ]nl imp \Ij)

(1.18)

(1.19)

(1.20)

(1.21)

1.2 Translation of the current equation to the generalized form with numer-

ical coefficients

Time discretization:

V-0 pBy 9 F* 9|V [|Vp]’\ 10V o vt - 0)
T 2B, ap UHN()BOP ap 472 R F ap 27TPJH Jni,exp T Jni,imp
I P2 1% _ ojkor’ B
o\ —= + 1oBop 8p |: 412 <’ > Fop . g 70 . \I/:| =
2

F
v’ 8 By 0| Mop
27rpj’“ exp (27rp]n1 imp + 7| 6770 F? ) -V

Generalized form of diffusion equation for the quantity used in the ETS:

a(p)-Y(p)—b(p) YL (p) . 1 a<d(p).8Y<p>

+ -
h c(p) Op dp

definitions for numerical coefficients in current equation:

a(lp) = o
b(p) = o
YiTl(p) = ¥~
poBop
clp) = %
Vp
dlp) = 47r2< R >F
c(p) = _okop® By
o 22
v
f(p) - _%]ni,exp
v By 9 oypop?
9lp) = 5 me imp + 50N 5
h =71

+e<p>~Y<p>) —F () —9(p)-Y ()

(1.22)

(1.23)

(1.24)



1.3 Boundary conditions

(three different options to specify boundary conditions should be available with the transport solver)
general form required by numerical solver:
U%ﬁlbnd + uthy,g = w, where v(1:2), u(1:2), w(1:2) are coefficients required by the solver

on axis p=0:

oY

Bl " 0 (1.34)
v(1) = 1 (1.35)
u(l) = 0 (1.36)
w(l) = 0 (1.37)

at the edge p = ppna :
type=1 (value) PSI. BND_TYPE(2)=1; PSI.BND(2,1)= ¥pna

'l/)‘p:pbnd - wbnd = 0 (138)
v(2) = 0 (1.39)
uw(2) = 1 (1.40)
w(2) = YPona (1.41)
type=2 (total current inside p = ppna) PSI.BND_TYPE(2)=2; PSI.BND(2,1)= Ipna
4 2
v = Tl (1.42)
ap P=Pbnd |l Vp 2
R
v(2) = 1 (1.43)
u(2) = 0 (1.44)
4m o
w(2) = ﬁl‘bnd (1.45)
vi{Jel)
type=3 (loop voltage at p = ppna) PSI.BND_TYPE(2)=3; PSI.BND(2,1)=Uloop,bnd
1/}|/)=pbt)d - (T UlOOp,bnd_FdJ}:nd) = O (146)
v(2) = 0 (1.47)
w(@) = 1 (1.48)
w(2) = TUloop,bnd + Yppnq (1.49)

type=4 (generic) PSI. BND_TYPE(2)=4; PSI_.BND(2,1)=vgen; PSI.BND(2,2)=ugen; PSI.BND(2,3)=wgen

ov
Ugen R od + ugen\llbnd = Wgen (150)
v(2) = Ugen (1.51)
u(2) = Ugen (1.52)
w(2) = Wgen (1.53)

1.4 Variables used in ETS (SUBROUTINE CURRENT)



Variable TYPE%NAME used in ETS data|Internal name used in|Units
flow CURRENT routine
T EVOLUTION%TAU TAU S
By GEOMETRY%BTPRIME BTPRIME T/s
By GEOMETRY%BT BT T
Ry GEOMETRY%RO0 RO m
p GEOMETRY%RHO RHO m
Vv’ GEOMETRY%VPR VPR m?
<’2f"2> GEOMETRY%G3 a3 2
F GEOMETRY%FDIA FDIA T-m
H - H
m -- PI
1o -- MU0 H/m
v PROFILES%PSI PSI Vs
[\ EVOLUTION%PSIM PSIM Vs
q PROFILES%QSF QSF -
Jtor PROFILES%CURR-TOR CURR-TOR A/m?
Jl PROFILES %CURR_PAR CURR-PAR A/m?
Jni,exp -- CURR_NI_EXP A/m?
Jni,imp -- CURR_NI.IMP A/(V-sm?)
Jsource,1 SOURCES%CURR_NI_EXP - A/m?
Jsource,2 SOURCES %CURR_NI_IMP - A/(V-s-m?)
Qon SOURCES%QOH QOH W /m?
a| TRANSPORT%SIGMA or SIGMA (Ohm-m)*
SOURCES%SIGMA or
COLLISIONS%SIGMA
E PROFILES %E_PAR E_PAR V/m
a SOLVER%A A -
b SOLVER%B B -
c SOLVER%C C --
d SOLVER%D D —
e SOLVER%E E -
f SOLVER%F F --
SOLVER%G G -




h SOLVER%H H --
(1:2) SOLVER%V v -
u(1:2) SOLVER%U U -
w(1:2) SOLVER%W W -
yt-1 SOLVER%YM W -
solution SOLVER%Y Y -
derivative  of| SOLVER%DY DY -

solution

Functions

Internal name used in
CURRENT routine
T || i 2
H}gﬂ FUN1
9 okop”
55 ”F§ DFUN1
% Vp 2
A2 <’R > FUN2
% FUN3
oY
H{Tp FUN4
E) o
2 (Ha—p) DFUN4
RoBg 17 0¢
OTOHpr FUN5
o RoB o
2 (B ngy) DFUN5




2 Ion density (1:nion)

outcome:

ni (p,dion) — ion density

Fi (P, Z‘ion) — ijon flux

vi (pytion) — ion flux contributing to heat transport

Tsi (p,4ion) — integral of sources (flux)

lon diffusion equation to be solved:

d By 9 , ) ,
a:, oD 9. 3 I = i,exp — Pi,imp " g 2.1
<at 2BO 8[)’0) (V’n‘l)_'_ap 2 V (Szy P Se p n) ( )
where the total flux defined as:
/ 2 anz pinch

where total transport coefficients are defined as a sum of individual contributions (1:NMODEL):

nmodel
Di = Di,an + Di,NC + Di,ext +..= E Di,imodel (23)
imodel=1
nmodel
pinch pinch pinch pinch o pinch
Vi - Vi,an + ‘/i,NC + Vi,ext Tt = Vi,imodel (24)
imodel=1

(individual contributions, Dj; imodel and V'il_’ii::ﬁ)hdeh to D; and Vipim1 by various transport models should
be provided by IMP#/ modules)

and sources include contributions (1:NSOURCE) in generic form from NBI, recycling and puffed neutrals,
ripple, ergodization, and other possible sources, in the form of explicit and implicit terms (index 1 is
used for explicit parts and index 2 for implicit):

nsource

Si,cxp = Si,n,l + Si,NBI,l + Si,ripplc,l + Si,cxt,l +...= § Si,isourcc,l (25)
isource=1
nsource

Siimp = Sinz2+ SinB12 + Siripple,2 + Siext,2 + ... = E S isource,2 (2.6)
isource=1

(individual contributions by various sources should be provided by IMP#5 modules, accept for neutrals
and pellets, being the IMP#3 responsibility)

2.1 Boundary conditions

Following options to specify boundary conditions should be available with the transport solver

NOTE! Specified positive values for Vn;pnq and Ly, correspond to “normal” profile with
density decreasing towards the edge



on axis p=0:

871,’
—l _0s = 0 2.7
s (2.7
Vipimh = 0 (2.8)
at the edge p = ppna :
type=1 (value)
ni|P:pbnd = N4, bnd (29)
type=2 (gradient)
ani
87p|P:and = _Vni,bnd (210)
type=3 (scale length)
1
R 2.11
(Olnn;/dp) lp=puna ( )
type=4 (flux)
ani inc!
V/ <|vp|2> < D’Laip =+ i ‘/Z'p h) |p:pbnd - Fivbnd (212)
type=5 (generic)
8’!1,1‘
Vgen 87 + UgenMi,bnd = Wgen (2'13)
bnd

If equation 2.1 is not solved (NI_.BND_-TYPE=0), interpretative density should be specified
and flux is calculated from the integral of sources:

N = TN interp (214)

r = Ts (2.15)
3

N = §FSi (2.16)

where 7 is the time step, V'~ and n;- are taken from the previous time step, and

BO Vl_n'_- -
0 (0V M imterp) + Y Mijinterp™

1
FSi = 230 <V/Si,exp + - ni,interpvl . <T + S?l,imp)) 6/) (2'17)

T

O\’b

2.2 Translation of the ion density equation to the generalized form with
numerical coefficients

Dy~ Bo 9y O T e (- 0 2% e\ s g o
8t (V nz) 2B0 6/) (pV 77/1) + ap |:V <|Vp| > ( -Dz 8,0 +nz ‘/z >:| =V (Sz,exp Sz,lmp nz)
(2.18)
a (! 3 2 n; inch Bo _
B+ [V (9F) (- D P v =

= V, Si,exp - V/ni : {P(% (%) + Si,imp}



time discretization:

oV'ng  V'ng —V'"n;-

ot T
where V'~ and n;- are taken at the previous time step

Ve ne 2 (v (19 ) D%+ (v (19 ) VIRt = fa o) i | =

= V/ Si,exp - V/ {P@gp (23?00) + Si,impi| sy

Generalized form of diffusion equation for the quantity used in the ETS:

h Tl op

a(p)-Y(p)—b(p) YL (p) . 1 a<_d<p),8Y<p>

definitions for numerical coefficients in ion density equation:

a(p) = V'
b(p) = V'~
Yh(p) = n;
clp) =1
d(p) = V' {(|Vp") D;
! 2 pinch BO /
e(p) = V<|Vp|>‘6 ~5p, "V
flp) = V/SLeXP
g(p) = V'Siimp
h = 71

2.3 Boundary conditions

generalized form required by numerical solver:
v%\bnd + uYpna = w, where v(1:2), u(1:2), w(1:2) are coefficients required by the solver

on axis p=0:

871,'
87p|p20 =0
v(l) =
u(l) = 0
w(l) =
e(l) = —2%. v

at the edge p = ppnq :

10

+e<p>-Y<p>) — (D) —9(0)-Y (p)

(2.20)

(2.21)

(2.22)



type=1 (value) NI. BND_TYPE(2)=1; NI.BND(2,1)=n; bna

Nilp=pyua = Mibnd (2.37)
u(2) = 0 (2.38)
v(2) =1 (2.39)
w(2) = 7Nibnd (2.40)
type=2 (gradient) NI.BND_TYPE(2)=2; NI.BND(2,1)=V7; bnd
8’1%
87p|p:pbnd = —Vn;pnd (2.41)
v(2) =1 (2.42)
u(2) = 0 (2.43)
w(2) = —Vnipnd (2.44)
type=3 (scale length) NI.BND_TYPE(2)=3; NI BND(2,1)=L,;
;I L (2.45)
(0lnn; /dp) P=Pr m '
v(2) = 1 (2.46)
u(2) = 1/Ly (2.47)
w(2) = 0 (2.48)
type=4 (flux) NI_BND_TYPE(2)=4; NLBND(2,1)=I" pnq
on; -
2 i inch
V’<|VP| > (— Dig s Ve ) lo=pima = Libna (2.49)
0@ = -V/(|9f)D; (2.50)
w@ = V(IVelP) vt @)
w (2) = 1_\i,bnd (252)

type=5 (generic) NI_.BND_TYPE(2)=5; NI.LBND(2,1)=vgen; NI_LBND(2,2)=ugen; NI_LBND(2,3)=wgen

3ni

Vgen 67 + UgenTlibnd = Wgen (253)
bnd

v(2) = Ugen (2.54)

w(2) = Ugen (2.55)

w(2) = Wgen (2.56)

* extra output, ion flux contributing to ion energy transport
nmodel . )
Vi = Z €1,imodel V' <|Vp|2> (— Di,imodelaipl +n; V;f);,?ﬁ;eo (2.57)

imodel=1

2.4 Variables used in ETS (SUBROUTINE ION_DENSITY)

11



Variable TYPE%NAME used in ETS data|Internal name used in|Units
flow ION_DENSITY routine

T EVOLUTION%TAU TAU s

By GEOMETRY%BTPRIME BTPRIME T/s
By GEOMETRY%BT BT T

p GEOMETRY%RHO RHO m
4 GEOMETRY%VPR VPR m?
%4 EVOLUTION%VPRM VPRM m?
<\Vp|2> GEOMETRY%G1 a1 -

n; PROFILES%NI NI m™
n;— EVOLUTION%NI NIM m3
I, PROFILES%FLUX_NI FLUX 1/s
i PROFILES%FLUX_NI_.CONV FLUX_NI_.CONV 1/s
[s; PROFILES%INT_SOURCE_NI INT_SOURCE 1/s
Si exp - SI_EXP m3st
Si imp - SI_IMP 1/s
S isource, 1 SOURCES%SI_EXP - m-3s1
S isource,2 SOURCES%SI_IMP - 1/s
D; -- DIFF m? /s
ypinch - VCONV m/s
Dj imodel TRANSPORT%DIFF _NI DIFF_MOD m? /s
Vg’;;%d TRANSPORT%VCONV NI VCONV_MOD m/s
€1,imodel TRANSPORT%C1 C1 -

a SOLVER%A A -

b SOLVER%B B -

c SOLVER%C C -

d SOLVER%D D -

e SOLVER%E E -

f SOLVER%F F -

g SOLVER%G G -

h SOLVER%H H -
v(1:2) SOLVER%V \% --
u(1:2) SOLVER%U U -
w(1:2) SOLVER%W W --

12




yt-1 SOLVER%YM W -
solution SOLVER%Y Y -
derivative  of| SOLVER%DY DY -

solution

Functions

Internal name wused
IJION_DENSITY routine

in

V'™n

FUN1

1 / i,interp / 1
° <V S’i,exp + l;n P — ni,interpv . (; + Si,imp)
F

7]

g ’ " interp— / 1
] <V Si,exp + —Linterp ni,interpv : (; + Si,imp)
0

Idp

)
)

INTFUNI1

13




3 Quasi-neutrality condition (electron density)

outcome:

Ne (p)
e (p)
Ye (p)
Zest (p)

electron density,
electron flux,
contribution to electron heat transport,

effective charge

electron density and flux are estimated from:

Ne = E Zion * Nion + § Zirnp * Mimp

ion imp
Fe = § Zion : Fion + § Zimp : 1_\imp
ion imp
2 . 2y
ZZion * Mion + Z Zimp Nimp
ion imp
Zet =
Ne

Ye = ZZion * Yion

ion

*second terms are optional, included if impurity density and flux are computed by the separate “IMPU-
RITY” module

*indexes ion and imp correspond to particular ionization state of particular ion

3.1 Variables used in ETS (SUBROUTINE QUASI NEUTRALITY)

Variable TYPE%NAME used in ETS data|Internal name used in|Units
flow QUASI_NEUTRALITY
routine

p GEOMETRY%RHO RHO m
Ne PROFILES%NE NE m™
r. PROFILES%FLUX _NE FLUX_NE 1/s
Ye PROFILES%FLUX NE_CONV FLUX_NE_CONV 1/s
Zoft PROFILES%ZEFF ZEFF -
Zion PROFILES%ZION ZION --
Z: PROFILES%ZION2 ZION2 -
Nion PROFILES%NI NI m™3
Cion PROFILES%FLUX _NI FLUX_NI 1/s
Yion PROFILES%FLUX _NI_.CONV FLUX_NI.CONV 1/s
Zimp IMPURITY %ZIMP ZIMP --

14




mep IMPURITY%ZIMP2 ZIMP2 --
Nimp IMPURITY%NZ NZ m
Limp IMPURITY %FLUX_NZ FLUX_NZ 1/s

15




4 TIon energy transport equation (1:nion)

outcome:

T; (p,dion) — ion temperature,

@ (p, tion) — ion conductive heat flux,
T; (p, tion) - Vi (P, %ion) — ion convective heat flux,
H; (p,%ion) — total ion heat flux,

H; int (P %ion) — integral of sources

lon energy equation to be solved:

3({ao By 0 5 2 O 5
s\3 55 5 iTivlg) V'8 = (qi+Tivi) = V'3 [Qiexp — Qiimp - Ti + Qei + Qui i
(4.1)
where conductive and convective heat flux defined as:
aﬂ inc
a0 =V (99 [ (— 52+ v )| (12)
0
nmodel
T; Yi = T; Z Cl,imodelri,imodel (43)
imodel=1
(i is computed in ION_DENSITY routine), and partial particle fluxes are defined as:
! 2 8”1' pinch
Fi7im0del =V <|VP| > - Diﬂmodelaip + n; V;,imodel (44)
Total heat flux:
Total transport coefficients are defined as a sum of individual contributions (1:NMODEL):
nmodel
Xi = Xi,an T Xi,NC + Xiext + --- = Z Xi,imodel (46)
imodel=1
) ) ) ) nmodel )
VR = VR + VRS + VR o= D Vliioeda (4.7)
imodel=1

(individual contributions, Xi imodel and V’I‘pilr;fl}llodel’ to x; and V{fi‘mh by various transport models should

be provided by IMP#/ modules)

and right hand side includes contributions (1:NSOURCE) in generic form from external sources (com-
puted by other modules, like ICRH, ECRH, NBI, neutrals and etc.), in the form of explicit and implicit
terms (index 1 is used for explicit parts and index 2 for implicit):

nsource

Qiaexp = Z Qi,isource,l (48)
isource=1
nsource
Qiyimp = Z Qi,isource,2 (49)
isource=1

16



(individual contributions by various sources should be provided by IMP#5 modules, accept for neutrals
and pellets, being the IMP#3 responsibility)

and internal sources (computed by ETS, various energy exchange components):

Qei = Vei (Te - T‘z)

Qi = Zyzi (T, -T;) = ZVZiTz - T;- Zyzi

nmodel

Q'yi = Z Q'yi,imodel

imodel=1

(4.10)

(4.11)

(4.12)

various collisions quantities ( Vei, » Vg, Veile and > v,;T.) should be provided by stand alone COLLI-

SIONS module

flow terms Qi imodel Should be provided by transport modules, IMP#4

4.1 Boundary conditions

Following options to specify boundary conditions should be available with the transport solver

NOTE! Specified positive values for VT, 1,q and Lt; correspond to
temperature decreasing towards the edge

on axis p=0:

at the edge p = ppna :
type=1 (value)

type=2 (gradient)

type=3 (scale length)

type=4 (flux)

type=5 (generic)

oT; _ 0
p 1,0
VTE)iinch - 0
T3l p— pyg = Tisona
oT;
3 = —VT; bnd
p P=Pbnd
1
T R —Lmj
(OInT/0p) | p=

(¢ + Ti7%i)l = pya = fTibna

oT;
vgen aip

+ ugenn,bnd = Wgen
bnd

17

“normal” profile with

(4.13)

(4.14)

(4.15)

(4.16)

(4.17)

(4.18)

(4.19)



If equation 4.1 is not solved ( TI_.BND_TYPE=0), interpretative temperature should be speci-

fied and various flux components are calculated from the integral of sources:

n = Ti,interp
/Tz'yz = Y- /Ti,interp
H; = H;int
¢ = Hiine — % T interp
where:
3 B
Hi,int = 2 2B0 C PN V. -1 ,interp
T . [3 V- f
ng— z ,inter B
+/V/ e ( V! ) + Qi,cxp + Q’yi + VciTe + ZVZiTz 3P
0 z
T T3 By oV
/ ng 0
/V 77+Q11mp+yel+zyzi_pni'ﬁ'aip 'T;,interp'ap
0 z

4.2 Translation of the ion energy equation to the generalized form

numerical coefficients

time discretization:

T V'S —n, T _ V'3 5 2
3 T _%%'Q<P”'Tivl3)+vl 2 (g + Tivi) =
[Qz exp Qi,imp . Ti + Qei + in + Q"/’L]

mc S

where 7 is the time step, Tj—, n;— and V'~ are taken from the previous time step

5 5
3TV’ —n, T, V'3 5 [39 (B By 1 9V’
3 7 +pn,V's - {537 (ﬁ)‘ﬁﬁ' ap}+
2 : 5
VAL (4 T — 3+ F2 - pnTV') = V'3 (Quoxp — Qimp T + Qui + Qui + Q]

5

niTivl%_ni*Ti*V,73 /2 3 0 Bo B() 1 v’
+pnf-r7,v3 587;) 2B, *mw'ap +

i,eXp Qi,imp : Tz + Q’yi + Vei (Te - E) + Zyzi (Tz - E):|

il . . 5 . . ,

3 E— +pnTV’ [wi(%)‘%%-%‘ﬂJr
V32 (v (1) [mi (- i+
{ iexp — Qiyimp - Ti + Qi + Vi (Te —T3) + > vm (T, — Ti):|

18

3
2
+VE L (V’ <|VP\2> [ ( X5+ T, V’ll“)iinCh):| +Tv— % 5% -pniTiV’) =

T VR + T - § - e pn V') =

(4.24)

with

(4.25)

(4.26)

(4.27)

(4.28)



gy T T (%) ° 30 (B By 1 . oV
§V/ : v —|—Tﬂlip[/’,[§% (ﬁ)_ﬁﬁ' 8p:|+
2 ; inch E
+55 (V’ <\Vp| > [n (— XiG + T Vi )} + Ty — 5 - 5 ~pniTiV’> = (4.29)

?V, |:Qi,exp - Qi,imp : Tz + Q'yi + Vei (Te - E) + Zl/zi (Tz - E):|

niT,,-—n,,Tv, (V/T)%

3 i i

EV/ - v. + |

+8@p (—V’ <|vp|2>nl Xz%j;l + [V/ <|vp|2>niVTpimCh o= % ) % .pniv/} T ) _
v [Qi’exp + Qi + veiTe + ZVziTZ] _

7 [Quime s+ S oV (8 () - B 9]

(4.30)

Generalized form of diffusion equation for the quantity used in the ETS:

h "o

alp) Y(p)=b(p) Ylp) | 1 9 (—d<p>-aY(p)+e<p>~Y<p>)=f<p>—g<p>~Y<p> (4:31)

definitions for numerical coefficients in ion energy equation:

a(p) = gV'ni (4.32)
5
3 V=
blp) = Zne- ( T > (4.33)
vislp) = 17 (431)
clp) = 1 (4.35)
d(p) = V(|9 )nixi (4.36)
- 3 B
_ ! 2 _1/pinch 2 Po !
e(p) = V <\Vp| >nzVTi + 9 5 2B, pn;V (4.37)
f (p) = V/ QLexp + erz‘ + VeiTe + ZVZiTZ (438)
By 1 0V’
— / P . P— ! e — .
g (P) =V Qz,lmp + Ve + ;Vm PV n; 2B, V' 6/) (439)
h = 7 (4.40)

4.3 Boundary conditions

generalized form required by numerical solver:

’U%‘bnd + uYpna = w, where v(1:2), u(1:2), w(1:2) are coefficients required by the solver
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on axis p=0:

oT;

ol = 0 (4.41)
v(l) = 1 (4.42)
u(l) = 0 (4.43)
w(l) = 0 (4.44)

3 B ,
e(l) = —i-TBOO-pniV (4.45)

at the edge p = ppnq :
type=1 (value) TI. BND_TYPE(2)=1; TI. BND(2,1)=T; png

Tl T, b (4.46)
w2 = 1 (4.48)
w(2) = Tipnd (4.49)
type=2 (gradient) TL.BND_TYPE(2)=2; TLBND(2,1)=VT; ynq
T;
9 - = _lei,bnd (450)
6,0 P=Pbnd
v(@) = 1 (4.51)
w@) = 0 (4.52)
w(2) = —VTpnd (4.53)
type=3 (scale length) TI_ BND_TYPE(2)=3; TI.BND(2,1)=L;
1
L 4.54
T 109, oy
v@) = 1 (4.55)
w(@) = 1/Lz (4.56)
w(2) = 0 (4.57)
type=4 (flux) TLBND_TYPE(2)=4; TLBND(2,1)=fritna
(@ + Tivi)lp=pp,s = JTibma (4.58)
0@ = —niV' (|96 (459)
w@ = VRV (Vo) + (4.60)
w(2) = fribnd (4.61)

type=>5 (generic) TI.BND_TYPE(2)=>5; TI_.BND(2,1)=vgen; TI.BND(2,2)=tgen; TI.BND(2,3)=wgen

oT;
VUgen + UgenTi,bnd = Wgen (462>
9 bnd
v(2) = Ugen (4.63)
u (2) = Ugen (4.64)
w(2) = Wgen (4.65)

4.4 Variables used in ETS (SUBROUTINE ION_TEMPERATURE)
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Variable TYPE%NAME used in ETS data|Internal name used in|Units

flow ION_TEMPERATURE

routine

T EVOLUTION%TAU TAU S
By GEOMETRY%BTPRIME BTPRIME T/s
By GEOMETRY%BT BT T
p GEOMETRY%RHO RHO m
v’ GEOMETRY%VPR VPR m?
%4 EVOLUTION%VPRM VPRM m?
N - DVPR m
<\vp|2> GEOMETRY%G1 a1 -
T; PROFILES%TI TI eV
T;- EVOLUTION%TI TIM eV
n; PROFILES%NI NI m3
n;— EVOLUTION%NI NIM m
Yi PROFILES%FLUX _NI_.CONV FLUX_NI 1/s
H; PROFILES%FLUX_TI FLUX_TI W
Tivi PROFILES%FLUX_TI_.CONV FLUX_TI.CONV W
i PROFILES%FLUX_TI_.COND FLUX_TI_.COND W
Hiine PROFILES%INT_SOURCE_TT INT_SOURCE W
Qiexp - QI_EXP eV-m3s!
Qi imp - QIIMP m3s!
Qi isource, 1 SOURCES%QI_EXP - oV.m3g !
Qi isource,2 SOURCES%QI_IMP - 3!
Vei COLLISIONS%VEI VEI m3s!
Veile COLLISIONS %QEI QEI eV-m3s!
> Vi COLLISIONS %VZI VZ1 m3s!
> T, COLLISIONS %QZI QZ1 eV-m3s!
Qi - QGI eV-m3s!
Qi imodel TRANSPORT%QGI - eV-m-3s1
Xi - DIFF m? /s
yRmeh - VCONV m/s
Xi,imodel TRANSPORT%DIFF_TT - m?/s
VR el TRANSPORT%VCONV _TI - m/s
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a SOLVER%A A -
b SOLVER%B B -
c SOLVER%C C -
d SOLVER%D D -
e SOLVER%E E -
f SOLVER%F F -
g SOLVER%G G -
h SOLVER%H H -
v(1:2) SOLVER%V \Y% --
u(1:2) SOLVER%U U -
w(1:2) SOLVER%W W -
yt-1 SOLVER%YM W -
solution SOLVER%Y Y -
derivative  of| SOLVER%DY DY -
solution
Functions Internal name used in
ION_TEMPERATURE
routine
%/(%7%_2;““””_ (‘(//,_ ) T Qiexp + Qi + VeiTe + > T, —
z FUN1
— 132 4 Qjimp + Vi + zz:l/zi —pn; - 2%”0 : aa‘ﬂ T interp)
P z
v [3” (%7)" + Quoxp + Qui + VT + guziTz] dp- R

0

P .
3 ng B v’
_j‘v/ |:27:_ +Qi,imp+yei+zl/zi - PN 2731 : 6p:|
z

‘ CZﬂi,interp : ap
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5 Electron energy transport equation

outcome:

T. (p) — electron temperature,

qe (p) — electron conductive heat flux,
T. (p) - ve (p) — electron convective heat flux,
H, (p) — total electron heat flux,
Heint (p) — integral of sources

electron energy equation to be solved:

3({0 By, 9 " ) "
= - = .= T 3 T =V’ — LT - . 1
2 <6t 2BO app) (ne eV 3) + V 8,0 (Qe + 676) V 3 [Qe,exp Qe,lmp e + Qle Q'yz] (5 )

where conductive and convective heat flux defined as:

aTe inc
i = V(O oo (- xS 4T vEn) | (5.2

Te’Ye = Te ' ZZz *Yi (53)

Total transport coefficients are defined as a sum of individual contributions (1:NMODEL):

nmodel
Xe = Xe,an + Xe,NC + Xe,ext +.= § Xe,imodel (54)
imodel=1
nmodel
pinch __ y,pinch pinch pinch _ pinch
VTc - VTc,an + VTc,NC + VTc,cxt Tt = VTe,imodel (55)
imodel=1
T . . inch inch .
(individual contributions, Xe,imodel and V%’;iinodel, to xe and VE"" by various transport models should

be provided by IMP#/ modules)

and right hand side includes contributions (1:NSOURCE) in generic form from external sources (com-
puted by other modules, like ICRH, ECRH, NBI, neutrals and etc.), in the form of explicit and implicit
terms (index 1 is used for explicit parts and index 2 for implicit):

nsource

Qe,cxp == Z Qe,isourcc,l + QOH (56)
isource=1
nsource
Qe,imp = Z Qe,isource,? (57)
isource=1

(individual contributions by various sources should be provided by IMP#5 modules, accept for neutrals
and pellets, being the IMP#3 responsibility)

and internal sources (computed by ETS, various energy exchange components):
Qie = ZVei (T1 - Te) = ZyeiTi - TeZVei (58)
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various collisions quantities (> Ve and Y veiT; ) should be provided by stand alone COLLISIONS module

nmodel

Q’yi = Z Q'yi,imodel (59)

imodel=1

flow terms Qi imodel Should be provided by transport modules, IMP#4

5.1 Boundary conditions

Following options to specify boundary conditions should be available with the transport solver

NOTE! Specified positive values for VI.ynq and L1, correspond to “normal” profile with
temperature decreasing towards the edge

on axis p=0:

oT,
el (5.10)
dp p=0
at the edge p = ppnq :
type=1 (value)
T6|P=pbud = Te,bna (5.11)
type=2 (gradient)
oT,
9 < = _VTe,bnd (512)
P lp=pima
type=3 (scale length)
1
S —Lr (5.13)
(OWT./0p)|,—,. | ¢
type=4 (flux)
(Qe + T676)|p:pbnd = fTe,bnd (514)
type=5 (generic)
oT,
Vgen 5 + ugenTe,bnd = Wgen (515)
9 bnd

If equation 5.1 is not solved ( TE.BND_TYPE=0), interpretative temperature should be spec-
ified and flux is assumed:

T, = Te,interp (516)
Te')/e =Ye - Te,interp (517)
H, = He,int (518)
Ge = He,int — Ve Te,interp (519)
where:
He,int = % : QBBOO . pnevl : Te,interp+
h 3N~ T, i torp— /—%
+[V <3W (‘(// ) + Qeexp + 2 Veili — Qw)@p— (5.20)
0 B .
A > ’
-Jv (3  Quimp + i — g - Bl Y ) T e3P
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5.2 Translation of the electron energy equation to the generalized form with

numerical coefficients

time discretization:

/5 35 .
eTeV'3—n T _V f 5 2 o
3n n% _ %2%)0, . 6%) (pneTevls) + V' a@p (ge + Teve) = (5.21)
= V/% [Qe,exp - Qeﬂmp ' Te + Qie - Q’yz}

ol

where 7 is the time step, T,-, n.- and V'~ are taken from the previous time step

wlo

o (@) _ Ba1 6V’} T
dp \ 2B 2By V' ap (5_22)
V'3

Tevlg_ne_Te_ v +pneTeV/g . |:%
[QP exp Qe,imp : Te + Qie - Q'yz]

3
2 T
+V/%d@p (Qe + Te’)/e - % : % 'pneTeV/)

wlen

/5
T.V'5—n T, V'~ 3 |30 (B By 1 8V’
+pn V'S [mp (ﬁ) T35,V 0p ] +
%SQ ( <\VP| > |: ( Xe %j;e T; VTE;nCh)} + Teve — % : 23700 : pneTeV/) = (523)
?V/§ |:Qe,exp - Qe,imp Ty + ZVEi (TZ - Te) - Q“/i

w\w

23?00 -pneTeV’) =

3V/ neTe—n, T, (VV#)E o) V'V 2 T, +T Vpinch T 3
2 T —"_aip | p| Xeap e Ve + eVe = 3
[ |:Qe,exp + Zyein - Q'yi:| -V |:Qe,imp + Zl/ei + PN - (%Z% (23?00) - QB?OO% : 83‘;/>:| . Te

(5.24)

5
neTe_nﬂ_T"‘_ V’ ’ 2 2 inch
O e T R e U R B
B By 1 av’
*0) ~ 3B V7 Bp )} T,
(5.25)

3y

2 T

v’ |:Qe exp T ZVeiTi - Q'yi -V |:Q€7imp + ZVei +png (%é% <2Bo

Generalized form of diffusion equation for the quantity used in the ETS

a(p)-Y(p)=b(p)-Y'""'(p) 1 0 aY () -
h +c<p>ap<‘d(”)' 7 +e<p>-Y<p>)—f(p)—g(p)-Y(p) (5.26)

definitions for numerical coefficients in electron energy equation:
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5.3 Boundary conditions

Vl

V/

Qe,exp + ZyeiTi - Q'yi

By 1

Qe,imp + Zl/ei - Pne :
i

generalized form required by numerical solver:

v%—};\bnd + uYpna = w, where v(1:2), u(1:2), w(1:2) are coefficients required by the solver

on axis p=0:

at the edge p = ppnq :

oT. _ 0
ap p=0
H = 0
v(l) = 1
u(l) = 0
w(l) = 0
e(l) = —g : % -pn V'

type=1 (value) TE_.BND_TYPE(2)=1; TE_.BND(2,1)=T. pnd

T€|p:and Te,bnd
v(2) = 0
u(2) = 1
w (2) = Te,bnd

2B, V'

ov’
dp

type=2 (gradient) TE_.BND_TYPE(2)=2; TE.BND(2,1)=VT¢ bnd

T.
aa - = _VTe,bnd
p P=Pbnd
v(2) = 1
u(2) = 0
w (2) = _VTe,bnd

(5.27)

(5.28)

(5.29)
(5.30)

(5.31)

(5.32)

(5.33)

(5.34)

(5.35)

(5.46)

(5.47)
(5.48)
(5.49)



type=3 (scale length) TE_.BND_TYPE(2)=3; TE_.BND(2,1)=Lr,

1

v(2) = 1
w(2) = 1/Lte
w(2) = 0

type=4 (flux) TE_BND_TYPE(2)=4; TE.BND(2,1)=fre bnd

type=5 (generic) TE_.BND_TYPE(2)=5; TE.BND(2,1)=v

(QE + Te’Ye) ‘/):I’bnd =

oT.
Vgen 876 + ugenTe,bnd = Wgen
bnd
v (2) Ugen
u(2) = Ugen
w (2) Wgen

ch,bnd
_neXeV/ <|Vp|2>
ne VRV (Vo) +

fTe,bnd

5.4 Variables used in ETS (SUBROUTINE ELECTRON_TEMPERATURE)

Variable TYPE%NAME used in ETS data|Internal name | Units
flow used in ELEC-
TRON_TEMPERATURE
routine
T EVOLUTION%TAU TAU S
By GEOMETRY%BTPRIME BTPRIME T/s
By GEOMETRY%BT BT T
p GEOMETRY%RHO RHO m
Vv’ GEOMETRY%VPR VPR m?
V= EVOLUTION%VPRM VPRM m?
& - DVPR m
<\vp|2> GEOMETRY%C1 Gl B
T, PROFILES%TE TE eV
T, EVOLUTION%TE TEM eV
Ne PROFILES%NE NE m
Ne— EVOLUTION%NE NEM -3
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Ye PROFILES%AFLUX NE_CONV FLUX_NE 1/s

H, PROFILES%FLUX_TE FLUX_TE w

ToYe PROFILES%FLUX_TE_CONV FLUX_TE_.CONV W

Qe PROFILES%FLUX_TE_COND FLUX_TE_COND w

H, int PROFILES%INT_SOURCE_TE INT_SOURCE W

Qe exp - QE_EXP eV-m3g!

Qe,imp - QE_IMP m3st

Qe isource,1 SOURCES%QE_EXP - eV-m3g!

Qe isource,2 SOURCES%QE_IMP - m3g!

S e COLLISIONS%VTE VIE m3s1

S vei Ty COLLISIONS %QIE QIE eV-m3g!

Qi -- QGI eV-m3s!

Q~i imodel TRANSPORT%QGI - eV-m3s!

Xe - DIFF m?/s

Vpineh - VCONV m/s

Xe,imodel TRANSPORT%DIFF_TE -- m?/s
e el TRANSPORT%VCONV_TE - m/s

a SOLVER%A A -

b SOLVER%B B --

c SOLVER%C C -

d SOLVER%D D --

e SOLVER%E E -

f SOLVER%F F -

SOLVER%G G -

h SOLVER%H H -

v(1:2) SOLVER%V A% -

u(1:2) SOLVER%U U -

w(1:2) SOLVER%W W -

yt-1 SOLVER%YM W -

solution SOLVER%Y Y -

derivative  of| SOLVER%DY DY -

solution

Functions Internal name

used in ELEC-
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routine




&

/ _T . — =\ 3

% (% n, g‘,rluterp (‘(/7,) + Qe,exp + ZVeiTi - Q’Yi
o FUN1
- |:_§7:—6Qe>imp + Zyei — PN, - QB?OU% ’ 88‘; :| : Te,interp)
)

P T B N
fV’ <§TLC C,’;nmrp (%) ’ + Qe,exp + ZVeiE - Q’yl)ap
0 ¢ INTFUN1

p R
’ 3 ne B 1 A%
-V <—QiQe,imp 2 Vel — P 555 V7 9, > Teinterpdp
4
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6 Rotation transport equation (1:nion)

outcome:
Ui, (P, Gion) — 1ion toroidal rotation velocity,
Wi (Py Fion) — ion angular toroidal velocity,

M; (p,iion) - ion toroidal momentum,

D, (p, tion) — ion toroidal momentum flux,

D, conv (P Fion) — convective component of ion toroidal momentum flux,
®D; cond (P tion) — conductive component of ion toroidal momentum flux,
Mot (p) — total ion toroidal momentum,

Dot (p) — total ion toroidal momentum flux

equation for toroidal rotation velocity to be solved:

(terms with electron mass are neglected)

o By 0 )
(E)t - TBOO . app) (V/ <R> mmiui’@) + 87/)(1)2 = V/ (Ul"%exp — Ui,gp,imp * Ug,p + Uéi’w) (61)

where total flux defined as:

0 i inc
D, =V <|VP‘2> min; (R) - ( Xugo,igiplW + Ui,gpvqip,ih> +m; (R) u; oL (6.2)
with convective and conductive components:
(bi,conv = my <R> ui,cpri (63)
aui inc
@i,cond =V <|Vp|2> mgn; <R> : <_ Xuggyiaif;@ + U¢$¢K?¢7ih> (64)

where total transport coefficients are defined as a sum of individual contributions (1:NMODEL):

nmodel
Xup,i = Xugp,an + Xup,NC + Xup,ext +...= E Xugp,imodel (65)
imodel=1
nmodel
pinch __ yspinch pinch pinch _ pinch
Vutp - pr,an + Vvucp,NC + Vuga,ext Tt = Vucp,imodel (66)
imodel=1

Vpinch

(individual contributions, Xue,imodel and e, imodel”

should be provided by IMP#4 modules)

10 Xup and Vlf’;“‘:h by various transport models

and right hand side includes contributions (1:NSOURCE) in generic form from external sources (com-
puted by other modules, like ICRH, ECRH, NBI, neutrals and etc.), in the form of explicit and implicit
terms (index 1 is used for explicit parts and index 2 for implicit):

nsource

Ui,(p,exp = E Ui,ga,isource,l (67)
isource=1
nsource
Ui,go,imp = E Ui,(p,isource,Z (68)
isource=1
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(individual contributions by various sources should be provided by IMP#5 modules, accept for neutrals
and pellets, being the IMP#3 responsibility)

momentum exchange with other ion components:

MziNz

Uzi,cp = <R> Z (uz,ga - ui,tp) (69)

T
2 z1

various collisions quantities ( (R) > ™4%= and (R) ) 42222 ) should be provided by stand alone COL-
z z

LISIONS module

Other output quantities:

total toroidal momentum:

Mi = m;n; <R> Ui, p (610)
angular velocity for plasma component i:
U,
i = 2 6.11
w P <R> ( )
total momentum and flux are defined as:
Mo = ZMi (6.12)

Pt = Y P (6.13)

6.1 Boundary conditions

Following options to specify boundary conditions should be available with the transport solver

NOTE! Specified positive values for Vu,yna and Ly, correspond to “normal” profile with
toroidal rotation velosity decreasing towards the edge

on axis p=0:
Oui
,
Z e

=0 6.14
dp =0 ( )
at the edge p = ppnq :
type=1 (value)
Uil pe py g = Uep,bnd (6.15)
type=2 (gradient)
8ui
B = = _vucpbnd (616)
p P=Pbnd
type=3 (scale length)
1
oy =L, (6.17)
(Olnw;,,/0p) = i
type=4 (flux)
(I)|p:and = fuga,bnd (618)
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type=5 (generic)
6”1’ bnd
Vgen —Ene + UgenUi,p,bnd = Wgen (619)
9 lona
If equation 6.1 is not solved (VTOR.BND_TYPE=0), interpretative toroidal velocity should
be specified, momentum and flux are assumed:

Ui, = Ujp,interp (620)
w _ Us,p interp (6 21)
i (R) '
Mi =  m;n; <R> ui,ap,intcrp (622)
(I)i,cond = (I)i,int — my <R> Fiui,tp,interp (623)
Qi = Pyint (6.:24)
(Pi,conv = my <R> Fiui,ap,interp (625)
My = Y _M; (6.26)

Dip = > P (6.27)

where:

’ B
(I)i,int =V <R> ' 2300 ' pminiui,tp,interp"_

P Tmun,_u, . 1=
+fV/ (Ui,%exp + <R> Zmzﬂ‘lb;uz,(p + (R) zT i,p,interp (V"// )) 8p (6 28)
0 Z '
P
7 (Ui = (R0 2220 — () 288 ) sy
0 z

6.2 Translation of the rotation equation to the generalized form with nu-
merical coefficients

time discretization:

9 Ving (R) uip — V'™ ny— (R) ™ uy -
a1 (V'min; (R) u; ) =m; ni (R) tip - ni (R) i (6.29)
where V'~, n;—, (R)” and u; ,- are taken at the previous time step;
V'ni(Ryui,,—V'"n, (R) u, _ :
m; - (L Zp) (V! (Ryminguse) +
2 Ou; inch
—I—a% [V’ <\VP| >mmi (R) - (— Xug,i—ge2 + Ui Vg ) +m; (R) uwpl} _ (6.30)

! (Ui,w,exp — Ui p,imp * Wi, + (R) Z% (U2, — “i’w))
z

V'ni(Ryu;,,—V'"n,_(R) u
mg

2= 4+ Vimng (R) uig - py (2%00) *

+8@p {V/ <|Vp|2> m;n; <R> . (— me,i&é% + ui}¢V5;?fh) +m; <R> ui,g,l“i — 23?00 . (p V’mini <R> ui’@)] =

! (Ui%exr) = Ui p,imp * Ui, + (R) Z% (Usz,p — “Lw))
(6.31)
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/ - _
miVni(R)uiW—V n,— (R) Uy n

ﬁ%PVQVW%WWBNMW%%+(VQWﬁWm;@W$?+mmmn—%ﬁ@VﬂﬂwmnMW}=

% 1)7;1 exp + <R> g 7mz”‘f_;uz’w -V’ I)i’ Jimp * + <R> g 7m:z:nz + <R> m;n; - pg TBOO Uj,
® p,1m P B, 14

Generalized form of diffusion equation for the quantity used in the ETS:

a(p)-Y(p)=b(p)-Y'"'(p) 1 9 (_d(p).@Y(p)

+ 3

h c(p) dp +€(p)-Y(p)) =f(p)—g(p) Y (p) (6.33)

definitions for numerical coefficients in rotation equation:

a(p) = V' (R)ym;n; (6.34)
b(p) = V'7(R) min;- (6.35)
Y (p) = - (6.36)
clp) = 1 (6.37)
d(p) = V' <\Vp|2>mmi (R) Xugp,i (6.38)
; B
e(p) = V' (IVol*) mini (R) VIR +mi (R)Ts = 5=+ (pV/ (Ryman)  (6:39)
’ ZBO
MyziN Uz,
flp) =V <Ui,w,eXP +(R) Zﬂ) (6.40)
MygiNy
g(p) = V' |Uigimp+ <R>ZT_1 (6.41)
h =71 (6.42)
6.3 Boundary conditions
generalized form required by numerical solver:
v%\bnd + uYpna = w, where v(1:2), u(1:2), w(1:2) are coefficients required by the solver
on axis p=0:
Otiy = 0 (6.43)
dp p=0
v(l) = 1 (6.44)
w(l) = (6.45)
w(l) = 0 (6.46)
c() = — D0 v Ry men) (6.47)
2BO illi

at the edge p = ppnq :
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type=1 (value) VTOR_BND_TYPE(2)=1; VTOR_-BND(2,1)=t, bna

Uil pepy . = Upbnd (6.48)
v(2 = 0 (6.49)
u(2) = 1 (6.50)
w(2) = Upbnd (6.51)
type=2 (gradient) VTOR_BND_TYPE(2)=2; VTOR_BND(2,1)=Vu, pnd
3uw,
5 = _vu@,bnd (652)
ap P=Pbnd
v(2) = 1 (6.53)
w(2) = 0 (6.54)
w(2) = _Vugo,bnd (655)
type=3 (scale length) VTOR_BND_TYPE(2)=3; VTOR-BND(2,1)=L,,,
(Onu;,/0p) | =, ue '
v(2) = 1 (6.57)
1
u(2) = T (6.58)
w(2) = 0 (6.59)
type=4 (flux) VTOR_BND_TYPE(2)=4; VTOR_BND(2,1)=fus bnd
®|,_,.. = fupbnd (6.60)
2 aui, inch
¢ = V’<\Vp| >mmi<R>-(— Xup,i ap“’+ui,¢vj’%§ +m; (R) u; ,T'{6.61)
0@ = =V {9 ) (R) minixup. (6.62)
w@) = V(|9 ) (R min VIR + mi (R) T (6.63)
w(2) = futp,bnd (6.64)

type=5 (generic) VTOR_BND_TYPE(2)=5; VTOR.BND(2,1)=vgen; VTOR_BND(2,2)=tgen;
VTOR_BND(2,3)=twgen

R (6.65)
v(2) = Ugen (6.66)
w(2) = Ugen (6.67)
w(2) = Wgen (6.68)

6.4 Variables used in ETS (SUBROUTINE ROTATION)

Variable TYPE%NAME used in ETS data|Internal name used in RO- | Units

flow TATION routine
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T EVOLUTION%TAU TAU s

By GEOMETRY%BTPRIME BTPRIME T/s

By GEOMETRY%BT BT T

P GEOMETRY%RHO RHO m

1% GEOMETRY%VPR VPR m?

V- EVOLUTION%VPRM VPRM m?

<\vp|2> GEOMETRY%G1 a1 B

(R) GEOMETRY %G2 G2 m

(R)~ EVOLUTION%G2M G2M m

Ui PROFILES%VTOR VTOR m/s

Uy EVOLUTION%VTORM VTORM m/s

Wi PROFILES%WTOR WTOR 1/s

M, PROFILES%MTOR MTOR kg*m /s

Mot PROFILES% MTOR_TOT MTOR_TOT kg*m /s

n; PROFILES%NI NI m3

n;— EVOLUTION%NI NIM m>

®; PROFILES%FLUX_MTOR FLUX_MTOR kg*m? /s>

D, conv PROFILES%FLUX_MTOR_CONV FLUX_MTOR_CONV kg*m? /s
i cond PROFILES% FLUX_MTOR.COND  |FLUX_MTOR_COND kg*m? /2

®; int PROFILES% INT_SOURCE_.MTOR  |INT_SOURCE kg*m? /s

Dot PROFILES% FLUX_MTOR.TOT FLUX_MTOR.TOT kg*m? /s

Ui o.exp - ULEXP kg/m/s?

Ui, p,imp - UIIMP kg/m? /s

Ui pisource,r | SOURCES%UI EXP - ke /m/s2

Ui pisource2 | SOURCES%ULIMP — kg/m? /s

(R >§jm:;z COLLISIONS %WZI WZI kg/m? /s

(R) ZL" =tz.2 COLLISIONS %UZI UZI kg/m/s?

Xuep,i - DIFF m? /s

Ve - VCONV m/s

Xue,i imodel TRANSPORT%DIFF_VTOR - m?/s
e odel | TRANSPORT%VCONV_VTOR - m/s

a SOLVER%A A -
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b SOLVER%B B -
c SOLVER%C C -
d SOLVER%D D -
e SOLVER%E E —
f SOLVER%F F -
g SOLVER%G G -
h SOLVER%H H -
v(1:2) SOLVER%V A% -
u(1:2) SOLVER%U U -
w(1:2) SOLVER%W W --
yt-1 SOLVER%YM W --
solution SOLVER%Y Y -
derivative  of| SOLVER%DY DY -
solution

Functions Internal name used in RO-

TATION routine

p

Y Uipoxp + (R) Dt
z

~ (Uspimn - )

T

(R)”min,—u,; ©,interp (V’f)

< >Zm72_;TLZ> Ui7gp,itlterp)

Vv’

FUN1

D

IV (Ui~ (1) 2

ming

fV/ <Ui.w exp T (R) Zm“nzuz £+ (B)_min, ;ul Jpinterp (
0 z

‘Q))ap

_(R) z) U intens O

z

INTFUNI1
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