
____________________
author’s	email:	f

Modelin

 b	Dipartim

 
The w

Conductor
The coolin
parallel ch

 
A 2D app
divided in
performed
updates, s
flowing in
nominal in
the bulk t
between s
neighborin
conductiv
computed
paper, the
presented 

 
1. Introduc

Heavy he
operation, su
plasma neutr
structures du
3) thermal ra
(hysteresis an

As stated
the nuclear h
with an up
uncertainties
simulations, 
related to nuc

The eddy
can reach 0.1
during plasm
is constant 
develop duri
duration. Ho
compromise 

There are
for the WP, t
cooling circu
of helium in
the helium 
terminal junc
two opposit
clockwise. T
Figure 1) is 

___________________
francesca.cau@f4

ng of IT

mento di Energ

winding pack o
r (CICCs) wo
ng of the Sta
hannels.  

proach to com
n 32 poloidal 
d applying the
such as thickn
n the CICC an
nlet pressure o
temperature i
segments, con
ng pancakes. 
ity, are also v

d, due to the h
e methodology
to show the im

ction 

eat loads act 
uch as 1) th
rons flux [1] 2
uring plasma 
adiation from 
nd coupling) i

d in the recent
heating on the
pper bound 
s due to stat
to fusion pow
clear data are 

y currents in o
17 MW during

ma instabilities
during plasm
ing plasma t

owever, these
the integrity o

e two cooling
the other for t
uit of the TF 
n the CICC. E

feed and ret
ction, in whic
te flow dire
The cooling 
equipped wit

___________________
f4e.europa.eu	

ER TF c

Frances

a

gia, Ingegneria

of the ITER T
ound in 7 doub
ainless Steel (

mpute the temp
segments, for
e correspondi
ness increase 
nd in the cool
of 6bar. The H
n all the CIC
nsidering the
The He prope
varied using t

high values of 
y is presented
mpact of the i

on the TF co
he nuclear he
2) eddy curren
transients an
the thermal s

in the superco

t STAC report
e TF system re

of around 
tistical error 
wer measurem

taken into acc

one TF coil c
g normal scen
s [2]. While th
ma flat top, 
transients and
e losses are s
of the system.

g systems for 
the TF case an
WP is made b

Each Double P
turn connecti

ch helium is d
ections, clock
circuit of th

th parallel coo

___________________

cooling s
enth

sca Caua, Ru

a	Fusion for E
a dell’Informa

delle S

Toroidal Field 
ble pancakes a
(SS) case sup

perature distrib
r each segmen
ing nuclear he
of the blanke
ling channels 
He is assumed
CCs in each o
 actual direc
erties needed t
the same strat
nuclear heatin

d and the resu
inlet temperatu

oil system du
eating due to 
nts in the met
d instabilities
shield 4) AC 

onductors [3].

t [1], the valu
eaches 21.58
26 kW, if 
of Monte C

ments and the o
count.  

case and supp
nario and 6.5 M
he nuclear hea
the Joule lo

d have a lim
so large that 
  

the TF coils, 
nd structures. 
by the circula
Pancake (DP)
ion at the lo
riven to flow 
kwise and a
he TF case 
oling circuits 

_______	

system th
halpy ba

uggero Fort
 

Energy, F4E, B
azione e Mode

Scienze, Paler

d (TF) coils is 
and cooled by

pporting the w

bution in the 
nt the corresp
eating compu

et shield modu
of the SS cas

d to enter the c
of the 32 seg
ction of He c
to compute th
tegy. With the
ing (which is 
ults are discu
ure and of the

uring 
 the 

tallic 
s [2] 
loss 

ue of 
kW, 
the 

Carlo 
ones 

ports 
MW 
ating 
osses 
mited 

can 

one 
The 

ation 
) has 
ower 
into 

anti-
(see 
that 

run 
inle
coo
con

allo
syst
sequ
ana
whi
init
in a

hrough 2
alance 

teb, Alfredo

Barcelona, Spa
elli Matematic
mo, Italy 

composed of
y supercritical 
winding pack 

ITER TF win
ponding 2D m
uted with MCN
ule. The Heat
se is computed
coil at 4.5 K i

gments is calc
circulation, i.
he HTC, such 
ese assumptio
estimated as h
ssed in detail

e nuclear heati

in the poloid
et and outlet
oling of the c
nducted to the 

Figure 1 C

We propose i
ows analyzing
tem to the neu
uence of 2D s

alyses of 32 p
ich the own n
ial values of H

all the circuits

2D therm

 Portonea 

ain 
ci (DEIM), Un

f 134 turns of 
helium (He) 
is guaranteed

nding pack is h
model is built 

NP code cons
Transfer coe

d with Dittus 
n the lower te
culated by me
e. clockwise 
as viscosity, 

ons, He tempe
high as 21.58 
l. Further para
ing on the tem

dal direction g
t sub-manifol
ase is to inte
WP [1]. 

Cooling Layout

in this paper a
g in very shor
utronic loads. 
steady state Fi
oloidal segme

nuclear heating
He bulk temp
, an iterative p

mal anal

Università di Pa

f Nb3Sn Cable
at cryogenic t

d by He circu

here proposed
and a therma
sidering the l

efficient (HTC
Boelter corre

erminal junctio
eans of entha
or counter-c
specific heat 

eratures close 
kW in the 18

ametric analy
mperature distr

grouped in pa
lds [4]. The 
ercept the hea

t of the TF cas

a simplified m
rt time the re
The analysis 

inite Element
ents of a sing

ng is applied. 
erature and co
procedure bas

lyses and

alermo, Viale 

e in Conduit 
temperature. 

ulation in 74 

d. The TF is 
al analysis is 
latest design 
C) of the He 
elation at the 
on, and then 
alpy balance 
clockwise in 
and thermal 
to 5.7K are 

8 TF). In the 
yses are also 
ribution.  

arallel sets by
aim of the

at before it is

e 

method which
sponse of the
is based on a
(FE) thermal

gle TF coil in
Starting from
onstant HTCs
sed on a series

d 

y 
e 
s 

h 
e 
a 
l 
n 

m 
s 
s 



	

of runs is pe
powers extra
Cooling (TF
are used to
temperature 
the poloidal 
the circuit to 

ሺܪ ௢ܶ௨௧ሻ ൌ

Q ̇ is the 
segment, m ̇ 
Helium entha
is the helium
actual direct
counter-clock
account. Wit
the coil leng
calculation is
of each segm
thermal and 
code. A sim
[5] to comp
winding pac
transient sim
constant he
evolution wa
temperature 
Analysis and
segments for
a steady state
of the fluid i
is not yet to c
cooling cir
temperature 
condition is 
currents in t
CICC is neg
direction.  

2. Model 

2.1 Finite El

The mod
software AN
segmentation
are modelle
segments (se
segments (se
transition reg
not modelled
inlet and ou
Figure 2). T
imposed at 
segment 12. 
very detailed
the Stainless 
radial plates 
turn, ground
[8]). The cas
trough a lay
contact with
placed betwe

erformed stori
acted from e
CC) pipe. Th

o compute th
by means of 
segments, fix
4.3 K (and pr

ൌ
ொ

௠ሶ
൅ ሺܪ ௜ܶ௡ሻ

power extrac
is the helium

alpy at the out
m enthalpy at 
tion of He 
kwise in neigh
th this approa

gth is neglecte
s that a compl
ment is obtai
mechanical an

milar methodol
mpute the tem
ck of the JT
mulations w

elium pressur
as obtained co
of the jacket w

d transferring t
r the subseque
e regime is co
is also taken in
compute prec

rcuit and m
margin, be
modeled an

the metallic 
glected, but it

lement Mode

del has been 
NSYS [6]. 
n reported in [
ed dividing 
egments 28 to
egments from
gions between
d. For the TF
utlet are imp
The inlet for 
the same seg
The 2D finite

d way all the c
Steel case, th
and the jacke

d and pancak
se cooling pip
yer of resin, 
h the steel. 
een the WP an

ing at the end
ach CICC an

hese values of
he new valu

f enthalpy bal
xing the He in
ressure 6 bar)

ሻ   

cted by helium
m mass flow ra

tlet of each se
the inlet of ea
circulation, i
hboring panca
ach, the heat 
ed. The main 
lete temperatu
ined, allowing
nalyses with t
logy was alre
mperature dis
60 TF coil. 

were perform
re. The heli
omputing in e
with a transie
this temperatu
ent run. In the
onsidered and 
nto account. O

cisely the He t
make evalua
ecause only 
d the heat lo
structure and
t represents a

el 

built with the
According 

[1], 32 segmen
them in tw

o 32 and 1 to 
m 13 to 27). F
n inboard and 
F WP coolin
osed at the 
the TF case 

gment 28, wh
e element mo
components o
he cooling pip
ts of the CICC

ke insulation 
pes are in con

which is ass
Contact elem

nd TF Coil Ca

d of each run
nd each TF 
f extracted po
ues of He b
ance (1) betw
let temperatur
: 

(1) 

m in the prev
ate, H(Tout ) is
egment and H(
ach segment. 
i.e. clockwise
akes, is taken 
conduction al
advantage of 

ure map in the 
g further deta
the same ANS
eady presente
stribution in 
In that analy
ed, assuming
ium tempera
each segment

ent Finite Elem
ure to the adja
e present analy
the pressure d

Of course the 
temperature in
ation concern

a steady s
oad due to e

d AC loss in 
a first step in 

e commercial
to the polo
nts of the TF 

wo sets: inbo
12) and outbo
or simplicity,
outboard legs
g circuit, the
segment 28 
cooling pipe

hile the outle
dels represent
f the WP, suc
es of the case
Cs (in SS [7])
(Kapton Cya
tact with the 
sumed in per
ments have b
ase Front, in o

n the 
Coil 

ower 
bulk 

ween 
re in 

vious 
s the 
(Tin) 
The 

e or 
into 
long 

f this 
 WP 
ailed 
SYS 

ed in 
the 

ysis, 
g a 
ature 
t the 
ment 
acent 
ysis, 
drop 
aim 

n the 
ning 
state 
eddy 

n the 
this 

l FE 
oidal 
Coil 
oard 
oard 
, the 
s are 
e He 
(see 

es is 
et at 
ts in 

ch as 
e, the 
, the 

anate 
case 
rfect 
been 
order 

to s
fron
ope
bee

2.2 

hea
18 
esti
“co
esti
view
des
“inb
of t
stra
“ou
mod
esti
“be
one
(aro
The
nuc
Tab
each
to t
hea
CIC
app
exa
to s
load
surf

Ta

O

simulate the g
nt part caus
eration, and a 
en imposed bet

Figure 2 T
bold) and o

Loads 

As reported i
at load on the 

TF Coils, w
imate is asse
nservative es

imate” by app
w of some m
ign. In partic
board straight
the thickness

aight leg by 2
utboard-bottom
del of the low
imate”. A firs
est estimate” o
e the “conse
ound 21%) fo
e results of b
clear heat dat
ble 1. The da
h cross segme
the 2D model
ating in the con
CC are not m
plied to the rad
ample of volum
segment #5 (i
d decreases 
face to the bac

able 1 Best and
TF Coil R

Inboard straig
Inboard to

Outboard to
Outboard equat

Outboard bott
Inboard botto

TOTA
 

2.3 Boundary

gap between th
sed by mag
thermal cond

tween them. 

TF poloidal seg
outboard segme

n [1], the “be
TF Coils is d

while the mor
essed to be e
stimated” is 
plying approp

modifications o
cular, a redu
t leg” is mostl

of the blank
2 cm. The red
m” region com
wer port, cons
st analysis is
of the nuclea
ervative estim
r a total heat 
both analyses
a for the 32 
ta in Table 1
ent and applie
ls. The values
nductors is inc

modeled, the c
dial plates. In 
metric nuclear
nboard) is sho
while going 
ck part of the 

d conservative e
Regions 

ght leg (1-7) 
p (8-11) 

op (12-16) 
torial (17-22) 
tom (23-28) 
om (29-32) 
AL 

y Conditions 

he WP and S
gnetic forces
ductivity equa

gments: inboard
ents. 

est estimate” o
defined as 18.
re realistic “
equal to 21.
deduced fro

priate correcti
of both the m
uction of the
ly due to fore
ket shield mo
duction of th
mes from an 
sidered empty
s carried out 
ar heating, wh
mate” plus 
load of aroun

s are then co
segments ar

1 have been n
ed as volume
s refer to 18 
cluded. Howe
corresponding
 the following
r heat load [W

hown. As can 
from the p

SS case.  

estimate of the n
Best  

estimate 
12.01 kW 
1.58 kW 
1.05 kW 
0.63 kW 
2.65 kW 
0.56 kW 
18.48 kW  

s 

S Case in the
s in normal
al to zero has

d segments (in

of the nuclear
.5 kW for the
conservative”
57 kW. The

om the “best
ion factors in

model and the
e heat in the
eseen increase
odules in the

he heat in the
update of the
y in the “best
applying the

hile a second
uncertainties

nd 26.10 kW.
ompared. The
e reported in
normalized to
etric heat load

coils and the
ever, since the
g heat load is
g Figure 3, an
W/m3] applied

be noted, the
lasma facing

nuclear heating
Conservative

estimate  
11.01 kW 
3.38 kW 
2.19 kW 
2.04 kW 
2.33 kW 
0.62 kW 
21.57 kW 

e 
l 
s 

	
n 

r 
e 
” 
e 
t 
n 
e 
e 
e 
e 
e 
e 
t 
e 
d 
s 
. 
e 
n 
o 
d 
e 
e 
s 
n 
d 
e 
g 

e  



	

The exte
considered a
imposed on a
and TFCC pi
computed w
taking into ac

 

Figure 3 Vo

Re ൌ
ସ	୫

஠	ୈ౞

Pr ൌ
ஜ	ୡ౦
୩

 

h ൌ ሺ0.02

where Re
number, k i
hydraulic di
properties us
as function 
data in [10]. 

Table 

CICC 

TFCC Pipe 

 

2.4 Press

The press
with two diff
circuits. The 
the WP cool
in steady stat
central chann

f୆ ൌ ቀ
ଵ

஦
ቁ

where R
φ(=0.34) is t
bundle helium
in CICC [11
(four times t
wetted perim
both upon tem

ernal surface
as adiabatic s
all the interna
ipes. The Hea

with the Dittu
ccount the hyd

olumetric nucle
model of th

୫ሶ

౞	ஜ
  

  

23 ∙ Re଴.଼ ∙ Pr

e is the Reyn
is the therma
iameter. The
sed for the HT
of temperatur

2 Hydraulic pa

Hydraulic

0.34

7.8

sure Drop 

sure drop eva
fferent approac

correlation (3
ling circuit, as
te is the same 
nel [13]. 

଴.଻ସଶ
∙ ቀ0.023

ReB is the b
the void fracti
m mass flow r

1] [12]), a hy
the fluid area

meter) and the
mperature and

es of the c
surfaces. Con
al surfaces of 
at Transfer Co
us-Boelter co
draulic param

ar heating [W/m
he inboard (segm

 

 

r଴.ସሻ ∙ ሺk D୦⁄ ሻ 

olds number, 
al conductivit
e He enthalp
TC computati
re and pressu

arameters 

c Diameter  

4 mm 

 mm 

aluation has b
ches in the tw
3) from [11] h
ssuming that 
in the bundle

1 ൅
ଵଽ.ହ

ୖୣಳ
ቁ
଴.଻ଽହ

undle Reyno
ion. ReB is co
rate (~35% of
draulic diame

a of the bundl
e helium prop
d pressure.  

case have b
vection has b
the CICC jac
efficient has b

orrelation (2) 
meters in Table

m3] applied to F
ment #05) 

(2) 

Pr is the Pra
ty and Dh is 
py and the 
ion are calcul
ure basing on

Mass flow r

0.0079 kg/

0.0027 kg/

been implemen
wo helium coo
has been used
the pressure d

e region and in

ଷ
  

olds number 
omputed using
f the total flow
eter of ≈0.34 
le divided by
perties depend

been 
been 
ckets 
been 
 [9] 

e 2. 

	
FE 

andtl 
 the 

He 
lated 
n the 

rate  

/s 

/s 

ented 
oling 
d for 
drop 
n the 

(3) 

and 
g the 
wing 
mm 

y the 
ding 

corr
smo

380

2.5

foll

1.

2.

3.

app
tem
max
tem
0.1 
con
the 
all 
stro
puls
asse
to p
the 
view
with
unif

240
900

case

14th

tem
is th
leg 
the 
obta
nuc
trian
with

For the TF
relation (4), 
ooth pipes in t

௣݂ ൌ ൫0.79	݈݃݋

The maximum
0 m and ≈17m

Results of th

The procedu
lowing steps:

A first ru
temperature
the whole c
segments t
each run, th
each pipe i
The enthal
hence the
computed; 
single CIC
determined
The therma
using the u
iteration. T
and each p
restarts from

The comput
proximately 44
mperatures con
ximum perce

mperatures of 
%. The ma

nvergence is a
analysis is do
the transient

ong assumpti
sed, and the m
essment on Tc
perform some 

structure from
w. In fact, the
h this approa
form bulk tem

The final val
0 and 325 W/m
0 W/m2K for t

Around 70%
e and it is eva

The bulk tem
h is shown 

mperature in th
he highest, in
already warm
outboard reg

ained applyin
clear heating (
ngles corresp
h the same h

case coolin
used with 

turbulent regim

݃൫ܴ݁௣௜௣௘௦൯ െ 1.

m CICC and c
, respectively

he Analyses 

ure used can

un with init
e equal to 4.3
circuits is perf
he correspond
he power extr
s computed. 
lpy at the ou
 correspond
new heat tra

CC and TF ca
d. 
al analysis of t
updated HTC 
The powers e
pipe are com
m point (2). 

tational time
45s. The analy
nverge to a f
entage differ
two subseque
ximum numb

around 26. It 
one considerin
t phenomena 
on because 
method as it i
cs. However, 
comparative s

m both therma
e temperature 
ach is more 

mperature of 4

lues of HTCs
m2K for the C
he pipes of th

of the total 
cuated by the 

mperature alo
in Figure 4

he high field r
n fact the coo
mer because it
ion. The cont
ng the cons
(26.1 kW) neg
ond to the tem
heat load tak

ng circuit th
good appro

me, [13] has b

.64൯
ିଶ

 

case pipes cha
y. 

n be summar

tial values 
 K (at pressur

rformed, apply
ding nuclear 
racted from ea

utlet of the s
ding He tem
ansfer coeffic
case cooling p

the 32 segmen
computed in

extracted from
mputed again 

e of each 
ysis finishes w
final value, i
rence betwee
ent iterations 
ber of iterati
has to be poi
ng a steady st

are neglecte
the ITER fu
is cannot be u
this procedur
studies and op
al and mecha
 map comput
accurate than
.3 K in all the

s are in the ra
CICC and betw
he TF case circ

heat is appli
 cooling pipes

ong the length
4. In this p
region close t

olant arrives a
t has already 
tinuous line i

servative esti
glecting press
mperature pro

king also into

he Petukhov
ximation for
been used. 

 (4)

annel length is

rized by the

of He bulk
re of 6 bar) in
ying to the 32
heat load. In

ach CICC and

segment, and
mperature, is
cients in each
pipe are also

nt is repeated,
n the previous
m each CICC
and the loop

iteration is
when the bulk
i.e. when the
en the bulk
is lower than
ons to reach
inted out that
tate, therefore
ed. This is a
unctioning is
used to make
e can be used
ptimization of
nical point of
ted in the WP
n assuming a
e CICC.  

ange between
ween 580 and
cuit. 

ied to the SS
s of the case. 

h of pancake
pancake, the
to the plasma
at the straight
passed along

in Figure 4 is
mate of the
sure drop, the
ofile obtained
o account the

v 
r 

s 

e 

k 
n 
2 
n 
d 

d 
s 
h 
o 

, 
s 

C 
p 

s 
k 
e 
k 
n 
h 
t 
e 
a 
s 
e 
d 
f 
f 
P 
a 

n 
d 

S 

e 
e 
a 
t 
g 
s 
e 
e 
d 
e 



	

pressure dro
obtained wit
(18.5kW). A
considering 
considering p

Figure

In the con
the outlet tem
5.1 K applyin
the nuclear h
above the tar
results obta
VINCENTA
made, the lo
not in the in
but in a regio
in Figure 4
corresponden
loaded regio
conductors f
m), the heat l
by the radia
temperature r

The max
cooling circu
specification
friction facto
region. In t
pressure dro
(≈0.01 bar). 
not affect the
the continuou

As far 
temperature 
the 2nd and 1
it is around 5
most loaded
Figure 5. The
in the upperm
pipes. As far
concerned, th
In Figure 6, 
located in t
segments 1 t
loaded segm

op, while the
th the best es
s can be noted
a total powe

pressure drop 

e 4 Temperature

nservative ass
mperature of 
ng the conser

heating, respec
rget limit of 5
ained with 

A [1]. Howev
ocation of the
nnermost turns
on close to the
4 are due t
nce of the in

on of the TF. 
from the plasm
load is so low
al plates in 
remains stable

ximum pressu
uit is around 0
ns [4] probably
or and on the
the TF case 
op on the bu

This minimu
e temperature
us lines overla

as the jack
is located in c

13th pancake, d
5.5 K. The tem
d segments 
e peak temper
most corners, 
r as the coolin
he outlet temp
the bulk tem

the front par
to 6 (seg. 1 t

ments (see Figu

e thickest co
stimate of the
d, the curves o
er of 26kW w
perfectly ove

e along the 14th

sumption of st
the Helium r

rvative and th
ctively. These
.0 K and in ag
the thermo

ver, due to 
e maximum H
s as computed
e outlet. The te
to the entha

nboard leg, w
Starting from

ma facing sur
w that the He s

the outboard
e. 

ure drop obta
0.6 bar, which
y due to the a

e mass flow r
cooling circu

ulk temperatu
um variation 
 profile. In fa
ap.  

ket is conce
correspondenc
depending on 
mperature ma
(segment #0
rature of the S
which are far

ng pipes of th
perature is sli

mperature of t
rt of the cas
to seg. 6), wh
ure 2 and Tab

ontinuous lin
e nuclear hea
of the tempera
with and with
rlap. 

pancake  

teady state reg
eaches 5.3 K 
e best estimat

e temperatures
greement with

o-hydraulic c
the assumpt

He temperatur
d in VINCEN
emperature ju
alpy increase

which is the m
m the 6th laye
rface (around 
starts to be co
d region, and

ained in the 
h is lower than
assumption on
rate in the bun
uit the effec
ure is neglig
of pressure d

act, the dotted 

erned, the p
ce the last tur
the segment, 

ap obtained in
5) is shown
SS case is loc
r from the coo
he TF SS case
ightly above 6
the inboard p
se is shown 
hich are the m
ble 1). As can

ne is 
ating 
ature 
hout 

	

gime 
and 

te of 
s are 
h the 
code 
tions 
re is 

NTA, 
umps 
e in 
most 
er of 

200 
ooled 
d its 

WP 
n the 
n the 
undle 
ct of 
gible 
does 

d and 

peak 
rn of 
 and 

n the 
n in 
cated 
oling 
e are 
6 K. 

pipes 
for 

most 
n be 

note
pipe

Fig

Co

tem
prop
ana
The
APD
it a
each
evo
stea
hav
The
hav
wor
add

Dis

and
resp
info

Ref

[1].

ed, the highe
es, in agreeme

Figure 5 Temp
segments (seg

gure 6 Bulk tem

nclusions 

A simplifie
mperature distr

posed. The ap
alyses and 1D
e procedure h
DL. The adva
llows to comp
h segment ta

olution. Howe
ady state cond
ve an importan
erefore, a tran
ve more accura
rk consists in 

ding the heat lo

sclaimer 

This publicati
d Fusion for
ponsible for 
ormation conta

ferences 

IC/STAC-18/2
neutronic issu

est temperatur
ent with Figur

perature map ob
gment #05) -26

mperature of the 
part of the

ed methodol
ribution in the
pproach consi

D hydraulic m
has been entire
antage of this 
pute the temp

aking into acc
ever, it must
dition is a stron
nt impact on t
nsient approac
ate results. A 
improve the 

oad due to pla

ion reflects th
Energy and

any use whi
ained therein. 

2.3 “Report on
ues”, April 2015

ure is found i
re 5. 

btained in the m
6.1 kW, no pres

inboard leg pip
e case 

logy to c
e ITER TF wi
ists in couple

model of the H
rely developed

procedure is 
perature map 
count the He
t be highligh
ng assumption
the results of 
ch is suggeste
further develo
model to mak

asma instabilit

he views only 
d ITER can
ich may be 
 

n progress on
5 

in the corner

most loaded 
sure drop 

pes in the front 

ompute the
inding pack is
d 2D thermal
Helium flow.
d in ANSYS-
that it is fast,
in the WP of

e temperature
hted that the
n and it might
this analysis.

ed in order to
opment of the
ke it transient
ties. 

of the author,
nnot be held

made of the

evaluation of

r 

	

	

e 
s 
l 
. 
-
, 
f 
e 
e 
t 
. 

o 
e 
t 

, 
d 
e 

f 



	

[2]. F. Cau, D. Bessette, G. D’Amico, A.Portone, P. Testoni 
et a. “Joule Losses in the ITER Cold Structures During 
Plasma Transients”, IEEE Transactions on Applied 
Superconductivity  26 (4) (2016) 

[3]. L. Bottura, P. Bruzzone, J. B. Lister, C. Marinucci and A. 
Portone, “Computation of the AC loss in the ITER 
magnets during fast field transient”, IEEE Transaction on 
Applied Superconductivity 17 (2) (2007) 

[4]. ITER Design Description Document (DDD) 11-2, “TF 
Coils and Structures”, September 2009 

[5]. C. Portafaix, P.Barabaschi, F. Gauthier, et al., 
“Development of the Pseudo 3D Thermo Hydraulic Tool 
TACOS: Application to JT-60SA TF Coils Design 
Optimization”, IEEE Transactions on Applied 
Superconductivity 20 (3) (2010) 

[6]. ANSYS user manual, release 17.0 
[7]. Annex to Design Requirements and Guidelines Level 1 

(DRG1), “Superconducting Material Database”, Article 5. 
Thermal, Electrical and Mechanical Properties of 
Materials at Cryogenic Temperatures, N 11 FDR 42 01-
07-05 R 0. 

[8]. “Thermal contact - Final report”, Cecile Foucher de 
Brandois, private communication, April 2015 

[9]. M. Lewandoska, L. Malinowski, “Transverse Heat 
Transfer Coefficient in the Dual Channel ITER TF 
CICCs. Part III: Direct Method of Assessment”, 
Cryogenics 73 (2016) 

[10]. Cryosoft version 2.0, February 1997 
[11]. R. Zanino, P.Bruzzone, L. Savoldi Richard, “A critical 

assessment of the pressure drop design criteria for the 
conductors of the ITER Magnets” AIP Conference 
Proceeding 823 (1765) (2006) 

[12]. S. Nicollet et al., “Calculations of pressure drop and mass 
flow distribution in the toroidal field model coil of the 
ITER project”, Cryogenics 40 (2000) 

[13]. Frank P. Incropera, David P. Dewitt “Fundamentals of 
Heat and Mass Transfer”, Wiley, 1985 
 


