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STATUS OF THE NEW ASDEX UPGRADE ECRH SYSTEM

Planned system parameters:

power: 4 MW, provided by 4 gyrotrons

pulse length: 10 sec

frequency: 105/ 140 GHz as a 2-f-gyrotron
105 to 140 GHz as a step tunable gyrotron

launcher: feedback controled deposition

heating and current drive, in particular for studies of

advanced tokamak regime
suppression of tearing modes
control of transport and pressure profile

physics aims:

The project is supported in part by Helmholtz Gemeinschaft HGF
via a cooperation between IPP, FZK and FZJ
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STATUS OF THE NEW ASDEX UPGRADE ECRH SYSTEM W

4 gyrotrons, 105 - 140 GHz, 1 MW, 10 sec
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STATUS OF THE NEW ASDEX UPGRADE ECRH SYSTEM

4 gyrotrons, 105 - 140 GHz, 1 MW, 10 sec
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Gyrotron arrangement with central high power load
HEI11l- line

phase correcting
and polariser mirrors
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STATUS OF THE NEW ASDEX UPGRADE ECRH SYSTEM W

Gyrotron hall

HE-11 lines

MOU box

Gyrotron socket

basement:
high voltage area

e
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STATUS OF THE NEW ASDEX UPGRADE ECRH SYSTEM W

e Electron beam radii and caustics
for operating modes (Zapevalov et al.)

Ro, mm

» Calculated field amplitude patterns
at the gyrotron window &80mm

8

a.) f=111.6 GHz, Gaussian mode content n;=95%
b.) f=140 GHz, n;=96%

We will choose 4 frequencies as our
main operating modes



STATUS OF THE NEW ASDEX UPGRADE ECRH SYSTEM W

Measured beam at the output window (Zapevalov et al.)
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* For each frequency the beam leaves the gyrotron in a slightly different direction

* This has to be corrected in the first two mirrors of the matching optics unit
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STATUS OF THE NEW ASDEX UPGRADE ECRH SYSTEM W

Matching optics unit:

- two phase correcting mirrrors, the second one with integrated directional coupler
(one pair of mirrors for each frequency)

- two broad band polariser mirrors
- mirror for coupling into the HE11-line
- switchable mirror for coupling into the central 1 MW / 10 sec load

- switchable mirror for coupling into a 1 MW / 0.5 sec calorimeter load

The mirrors are made of 40 mm thick copper without forced cooling
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STATUS OF THE NEW ASDEX UPGRADE ECRH SYSTEM

gyrotron GYCOM N.N.

polariser

B s o)
oo /_’
[l: LY | 1 f
calorimetric
load i o
i ower loa
q t=0 > 1sec ety
! t=02> 10sec
.Al-
-
phase
[ g g - L ] Coﬂectlng |- L L L B B B B L b ol by el el L e, B o
MITTOTS /\
A g LN < t LS RN oty o Lt . " -
Y - I"\..- - N I\.L-\ .-. i . .a.. = S N " " "

13th Joint Workshop on Electron Cyclotron Emission and Electron Cyclotron Resonance Heating, Nizhny Novgorod, Russia, May 17 - 20

, 2004



STATUS OF THE NEW ASDEX UPGRADE ECRH SYSTEM W

Polarizer mirrors must provide the desired polarization in the frequency range
105-140 GHz for the required angular range in ASDEX Upgrade experiments
(= £ 35° in poloidal and toroidal direction)

BROADBAND POLARIZERS

incident angle = 17.25°
toroidal scan, ®,,= const.= 10° new polarizer
B,=-2.4T h=0.44/0.6 mm

Ip = 800kA, x mode _I—I_I—I_I_I_I_

ellipticity:

105 GHz 122.5 GHz 140 GHz

0 30 50 90 120 150 180 0 30 60 40 120 150 180 0 30 60 a0 120 150

‘Pw/deQ 9,1 deg. mmfdeg.
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Matching optics unit
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from gyrotron
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HE11 transmission lines

87 mm i.d.
broadband corrugated
waveguide line

at normal air pressure
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STATUS OF THE NEW ASDEX UPGRADE ECRH SYSTEM W

ECRH-2

ASDEX Upgrade torus hall (on top of the torus) HE11-
transm. lines

ECRH-1
guasi optical
transm. lines

ECRH-1
HE11-
transm. lines
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STATUS OF THE NEW ASDEX UPGRADE ECRH SYSTEM W

AUG - sector 5, ECRH launcher plug-in

- steerable mirror
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Poloidal scanning range
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STATUS OF THE NEW ASDEX UPGRADE ECRH SYSTEM

ECRH launcher drive concept: push rod drive

housing for
thread rod drive

;?-port flange worm gear
“(axial rotation)

1
!

Rotating feed through
with magnetic shielding

L)
\! thread rod drive

‘zﬁ IFlat tappet for axial rotation
and guide for longitudinal

movement

target: mirror positioning 10°in 100 msec
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wwnching mirrors in sector 5
iy o i

S,
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STATUS OF THE NEW ASDEX UPGRADE ECRH SYSTEM W

Dynamical considerations

M @ steerable mirmor

¥ - F target: scan of 5°in 50 msec 1 i, = 230 rarl/sec

=01 m
3 . / \

I ! T G
0 10 40 80 rzec
) mirror material Cu CrNi Graphite AlIN
accel. force, N 280 255 55 100

+ additional accelaeration force of the drive system

i P

operation in feedback mode: ‘ 0200 msee — 10 -5 1=
/N / \ ;
7 N\ / \

— use low mass mirrors and drive system
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A poloidal angle variation of 10° in 100 msec has been achieved
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STATUS OF THE NEW ASDEX UPGRADE ECRH SYSTEM W

Estimation of disruption forces B
"L h ledd

Assumptions: Bp(r=a) =01 T . ‘““‘@ e Y
T =3 msec }:’ Bp=33 T/sec A |
Bi(r=a)=22T R
mirror 1 B, , 320 x 160 x 30 mm A t

. j

Force: F= |eddy X Bt

Results:

Mirror material Cu S5 Graphite

mass, kg 14 13 3

torque, Nm 84004 200 4 3 P

accel. o, rad/sec” 2910 0.7510 0.14 10

Apin 3 msec 75¢° 2° 0.4°

AE in 3 msec, Joule 1100 7 0.05

= we heed low conductivity material or low eddy current construction
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STATUS OF THE NEW ASDEX UPGRADE ECRH SYSTEM

Estimation of thermal loading of the mirrors

Assumptions: beamw =33.1 mm (field) Inputs: A = A{T) = heat conductivity
lost power 2.8 kW c =c(T} =heat capacity
perpendicular incidence p =p(T) = electr. resistivity

circular mirror r= 130 mm
thickness 30 mm

Results for central surface temperature after a 10 sec pulse, in °C:

Mirror material Cu CrNi Graphite AlIN BeO SiC

e - Cucoated - - - - - - - - "
T, surface, T(0)= 20° 104° 430°
T, surface, T{0)=200° 308° 1970° 760° 540° 450° 1495°

Cooling of fast steerable mirror: only radiation cooling from the rear surface
equilibrium temperature with 1 pulse every 10 min: 230°C

— use maternal with high heat conductivity and heat capacity
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STATUS OF THE NEW ASDEX UPGRADE ECRH SYSTEM W

Temperature distribution after a 10 sec pulse

TRt | "‘5':-:’\

assumptions:

beam w =33.1 mm (field)
lost power 2.8 kW
perpendicular incidence
circular mirror r =130 mm
thickness 30 mm

zo.2vi Material: Graphite EK 98
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STATUS OF THE NEW ASDEX UPGRADE ECRH SYSTEM W

Temperature distribution after a 10 sec pulse

e W assumptions:
beam w =33.1 mm (field)
e lost power 2.8 KW
| perpendicular incidence
. circular mirror r = 130 mm
o thickness 30 mm
-2 0 Material: Graphite EK 98
i, e T(t:D:I = EDDQC

= T({10 sec) = 760°C
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STATUS OF THE NEW ASDEX UPGRADE ECRH SYSTEM W

Graphit mirror, Cu coated,

Temperature evolution, starting temp. 200°C

Creplin. Sp. cmtpowr. Swelowllwowons,. To=Z002 WAL

" et o030 assumptions:
1000°C

beam w =33.1 mm (field)
lost power 2.8 kW
perpendicular incidence
e circular mirror r =130 mm
thickness 30 mm

= Material: Graphite EK 98

T(t=0) = 200°C

s Tir=0), back side

= T(10 sec) = 760°C

0°C

Lo Al
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Tunable double disc window
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STATUS OF THE NEW ASDEX UPGRADE ECRH SYSTEM W

Reflection, d, =d = 1.797 mm e minimum Window reflection
100 ; 3 ; 3 | required
; : [ gisance=15mm | — Fabry-Perot resonances
80 — distance = 10 mm must be broad enough to
—— distance =5 mm include the frequency drift

of the gyrotron
— maximum allowed distance
between discs

Reflection

power (%)

JOATT ]
L R NaE
5 distance =5 mm
frequenCy (GHZ) §_ 2 \ \ / /
- N
L\
0
120.0 120.5 121.0 121.5 122.0
dl d2 frequency (GHz)
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New concept: direct cooling of one side of the disk

Diamonds

* Effective cooling area is big
 Distance d between diamond disks
could be sufficiently reduced

Cooling water

Cooling area
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calorim. load

switchable mirror

length adjustment

mitre bend with
directional coupler
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Time planning
2003 new launchers installed into the torus

main parts of the transmission line mounted

2004 first set of two modulators installed and tested
2004 delivery and commissioning of 2 -f - gyrotron
+ 1 month calibrations
delivery and commissioning of step tunable gyrotron

+ 2 months calibrations
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