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Introduction

Heat flux magnitude and distribution over first wall and plasma facing components is a key

issue for next step fusion devices in order to avoid damage of inner vessel components and

secure reliable operation. Radial profiles of parallel heat
flux in present tokamaks and their scaling towards next
step devices are thus of special interest.

Heat flux distribution in the inner and outer divertor region
was studied in the COMPASS tokamak by the means of
fast infrared (IR) thermography and divertor probe arrays.

Experimental setup

COMPASS tokamak 1is equipped with a fast IR
thermography system [1] currently capable of observing
either a limited radial extent of the high field side (HFS)
region of the open lower divertor or full radial extent of
the low field side (LFS) divertor region (figure 1). The
first field of view is achieved by a direct view of the Telops
FAST-IR 2K camera equipped with a standard 100 mm
lens through an upper inner vertical port. A 128x4 px. large
image with 0.75 mm/px. and 40-78 kHz framerate can be
achieved in this setup. A special cylindrical graphite
sample, 56 mm in diameter, with a flat top surface inclined
50° with respect to the horizontal plane was placed on the

vertical divertor manipulator and used for the HFS heat
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Figure 1: Experimental set-up:
HFS IR view (red), LFS IR view
(yellow), divertor probes (green).
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flux study. High magnetic field lines incidence angles (~19°) secured high IR signal even for
low integration times, necessary for fast framerates.

The second field of view is achieved by the stainless steel mirror placed in the radial outer
midplane (OMP) port observed by the IR camera through the connected tangential port. An
image size of 192x136 px., with a resolution of 1.5 mm/px. and a 5.6 kHz framerate is used
here. Two COMPASS standard graphite divertor tiles inclined by 2° were observed on the LFS,
reaching field lines incidence angles of 2 to 5°.

A recently installed set of three divertor probe arrays was used for independent heat flux profile
measurements in the LFS divertor region. It provides two Langmuir probe arrays (in floating
and ion saturation regime), each consisting of 53 rooftop-shaped graphite probes. The third
array consists of 56 floating Ball-pen probes. The probes in each array are distributed with a
3.5 mm radial separation. Signals are acquired at a sampling frequency of 4 MHz. The
combination of signals from all three arrays provides fast measurement of the parallel heat flux
q1 =7 Tejsa, Where y is the heat transmission coefficient (y = 7 was used in this study), jsat is the
ion saturation current density and 7. is the electron temperature obtained from the floating

Langmuir and Ball-pen probe signals as T = (@gpp—Vn) / 1.4 (see [2] for further details).

Experimental results
Heat flux profile dependence on the plasma current /, was studied in the LFS divertor region

for ohmic L-mode discharges. All profiles were fitted by the convolution of a Gaussian and an
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agreement in the IR and probe measurements is

observed, both in absolute values and profile ~Figure 2: L-mode heat flux profile for

I, = 230 kA (top), Ay comparison with scaling
from AUG and JET [2].

shapes. The plasma current scan shows the
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expected behaviour of an increasing parallel heat flux at separatrix g0 and a decreasing heat
flux decay length 4, with increasing [, lying well in line with the L-mode 4, scaling from JET
and AUG A, = 1.58B; %*°P2?q373R"%¢ (mm) [4] — see bottom graph of figure 2.

40 35

' -~ IR camera #13003 * "~ IR camera #13003
35 — g=4TMW m™*, A=0.4mm, 5=0.4mm 30 — e =20kTm*, A=24mm, §=0.5mm
30 « « Divertor probes #14108 ® @ Divertor probes #14108
- ¢ — g =48MW m™?, A =0.9mm, §=0.2mm 25 — £p=36kIm ™, A=2.0mm, §=0.5mm
_ 25} W
= 5 20
£ 20t =
= = 15
i_15¢ L
=
10, ] 10
5 5
0 - 0 L 1
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
AR [mm] AR™? ]

Figure 3: Inter-ELM LFS heat flux profiles (left), ELM energy density profiles (right).
In H-mode, LFS inter-ELM profiles show a steep heat flux decay close to the separatrix

(44 <1 mm) followed by a local minimum and a flat profile in the far scrape-off layer (SOL) -

figure 3, left. Energy density profiles extracted for
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local minimum - figure 3, right. Different plasma

discharges were used for each diagnostic as there

1s no simultaneous measurement available so far.
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Figure 5 summarizes an example of the heat flux density, Dq signal and plasma energy).
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decay length variation during H-mode discharge Heat flux decay length, #12499
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H-mode profiles show a local minimum in the FLM and during ELM peak (1) and their

inter-ELM heat flux both in the LFS and the HFS
region of COMPASS.
The variation of the heat flux profile in ELMy H-modes was studied in the far-SOL HFS

ratio (2). Corresponding absolute (3) and
relative (4) ELM size.

divertor region showing both heat flux broadening or narrowing for different plasma scenarios.
More detailed studies are thus necessary, preferentially with the new COMPASS divertor IR

system planned for the end of 2017 covering the whole radial extent of the divertor.
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