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Introduction

Negative heat fluxes are derived from infrared (IR) camegasurements during surface
cooling, following a transient power infld] and are explained by an over-estimation of
the temperature during the heating phase. This well known phenomenon, bygicaipls
one of the main issues in heat load calculations in tokamaks andestbuexplained by
carbon layers in bad thermal contact with the bulk. In this paper,discuss other
possibilities like a non homogenous surface temperature distributiortafiget heat fluxes
in MAST are deduced from IR measurements of the surface tatapeusing THEODOR,

a 2-D inverse heat transfer code which considers the preseracéapér with a givera
parameter, the ratio of the heat conductivity to the thickness ofaylee [2], and more
recently, TACO, a 3-D code which solves the heat transfer eguatithout any layer
correction. Hot spot contribution to temperature measurements andaftudations have
been simulated at different wavelengths for slow and fast transiens erehtompared with
experimental results.

Experimental set-up and ssimulation The Santa Barbara IR Camera (SBFP 125, 320x256
pixel) has a maximum frame rate of 10 kHz for a 8x128 pixel sudow and 315 Hz for
full frame data acquisition. Two IR filters have been used at 3.pm and 4.5 - 5um.
Laboratory experiments with a flash lamp heating have alsodsggnd out to compare the
flux measurements on different graphite samples at differevgler@gths. Mast experiments
are characterised by the natural sweeping of the strike domg ¢he divertor tiles. At the
beginning of the 2004 campaign, negative fluxes have been measuoedniplthe strike
point heat load. This observation has highlighted the over-estimation outiace
temperature on the new divertor, installed for this campaign, withmoutleposited layer. It
has been shown previously by D.Hildebrafijtthat the surface layer effect can apply in
addition to a non uniform surface temperature distribution due toutti@ce morphology
and both lead to an over-estimation of the surface temperadtueesurface roughnessy R
(average of the surface height), measured from tiles takentfrerdivertor after the 2003
campaign varies between 2 andii and was much smaller than the spatial resolution of the
camera (~ 1lcm), with the consequence that the radiance measuesth pixel is from

different zones of different temperatures. For this kind of non-blackbpdgtrum, the hot
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spot hypothesis employed on Tore Supra has allowed simultaneousresgestthe hot
spot coverage, varying between 1 and 5 %, and the main surfgoeratune(4]. For hot
spot simulation, a first assumption is made using a model of dusdiative equilibriun{5]

to approximate the thermal behaviour of the hot spot with a siZejoh and a surface
coverage of 5 %. The measured radiance by each pixel of tlutodeie assumed to be the
sum of the radiance emitted by the bulk,Rand 5 % of the hot spot radiances Ry IS
calculated with the temperature given by the semi-igfieguatiorj3] and Rswith the dust
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Figure 1. Smulated temperature measurement for Figure 2: Smulated temperature measurement for a
a power flux of 1 MW/m2 incidentfor 50 mson a power flux of 50 MW/m2 incident for 150 zson a
graphite surface with 5 % hot spot coverage and graphite surface with 5 % hot spot coverage and
various wavelengths (3.75,4.75 and 1:um) . various wavelenaths (3.75, 4.75 and 1um) .

model [5]. The radiance has been calculated at 3T 4.75um and 12um for a slow
transient event (~ 50 mdjdure 1)corresponding to the duration when the strike point stops
on the divertor, and for an ELMfigure 2. The hot spot contribution depends on the
temperature difference)T, between the bulk and the hot spots and the over-estimation
decreases with wavelengthg(re 1 & 2. According to the Planck law, high temperature
radiates more in near infrared than a low temperature whatatea mainly in the middle
and the far infrared. This characteristic of the blackbodyssion explains why the non
uniform surface temperature leads to a higher over-estimatithve @émperature in the NIR
than the MIR and FIR. According to the hot spot radiative equilibrissuraption, and the
chosen free parameters like hot spot size and surface coveraigenpleeature calculation is
significantly over-estimated by 160 %, 100% and 20% respectatedy75, 4.75 and 12m
after 150us of an applied power flux comparable to an ELM. Calculations usingothgpot
model have shown that the temperature reached by the dust dependpowdhéad, the
time constant depends on the dust size and the intensity of thevedlyat depends on the

hot spot surface coverage.
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Experimental approach According to the hot spot hypothesis, we should measure, for the
same power load, higher temperature and higher flux at 3.75 tharnu#h.7Experiments
have been performed on MAST to reproduce identical shots in ordesmpace flux
calculated at 2 wavelengths. Shots # 12922 (filter 3.pm¥and #12931 (filter 4.5 - gm)

are comparable L-mode sawtooth free plasmas ( ie same stored enegyesmidsion ). As
usual a negative flux is calculated with TACO which follows #figke point sweeping.
Calculation at 3.5 - im have shown a flux ~ 20 - 40 % higher than at 4.fum5Figure 3
displays the total energy load on the divertor using THEODOR caupar the energy

released from the scrape off layer for a sk

repeated with identical set of paramete

with two filters. In order to match the store =+

energy calculated by EFIT and the flu

calculated with IR data, the parameter

.‘f\\.mm

requires infinite value (perfect layer therm

conductivity) in the range 4.5- Fum

0

compared to the value 30 kW/m/K at 3.5- 4 Figure3: Total energy load on divertor (EFIT)

pum. This dependence of surface thermal Z%’;‘pgrﬂ;%r'ﬁg‘z‘gf‘aﬂ;h Cgﬁ;zfegotg‘fe\r’]’e%sgﬂ
properties on wavelength is inconsistent plasma (green).
with a layer phenomenon but is in agreement with the non-homogenous atmger
distribution hypothesis. Moreover, it has been previously observed on MASTthea
parameter does not completely eliminate anomalous negative heat fhaxé$ferent values
of a are required for high-power events such as E[@®JlsUse of a flash lamp with ~14
pulses at 20 Hz from 10 to 100 Joules has allowed the simulation of peateioad during
ELMs from 24 to 240 MW/rh Figure
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pm) compared to the ~ 3.5tm of the new graphite. This is consistent with D.Hildebrandt
[3] who measured accurate fluxes on a polished graphite= (R4 pm) compared to an
unpolished surface ¢R- 5um ). Surprisingly, the over-estimation raises with power load for
the new graphite and diminishes for the used one, underlining the camplethe surface
state modification during a whole campaign and its consequences onaftuXation. A
second wavelength of observation aboyeydsmight improve this issue. The over-estimation
can be modelled by modifying the dust size and the surface cevasaghown ifigure 5
which displays the flux calculated for a +47sum -+ overesimation 3.75 um -a-real flux --3.75 um ~+over-estimation 4.75 um

300
hot spot coverage and size respectively s50 |
£

of 3 % and 1Qum. In this simulation, a 200 |

over-esti

(%)

difference with wavelength is obtained_'S *°

)

=

o

o
L

but this calculation does not take int

x(MPm2
u
o

account the frequency of the data

o

50 100 150 200 250 300
Flux (MW/m"2)

. . . . Figure5: Smulated flux measurement at

time which might influence the 3.75 (blue) and 4.75 zm (red) with 3 % of

hot spot coverage and 10 zm size compared

acquisition as well as the integration

accuracy of the temperature measurement.
Conclusion and outlook At low power load on MAST, surface effects lead to a discrepancy
with filters confirming the non uniform temperature distribution higpsts which foresees
higher calculated flux at short wavelength. It has been obseneeflash lamp experiment,
and in simulations that the surface state plays an importantirroftux calculation.
Alternative phenomena could explain the negative flux calculated. Theriwahstability of
heat solvers as well as the non homogenous surface temperatubaitthstrcan come in
addition to the surface layer effect currently observed in otb&esriak like JET, ASDEX
and Tore Supra. Further investigations need to be carried out dmoth&pot model to
optimise it and define the range of free parameters like hotsspfatce coverage and hot
spot size on which depend the intensity of the over-estimation.
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