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Introduction
Since theerosion problem of divertor plates will become severe in reaetevant

tokamaks with high plasma power densities and discharge durations, the strategy to reduce the
peak divertor heat flux and the control of power deposition to the divertor platecaraibg
important issues in tokamaks operation and experiments as well as fét fTHRpically the

heat fluxes can be derived using data from infrared cameras, Langmuir probe array or
thermocoupldd™®!. As the first operational divertor tokamak devige China, an infrared
camera have been developed on-2A_to quantify the heat flux to the outer divertor plate

and study the characterization of the power deposition under different discharge scenarios.

The new infrared camera system has been used &sumeethe evolution of surface
temperature on the outer divertor plate on2#, from that the net power deposition can be
derived by one dimension heat diffusion model. The arrangement of IR camera system is
shown schematically in Figure 1. The infrarednera contains uncooled Focal Plane Array
detector sensitive from 7ubn to 13um radiation, allowing surface temperature fr&@ C to
90C°C to be measured. A Zinc Selenide window that transmits in the infrared is used as the
vacuum window. Camera contradncbe performed remotely and 60 Hz ki 320<240

pixels images can be captured through the Firewire Repeaters and 50m long fibers in real time

outer divertor late and the
spatial resolution can be less

than 1Imm in the vertical

direction. The surface

Figl. The schematic amgement of IR camera system on 12A

temperature  has  been
corrected by object parameters and calibrated in situ in the temperature range ufpCto 120

during the baking period of HRA.
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1. Observation of the strike point by IR camera
HL-2A is a closed divertor tokamak device and the structure of divertor plate is 8mm

thickness copper with water-cooled. The LSMWler Single-Null) divexr configuration has

been achieved and stably sustained by ugargllel connection method with good feedback
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Fig 2. Image captured ly IR cameraFig 3. Agreement of CF simulatiofilue) with experiment

control of plasma current and positfdnin 2006 campaign, the torodial magnetic field is
reversed to make the drift of iorxBB toward X-point. The strikpoint on the outer divertor
plate has been clearly observed by the IReransystem, typically like the image shown in
the figure 2. It shows non-toroidally-symmetrieating at the outer divent strike points. Hot
spots are normally found on leading edges of the copper divertor tiles.

The position of separatrix on the outer divertor plate can be simulated by current
filament(CF) codg!, which can reconstructehlast closed flux surfaeCFS) of plasma by
18 pick-up coils located around the plasma owiu The position of separatrix can also be
determined in typical ohmic and L mode diacge by the peak of deposited power density,
which is computed from the space and eidependent surface temperature values. The
comparison of the simulation result, which nedkby the blue line, with the evolution of
deposited power density in shot 6170 is illusttatefigure3. From that, it could be seen that
a good agreement exists, especially during the ECRH heating period.
2. Behavior of deposited power density

The deposited power density remains smabhmic discharge. Typal values are from
20W/cnt to 40W/cnf what amounts up to about 8%-15% of the ohmic heating power for the
lower outer divertor plate. Endeposited power density increaseth the power of auxiliary

heating. It can reach 120 W/éraometimes under ECRH hiw. The mean width of the
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power density profile (FWHM) is obtained b@ about 1.5cm in typical ohmic discharge and

less narrower in L mode ones. The value amdilprof deposited powedensity are trying to

match the data from B2.5. Unfortunately thmwation results from the code show the power

density is lower but the mean width of the gowilensity is wider than those obtained by the

experiment. Further work is being done.
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The accurate control of MBI has
been developed. From the analysis of
deposited power density, it seems the
injected MBI pulses in ohmic phase have
less effective to the power deposition.
But during ECRH heating, the MBI
injection could be more effectively to
reduce the heat flux to the divertor plate.
The evolution of plasma parameters and
the profile of deposited power density
under ECRH heating in shot 5945 have
been illustrated in Figure 4. From that, it
is easily to see the deposited power

density at the separatrix drops quickly

Fig4. Evolution of plasma parameters and proféfuring the MBI injection and then
of depositedpower densit in shot 5945.

recovers later, though the deposited

power density far from the separatrix almost keeps constant.

3. Dissipiating of the divertor heat load

The strategy to reduce the divertor heat load is also an important issue in tokamak

operation. Two techniques are normally used $sigating the divertor heat load. One is the

strike point sweeping and another is impuggs puffing. In 2006 campaign, the strike point

sweeping has been achieved by changing the ratio of the plasma current to the current of the

second multipole coil. From that experiment, it has been found that the strike point on the

outer divertor plate moves abd@tm upward when the ratio gf w2 increases about 10% in

300ms. The heat load has been effectively dissipated in this enlarged area by sweeping.
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The impurity gases have also been injecteal ihe outer divertor chamber for alleviating
the heat load. Argon and helium have been bsgedhe result shows the helium is better than
argon in last year’ s plasma parameters onAdd+42e results of helium injection in shot 5347
are presented in the figure 5. Six helium gas pufse/e been injected into the outer divertor
chamber at the plateau of the plasma curréhe integrated poweradiated from outer
divertor chamber increased byaxtor of two and the integed deposited power on the outer

divertor plate decreased to its half value befand after the heliunmjection, and the total
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Fig5. The evolution oplasmaparameters durmphelium ifjection in shot 5347
power radiated from the core plasma almkspt constant. The heat load is effectively

dissipated by enhanced radiationthe divertor charmber. ttan also be proved by the data
from Langmuir probes fixed on the outer divertor plate.
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