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1.3.5
First Pellet Injection Experiments on the START Spherical Tokamak


A collaboration has been developed among the Culham Laboratories, the RFX Project (ENEA-CNR, Padova) and the ENEA-Frascati Laboratories in order to perform a pellet injection experiment on the START Spherical Tokamak.


This device is characterised by a low aspect ratio (R/a ≈ 1.3÷1.5, R≈33 cm, a≈24 cm) and a strong plasma shaping, allowing for high toroidal current (Ip ≈ 250 kA) at low value of the toroidal magnetic field (BT,max = 0.3 T). Therefore very high values of the volume averaged total beta (up to <> = 33%) can be obtained on this machine, showing the relevance of such a new kind of configuration from the point of view of the magnetically confined plasmas for thermonuclear reactor perspectives.


Deep particle refuelling, by using frozen Deuterium pellet injection, has been attempted for the first time in a Spherical Tokamak. Such a kind of fuelling is commonly used on standard tokamak devices (like the FTU machine) in which shows the capability to improve both the Greenwald density limit and the global plasma energy confinement time E in ohmically heated plasmas. Furthermore pellet injected tokamak discharges have shown to be very good targets for additional plasma heating (e.g. NBI or ICRH), producing improved non-ohmic confinement regimes like the PEP mode on JET.


On a compact magnetic configuration like the one of a low aspect ratio tokamak, the pellet injection is particularly promising. In fact, the relatively small plasma size of those devices (even in case of reactor extrapolation) could release the pellet velocity requirements in order to obtain central pellet deposition. On the contrary, for medium-high aspect ratio tokamak reactor like ITER, the standard pellet injector technology allows only for shallow particle fuelling, due to the huge size of the plasma column. It should be also remarked that the high toroidal current density of the Spherical Tokamaks allows to sustain very high plasma densities.


The pellet injector that has been installed on the START machine was built by the Risø National Laboratories (Denmark) and operated successfully both on the Reversed Field Pinch ETA-BETA in Padova (1985-1987) and on the FT tokamak in Frascati (1988-1989). It is an injector in which frozen Deuterium pellets are produced by extrusion: the maximum pellet speed is vp ≈ 500 m/s and the pellet mass is of the order of 5•1019 particles. The pellet velocity is measured by optical detectors and the pellet mass is obtained from the signal of a microwave cavity.


Due to the fact that the relatively low pellet velocity allows for bended plastic guide tube, the injection on the START machine has been performed by using a vertical port (see Fig. 1). In this way the pellets are injected from the high field side (HFS), and some improvement on the refuelling efficiency is expected, looking at the results obtained on the Asdex-U tokamak. More conventional low field side injection (LFS), by using an horizontal port, is planned in the future with the aim to compare its results of the ones of the HFS experimental campaign.


Pellets have been injected both on ohmically heated START discharges and on Neutral Beam heated plasma pulses. The main difference that is observed concerns the flight path of the pellet through the plasma cross-section: in ohmic discharges the pellet trajectory is almost straight, showing only a small poloidal deviation towards the magnetic axis; on the contrary, injecting the pellet during the NBI pulse, a strong toroidal deviation is observed in the direction of the plasma toroidal current (the beam is tangentially co-injected). Such an effect could be due either to a rocket effect of the supra thermal ion upon the pellet ablation or to the frictional force acting on the pellet through the plasma viscosity; it has to be taken into account that the START plasma shows a strong toroidal rotation during the NBI.


A remarkable characteristic of the pellet injection during the NBI pulse is that, in spite of the increased ablation due to the supra thermal ions, the pellet is still able to reach the plasma centre, allowing for deep refuelling of the discharge.


In Fig. 2 a picture of the pellet trajectory through the plasma is shown; such an image is provided by the fast (40000 frame/sec) CCD camera that monitors the START discharges. Such a tool is particularly useful since it allows to check the pellet velocity independently from the optical diode diagnostics.


Peaked density profiles have been obtained on START after the pellet injection. Fig. 3 shows the comparison between the electron temperature Te, electron density ne and electron pressure Pe profiles in two very similar ohmic discharges with and without pellet, as measured by the Thomson scattering diagnostics. It can be observed that very high values of the peak density are obtained: 

 ≈ 5•1020 m-3. Such values of [image: image1.wmf] are comparable with the ones typically measured on the FTU tokamak after pellet injection, in spite of the fact that the toroidal magnetic field in START is twenty times less than in the FTU machine.


The line averaged electron density 

 is measured by a HCN interferometer; the pellet ablation time is of the order of 1 ms, while the plasma discharge in START typically lasts for 30÷40 ms, so the density rise due to the pellet can be observed as a continuos rise of the interferometer signal and not as a fast jump, like in the case of long pulse tokamak discharges.


The preliminary results of the pellet injection upon the plasma performances in START is quite noticeable: the Greenwald density limit has been overcome of a factor 1.5 and the energy confinement time E is approximately doubled after the injection, both in ohmic and in NBI heated discharges.


The pellet experimental campaign is presently in progress on the START machine. The final item is to rise the value of the central beta by peaking the pressure profile: at the moment the record central beta on START (and in the world tokamaks) is 

 ≈ 65%, so there should be the possibility to approach [image: image2.wmf] = 1 in the future.

Figure Caption
Fig. 1:
Schematic drawing of the START Spherical Tokamak.

Fig. 2:
Picture of the pellet trajectory through the plasma of the START discharge 

#34919 as obtained from the fast CCD camera.

Fig. 3:
Comparison of the Thomson scattering data for the START ohmic discharges 

#34906 (circles, without pellet) and #34912 (triangles, just after pellet): 


a) radial profile of Te, b) radial profile of ne and c) radial profile of Pe.
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