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Fig. 1. The main discharge parameters in the divertor detachment experiment: (a) Toroidal field; (b) plasma current; (c) central

line-averaged density; (d) NBI heating power; (e) gas puffing in divertor; (f) ion saturation current density onto target; (g) heat flux

onto outer target; (h) electron temperature at outer target; (i) bolometer signal through the main chamber; (j) nitrogen radiation

intensity.
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Fig. 2. The visible light images taken by a CCD camera
(a) before the detachment and (b) after the divertor detach-

ment.
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Fig. 3. Schematic diagram of Langmuir probe array on the outer mid-plane of HL-2A tokamak.
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Fig. 5. (a) Edge E x B poloidal velocity shear; (b) time-frequency auto-spectrum of density fluctuations; (c) plasma energy con-

finement time; (d) energy confinement enhanced factor during the divertor detachment.
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Studies of edge poloidal rotation and turbulence momentum
transport during divertor detachment on HL-2A tokamak”
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Abstract

In a magnetic confinement fusion device, the plasma undergoing nuclear fusion reaction must be
maintained in a high-temperature and high-density confinement state for a long enough time to release high
energy, while the heat loads on the divertor target plates need to be reduced to avoid damage to wall at the
same time. The latter is one of the key challenges of ITER and commercial fusion reactors in future. Divertor
detachment provides an effective solution to reduce the heat load on the target plate of tokamak. However, this
may result in the change of plasma states at the boundary, thus affecting the plasma confinement. In this
paper, edge plasma poloidal rotation and turbulence momentum transport are studied experimentally during the
divertor detachment in the L-mode discharge of HL-2A tokamak. The detachment is achieved by injecting a
mixture of gas (60% nitrogen+40% deuterium) into the divertor. The gas mixture is injected by pulsed
injection, with pulse length being in a range of 5-20 ms. During the divertor detached phase, both the ion
saturation current density and the heat flux to the outer target plate decrease considerably. The enhanced
radiation is also observed in the divertor and X-point region. It is found that in the process of attachment-to-
pre-detachement, the E x B poloidal flow velocity in the near scrape-off layer (SOL) changes from ion
magnetic drift direction to electron magnetic drift direction. The turbulent driving force of poloidal flow, which
is characterized by the negative radial gradient of momentum transfer flux (Reynolds stress), shows the same
trend. In the detached phase, both the E x Bflow and the Reynolds force become very small. Therefore, the
dynamics of E x B poloidal flow velocity in the SOL is consistent with the evolution of rotation driving effect
induced by the turbulent momentum transport. Combined with the E x B poloidal flow measured by the
probe in the SOL and the beam emission spectrum inside the LCFS, the E x B poloidal velocity shearing rate
near the LCFS can be inferred. Compared with the attached state, when the divertor is detached, the edge
poloidal flow shearing rate decreases significantly, leading to the obviously enhanced turbulence level. Under the
influence of both enhanced turbulent transport and radiation, the global confinement degrades moderately. The
energy confinement time decreases about 15% and the confinement factor Hso—p decreases about 10%. These
results indicate that edge turbulent transport and plasma rotation dynamics play a role in the core-edge

coupling process in which the divertor detachment affects the global confinement.
Keywords: nuclear fusion power, divertors, plasma turbulence, plasma dynamics and flow
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