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1. Introduction. Transport in the scrape-off layer (SOL) is poorly understood, iegiyec
during transients such as ELMs. Generally, ELMs give rise ¢ lparticle and heat loads at
the divertor plates, because the parallel transport along tbdifies usually dominates over
perpendicular transport across the field lines. Since the paratgn along the field lines
is limited to the convective speed of the particles, separdiaatibeat pulses first due to
electron heat transport and later due to ion heat transportsireefjistered at the outer tar-
get and subsequently at the inner target, to where the distancetlze field lines is greater
in the usual case of ELMs occurring at the outer midplane. At thHe propagation time of
the ion heat pulse to the outer target has been measured tdhbeoaddr of 10Qus, with the
ion heat pulse to the inner target being delayed by roughly a furthgris20®this paper, the
propagation of a heat pulse induced by an ELM at the outer midplanalisd with an inte-
grated fluid modelling approach, which is eventually complementedrsti&isimulations
due to the insufficiency of the fluid approach alone.

2. Method. The main tool used in this study is the integrated transport CQieONUT,
which is a self-consistent coupling of the 1.5D core transport ¢&dd@O [2] and the 2D
edge transport code EDGE2D / NIMBUS [3]. In a COCONUT run, JET&ulates the
heat fluxes and transport coefficients in the core and passevdhais at the separatrix as
boundary conditions for EDGE2D, whereas EDGE2D calculates the corresgandinti-
ties in the SOL and passes their separatrix values as boundary corfditidg3 TO [4]. The
boundary between the 1D JETTO grid and 2D EDGE2D grid is here aepagatrix and
both codes are called at each time step. The edge transpaet (E&IB) is represented by a
suppression of all perpendicular transport coefficients to a uniformeo-classical level in
a narrow region just inside the separatrix on the one-dimensiddalligger-ELM perpen-
dicular transport in the SOL, where the grid is two-dimensiosdlept constant at the same
level as in the ETB. Parallel transport in the SOL is catedl according to the 21-moment
approximation [5]. The parallel transport coefficients can beedday adjusting the trans-
mission factorsx; andae in the so-called flux limiter, defined as
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which describes the transition from diffusive to convective transpieme, the subscrip
refers to either ions or electrongp is the parallel thermal conductivity given by the 21-
moment approximatiom is the densityT is the temperature amds the sound speed. In the
simulations in this paper, the transmission factors defauaitta. = 0.2.




32nd EPS 2005; V.Parail et al. : Analysis of ELM heat pulse propagation in the JET scrape-off layer with an ... 20f4

A high-density pure deuterium plasma has been chosen for the anAlysat pulse is in-
duced at the outer midplane by increasing the perpendicular tranepditients in the fol-
lowing way: In the ETB at the edge of the 1D grid, perpendicudasport is increased radi-
ally uniformly by a factor of 100 in the case of ion and electremtial conductivity and 30
in the case of patrticle diffusivity from the inter-ELM ion nelassical level. In the SOL on
the 2D grid, the perpendicular transport enhancement is distributed figlaitzording to a
narrow Gaussian distribution (half widt#il6 in terms of poloidal angle) centred at the outer
midplane, as shown in Fig. 1a. At the separatrix, the poloidal avefdige Gaussian distri-
bution matches the level of thermal conductivity and particle diffiysixespectively, in the
ETB. In initial simulations, the Gaussian-shaped thermal condyctad particle diffusiv-
ity distributions have simply been extended uniformly throughout the &®lllustrated by
the blue curve in Fig. 1b, which shows different profiles for perperati¢tdnsport used in
the SOL. Figure 1c, which shows plots of the ion and electron heasfito the wall as a
function of time in the case of radially uniform perpendiculandpart in the SOL, reveals
the problem with this assumption: The heat fluxes to the wakm@oemous, especially the
ion heat flux, whereby very little power actually goes to dhertor plates [6]. Transport
across the field lines, especially in the case of the iorfasier than the parallel transport
along the field lines by far. Since most of the power is agtutdposited on the divertor
plates in real experiments, the assumption of radially uniformepéicular transport in the
SOL seems to be inadequate. As a better approximation, a stép+sitaped profile with
a very low level of enhancement in the outer half of the SOlLbkaa used in subsequent
simu!ations. This more ugeful enhancement profile is illustrated by the redicuige 1b.
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Figure 1. (a) Perpendicular ion thermal conductivity justside the separatrix during an ELM as a function of
the poloidal distance. (b) Perpendicular ion théromnductivity in the SOL as a function of the r@dco-
ordinate during an ELM in two different scenarioag with radially uniform perpendicular transponteone
with radially step function-shaped perpendiculangport. (c) lon and electron heat flux to the waalla func-
tion of time in the case of radially uniform enhameent of perpendicular transport in the SOL.

3. Results. Figures 2a and 2b
show the ion and electron
heat fluxes at the outer and
Clocton heat flx inner targets as a function of
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Figure 2. lon and electron heat fluxes going to (a) the odteertor re- ion heat fluxes measured at
gion and (b) the inner divertor region in the siatign with radially step- both targets are still rather
function-shaped enhancement of perpendicular taahgpthe SOL. small compared to the elec-
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for this discrepancy turns out to be strong ion-electron equipartition.
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Figure 3. Time integrals of the total ion heat flux measuatdoth targets, the total electron heat flux meas
ured at both targets and the volume-integratecelentron equipartition energy as a function of tifoethree
simulations with the following separatrix densitiés) 8x 10 m*, (b) 1.7x 10" m* and (c) 4.0< 10*° m*,

Further simulations show that the ion-electron equipartition vatiesgly as a function of
the plasma parameters. The higher the density, the lafgacteon of the total energy car-
ried by the ions is transferred to the electrons. This ign#itedd in Fig. 3, which shows time
integrals of the total ion heat flux measured at both targetsotleclectron heat flux meas-
ured at both targets and the volume-integrated ion-electron equipagtigogy as a function

of time for three simulations with different densities. Figure@aesponds to a simulation
with an average separatrix density ok 80" m*, Fig. 3b to a simulation with an average
separatrix density of 1.¥ 10" m™ and Fig. 3c to a simulation with an average separatrix
density of 4.0< 10" m>. The sequence of figures clearly shows how the amount of energy
carried by the ions relative to that carried by the electdmtseases, as the ion-electron
equipartition energy increases with the density.
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Figure 4. lon and ;Imeeést]ron heat fluxes at the outeTz"r“gzdriMQets for O_(e =2.0,0i = Qe = 30 The
four different values of the parallel heat flux ifing factors. figure shows how the ion and

electron heat fluxes at the

outer and inner targets vary for the different values of theliftoiting factors. It should be
noticed that especially the ion heat fluxes vary significaaslya function of the heat trans-
mission factors and that abawt= a. = 1.0 is needed for a significant response to be seen at
the outer target and abomt= o = 2.0 for a sizeable response at the inner target. This sug-
gests that usingd hocconstant flux limiting factors is not a very sensible apgro&air-
thermore, it demonstrates that the fluid approach alone is insaofffoeaccurately model-
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ling transients, since it cannot determine the flux limitingdes self-consistently. Instead,
the flux limiting expressions have to be calculated kinetically during trassie

25 . . . At present, the parallel heat flux limiting
factors are being calculated in particle-in-cell
(PIC) simulations with the BIT1 PIC code
[7] for a number of relevant transient sce-
narios. The kinetically calculated heat trans-
mission factors are being used in the inte-
grated transport simulations. Initially, only a
time dependency is assumed for the heat
transmission factors, but later the spatial de-
pendency of them will also be taken into ac-
count. Figure 5 shows some initial results of
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Figure 5. The parallel flux limiting f_actorsn_i (red ELMy H-mode plasma. It is clearly seen that
curve) anda, (blue curve) as a function of time dur- L .
ing an ELM in a low-recycling JET plasma. the transmission factors vary greatly with

time during the transient.

2.

4. Conclusions. Overall, this study shows that the heat fluxes at the taeget at the wall
depend very sensitively on the assumptions of both perpendicular andlgeaaiport in
the SOL during and after an ELM. In particular, too large rdadaalsport in the outer part of
the SOL during the ELM leads to an enormous heat flux to the Nvals been shown that
the ions generally lose energy to the electrons at a f@stdwaing the transient. The ion-
electron equipartition increases strongly with the density. Tir@IC simulations, it has
also been demonstrated that the parallel heat flux limitingrfaetary strongly during tran-
sients, whereby the fluid approach alone is insufficient for obtaiggtigconsistent model-
ling results. An integrated fluid-kinetic approach is being deviséi;hwinvolves calculat-
ing the flux limiting factors kinetically in PIC simulations of the transs@narios.
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