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Numerical predictions of the poloidal E · B drift in EAST
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Abstract

The effects of poloidal E · B drift in EAST are study with a one-dimensional fluid code. The transport equations are
solved in the poloidal direction with the radial particle and energy influxes as source terms. The simulation results show
that the effects of poloidal E · B drift on the plasma density and temperature are stronger in high recycling case than in
detached case. With the core-edge density increasing, the tendency of pouter/pinner is to decrease for normal BT and to
increase for reversed BT. The ratios of the outer/inner particle and energy fluxes increase with PSOL for normal BT and
decrease with reversed BT. The degree of divertor asymmetries due to the poloidal E · B drift is reduced at low power
and high density for both normal and reversed BT, as expected.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

In/out divertor asymmetry has been observed
experimentally in several tokamaks with a single-
null divertor configuration [1–3]. Moreover, the
degree of in/out divertor asymmetries depends on
the line averaged density [1,2]. The outer/inner
divertor energy asymmetry increases with the heat-
ing power from the core plasma for normal toroidal
field and decreases with reversed toroidal field [3].
When the detachment occurs, the asymmetry in
the poloidal flux is small compared to that in the
attached divertor [4]. To analyze these experimental
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phenomena, which also could be observed in com-
ing experiment in EAST, a one-dimensional fluid
model including the poloidal E · B drift presented
in Ref. [5] was used. In this paper, we improve the
model and apply it to investigate the effect of the
poloidal E · B drift in high recycling case and
detached case of the OH-L plasma experiments for
EAST.
2. Simulation model

We apply the 1-D model including the poloidal
E · B drift based on the 2-D fluid transport equa-
tions [6], assuming that ion and electron tempera-
tures are equal, and that density and temperature
both decay exponentially in the radial direc-
tion with the e-folding length kn and kT. Then, a
.
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one-dimensional model is applied in the poloidal
direction with the radial influxes of the particles
and energy as source terms. This model uses a sim-
plified geometry and the charge neutrality. Viscosity
is not taken into account and currents are also
neglected.

The poloidal E · B drift velocity enters the trans-
port equations through the poloidal velocity:

V h ¼
Bh

B
V k þ V drift

h : ð1Þ

The poloidal E · B drift can be estimated from [5]

V drift
h ¼ 3:0KT

ekT B
: ð2Þ

The equations for particle conservation and energy
can be written as
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The radial derivative of the particle flux Cr and en-
ergy Qr are replaced by the e-folding length kn and
kT
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The sources terms:
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The second term on the right-hand side of expres-
sion in (8) is the energy loss due to the ionization
and excitation (eion = �20.0 eV). The term Wimp is
the radiation-cooling rate of impurity ions. The last
is due to charge exchange.

Here, the radial term in the momentum equation
is omitted, so the equation for momentum looks as
follows:

o

oh
mnV kV h þ 2

Bh

B
nT

� �
¼ Sm: ð9Þ
The momentum source is defined as:

Sm ¼ �mV knnnhrvicex: ð10Þ

The boundary conditions at the two divertors for
the poloidal velocity and the poloidal heat fluxes are

V hjd ¼ �
Bh

B
cs; ð11Þ

Qhjd ¼ �c
Bh

B
csndT d: ð12Þ

Here, we have imposed the Bohm condition for the
plasma velocity at the divertor target. c is the sheath
energy transmission factor. If no secondary emis-
sion at the target is considered for the hydrogen
plasma with Ti = Te, the factor is approximately
5.5.

The neutral gas model assumes that the neutrals
emitted from the divertor are diffusing across the
background plasma through charge exchange
process. The diffusion equation for neutral density
is given by

� o

oh
Dn

onn

oh

� �
¼ �nnnhrvision: ð13Þ

The diffusion coefficient Dn due to the charge
exchange is

Dn ¼
T

minhrvicex

: ð14Þ

For the neutral gas recycled from incident ions on
the divertor plates, the poloidal particle flux is spec-
ified as a fraction RSOL of the incident ion flux, i.e.,

Dn

onn

oh

� �
jd
¼ RSOLnV hjd : ð15Þ

The impurity radiation Wimp is given by

W imp ¼ nnILðT Þ; ð16Þ

where nI is the density of impurity ions, L(T) is the
impurity cooling rate and only depends on the plas-
ma temperature [7]. Carbon is the only impurity
species considered in our simulations. The density
nI is given by using a fixed fraction model

nI ¼ nn; ð17Þ

where, the constant n is the impurity fraction.
3. Simulation results and discussion

To study the effect of poloidal E · B drift in
EAST, we perform calculations for a parameter



Table 2
Parameters of plasmas for high recycling and detached case

High recycling Detached

ncore�edge (1019 m�3) 1.5 2.5
PSOL (MW) 1.37 0.85
RSOL 0.95 0.98

Fig. 1. Ratios of plasma temperature and density with the poloidal
E · B drift on/off as a function of the poloidal distance for the
following cases: (j)-normal field, attached case; (d)-reversed field,
attached case; (h)-normal field, detached case; (s)-reversed field,
detached case.
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set of L-mode operation. The main parameters of
EAST for modeling are listed in Table 1 [8,9].

The heating power PSOL, assumed to be uniform
on the separatrix, escaping from the core plasma,
are defined by PSOL = Qr Æ Ssep, where the Ssep is
the separatrix surface area. The temperature decay
length kT and the density decay length kn are impor-
tant lengths in the model. Since EAST SOL perfor-
mance for these two lengths cannot yet be reliably
predicted from theory, temperature decay length
kT can be based on the characteristics of present
tokamaks. As an example, in high temperature
regime, i.e Te–sep > 40–50 eV, for the OH-L plasma,
in which kT varies only moderately, kT may be
brought into order by the relationship [10]

kT ðmÞ ¼ 112RðmagÞ1:21�0:04IpðAÞ�0:69�0:03
: ð18Þ

So, the kn can be obtained from the Eq. (6) at the
stagnation point when we give values of input
power and edge-core density.

Qr ¼
5D
kn
þ 2vr

kT

� �
n0T 0: ð19Þ

High recycling plasma and detached plasma are the
two typical divertor-plasma regimes. In high recy-
cling case, the pressure is conserved on a field line
and losses of the momentum and power are small.
Most of the power actually deposit on the target.
Compared with high recycling case, detached case
clearly involves large pressure gradients along the
magnetic field with quite low plasma power to the tar-
gets. With the parameters listed in Table 2, the effects
of poloidal E · B drift in high recycling and detached
regimes can be discussed.

The poloidal profiles of the ratios of plasma tem-
perature and density with drift on/off are shown in
Fig. 1. In the high recycling case, we can see that
poloidal E · B drift clearly influences the plasma
density and temperature, especially in the recycling
zone. In the vicinity of the outer target, the ratio
of the density with and without poloidal E · B drift
Table 1
The main parameters of EAST

Major radius R (m) 1.97
Minor radius a (m) 0.5
Elongation j 1.6–2.0
Toroidal field B0 (T) 3.5
Plasma current IP (MA) 1.0
Particle diffusivity D (m2/s) 0.5–1.0
Radial thermal diffusivity vr (m2/s) 1.0–2.0
Impurity fraction (carbon) n 0.05
is up to 1.25 for the normal field (ion $B drift is
directed toward the X-point), while for the reversed
field (ion $B drift is directed away from the X-
point), the ratio is less than 0.86. The influence by
the poloidal E · B drift on the temperature is less
than that on the density. In the detached case, the
ratio of the density with and without poloidal
E · B drift is less than 1.1 for the normal field near
the outer target, while for the reversed field, the
ratio is larger than 0.90. For both normal and
reversed field, the ratio of the temperature with
and without poloidal E · B drift shows a very slight
changes near the 1.0. In other words, the effects of
the E · B drift are also observed in the detached
case in the simulations, but the effect on the plasma
density and temperature is shown to be relatively
small. This is similar to the numerical results in
JT-60U [11].

The degree of in/out density and temperature
asymmetry can change dramatically with the
line averaged density. For example in Alcator
C-Mod and ASDEX-Upgrade, the asymmetry of



Fig. 3. Ratios of out/in particle flux and energy flux as a function
of the heating power from the core plasma PSOL with core-edge
density ncore�edge = 2.0 · 1019 m�3 and recycling coefficient
RSOL = 0.90: (j)-normal field; (m)-reversed field.
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temperature is large at low densities and decreases
at high densities [1,2]. To investigate the degree of
out/in asymmetries of density, temperature and
pressure as a function of line averaged density, we
have carried out a series of simulations with varying
the core-edge densities. Fig. 2 shows that the out/in
density and temperature asymmetries depend on the
core-edge density. With the core-edge density
increasing, nouter/ninner tends to increase while
Touter/Tinner tends to decrease for the normal toroi-
dal field. When the field is reversed, the tendencies
of the asymmetry ratios reverse. For the out/in pres-
sure asymmetry, pouter/pinner > 1 and the ratio
decreases with core edge density increasing for the
normal toroidal field, while pouter/pinner < 1 and the
ratio increases. The out/in asymmetry associated
with the poloidal E · B drift can be written as [12]

pouter

pinner
� 2�ME;in

2þME;out

:

ME is Mach number which is negative with normal
toroidal field and positive with the toroidal field
reversal. Since the static pressure tends to reach
equilibrium along the field lines, when the core-edge
density increases, the temperature decreases.
According to Eq. (2), the poloidal E · B drift
becomes small and the tendency of pouter/pinner ap-
proaches to 1.0.

Fig. 3 shows that the out/in ratios of particle flux
Couter/Cinner and energy flux Eouter/Einner as a func-
tion of the heating power PSOL. The simulation
shows that the divertor asymmetries obviously
Fig. 2. Ratios of out/in density, temperature and pressure as a
function of core-edge density with heat power PSOL = 1.10 MW
and recycling coefficient RSOL = 0.93: (j)-normal field; (m)-
reversed field.
depend on the direction of the toroidal field. It
appears that ratios of both Couter/Cinner and Eouter/
Einner increase with PSOL for normal toroidal field
and decrease with PSOL for reversed toroidal field.
Thus, the effect of the poloidal E · B drift on the
particle flux and the energy flux must be larger a
higher PSOL than that at low PSOL. It is interesting
to note that Eouter/Einner appears to be strongly
dependent on the heating power for both normal
and reversal toroidal field, showing the same ten-
dency as observed in JET [3].

The effect of poloidal E · B drift may be seen by
comparing the ratio of poloidal E · B drift flux to
the poloidal flux caused by the parallel sonic flow.
If the difference between ion and electron tempera-
tures is ignored, poloidal fluxes for E · B drifts
can be estimated as

Cdr
h ¼

3kT n
ekT B

: ð20Þ

Parallel flow with the sound speed causes poloidal
flux

Ckh � ncsBh=B: ð21Þ
The ratio of the two fluxes can be expressed as

Cdr
h =C

k
h � qsh=kT ; ð22Þ

where, qsh � cs/xih and xih = eBh/mi, the ion poloi-
dal gyro-frequency.

With the Eq. (18), the dependence of the ratio of
the two fluxes on temperature T is
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Cdr
h =C

k
h / T 1=2: ð23Þ

It follows from Eq. (23) that the polodial E · B drift
should play a relatively small role in low-power
heated, high-density discharges, which have low
temperature throughout the SOL and divertor, con-
sistent with the numerical results.

Note that our present model can only make some
qualitative predictions. It is difficult to predict
actual divertor asymmetries. In particular, it is still
unclear what determines the divertor asymmetry.
For single-null divertor operation, it has been
observed that the power flux to the outer target is
usually much higher than that to the inner target,
typically Eouter/Einner � 2 or higher for normal
toroidal field, which cannot be simply attributed
to the poloidal E · B drift [12]. According to the
analysis performed in [13], the poloidal E · B drifts
were dominated over by the radial E · B drifts in
high recycling plasma. In our model, we solved only
transport equations in the poloidal direction, and
the radial E · B drifts are not included in the pres-
ent analysis.
4. Conclusion and future study

To investigate the effects of poloidal E · B drift
in high recycling case and detached case of the
OH-L plasma experiments for EAST, a simplified
fluid model has been developed. In this model, we
solved transport equations in the poloidal direction,
with the radial fluxes of the particle and energy as
source terms.

With this model, we have shown that the poloidal
E · B drift influences the plasma transport in the
simulation. In the high recycling regime, the poloidal
E · B drift clearly influences the density and temper-
ature asymmetries. While in the detached regime, the
effects of the poloidal E · B drift on the poloidal
profiles of density and temperature are very small.
With the core-edge density increasing, the ratios
of the out/in pressure pouter/pinner and temperature
Touter/Tinner tend to decrease for normal toroidal
field and to increase for reversed toroidal field. But
the ratio of the density nouter/ninner tends to increase
for normal toroidal field and to decrease for reversed
toroidal field. As the heating power increases,
the ratios of the out/in particle and energy fluxes,
Couter/Cinner, Eouter/Einner, both increase with PSOL

for normal toroidal field and decrease with PSOL

for reversed toroidal field with a more pronounced
change in energy fluxes. The numerical modeling
shows that the poloidal E · B drift has a stronger
effect on high-power heated, low-density plasma, as
the poloidal flux due to the E · B drift to that caused
by the parallel sonic flow scales as T1/2.

The one-dimension fluid model is shown to be
useful for understanding the effect of poloidal
E · B drift in EAST. To further investigate the
divertor asymmetry, the radial E · B drift will be
taken into account. In addition, two-dimensional
simulation of the SOL and divertor plasmas includ-
ing various E · B and diamagnetic drifts will be car-
ried out in the future study.
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