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Pellet injection is a primary method for fueling the plasma in magnetic confinement devices. For that goal the knowl-
edges of pellet ablation and deposition profiles are critical. In the present study, the pellet fueling code HPI2 was used
to predict the ablation and deposition profiles of deuterium pellets injected into a typical H-mode discharge on the EAST
tokamak. Pellet ablation and deposition profiles were evaluated for various pellet injection locations, with the aim at opti-
mizing the pellet injection to obtain a deep fueling depth. In this study, we investigate the effect of the injection angle on the
deposition depth of the pellet at different velocities and sizes. The ablation and deposition of the injected pellet are mainly
studied at each injection position for three different injection angles: 0◦, 45◦, and 60◦. The pellet injection on the high field
side (HFS) can achieve a more ideal deposition depth than on the low field side (LFS). Among these angles, horizontal
injection on the middle plane is relatively better on either the HFS or the LFS. When the injection location is 0.468 m below
the middle plane on the HFS or 0.40 m above the middle plane of the LFS, it can achieve a similar deposition depth to
the one of its corresponding side. When the pre-cooling effect is taken into account, the deposition depth is predicted to
increase only slightly when the pellet is launched from the HFS. The findings of this study will serve as a reference for the
update of pellet injection systems for the EAST tokamak.

Keywords: pellet injection, pellet ablation, HPI2, pellet deposition

PACS: 52.55.Fa, 52.65.–y DOI: 10.1088/1674-1056/ad1e68

1. Introduction

Nuclear fusion energy is a highly efficient and eco-
friendly source of renewable energy. Among all nuclides for
fusion, deuterium and tritium have the largest fusion reaction
cross-section at a relatively low energy. Therefore, most ef-
forts are put into achieving D–T fusion reaction. The fusion
reactors to be built in the near future also relies mainly on
deuterium and tritium fusion reaction. In a burning plasma,
The fuel of D and T needs to be supplied to replenish the
fuel not only due to nuclear fusion reaction consumption but
also due to particle loss induced by various processes, such as
the pumping out effect induced by the edge localized modes
(ELMs), and pumping for ash and impurity removal.[1]

There are several fueling methods, such as supersonic
molecular beam injection (SMBI),[2] gas puffing (GP),[3] and
pellet injection (PI).[4] As a key tool for providing a deep fuel-
ing, PI technology has been widely recognized to be more suit-
able for future fusion devices.[5–8] It is commonly used in cur-
rent magnetic confinement fusion devices, such as DIII-D,[9]

JT-60U,[10] HL-2A,[11] Tore Supra,[12] Alcator C-mod,[13] and
EAST.[14,15] In 2012, a pellet fueling system with a frequency
of 10 Hz was successfully developed for the EAST tokamak.
This system produces cylindrical pellets of around 2.0 mm in

both length and diameter.[16] A typical pellet contains around
3.8× 1020 particles. In addition, the pellet injection system
on EAST are capable of injecting the pellet both from the
high field side (HFS) and the low field side (LFS) at a ve-
locity of 100–300 m·s−1 with a maximum injection frequency
of 10 Hz.[17] PI is also the preferred injection method for the
future fusion reactors such as ITER. This method requires a
highly integrated pellet injection system that applies vacuum,
low-temperature, and high-pressure technologies. Currently,
the fueling efficiency of PI ranges typically from 30% to 90%
for present devices. However, in future devices the fueling
efficiency is expected to be low due to shallow pellet penetra-
tion in the very high temperature edge plasma and the resulting
shallow particle deposition. This poses a main challenge to the
design of future fusion devices. Therefore, research on pellet
source modeling and optimization of pellet injection parame-
ters to achieve deep fueling depth is of significant importance.

Pellet source modeling includes two main processes: pel-
let ablation and homogenization. Parks developed the neu-
tral gas shielding (NGS) model for pellet ablation,[18] which
relates the pellet ablation rate with the background electron
temperature and density, pellet injection speed and pellet size.
The NGS model considers the formation of a neutral cloud
around the pellet surface when the pellet enters the high tem-
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perature plasma. The neutral cloud acts as a protective shield
against the heat flux from the background plasma, thereby en-
hancing the pellet penetration depth. Results obtained with the
NGS model has been validated by comparing with the experi-
mental data, such as those from the International Pellet Abla-
tion Data Base (IPADBASE).[19] At present, numerical simu-
lations have already been conducted to study the pellet pene-
tration and particle deposition depth in EAST discharges with
numerical codes, for example, dynamic neutral gas shielding
model coupled with SOLPS-ITER[20,21] and the PAM[22,23]

code. The latter implements an areal deposition model and
a 2D Gaussian deposition model, which resolves well the tan-
gential singularity problem, encountered when the pellet tra-
jectory aligns with a magnetic flux surface. However, these
two codes adopt scaling laws for reducing the computational
costs, and correspondingly, the codes do not run in a self-
consistent way with the pellet ablation and deposition, and
neglects many sophisticated physical processes.[23,24] In this
work, the HPI2 code is utilized to simulate the pellet ablation
and deposition based on first principles. The pellet ablation
simulation in HPI2 is based on the neutral gas and plasma
shielding (NGPS) model,[19,25,26] which is further developed
on the basis of the NGS model. In addition to the neutral cloud
shielding, the NGPS model considers the extra shielding from
the cold plasma cloud formed of ablated particles, which ex-
pands along the magnetic field. The cold plasma cloud is also
called “plasmoid”, which will detach from the pellet and drift
along the major radius of the tokamak.[26] Especially, with
consideration of the ∇B-induced drift, simulation of pellet ab-
lation becomes more self-consistent, since the plasmoid length
is limited to be finite by the drift. Therefore, we applied the
HPI2 code to the EAST device to study its pellet injection.

The remaining part of the present paper is organized as
follows: Section 2 introduces the background plasma informa-
tion of a typical H-mode discharge on the EAST tokamak and
the simulation setup. Section 3 presents the simulation results
of pellet ablation and deposition with various pellet injection
parameters, and provides an in-depth analysis and discussion.
Section 4 summarizes our findings.

2. Simulation details
2.1. HPI2 code

The HPI2 pellet code offers the flexibility to run within
a transport code such as CRONOS, JINTRAC, or ETS, en-
abling the calculation of source profiles associated with pel-
let injection events, or it can operate independently in stand-
alone mode.[27,28] The hydrogen isotopes pellet injection code
HPI2 is based on a two-cell four-fluid Lagrangian model for
plasmoid evolution.[29] The two cells refer to the background
plasma and the plasmoid, while the four fluids refer to elec-
trons and ions in two cells, respectively.[27,28,30–32] As soon as

the plasmoid particles are ionized, they experience the Lorentz
force that stops both their radial expansion and motion across
the plasma. The motional electric field (induced by vp ×B,
where vp is pellet velocity and ablated particles have a veloc-
ity component equal to vp) in the pellet reference frame tends
to cancel the component that stops the motion through the
plasma, but, simultaneously, the ∇B-induced drift provokes
the drift of the plasmoid down the magnetic field gradient. It
results that the plasmoid drifts down ∇B starting from an initial
velocity equal to the pellet velocity (for incomplete ionization,
the drift velocity is taken to be the weighted average between
the ionized population which experiences the drift and the neu-
trals that tend to follow the pellet). A plasmoid is ejected as
soon as the distance covered by this effective drift becomes
equal to the cloud radius. Once a plasmoid has detached from
the ablation cloud, a diffusive approximation is used for calcu-
lating the energy transfer from the background plasma. Both
parallel and perpendicular fluxes are taken into account, in-
cluding the increase of the corresponding plasmoid surfaces
due to cross-field diffusion and magnetic shear. The evolu-
tion of the plasmoid parameters (dimensions, density and ion
and electron temperatures) are calculated through 0D equa-
tions described in Refs. [32,33]. The finite size of the magnetic
flux shell in which the plasmoid homogenizes is taken into ac-
count (i.e., the background plasma is compressed due to the
plasmoid expansion and its temperature decreases due to the
energy transfer to the plasmoid). In terms of the ∇B-induced
drift, various drift damping mechanisms have been taken into
account, such as Alfvén wave propagation and the effects of
parallel resistive currents both outside (known as the Pégourié
effects) and within the plasmoid (known as the Rozhansky
effects).[34–36] From the 0D-modelling, it follows that the drift
displacement is a value averaged over the whole plasmoid. At
each time step, the corresponding displacement is applied at
every point of the plasmoid, depending on its poloidal posi-
tion. Details about the HPI2 code can be found in Ref. [33].

The HPI2 code is a powerful tool that enables accurate
trajectory calculations for pellet injection in 2D magnetic flux
coordinates. It takes into account various complex physical
processes such as pre-cooling effect, pellet rocket accelera-
tion effect, and the impact of fast ions or electrons on pellet
ablation.[33] Based on the NGPS model, this code provides a
detailed analysis of the homogenization process, tracking the
time evolution of the plasmoid and calculating its drift dis-
placement. Moreover, the code is very adaptable and can ex-
amine different pellet injection scenarios under various mag-
netic field configurations, including tokamaks, stellarators,
and RFP devices.[29] By utilizing HPI2, we studied the pel-
let fueling depth with various injection parameters in a typical
H-mode discharge on EAST. Corresponding results will be a
reference to the upgrade of EAST’s pellet injection system.
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2.2. Initial setup

Inputs for HPI2 code include mainly the plasma tempera-
ture and density profiles, 2D magnetic geometry, q (safety fac-
tor) profile, and pellet injection parameters. The outputs that

are of interest include mainly pellet ablation and deposition

profiles. In addition, details of plasmoid evolution, including

the dimensions of an ablation cloud, plasmoid density and ion

and electron temperatures, can also be obtained.

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Normalized minor radius

1

2

3

4

5

6

7
P
la

sm
a
 d

e
n
si

ty
 (

1
0

1
9
 m

-
3
)

0

1000

2000

3000

4000

5000

6000

P
la

sm
a
 t

e
m

p
e
ra

tu
re

s 
(e

V
)

1.5 2 2.5

-0.5

0

0.5 LFS-Z0.4 m

LFS-mid

HFS-Low

HFS-mid

45O

0O

0O0O
45O

45O
45O

0O

60O

60O
60O 60O

R (m)

Z
 (

m
)

(a) (b)

Fig. 1. (a) Fitted plasma density (red line), and temperature (blue line) profiles with experimental data from a typical H-mode discharge on
the EAST tokamak. The edge electron density is measured with the reflectometer, and the fitting of the core density profile is constrained
by the line-integrated density provided by POINT. The electron temperature is measured with Thomson scattering. (b) Plasma equilibrium
reconstructed by EFIT, and the pellet paths (arrows) mapped onto magnetic flux surfaces for different injection geometries considered in
this paper, including LFS-Z0.4m, LFS-mid, HFS-mid, and HFS-low. The green line represents the last closed flux surface (LCFS). The
arrow lines mainly represent the adoption of three different injection angles for each of the four selected injection locations. A spherical
pellet with radius of rp = 0.8,1.0,1.2 mm and velocity of Vp = 100–300 m·s−1 is used in our simulations.

In the present study, a typical H-mode discharge in EAST
is chosen as background plasma for the pellet injection of
interest. Figure 1(a) shows the fitted electron temperature
and density profiles of background plasma. The central elec-
tron density and temperature are ne0 = 6.1 × 1019 m−3 and
Te0 = 5.61 keV, respectively. In addition, the pre-cooling ef-
fect is considered. The simulation domain is inside the last
closed flux surface. The simulation grids are rectangular grids
in (R, Z) coordinates, with the distance between two simula-
tion grids chosen as dR = dZ = 5 mm. The pellet trajectory is
mapped on 2D magnetic flux surface geometry, on which pel-
let ablation and plasmoid homogenization processes are sim-
ulated. The evolution of the ablation cloud parameters is de-
scribed by a two-cell four-fluid model, which is essentially a
0D model, yet it still takes into account the actual tokamak
configuration in a subtle way. For example, magnetic shear
is considered when evolving the shape of the poloidal cross-
section of the plasmoid.

A high-frequency and relatively low-frequency pellet in-
jection system has been developed for the EAST device.[16,37]

The preparation of deuterium pellets of high-frequency pellet
injection system involves freezing hydrogen gas and cutting
the ice into cylindrical shapes with a length of approximately
1.2 mm and a diameter of about 1.5 mm.[14] With approxi-
mation of a spherical shape for the pellet in the simulation,
a simple estimate yields an equivalent radius of 0.8 mm with
reference to the pellet injection parameters used in EAST ex-
periments. We perform scans for pellet injection parameters to
examine the parameter dependence of the pellet fueling depth.

Figure 1(b) shows the poloidal locations and angles of

pellet injection considered in our simulation. In the real ex-
periments, the injected location of pellet is 0.4 m above the
middle plane of the low field side (LFS-Z0.4m) and 0.468 m
below the middle plane of the high field side (HFS-low), re-
spectively, with a horizontal velocity of about 110 m·s−1. Be-
sides the LFS-Z0.4m and HFS-low injection locations in the
real experiment, we also considered other locations, including
the middle plane of LFS (LFS-mid) and HFS (HFS-mid). At
each location, three injection angles are mainly scanned in our
simulation. The corresponding pellet injection geometry pa-
rameters are summarized in Table 1. In addition, in our simu-
lation, pellets are assumed to be spherical with the pellet radius
of rp = 0.8, 1.0, 1.2 mm, respectively, corresponding to nomi-
nal pellet particle number Np = 1.29,2.52,4.36×1020 atoms,
respectively, and the pellet injection speed Vp is in the range of
100–300 m·s−1.

Table 1. The injection parameters used in our simulations.

Locations R (m) Z (m) αinjection

LFS-Z0.4m 2.35 0.40 0◦, 45◦, 60◦

LFS-mid 2.35 0 0◦, 45◦, 60◦

HFS-mid 1.51 0 0◦, 25◦, 40◦, 45◦,50◦, 60◦

HFS-low 1.35 −0.468 0◦, 25◦, 40◦, 45◦, 50◦, 60◦

3. Results and discussion
3.1. Pellet ablation and deposition

Pellet ablation and deposition are two main processes in-
fluencing pellet fueling efficiency. Pellet ablation is a fast pro-
cess that takes place in mere microseconds, forming a plas-
moid, and then particle deposition takes place in the process
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of plasmoid movement, which results mainly from the ∇B-
induced drift as mentioned in Section 1. Overall, this entire
process typically takes around one millisecond. In Fig. 2,
pellet ablation (solid lines) and deposition (dashed lines) pro-
files predicted with HPI2 code are shown for LFS-Z0.4m case,
with various pellet injection angles, pellet injection speeds and
sizes. In this study, the radial positions of the ablation pro-
file peak and deposition profile peak are taken to characterize
the pellet penetration depth and deposition depth (or fueling
depth) respectively. For example, with parameters of a pel-
let injection velocity of 300 m/s and a radius of 0.8 mm, the

penetration depths are ρ = 0.65, 0.68, 0.73 and the deposi-
tion depths are ρ = 0.925, 0.926, 0.938, respectively, at three
different injection angles. By comparing the results with all
combinations of pellet speeds and sizes at three different in-
jection angles, i.e., 0◦ (red lines), 45◦ (blue lines), and 60◦

(green lines), it is clearly seen that the pellet fueling depth is
the deepest with the injection angle of 45◦. Deep fueling usu-
ally results in high fueling efficiency. Therefore, the simula-
tion results indicate that 45◦ represents the most suitable pellet
injection angle at the injection location of LFS-Z0.4m in three
injection angles.
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In Fig. 3, pellet ablation (solid lines) and deposition
(dashed lines) profiles predicted with HPI2 code are shown for
the LFS-mid case, with the same range of pellet injection pa-
rameters as shown in Fig. 2. By comparing results with three
different injection angles, i.e., 0◦ (red lines), 45◦ (blue lines),
and 60◦ (green lines), it is clearly seen that the pellet fuel-
ing depth is the deepest with the injection angle of 0◦. This
suggests that 0◦ is an optimal injection angle at the injection
location of LFS-mid regardless of instability issues.

In Fig. 4, pellet ablation (solid lines) and deposition
(dashed lines) profiles predicted with HPI2 code are shown for
the HFS-mid case, with the same range of pellet injection pa-

rameters as shown in Fig. 2. By comparing results with three
different injection angles, i.e., 0◦ (red lines), 45◦ (blue lines),
and 60◦ (green lines), it is clearly seen that the pellet fueling
depth is the deepest with the injection angle of 0◦. It should be
noted that increasing the injection speed and size both leads
to deeper pellet penetration, which however may cause tan-
gential singularity problems in calculating the ablation profile
when the trajectory of the pellet aligns with certain magnetic
flux surface. An areal deposition model developed in Ref. [23]
can solve this issue. As in the LFS-mid injection case, the
simulation results indicate that horizontal injection is the most
suitable for the pellet injection location of HFS-mid.
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Pellet ablation (solid lines) and deposition (dashed lines)
profiles predicted with HPI2 code are shown for the HFS-low
case in Fig. 5, with the same range of pellet injection parame-
ters shown in Fig. 2. The tangential singularity problem is also
encountered in calculating the ablation profile when the pellet
trajectory is oblique and becomes tangent to certain magnetic
flux surface. By comparing the results with three different in-
jection angles, i.e., 0◦ (red lines), 45◦ (blue lines), and 60◦

(green lines), it is clearly seen that the pellet fueling depth is
the deepest with the injection angle of 45◦. Therefore, the
simulation results suggest that an injection angle of 45◦ is an
optimal choice at the injection location of HFS-low.

3.2. Electron density and temperature after pellet injec-
tion

Effects of pellet injection on plasma are studied by ana-
lyzing the predicted electron density and temperature profiles
immediately after the pellet injection. Specifically, the pellet
injection effectively leads to an increased density of the back-
ground plasma and also leads to a decrease in the background
plasma temperature due to the cooling by the cold ablated par-
ticles. In Fig. 6 we compare two cases in which pellets are
injected at the locations of LFS-Z0.4m [Figs. 6(a) and 6(b)]
and HFS-low [Figs. 6(c) and 6(d)], respectively. These two
locations are the currently adopted injection locations on the
EAST device. Pellets can only be injected horizontally up to
date. For future updates, the injection angle can be optimized
based on our simulations. A 1.0 mm spherical deuterium pellet
with a velocity of 300 m·s−1 is used in these two simulations.
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The simulation results shown in Figs. 6(a) and 6(c) in-
dicate that the electron density is influenced more signifi-
cantly by pellet injection at the HFS-low location than at the
LFS-Z0.4m injection location. The pellet fueling efficiency is
higher at HFS due to the inward drift of plasmoids, while it
is much lower at LFS due to the loss of particles induced by

the outward drift of plasmoids. Thus, in the HFS-low injec-
tion case, the pellet injected at an injection angle of 45◦ leads
to deeper fueling than that injected at an angle of 0◦, which is
consistent with the corresponding deposition profiles as shown
in Fig. 8. This confirms that the choice of injection angle of
about 45◦ is expected to achieve deep fueling depth and high
fueling efficiency for the HFS-low injection case. Since the
pellet is made up of a frozen material, injecting it into the
background plasma leads to a decrease in electron tempera-
ture. In HPI2, it is assumed that the background plasma is
adiabatically cooled by the deposited pellet particles. Compar-
ison of electron temperature after pellet injection in Figs. 6(c)
and 6(d) shows that the pellet causes less perturbation on the
electron temperature injected at the LFS-Z0.4m location than
that injected at the HFS-low location. Because the cooling
effect is stronger in the latter case due to its high fueling effi-
ciency.

3.3. Fueling depth dependence on pellet velocity and size

The velocity and size of pellet influence pellet fueling
depth through their impact on both pellet ablation and plas-
moid drift. While it is apparent that the penetration depth of
pellet increases with increased pellet velocity and size, their
impact on plasmoid drift is indirect. With a larger size and a
higher velocity, a pellet penetrates deeper, reaching a region
with higher plasma temperature. The plasmoid formed at this
region is heated faster, increasing the plasmoid pressure and
leads to an enhanced drift of the plasmoid. In other words,
pellet injection with larger size and higher velocity usually
leads to higher fueling efficiency, because of not only the in-
creased penetration depth but also larger drift displacements
of those plasmoids formed at core region. The enhanced plas-
moid drifts can also be inferred from Figs. 2–5, by comparing
the differences between deposition and ablation profiles with
different pellet sizes and velocities.

However, it should be pointed out that one cannot con-
clude that larger pellet size with higher velocity must lead to
higher fueling efficiency, because the pellet with large size
may penetrate across the magnetic axis or penetrate through
the whole plasma with too high velocity, especially in the cases
with oblique injection, such as the 60◦ injection case at HFS-
mid and 0◦ injection case at HFS-low as shown in Figs. 4 and
Fig. 5, respectively. In these two cases, the pellet with too large
radius or too high speed penetrates through the plasma without
being fully ablated. The integration of the density increment
in such cases are smaller than those cases where pellets are
fully ablated. In addition, too large pellet may lead to some
plasma instability, and too high speed may put a challenge
to pellet injection technology, especially in the HFS injection
cases, where curved tubes are needed to transfer pellets to the
injection position. Therefore, it is necessary to control the ve-
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locity and size of the pellets within a reasonable range. In
conclusion, the optimization of pellet fueling depth and fuel-
ing efficiency requires considering further constraints by other
physics aspects such as plasma instability and engineering as-
pect.

3.4. Fueling dependence on pellet injection angles

From Figs. 2–5, it is seen that the pellet has deeper fueling
depth when injected on HFS compared to LFS. In this section,
we further investigate the influence of injection angles on pel-
let fueling depth. Simulations were conducted with a fixed
pellet injection velocity of 100 m/s and a radius of 1.0 mm, at
HFS-mid and HFS-low positions, respectively. In addition to
angles of 0◦, 45◦, and 60◦, we consider three additional angles
of 25◦, 40◦, and 50◦.

-10 0 10 20 30 40 50 60 70

Injection angle

0.66

0.68

0.7

0.72

0.74

0.76

0.78

-10 0 10 20 30 40 50 60 70

Injection angle

0.65

0.7

0.75

0.8

0.85

(a) (b)

r
d
e
p
, 
m

a
x

Vp=100 m/s, Rp=1.0 mm@HFS-mid Vp=100 m/s, Rp=1.0 mm@HFS-low

Fig. 7. Fueling depth predicted with HPI2 code with pellets injected at
HFS-mid (a) and HFS-low (b) respectively, with various pellet injection
angles. The pellet injection speed used in the simulation is 100 m·s−1,
with a pellet radius of 1.0 mm.

The predicted penetration depths are ρ = 0.67, 0.68, 0.70,
0.71, 0.74, and 0.77, respectively, with angles 0◦, 25◦, 40◦,
45◦, 50◦, and 60◦, when the pellet is injected at HFS-mid, as
shown in Fig. 7(a). With decreasing injection angles, the par-
ticle deposition depth gradually moves towards the core posi-
tion. Therefore, for HFS-mid injection, it is recommended to
perform horizontal injection to have the deepest fueling depth.
Similarly, from Fig. 7(b), we conclude that the pellet should
be injected at an angle of 45◦ at HFS-low position to achieve
deep fueling depth.

3.5. The pre-cooling effect on pellet fueling depth

As mentioned above, plasmoids drift along the direction
of the major radius, and the drift speed is usually much higher
than the pellet speed. Deposition of cold plasmoid particles
drifting in front of the pellet will cause the pre-cooling of the
background plasma in the HFS injection cases. The pellet that
penetrates here later on will feel lower temperature, and thus
the pellet ablation rate is decreased and penetration depth is
deeper. The pre-cooling effect provides a reasonable explana-
tion for the experimental observation that the pellet penetra-
tion depth is usually significantly larger on the HFS compared
to the LFS.[38] Deposition of ablated particles in a plasmoid

drifting in front of the pellet is modelled with the drift and ho-
mogenization model described in Subsection 2.1. The cooling
of the background plasma is modelled as an adiabatic process
in HPI2.
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tively. [(c), (d)] For the cases with the pellet injection speed of 200 m/s
and radius of 1.0 mm and 0.8 mm, respectively.

Figure 8 shows the predicted profiles of pellet ablation
(solid lines) and deposition (dashed lines) obtained with HPI2
with (red lines) and without pre-cooling effect (black lines),
respectively. HFS-low is chosen as the injection location, with
an injection angle of 45◦, since it may represent the most suit-
able injection angle at this location as mentioned in Subsec-
tion 3.2. The radius of pellet used in simulation is 0.8 mm and
1.0 mm and the injection speed is 100 m/s and 200 m/s.

The simulation results suggest that taking into account
pre-cooling effect may have a significant impact on pellet ab-
lation rate and penetration depth. When the pre-cooling ef-
fect is considered, the pellet ablation rate is greatly reduced,
leading to a broaden ablation profile, as shown by the solid
red lines. Correspondingly, the peak of the ablation profile is
lower compared to the case in which the pre-cooling effect is
not considered. However, the deposition depth of the pellet
increases only slightly when taking into account the influence
of the pre-cooling effect, especially for small pellets as shown
in Figs. 8(b) and 8(d). The simulation results show the sim-
ilar trends for pellets with different velocities, ranging from
100 m/s [Figs. 8(a) and 8(b)] to 200 m/s [Figs. 8(c) and 8(d)].

The pre-cooling effect has a more noticeable impact on
penetration depth than on deposition depth because plasmoid
drifts are smaller when pre-cooling effect is taken into account.
This can be clearly seen in Fig. 9, in which drift distances of
plasmoids at the same radial position are compared with (red
lines) and without (black lines) taking into account pre-cooling
effect. When including pre-cooling effect, the ablation rate be-
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comes lower, resulting in a lower plasmoid density. In addi-
tion, the temperature of the background plasma, cooled by the
deposition of previously formed plasmoids, becomes lower.
These two effects lead to a lower plasmoid pressure, which is
the driving term of the ∇B-induced drift. Therefore, plasmoid
drift distances decrease compared to the case without taking
into account the pre-cooling effect. Further research is needed
to investigate in detail how the pre-cooling effect affects the
evolution of plasmoid parameters, which is left as the future
work.
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3.6. Discussion

Simulation results indicate a systematically deeper pel-
let deposition depth, which usually gives a higher fuel-
ing efficiency, when the pellet injection location is selected
on the HFS compared to the LFS. The result is consistent
with the experimental observations on ASDEX-Upgrade, Tore
Supra, DIII-D, and EAST. For quantitative comparison, in an
ASDEX-Upgrade experiment, the averaged plasmoid drift dis-
placement was determined on the order of 10 cm, while the
drift displacement obtained on the EAST tokamak with sim-
ilar plasma and pellet injection parameters is approximately
8 cm, as shown in Fig. 9.[8,16,35,39–41] However, in previous
studies, the impact of pellet injection angles on the pellet de-
position depth has not been explored, partly because of the
difficulty in changing the injection angle at an injection posi-
tion due to engineering constraints. Therefore, we conducted
scan of pellet injection parameters including the injection an-
gle. From simulation point of view, four pellet injection posi-
tions are selected with three different injection angles at each
position. Simulation results indicate that injecting pellets at
HFS middle plane with 0◦ injection angle leads to the highest

deposition depth. However, it is important to note that per-
forming pellet injection at HFS middle plane location with a
small injection angle such as 0◦, is technically very challeng-
ing from an engineering perspective. On the other hand, it is
noted that pellet injection at HFS-low with 45◦ injection an-
gle gives comparable deposition depths with pellets injected
at HFS middle plane with 0◦ injection angle. Therefore, for
the design of the next-generation pellet injection system for
EAST, using a curved tube to deliver pellets to the HFS-low
position and injecting them at an angle of 45◦, can potentially
achieve deep pellet deposition. It should be pointed out that
this study only considers thermal electrons and ions when pre-
dicting pellet ablation and deposition profiles, without taking
into account the ablation enhancement caused by fast electrons
or fast ions generated by auxiliary heating and current-driven
methods, such as LHCD and NBI. These will be considered in
the future work.

4. Conclusions
In summary, the advanced hydrogen isotopes pellet injec-

tion code HPI2 has been utilized to evaluate the pellet fueling
depth on the EAST device. We study pellet ablation and de-
position at various poloidal injection locations and angles by
scans of these parameters. The simulation results indicate that
the pellet injection penetration is notably deeper when pellets
are injected at an HFS location, compared with at an LFS lo-
cation. At a selected injection location, we mainly study the
cases at three different injection angles of 0◦, 45◦, and 60◦.
When injection locations are on the middle plane of LFS or
HFS, it is found that a good pellet injection angle is along the
middle plane. However, if the injection location is 0.4 m above
the middle plane in the LFS case or 0.468 m below the middle
plane in the HFS case, an ideal pellet injection angle is close to
45◦. In general, the deeper penetration depth can be obtained
with injection angles perpendicular or nearly perpendicular to
the magnetic flux surfaces. This study can help in optimizing
and finding the best combination of pellet injection parameters
such as injection locations and angles.
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[32] Pégourié B, Waller V, Nehme H, Garzotti L and Géraud A 2007 Nucl.
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