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a b s t r a c t

Helium cooled solid breeder blanket as an important blanket candidate of the Tokamak fusion reactor
uses ceramic pebble bed for tritium breeding. Considering the poor effective thermal conductivity of the
ceramic breeder pebble bed, thin structure of tritium breeder pebble bed is usually adopted in the
blanket design. The container wall has a great influence on the thin pebble bed packing structure,
especially for the assembly of mono-sized particles, and thin pebble bed will appear anisotropic effective
thermal conductivity phenomenon. In this paper, thin ceramic pebble beds composed of 1 mm diameter
Li4SiO4 particles are generated by the EDEM 2.7. The effective thermal conductivity of different thickness
pebble beds in the three-dimensional directions are analyzed by three-dimensional thermal network
method. It is observed that thin Li4SiO4 pebble bed showing anisotropic effective thermal conductivity
under the practical design size. Normally, the effective thermal conductivity along the bed vertical di-
rection is higher than the horizontal direction due to the gravity effect. As the thickness increases from
10 mm to 40 mm, the effective thermal conductivity of the pebble bed gradually increases.

© 2021 Korean Nuclear Society, Published by Elsevier Korea LLC. All rights reserved. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Nuclear fusion can provide sustainable clean energy for indus-
trial and social life, Tokamak is a typical device for nuclear fusion
energy applications [1]. Tritium is the fuel for nuclear fusion energy
and is very expensive, to realize the commercial application of
fusion energy, tritium must be self-sustained. Tritium is mainly
produced by the breeder blanket in the fusion reactor, so the design
of the breeder blanket is a key task. Helium cooled solid breeder
blanket is an important candidate option for breeder blanket
design, and the breeder material is often used in the form of
lithium-based ceramic pebble bed [2]. Different from the material
of continuous medium, the heat transfer of the pebble bed is
affected by both the particles and the filling gas. The heat transfer
capacity of the pebble bed is expressed by a certain parameter,
which is called the effective thermal conductivity. Considering the
poor effective thermal conductivity of the ceramic breeder pebble
bed, suitable extraction temperature of tritium and the solid
ang).
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blanket needs to be operated at a safe temperature window, the
design thickness of tritium breeder pebble bed in the typical heli-
um cooled solid breeder blanket is thin, about 10e25 mm [3e6].
For thin ceramic pebble bed, the influence of the container wall on
the pebble bed packing structure cannot be ignored [7,8], which
may result in anisotropy in effective thermal conductivity.

At present, many studies on the effective thermal conductivity
of the tritium breeder pebble bed pay more attention to experi-
mental measurements [9e14], theoretical derivation [15e18] and
numerical simulation methods [19,20], and pay little attention to
the impact of the container wall on the pebble bed. Actually, the
container wall has a big influence on the packing structure, effec-
tive thermal conductivity andmechanical property if the size of the
pebble bed is too thin.

Numerical simulation is more feasible for the research of the
anisotropy effective thermal conductivity than experimental mea-
sure. DEM has proven to be a good method for studying pebble bed
packing and mechanical properties [7,8,21e23], so the pebble bed
reserved. This is an open access article under the CC BY-NC-ND license (http://
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composed of mono-sized particles is generated by DEM in this
paper. Due to the complex structure of the pebble bed, the con-
ventional thermal-fluid-solid coupling method is difficult to apply
to the solution of the temperature distribution of the pebble bed.
Fortunately, a three-dimensional random network method has
been proposed by G.K. Batchelor et al. [24] and Tae Sup Yun et al.
[25] to evaluate the effective thermal conductivity of the packed
granular system and this method has proved effective. After we
obtained the random packed bed model by the DEM, the temper-
ature distribution of the pebble bed can be analyzed based on the
three-dimensional thermal network method, then the effective
thermal conductivity will be calculated according to Fourier’s law.

In this paper, the anisotropic effective thermal conductivity of
thin Li4SiO4 ceramic pebble bed is calculated by combining DEM
and three-dimensional thermal network method. DEM analysis
uses software EDEM 2.7, three-dimensional thermal network
method is realized byMATLAB self-programming code. Referring to
the size of pebble bed in the China Fusion Engineering Test Reactor
(CFETR) [3e6], the diameter of Li4SiO4 particles is 1 mm. For DEM
model of the pebble beds, the thickness increase from 10 mm, and
the other two directions are periodic boundary conditions. Based
on the DEM and three-dimensional thermal network method, the
effect of packing structure on anisotropic effective thermal con-
ductivity of thin ceramic pebble bed is studied.

2. Methodology

The anisotropic effective thermal conductivity of thin Li4SiO4
ceramic pebble bed is studied by combining DEM and three-
dimensional thermal network method. The technical route is
Fig. 1. Schematic of the technical route.
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shown in Fig. 1 and the material properties used in the numerical
simulation are shown in Table 1 below [15,21,26e31]. In discrete
element simulation, due to the lack of experimental data and
reference to literature, the friction coefficients for pebble-wall and
pebble-pebble are set to 0.1 [15].

The pebble bed model is generated by DEM, the calculation
process is shown in part “obtain random packed pebble bedmodel”
in Fig. 1. In our simulation, the mechanical properties of the parti-
cles are called first, and then a certain amount of particles are
generated on the top surface of container and dropped under the
influence of gravity. Finally, analyze and obtain the coordinates of
each particle in the pebble bed. The heat transfer simulation is
solved by three-dimensional thermal network method, the calcu-
lation process is shown in part “Pebble bed heat transfer analysis”
in Fig. 1. According to the obtained coordinates of each particle in
the pebble bed, the heat transfer model of the packed pebble bed is
reconstructed. After that, input the material’s thermal properties,
set the boundary conditions, carry out the heat transfer simulation,
and analyze the simulation results.

The effective thermal conductivity of the pebble bed is affected
by many factors, such as the properties of the particles and gas,
thermal radiation, gas flow velocity. Considering the small tem-
perature difference between particle surfaces, the influence of
thermal radiation is not considered. In addition, the flow velocity of
helium in the helium cooled solid breeder blanket is very slow, so
the effect of convection heat transfer can be ignored [9]. Therefore,
the properties of particle and filling gas and their combined effects
on the thermal conductivity of the pebble bed have been studied in
this study. In the simulation work, the DEM modeling did not
consider the effect of temperature, the heat transfer simulation
considered the effect of temperature. Considering that the purge
gas pressure in the solid cladding is fixed, 1 bar is selected in this
paper, so Smoluchowski effect is not considered.
2.1. Modeling pebble bed

DEM was proposed by Cundall and Strack in 1979 [23] to
investigate the mechanical properties of the granular materials, it
was based on Newton’s Second Law of Motion and the physical
contact theory of particles [32]. Firstly, themechanical properties of
particles are defined, and a certain number of particles are gener-
ated by the particle factory, and then the particles fall and accu-
mulate under the action of gravity. The kinetic energy of particles in
the container is monitored during the falling of particles. When the
kinetic energy is less than 1� 10�14J, the pebble bed is considered
to reach a dynamic stable state [7], as shown in Fig. 2(a). The spe-
cific process of constructing random packed pebble bed model can
be obtained in our previous work [7]. In DEMmodeling, the effect of
thermal expansion is not considered, and it is reflected by coeffi-

cient Ceff
ij in the process of heat transfer analysis.

After we obtained the random packed bed model by the DEM,
the heat transfer simulation of the pebble bed was carried out by
the three-dimensional thermal network method. Because the
number of particles contained in the pebble bed is too large, the
calculation efficiency is seriously affected (Table 2). The red part of
the pebble bed is selected for heat transfer simulation, as shown in
Fig. 2(b). The simplified model takes into account the effect of
thickness on the pebble bed packing structure, the other two di-
rections of the pebble bed are still unaffected by the container wall,
so it is reasonable and acceptable. In order to conveniently describe
the three-dimensional pebble bed, the pebble bed is described in a
Cartesian coordinate system, and the X, Y and Z directions are
shown in Fig. 2. For pebble bed models with different thicknesses,
the size in the Y-direction is changed.



Table 1
Properties.

Material Parameter Value

Li4SiO4 Diameter, mm 1
Density, kg/m3 2352
Young’ modulus, GPa 90
Poisson’ ratio 0.24
Thermal conductivity, W/m K ð1:98 þ 850 =TÞ� ð1 � 0:067Þ=½1 þ 0:067 � ð1:95 � 8 � 10�4TÞ�, T in K.
Specific heat capacity, J/Kg K 980.73 þ 1.4201T, T in K.

Li2TiO3 Diameter, mm 1
Density, kg/m3 3189
Young’ modulus, GPa 200.6
Poisson’ ratio 0.27
Thermal conductivity, W/m K 49:185� T�0:457, T in K.
Specific heat capacity, J/Kg K 355� ðT � 100Þ1:1=ð1 þ 0:3 � T1:05Þ, T in K.

Helium Thermal conductivity, W/m K 2:682� 10�3 � ð1 þ 1:123 � 10�3PÞ� T ð0:71�ð1�2�10�4PÞÞ , T in K, P is gas pressure in bar and uses 1 bar in this study.

Fig. 2. Pebble bed model. (a) Randomly packed pebble bed established by DEM, (b) Selected model for heat transfer simulation.

Table 2
Number of particles in the pebble bed model.

Thickness in X direction (mm) Thickness in Y direction (mm) Thickness in Z direction (mm) coefficient of static friction between the particles Number of particles

40 10 40 0.1 18579
40 20 40 0.1 37972
40 30 40 0.1 57236
40 40 40 0.1 76329
40 30 40 0.3 56227
40 30 40 0.6 55493
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2.2. Global thermal model

After the model for heat transfer simulation is obtained, the
anisotropic effective thermal conductivity of pebble bed is solved
by three-dimensional thermal network method. For example, to
solve the effective thermal conductivity of pebble bed along the Y
direction, the boundary conditions are set in two walls along the Y
direction, one side is fixed at a high temperature, the other side is
fixed at a low temperature, referring to the work of M. Moscardini
et al. [19], the temperature gradient between the two walls is set to
1K. The insulation boundary is set on the other four walls, the flow
direction of the heat flux is shown in Fig. 3.

There are two phases coexist in the pebble bed, particle and gas.
In the proposed thermal contact conductance model, the particles
are interconnected by thermal resistors defined by the different
types of thermal contact [19,24,25]. Assumed the heat transfer
2176
coefficient between the particle i and the particle j is Ceff
ij [W/K]

(calculation method reference [25]), so the heat exchanged qij be-
tween the two particles is:

qij ¼ Ceff
ij

�
Ti � Tj

�
(1)

Ti [K] and Tj [K] represents the temperature of particle i and the
particle j, respectively. Similar situation, the total heat flux
exchanged Q [J] between the particle i and all other particles in
the pebble bed during the time t [s] can be obtained.



Fig. 3. The temperature distribution of the pebble bed along the Y direction. (Red
indicates high temperature and yellow indicates low temperature). (For interpretation
of the references to colour in this figure legend, the reader is referred to the Web
version of this article.)
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Q ¼ t
X

qij (2)

t means the time step, the selected value in this paper is 0.1s.
Therefore, the temperature of the particle i after the t is:

Tnewi ¼ Toldi � Q
micp

(3)

Tnew
i [K] means the temperature after the update, Toldi [K] means

the temperature before the update, mi [Kg] is the mass of the
particle and cp [J/Kg K] is the specific heat capacity. The calculation
finished when the assembly reaches the steady state configuration
satisfied Eq. (4). The ceramic pebble bed temperature distribution
at different calculation times and eps as a function of iteration time
are shown in Fig. 4 and Fig. 5, respectively. Fig. 4 represents the
temperature distribution of the pebble bed at different iteration
times, it can be seen that as the iteration time increases, the tem-
perature distribution in the pebble bed tends to be stable. Fig. 4
shows that the pebble bed temperature distribution tends to be
stable, but there is no quantitative standard, so eps is monitored for
analysis. As the beginning of the iteration, the eps of pebble bed is
very large in Fig .5. As the iteration progresses, the eps first de-
creases significantly and then gradually decreases and tends to a
stable value.

eps ¼
jP Tnew �

X
Told

���P
Told

<10�9 (4)

Then, the effective thermal conductivity of the ceramic pebble
bed can be obtained by Eq. (5).

leff ¼
qfluxH

A
�
Thigh � Tlow

� (5)

leff [W/m K] means the effective thermal conductivity of the
pebble bed, qflux [J] means the heat flux through the high temper-
ature wall, H means the thickness of pebble bed (If the solution is
the effective thermal conductivity of the pebble bed in the Y di-
rection, H is t he thickness of the pebble bed in the Y direction), A
means the cross-sectional area, Thigh � Tlow [K] means the temper-
ature difference between the high temperature wall and the low
temperature wall.
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2.3. Heat transfer model between particles

Section 2.2 introduces the global thermal model of the three-

dimensional thermal network method, the calculation of Ceff
ij [J] is

the key and has been proposed by Yun T S et al. [25]. There are two
cases of heat transfer between particles in the pebble bed. One is
that the two particles are in direct contact, and the other is that
there is a gap between the two particles, as shown in Fig. 6.

Ri [m] and Rj [m] represent the radius of particles i and j
respectively, Dij [m] represents the distance between the centers of
the two particles, hij [m] represents the width of the particle gap,
and rc means the radius of the particle contact surface.

It can be considered that the two heat transfer situations include
three contact thermal resistances, two of which are the heat
transfer thermal resistance inside the particles, and the other is the
particle contact thermal resistance, as shown in Fig. 7 therefore:

1

Ceff
ij

¼ 1
Cg
i

þ 1
Ccontact
ij

þ 1
Cg
j

(6)

Ccontact
ij [W/�C], Cg

i [W/�C] and Cg
j [W/�C] represent the heat

transfer coefficients of particle contact, particle i and particle j,
respectively.

According to Hertz-Mindlin contact model:

rc ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi��hij��Rij2

r
(7)

Rij ¼
2RiRj
Ri þ Rj

(8)

A certain particle in the pebble may have heat transfer with
many particles. It is considered that when hij<εRij, the heat transfer
between them can be ignored. ε indicates the cut-off range within
which the heat transfer between particles i and j are allowed and
the value is adopted as 0.5 in the present work refer to Ref. [19].

In order to obtain Ceff
ij , Yun T S et al. [25] proposed the calcula-

tion formulas of Ccontact
ij , Cg

i and Cg
j .

(1) Heat transfer with gap between particles

Ccontact
ij�gap ¼

8>>>><
>>>>:

pkf Rij ln
�
a2
�

if lij≪1

pkf Rij ln

 
1þ c2Rij

hij

!
otherwise

(9)

kf [W/(mK)] means the thermal conductivity of the filling gas, kg
[W/(mK)] means the thermal conductivity of the particle, and a ¼
kg
.
kf
. c is the correction factor, whichwill be analyzed in Section 3.

lij ¼ a2hij
.
Rij (10)

(2) Heat transfer when particles are in direct contact

Ccontact
ij�gap ¼ pkf Rij

h
Kc þ Kg þ ln

�
a2
�i

(11)

If bij/∞:



Fig. 4. The temperature distribution of the pebble bed at different iteration times (The thickness is 10 mm in X and Z direction and 20 mm in Y direction.).

Fig. 5. The relationship between eps and the iteration step.
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Kc ¼ 2bij
�
p (12)
2178
Kg ¼ �2 ln
�
bij
�

(13)

If bij <1:

Kc ¼ 0:22b2ij (14)

Kg ¼ �0:05b2ij (15)

In other cases, linear fitting is used to determine the values of Kc

and Kg , and bij ¼ arc/Rij.

(3) Heat transfer coefficient inside particles

Cg
n ¼ pkg

�
Rcij
�2.

Rn
n ¼ i or j (16)

In the formula, Rcij ¼ cRij.
3. Model verification

c indicates the estimate of the fraction of the mean radius of
curvature and the value needs to be obtained. The c used in this
paper comes from the results of Weijing Dai et al. [33] finite
element numerical analysis, as shown in Eq. (17).



Fig. 6. Two cases of heat transfer between particles in a pebble bed.

Fig. 7. Heat conduction between particles.

Fig. 9. Comparison of experimental data and numerical simulation results of effective
thermal conductivity of Li2TiO3 pebble bed.
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c ¼ 1:312a�0:19 (17)

In order to verify the feasibility of the method, the analysis re-
sults are compared with experiments. Since the size of pebble bed
used in the experiment can be considered infinite, the verified
Fig. 8. Comparison of experimental data and numerical simulation results of effective
thermal conductivity of Li4SiO4 pebble bed.
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pebble bed model is taken from the portion of the interior of the
pebble bed which is unaffected by the container walls. The verified
pebble beds are Li4SiO4 and Li2TiO3, experimental data from Hongli
Chen et al. [9] and Christopher Kang et al. [34], respectively. In
addition, according to the experimental method, Hongli Chen used
Hot Disk method to measure the thermal conductivity of the
Li4SiO4 pebble bed, whichmeasures the thermal conductivity in the
Z direction of the pebble bed. Kang measures the effective thermal
conductivity in the radial direction of the Li2TiO3 pebble bed, so the
numerical calculation should correspond to it.

Fig. 8 is the comparison of experimental data and numerical
simulation results of effective thermal conductivity of Li4SiO4
pebble bed, and Fig. 9 is the comparison of experimental data and
numerical simulation results of effective thermal conductivity of
Li2TiO3 pebble bed. The pebble bed is filled with 1 bar of helium and
the temperature is from room temperature to 600 �C. It can be seen
from Figs. 8 and 9 that the comparison results of the two kinds of
pebble beds are better, and the maximum error is about 5%.
Considering the measurement error and calculation accuracy, it can
be considered that the three-dimensional thermal networkmethod
can be applied to the pebble bed heat transfer analysis.

4. Method application

4.1. Influence of the thickness of the pebble bed

In this section, the influence of the thickness on the anisotropic
effective thermal conductivity of thin Li4SiO4 pebble bed is studied.
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The diameter of Li4SiO4 particles is 1 mm, the thickness of the
pebble bed studied in this paper varies from 10mm to 40mm in the
Y direction, the lengths in the X and Z directions are both 10 mm.
Since the thermal analysis model is selected from the complete
model (detailed in section 2.1), the influence of the walls in the X
and Z directions of the pebble bed can be ignored.

Fig. 10 shows the comparison of effective thermal conductivity
of the pebble bed in the X, Y and Z directions, while Fig. 11 shows
the effective thermal conductivity of the pebble bed as a function of
thickness. For the four different thickness pebble beds analyzed in
this paper, the effective thermal conductivity increases with
increasing temperature, which is consistent with the experimental
measurements. The effect of temperature on the effective thermal
conductivity of Li4SiO4 pebble bed is significant. From Fig.10 (a), the
effective thermal conductivity in the Z direction is about
0.78 W m�1 K�1 at 100 �C and about 1.08 W m�1 K�1 at 600 �C.

When the thickness of the pebble bed is 10 mm, the effective
thermal conductivity in the Z direction is the largest, followed by
the X direction, and the smallest is the Y direction. As the thickness
Fig. 10. The comparison of effective thermal conductivity of the pebble bed in the X, Y and
direction is 20 mm, (c) The thickness in the Y direction is 30 mm, (d) The thickness in the
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increases to 40mm, the effective thermal conductivity difference of
the pebble bed in the X and Y directions gradually becomes smaller
and disappears, but the Z direction is still the largest. It is known
that effective thermal conductivity increases with increasing
compressive pressure on granular beds [35]. The pebble bed is
subjected to gravity along the Z direction in this study, the hori-
zontal force of the pebble bed is smaller than the vertical direction,
so the effective thermal conductivity in the Z direction is the
largest. Both the X direction and the Y direction are in the hori-
zontal direction, the difference in the effective thermal conductiv-
ity of the pebble bed is due to the influence of the container wall on
the arrangement of the particles. As the thickness of the pebble bed
increases, the influence of the container wall gradually decreases,
so the effective thermal conductivity in the X and Y directions of the
pebble bed gradually becomes consistent.

It can be seen from Fig.11 that the effective thermal conductivity
of the Li4SiO4 pebble bed increases as the thickness increases, tends
to be stable until the thickness is increased to 40 mm. The trend of
the effective thermal conductivity of the pebble bed with same
Z directions (a) The thickness in the Y direction is 10 mm, (b) The thickness in the Y
Y direction is 40 mm.



Fig. 11. The effective thermal conductivity of the pebble bed as a function of thickness (a) Effective thermal conductivity in the X direction, (b) Effective thermal conductivity in the
Y direction, (c) Effective thermal conductivity in the Z direction.
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thickness at different temperatures can be considered consistent.
Through analysis, the thickness has an effect on the effective
thermal conductivity of pebble bed, especially when the thickness
is thin. The combination of these factors leads to anisotropic
effective thermal conductivity. Therefore, in analyzing the heat
transfer of a thin Li4SiO4 pebble bed (particle length/particle
diameter less than 40), the effect of thickness cannot be ignored.
4.2. Influence of the coefficient of static friction between the
particles

The manufacturing process of the tritium breeder particles af-
fects the smoothness of the particle surface, resulting in a different
coefficient of static friction between the particles. It has been found
through previous studies that the roughness has a great influence
on the packing structure of the pebble bed [7]. In this section, the
influence of static friction between the particles on the anisotropic
effective thermal conductivity of the pebble bed is analyzed. The
thickness of the Li4SiO4 pebble bed is 30 mm. Considering the
2181
smoothness of Li4SiO4 particle [36], the friction coefficient between
the particles changes from 0.1 to 0.6 in this paper. The result is
presented in Fig. 12. It is observed that as the coefficient of static
friction between the particles increases, the effective thermal
conductivity of the pebble bed in the X, Y and Z directions is
decreasing. This phenomenon is due to that as the coefficient of
friction increases, the packing fraction of the randomly packed
pebble bed formed by the same packing scheme decreases. When
the coefficient of static friction is 0.1, the packing fraction of the
pebble bed is 0.624. When the coefficient of static friction increases
to 0.6, the packing fraction of the pebble bed decreases to 0.605 [7].
According to the design criteria of the helium cooled solid breeder
blanket, the temperature of the tritium breeder pebble bed needs to
be maintained between 450 and 900�C during the operation of the
fusion reactor, therefore the tritium breeder pebble bed in the
blanket is thin [37,38]. Li4SiO4 pebble bed has poor effective ther-
mal conductivity, Fig. 12 shows that it is about 1.1 Wm�1K�1 at
600 �C. The surface smoothness of the particle affects the effective
thermal conductivity of the pebble bed. In order to better ensure



Fig. 12. The effective thermal conductivity of pebble beds with different static friction coefficients between the particles (a) Effective thermal conductivity in the X direction, (b)
Effective thermal conductivity in the Y direction, (c) Effective thermal conductivity in the Z direction.
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that the tritium pebble bed works at a suitable temperature, it is
necessary to ensure that the particle surface as smooth as possible.
Table 3
The average effective thermal conductivity of pebble beds with different thickness.

T（�C） keff（Wm-1K-1）

H ¼ 10 mm H ¼ 20 mm H ¼ 30 mm H ¼ 40 mm

100 0.808 0.860 0.876 0.888
200 0.868 0.924 0.943 0.954
300 0.922 0.980 0.998 1.012
400 0.969 1.031 1.05 1.065
500 1.013 1.076 1.1 1.112
600 1.054 1.118 1.14 1.156
4.3. Average effective thermal conductivity

Sections 4.1 and 4.2 study the anisotropic effective thermal
conductivity of the pebble bed, and the research results play an
important role in understanding the heat transfer characteristics of
the pebble bed.

In this section, the anisotropic effective thermal conductivity of
the pebble bed with different packing structures obtained in the
previous section is arithmetically averaged to obtain the average
effective thermal conductivity of the pebble bed, as shown in Eq.
(18). The average effective thermal conductivity is shown in Table 3
and Table 4 below. However it needs to be pointed out, for the
engineering application purpose, the lowest value of the thermal
conductivity should be chosen rather than the average value,
because y-direction thermal conductivity is lower than the average
value. When we do the design and analysis, we have to take the
2182
conservative properties for the safety margin.

keff ¼
kX þ kY þ kZ

3
(18)

keff is the average effective thermal conductivity [W/m K], kX , kY
and kZ represent the effective thermal conductivity of the pebble
bed in the X, Y and Z directions, respectively.



Table 4
The average effective thermal conductivity of pebble beds with different static
friction coefficients between the particles.

T（�C） keff（Wm-1K-1）

f ¼ 0.1 f ¼ 0.3 f ¼ 0.6

100 0.876 0.837 0.813
200 0.943 0.901 0.872
300 0.998 0.953 0.927
400 1.05 1.005 0.975
500 1.1 1.049 1.021
600 1.14 1.091 1.06
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5. Conclusion

In this paper, the anisotropy in effective thermal conductivity of
thin Li4SiO4 ceramic pebble bed is studied by combining DEM and
three-dimensional thermal network method. The conclusions ob-
tained are summarized as follows:

(1) The effective thermal conductivity along the bed vertical
direction is higher than the horizontal direction due to the
gravity effect.

(2) When the thickness of the pebble bed is 10 mm, the effective
thermal conductivity in the Z direction is the largest, fol-
lowed by the X direction, and the smallest is the Y direction.
As the thickness increases to 40 mm, the effective thermal
conductivity difference of the pebble bed in the X and Y di-
rections gradually becomes smaller and disappears.

(3) As the coefficient of static friction between the particles in-
creases, the effective thermal conductivity of the pebble bed
is decreasing. In order to better ensure that the tritium
pebble bed works at a suitable temperature, it is necessary to
ensure that the particle surface as smooth as possible.

Study on the anisotropic thermal conductivity of the Li4SiO4
pebble bed can provide the reference for helium cooled solid
breeder blanket design, but the method adopted in this study can
also be applied to other similar problem.
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