Supplementary Information 1:

This Supplementary Information includes two tables summarizing the equation

our numerical simulations (Tables S1-S2).

Table S1: List of the equations implemented in the CFD-DEM model
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Table S2 : Symbols used in Table S1

Symbol Definition

C&ki‘ Drag coefficient of the k™ particle
D

CP ' Fluid heat capacity
k) Heat capacity of the k™ particle

Ps
dll‘ i particle diameter
p
|1
dp
e, Particle normal restitution coefficient
e, Particle tangential restitution coefficient
E“" i" particle Young modulus

F‘N‘k’]‘ Normal contact force between k™ particle and its I'" neighbor
C

;,T‘kfjj Tangential contact forces between k™ particle and its I" neighbor
C
F" ki Drag force on k" particle
D
o Gravitational vector (m s?)
Ok‘ k™ particle shear moduli
h‘f’jl‘ Distance between i" and j™ particles edges
H Heat conductance at the interface between two particles
_j Fluid-solid momentum exchange
t
1‘31“ k™" particle moment of inertia
KREM Generic kernel to determine the influence of a particle located at Xp‘k‘on the REV

k ¢ Fluid heat conductivity

k‘nfsj‘ Normal spring coefficient between i and j™ particles contact
k‘tl)ﬂ Tangential spring coefficient between i" and j* particles contact
] Neighbors index
[k k™ particle mass
‘elffﬂ i" and j* particles effective radius
N‘]f"‘ Number of neighbors of the k" particle
Nk Number of particles
N y Nusselt number
1_1::} Normal vector between i and j" particles
Pf Fluid pressure (Pa)

Pr Prandle number
fo\’ Fluid-solid conduction of the k™ particle
S

Q(j,j) Solid-solid conduction between the i and k™ particles

Q(j, J) Solid-fluid-solid conduction between the i and k™ particles

sfs
REV Representative elementary volume
Re‘k‘ i" particle Reynolds number
R‘:jfj‘ i" and j* particles effective radius
eff
Ré’ﬁ Contact area radius between i and j" particles
R* Effective radius of the contact area

Ith

T’ik-f‘ Contact torque between k™ particle and its I neighbor

T ! Fluid temperature

TV k.1 Lubrication torque between k™ particle and its I neighbor
L

T k Temperature of the k" particle



_1}[ Fluid velocity vector (m s™)
— |k k™ particle velocity vector (m s)

5{’ k| k™ particle position (m)
Bf 1 k™ particle - fluid momentum transfer coefficient
'S
A VN‘I}f Normal relative velocity between i" and j* particles
P

A VT‘I}ﬂ Tangential relative velocity between i and j™ particles
p

A, Angle between the vector relying the mass centers of the particles and the position of the
edge of the thermal boundary layer
/J’S £ Angle between the vector relying the mass centers of the particles and the position of the
edge of the contact area
5}.} Kronecker tensor
511';11 Normal overlap between it and j" particles
n
531311 Tangential displacement during the contact between i and j*" particles contact
t
e Roughness distance below which lubrication is ineffective (m)
€y Fluid volume fraction
éf Fluid strain rate tensor
ur Fluid viscosity (Pa's)
[1.]) Normal damping coefficient between i and j™ particles
n
[1.] Tangential damping coefficient between i and j* particles
t
o Incremental angle
v Domain volume (m*)
. . B
Pr Fluid density (kg m®)
0.‘1" i" particle Poisson coefficient
of Fluid stress tensor
C—Jf k| k' particle rotation vector (rad s™)

P
\% Nabla operator
& Outer product




