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Abstract

Sequential steps for unit process research based on numerical approaches to resource recycling were
introduced along with examples. When designing unit processes through physics-based simulation,
appropriate numerical methods and models must be identified. Using validated numerical models,
values of model parameters and variables that are difficult to determine theoretically and
experimentally can be computationally derived. Based on an understanding of the mechanism from a
microscopic perspective, equipment performance can be predicted from a mesoscopic and
macroscopic perspective. Overall numerical analysis is expanded to enhance the design of devices
with improved performance through coupling with 3D modelling of equipment. It is expected that
physics-based dynamic simulation will facilitate efficient and robust research in the field of resources
recycling.
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Table 1. Comparison of Eulerian and Lagrangian approaches
to numerical simulation

Lagrangian

Eulerian approach approach

Rate of change in one Rate of change of a

Descrinti . :
escription point of space propF:rty n a
material system
N ical . .
umerica Mesh/Grid-based Particle-based
iteration
Computational Fast, regular Finding neighb.ors
cost can be expensive

Treatment for

multiphase Difficult Easy
system
Smoothed particle
Example Conventional CFD hydrodynamics

(SPH)

Gas
, circulation
region :g‘

Without particles

LPT With particles

Fig. 1. Overall concept of numerical simulation compared with an experimental approach (from Chu et al., 2022).
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Fig. 2. Flowchart of physics-based numerical approaches.
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Fig. 3. Simulation of a biomass pyrolysis process in a rotary drum with a one-dimensional thermally thick model (from Wang et

al., 2022).

Table 2. Equations of motion in continuum and approximate equations

Continuum form

Approximated form in SPH

. d - d P, —
Mass conservation L Ve (—p)a =Y "muy, s V, W,
dt dt T P
UARY
du VP - - = =2 NV, Wy

Acceleration equation pm
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Fig. 5. Flowchart of prediction of the specific rate of breakage in a ball mill simulation (from Lee, 2022).

A60H Al6%



534 A - ol

HH9 412 Fatol 3

N4 glon], o

Fu] Wi io 2 A v Ee 2
o1 591 5 et of
Zo] 7hs3t A e &2 F8-5ko 2 4] An|e
2= 9l 2712 thokst AH]) &4 2 AL geﬂ i“
Hatol Algd oL 43 ‘3-4 Bagomm 22 e =
Aol =& 7hse ol % § 7R3l

2o 3¢, AEH9 HJH 271& AAs] Sejrs
) o] RSt o) BB £29S BApsh,
M2 200 35 718 2 %5 Al2] ml o] gk 24jo] 4
fofof gtk of uf 912} 27, AU, W B)AH & 52
&4 270] whet Hajgo] Pk Hn o] v Ame
o) w3t FebA A Hek. Hafd SRR L)
M- RS 7he] S, TR E-RaujA] 7he] SE,
TR ) 7he] S-S RS, B o)A
0} 35 71241 A] A1) 13 7} Aofubiz 2wt e
] vha) Sl el sk aralo] F7hEofok
Fe}. Fig. 5= 0] A1 2ol A] Balo] 94 2 g uieho
2 ZHE S F3l Ao ISk AaLEl S oAl otk

O A YF-o] 7 Soll thet A
o2 A A e dlsE2 HA 2 =
7Fs7lskH, ule) g4 W 2w Sol i
& o g

| CIRtRl A7 »
SH A 7 B %-s 34 W5 S voksta 4

o] o4 24 BHT 5 9eWato

P B A Gl

sk 7Kg stk ] 44 22

o] ol Thak 33 LY 2jo] Alasofof shei, 4}

7} A7 4l o

u, a14] S (resolution) @} 84] o] Az gbol 4

St A QAo gt A=} Fasih sl v

o 20 ol dAto R sl A9 KA o2 A}

w23 Ao|v, W AL mAl] S8 AxE Y

£ A7 S48 U] 2718 a7 He
|

rﬂ‘

2 o

Rl AU A 2781 ek deb oo 1
L AT A RS g7 s 3]
ope- Fpo el A= el

D O e Laf
2 -2 oX

>

%

>

o

ol

lro

ok

R

A B 2 Aol A A7), AU E B S

5 27 20 2UFORH R4EL AEsH00, 1

Recovery (%)
Grade (%)

Cut point

Fig. 6. Prediction of table shaking by vibrating speed and
recovery point.

TR ]

5 R A

ta el & et et =T ag o s aPu
. 2 SR

Fig. 7. Dynamic simulation results for device design of a
shaking table using EDEM.

o) 27, o) ) 27] 9 A S e Wl Ao

W2 G LA 5 Glek o] B vk O HH| K &
22 7P Bue) MAzAS A /Rsolch Bt 2

& pafpgul ol WER)o] w2 Q1 e A% 4L

413%7](Humphrey spiral concentrator) ]|
A 8] 0], 3E, s+ 21 Soll thet A, 21&9] 374 H El
ole] A% 45 58 723 215 8|0 Z(shaking table)
A 5ol =3 vt Atk Fig. 62 =2 7|4k 52 AlE¥
oJHE B3 &4 27 9 W40 12 48 W B o2
o] 7Fsoe HojF= Ao, Fig. 7% & E| o] &0l A
o] A} Ee] Asol & U HAR AARE o Alo]th
(Choetal., 2017).

2 B

SR et w9 3 AT
o mefsorat wAel s s

= Sy o) 3
1 7
arfsheiet. el 714 Al g o] < 9

3
F A AR
A

a4 ofw 4



AAegh wopell Aol AlsA 7N &9 3

2 o8 AL, A 4 7ML E
e 4ol Glo] A8 Hs T 4 x Rl Al o] ZA5)
A2 wopsHz Alo] AlsEojol gtk 7] £Ajshe wdl

Aol AFgHE X34 7] ol B

A S EEha, thah Al 2Ro) Bel - st EAS
G 4 Gl B o] EAY5HA) oF 7 ol Mk ¢
A glo) A2 S A BD A ek A% 5 4
3= Zlo] Wasleh. o] elgt X RS F]HEo 2 3hof
ol 24 - AP HOR 27 T ofHAL B vl o]
ATEE WOl AP OR BEShT Wl T4 B} A
2 A geon B9 TAL SAsH 7|

WS ekt 4= olek mIAIA el o) A o A%,
L EE RPN DER R

o =
A AN oA &8 2ol nh2 g 52 o)

1] 9] 32191 wdl g} HAI5le] A8 5 Aso] ST A
9 YAR]] AA 7} kst o] R FX|84A] 719t A&
OlAS G T AA oA A s AS L 2FAHE
T of g3k o 24 g-&F 0|1 'Ekel A7t =3 ks
gtz o g 7ogich
AP A}

E AFE A AL AT 71 A 2HA|(GP2022-

010, 23-3212-1)2] A Y& o} ==L T

References

Cho, H., Kwon, J., Je, J., and Lee, H., 2017. Application of
particle-based methods for various unit operations in mineral
processing, Proceedings of the 15th Japan/Korea International
Symposium on Resources Recycling and Materials Science,
Osaka, Japan, 1-2.

Chu, K., Chen, Y., Ji, L., Zhou, Z., Yu, A., and Chen, J., 2022.
Coarse-grained CFD-DEM study of Gas-solid flow in gas
cyclone, Chemical Engineering Science, 260(12), p.117906.

Cleary, P.W. and Morrison, R.D., 2009. Particle methods for
modelling in mineral processing, International Journal of
Computational Fluid Dynamics, 23(2), p.137-146.

Fang, J., Cambareri, J.J., Brown, C.S., Feng, J., Gouws, A., Li,
M., and Bolotnov, I.A., 2018. Direct numerical simulation
of reactor two-phase flows enabled by high-performance
computing, Nuclear Engineering and Design, 330(15),
p.409-419.

Ge, L., Evans, G.M., and Moreno-Atanasio, R., 2020. CFD-DEM

o wol 535
investigation of the interaction between a particle swarm and
a stationary bubble: Particle-bubble collision efficiency,
Powder Technology, 366, p.641-652.

Je,J., Kwon, J., and Cho, H., 2020. Simulation of bubble-plate
attachment and estimation of induction time using smoothed
particle hydrodynamics, Minerals Engineering, 149, p.106227.

Je, J., Lee, D., Kwon, J., and Cho, H., 2022. Simulation of
bubble-particle collisin process and estimation of collision
probability using a coupled smoothed particle hydrodynamics-
discrete element method model, Minerals Engineering, 176,
p-107309.

Kwon, J. Kim, H. Lee, S., and Cho, H., 2017. Simulation of
particle-laden flow in a Humphrey spiral concentrator using
dust-liquid smoothed particle hydrodynamics, Advanced
Powder Technology, 28(10), p.2694-2705.

Lee, D., 2022. Direct estimation of the speicific rate of breakage
using DEM and development of a grinding-liberation coupled
model, PhD Thesis, Seoul National University, Korea.

Li, S., Schwarz, M.P., Feng, Y., Witt, P., and Sun, C.,2019. A
CFD study of particle-bubble collision efficiency in froth
flotation, Minerals Engineering, 141, p.105855.

Monaghan, J.J., 2012. Smoothed particle hydrodynamics and
its diverse applications, Annual Review of Fluid Mechanics,
44, p.323-346.

Nguyen, A.V., Ralston, J., and Schulze, H.J., 1998. On modelling
of bubble-particle attachment probability in flotation, Inter-
national Journal of Mineral Processing, 54, p.225-249.

Ralston, J., 1999. Controlled flotation processes: Prediction
and manipulation of bubbleparticle capture, Journal of the
Southern African Institute of Mining and Metallurgy, 99,
p-27-34.

Segatz, J., Rannacher, R., Wichmann, J., Orlemann, C., Dreier,
T., and Wolfrum, J., 1996. Detailed numerical simulations in
flow reactors: A new approach in measuring absolute rate
constants, The Journal of Physical Chemistry, 100, p.9323-
9333.

Wang, J., Ku, X., and Yang, S., 2022. Simulation of biomass
pyrolysis in a rotary drum by coupling CFD-DEM with a
one-dimensional thermally thick model, Energy & Fuels,
36(7), p.3347-4118.

Ye, Y. and Miller, J.D., 1988. Bubble/particle contact time in
the analysis of coal flotation, Coal Preparation, 5(3-4),
p-147-166.

A60H Al6%



536 ARG - o=

H g

20211 A Seiait sl ofui x| A 281

Fo Foturt

o = %

2022 Aok sl off X A 28

Fake gapupal

ol

A AFADAUATY AVDFATES SIAAATAE  FA I DAADTY FEAUATER AUATARL AT
Hejeel e BAF AR
(E-mail; jinyoung.je@kigam.re.kr) (E-mail; dwlee@kigam.re.kr)




