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Mack of our enviconment, wnd the benefite that we derive from owe surroudings, are stronply inftuenced by the
interactins of the three prinary phases of matter - solids, fguds, and gases. [hese iteractions often ccur at
surfaces, with the idividuad phases beirg diserete i form, Farticles and powders, which can be either wet or dry,
wd rage in Size from raomelers G centinelers, are one very important example of such a mulijphase systen
They have propertios that are charactoristic of each of the three prinary phases. That is, they can withstand
deformation like sollds, flow e a lguid and exhibit compressibility e a gas, These features give rise to aother
state of matter - ,oaft/aa/&tezaﬁa/m/af watter - that is poorly wderstood] posig a chablenge o the seientiffic and

.. ) 7
engineeriny wmm/(/éy fo/‘ years,

Therefore, wderstarding and modelling the physios of this matter has been a major research focus worliwide,

However, progress i Uhis area has boen sthw i the past, s pointed ot by de Gennes, the Nobel Prire Laureate
7997, grantar matter, ix 7998, is at the losel of solld-state physics ix 7930" ° Purticalete and mulbphase
provessing rarely reach more Than 60% of the desipn capacity because of inadequate understanding of Che
fondamentats, ’ Although widely used, many processes are actuatly qperated as btack bov” reactors, In fact, linited
by the research Cechnipues, previos work has maily been targeted o a large seate and foousing on
pheromenclogical deserpptions, but rarely touching on the basic fundamentats, [his is evidenced by the study of the
dpnamics of a particubate system which ioludes at loast three aspects: velpelty, structure and force. Frevious
studies have boen linited o velieity because of the difficalty ix obtaining information for Che olher two. In fact

the newly develiped Positron Enissin Particte Tracking (FPEPT) wnd Nuotoar Magnetic Resomance cannot provide

any /)(ﬁ/‘mt/'o/( about Che interaction fw‘a%’; " and scientists are sttt J’aaﬁaé/}y faf a teaé/(/yaa fo/‘ measuring such
foroes even just on the externad surfaces of a particte systen. ’ Consequently, there have boen problems i probirg
the wdertying physics and sobving practical problems retiably,

How to avercome this problen has become one of the most importunt research areas i particatate research, 1o
date, probably the oty Cechnigue that can owercome Chis problom is compuler simutation, partiocalarty based o
Diserete Farticte Sinabation / DPS’/ [he concept irvolved i 6’/)/(//@,' /it considers a f/}(/fe number @Z diserete
partivtes interacting by means of contact and ron-contact forces, and every particle is desoribed by Newton &
equations of motion (whex conpled with fluid flow, Compatatinal Fluid Dpuamios (CFD) shoull abio be ased to
desoribe the flow of fluil(s)). Then, by tracing The motion of ol the partites ix a considered system, The
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dynamics information - ey for fudinental wderstanding - can be generated, Althogh it sonds simpte and
straghtforward] the inplementation of this approach requires comprehensive knowtedpe and shills from a broad
range of diseplines ivoluding mathemalics, physios, enpineering and computationad tecknotogy.

Such a mlliidiseplivary aqpproach i irdoed reflected ix Prof Yu's research sinabutin and modetligy of partisabate
systems” [t wins lo wderstind wnd model the physics governing particutate and mllphase processivg, with it
application oriented to M/}(@/‘a%eta//a/y/ba%ateﬁ/&//aée/r(/aa/ industites, Over years his research tean at ANSW
tas develiped a sustwiabte wd systematic way o study partionlate watter at varins tine ard length soales
inctading, for example, the delermination of contact forces between partivles at an atomic or subparticte soate,

dynamics of particles at a particte seate, and performance of an gperationdd wit at a process equppment scate, [he
uleones of his research ircbide theorios, computer models and sinulation teohnigues, and nowbedge af both
microseopic and macroseapie tovells; hence the implications are both extensive and generiv. Such mutbliseate research
& eritical to advancing particle seience and technotogy, as well as process technolipy. [he resulling breakthronphs
have led to extensive /a«//?'oat/'mf i this f/'@/ﬁf which aleo represent kis research contribulions i /M/‘b‘/o/e /Mafl}g;/
wd ftow, The najor contributions are hiphliphted below:

ﬁ/ St /méy o &7‘4@&//‘///‘7&%&&?

® Jhe ',oaaf/ﬁgz of ;,aéeﬁ/'aa/ ,ﬂd/‘f/‘a/%’,' dentifred the /Maé/}g/ mechanisms and /we/o/aec{ mathematical models,
corresponding G these mechanisns, G0 predict the relalinshp between porosity or packing density and particte

size distribution, whioh has been widely used for praperty and/or provess control i practive;
® Jhe ,,oaoé/}{/q/ of /m/(-"soée/o/'aa/ ,pa/ot/a/ef; established the &/)r(/%wfy between &;aée/o/'oa/ and /m/(-‘;bée/o/aa/ /me/'a/e

packings, and on Chis basis develyped an efffective method b evatuate the packing characteristios of non-spherical
partiotes ad formibated a mathematical moded] by transformivy that develiped for spherical partiotes, to
deseribe the packing of non-spherica partiote mistures as a function of size and shape distributions;

® [he packing of cohesive five/wel partictes; identiffied the governing mechanisns ix lerms of mizrosoopic cohesive
(van der Wacle and capitlry) foroes, proposed o model framework for nodellng this complioated packing
system, on this basis formabated mathematical models, the by ones i the lterature, to estinate the porosity of

mivlures af f/}(a or wel /aa/é&‘/a/es;'

° &/r{,&«b‘e/‘ sinulation; f/wa/a/e(/ a sinubation b‘wé/(/'y«e/, i comnection with the DFS c/aw/a/m/(t faﬁ ///‘a/m%z/‘
dynamics, Co sinubale The packing dynamivs of particles, which can explloitly consider the inlorparticle forces
including van der Waals cokesion and)/or capitlary force and related dgnamic variables, offering an effective way
lo generate rebjable stractural resubls wder different conditions; and

® Structural a/m{w/[f and modetling: a/wa/o/ﬂe/ an effective method for Ma(y@/}g/ the randomness and conneotivty of

particte packing, and applled various sinubation Cechniues to stady structurad propertios of partiole packing ix



relution to process/products control] and lguid and glassy stractures; and develyped a new method for evabuation
0f LranSport properties in porous media such as /aa/‘ma//%'lgy //‘e%ztea’ 1o pore comectivity, / and affw&?’w thermal
oonductivily (reluted to partiole connectinty, ) at pore o particle scats, gening 4p a new dixection to wderstand

and azm{y@e the transport mechanisms in porous medla,

/17 Farttile and ﬁ/{/&?-’//ﬁfe ///%y

® Diserete partiote simutatin (DFS): develiped novel lechniques, ioluding the determination of iterpartiote
fﬂ/‘&&%ﬂ/‘?«%’, for DFS sinulation to study important gperations such as granatation, miving and stockpithng to
conduct effwb‘/m{% /Mﬁb‘/a/a soale  researoh; 7«4/(5/%/’%/ the 0%«/ and faﬁa@ stractures ander  varins

f/w/a/wmlf/w( condtions, which are crflical to wderstumding the mechanisns governiny particte flow but rot
possibly Go be obtained experinentally;

o Furtiote-fluid flow sinutation: dovelped and valldated a comprethensive theory to combine the contliruan-based
/ 670#(/0«&15/0/(«/ Fluid ﬁ//(a/r(/a&/ nodel for fluil phase and the diserete-based / Diserete Farticte f/)rra/«&‘/b/(/
nodel for solid phase; the DFS-CFD modeling techniue is now widely acoepted as a most effective way to study
the furdamentals governing the /za/‘t/afe—f/a/é/ or m/&/’zéa@e flow at the irdinidual /M/‘zf/'a/e lovel]

® Local average Kéew?: proposed an averaging Ifwéxz/yae to Uik mizroseaple variables at /zamf/'a/e seale o
macroseapic varibles for contivun modellng, and applled this novel technipue o anablyse particte flow and] after
extension, b particlo-fluil flow ander different conditions;

o Fuitile flow: c/we/o/w/ a new aa/r(/aatfab‘/b/m/ mathematioal /omﬁkam—ia&w// nodel to desoribe the solids flow
wider complicated condtions (e, 9. coupled gas-solld flow ix a blast furnace and happer flow iwvolving diffferent
flow regines), and praposed a method to determine the transition between moviny and non-moving particles, re the
profite of stagnant zone; the work ix this divection contivues with the rew developments above; ard

° /%/fl/,béa&e flow: identiffied the mechanisns Joverning Che powder entrapment i a /m/f/’-/aéa&e flow /aaa&c/ bed
/M«/(L‘e/‘—oafmqb‘ /as/mf//w /@ma/‘// and //740'/ /c/omm/amy flow / wd proposed an effective e,t;ﬂ&/‘/}r(e/(fd/
lechnipue 00 quantify Uhe interactins between powder and other phases, develyped mathematical models to

deseribe gas-tgui gas-powder, and gas-tiguidopowder~solid flows; and continued devellping new theorios for
/r(a/lf//'&éa&e f/m m/e//?}(/,
12/ Pacess nodetlgy and plimmiation

® Suk density prediotion_ and control of coal ix_coke making: formatated a predotive nodel to caloalute bulk
density of coal as a function of partiole size distribution, moisture content and of addltion, and praposing a cost-
effective method for the control of bulk density of coal and its distribution i a coke oven;

° /Damf/@ and ’,awmai/ﬁ'{y predistion_and_conlrol; proposed comprehensive modele o predict porasity and
/aemea//%y as a fuction of /ﬂa/éb‘/'a/e characteristics such as /aﬁf/a/e size and shape distributions wnder dffferent



condltions, which are aseful for property ad)/ue process control ix powder processivg and advanced materinls
/&emm&/am/m’lfa / /r(«/(t@laata/‘/}%'

© Modetling of malli-phase flow ix a bast furnace; develiped and valldated computer models (o9, models for gas-
powder, gas-tiguid] gas-solld two-phase (f/oa/s’/ lo deseribe the so-oalled four—fluil fow or gaspowder—tguid fow
in movigg partiotes wder BUst furnace conditions, teading o the development of better aw(t/vo///e@gw strategy

for blast furnace practice; and
® Snalation Qf /r(/}(amz/' processes; ﬁ/lﬂ/z/?éc/ the /(w/y c/we/o/w/ mc/e//?)y Ifwé/(/'yaw to sinabate various processes ix

minerad industiies, iotading powder flow and miving, stockpiting, sedimentation, filtration, grinding and granatation,
fluidization, prewnatic conveying, ard (9as-, tydro- and dense nedin) oyclines, lo understard the fundamentals
wd formtate strategies for process desipn, controf and gplimization,

[n_addition, research has beer expanded o newty emergivy areas ircluding, for example, the develipment of sensors

fof combustibte gases, &y/a%a&'/lf and @a/z//'aat/w( af /(a/(zyzamf/'a/eg noleclar mde//?)rda of aﬁ}aaoa&y%aao0om/o&/hg
the crystal formation of abumiian ix rapid cooling, and Theorios for particte-stracture-property relatins, Suck
research effort is very much ix comection with his work on partivtes, ad the foous has been to wderstand why
wd how atows and particles behave differently because of the diffferent forces i tine and lonpth soates,



