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Research subject: In the present study, the agglomeration and frag-
mentation of asphaltene particles have been simulated in laminar us-
ing the simultaneous coupling of Discrete Element method (DEM) and
Computational Fluid Dynamics (CFD).

Reasearch approach: A new coalescence model based on a common
energy

balance is adopted for the attachment of colliding asphaltene parti-
cles according to the nature of asphaltene. In this work, straining and
shearing modes are considered in the fragmentation process.Straining
and shearing are related to the normal and tangential components of
the force exerted on the floc respectively. Asphaltene flocs have been
considered as irregular shape rigid object.

Main results: Particle collisions and collision efficiency as well as
the fragmentation of asphaltene flocs have been studied in details.
Furthermore, the asphaltene particles growth and change in particle
size distribution along with average fractal dimension changes have
been investigated. During the flocculation of the asphaltene particles,
the asphaltene particles grow slowly in the initial times. It can be ex-
plained by the agglomeration of primary particles and the formation
of asphaltene flocs. In the middle time period, due to the collision of
the flocs and the formation of large flocs, the growth of the asphaltene
particles increase. At the late times, the fragmentations limit the floc
growth, and eventually asphaltene particle size approximately reaches
a constant value in the steady state. The lognormal distribution pro-
vides the best fit for the asphaltene PSDs which, according to previous
studies, is also consistent with the nature of asphaltene. The results
of proposed collision and fragmentation kernels based on simulation
results are agreed well with previous studies.

*To whom correspondence should be addressed:

mansourp@ut.ac.ir



ovgy yl eolaiwl b ols o u...JLn.mT O3 o3la6l #9395 (g ilw Jow
DEM-CFD

"0 ol gt ygaio pa) L ool 8L ol

oSyl smiio oRils (o pwdige 0uSiils (6,550 )
U‘J‘Q“ oKisls o (owdige caSisls Ulﬁb‘.l»:‘ Y

oS ol Sriio olRSls ¢ cond gdige 0aSCidls bl ¥

95 51 o solatwl Ly el ] 1,3 CraSll g paz ol imgh 0
S5l it T e 55 e SVl Saliys 5 6 (sl )
Sildan lhm ame v i Joo (oidlaul cale an a g L Laul sods
ol Lo assls il sl ool sy il T 03 e 4l
=2y sla s 5l aslae bl ;o gamas Joas dsdlas ol jo ol ouds
ISy am oS 90 S Grlle W S Gz sl S8 o S
g s dasloms 4l 1y 5 el clmasglf S sl o0 asl)|
Aol same LS adel Ol s ladign 5 SO e o Selnog,as
=8l IS bl s oads JSis sl a S gl ol sad a s ) § b o
033l ()3 0 55 5 g oo Jlosd S 5 xmazs Gld camy 0 39>
Sloas aalllae 585 Oy5 o a pidlawl slaasolS c Sl 50,5 5
Sl s ol e s 1,3 05las] a9 Sl s g cpdla ] SIS Al (e
S5 i losgs iyl Jsb 30 sl 00 sy Lpmas gl sl .
o5 ] Jdo aS a0 5 @3 o5last oy adsl (Shej ol 4o opila ]
b oo o3l 5o il Sz sl olS (o, S S 5 adgl ol Y
o S ojlasl 0y oF )5 slaasolS LS 45 5 LaasslS 5,55, cls
sgamzma |y LT iy aty LanasglS oS8 ool o3y 43 5 9,25 o0 S 12 b,
it S it i Sy Ly o iy Ll 5 S3mo
Slallas bl 1 aS aa s Ol 1y oladl =59 C:_'Lu Ll ctllas @qubu Y b Kol
(&5l i ol el o o (Keles 3 il wl b Ly LS
Ly 4 o b i s 55 by JUSS 3 5 eSS 53,55 55

2,1 (HlyFen iy alie 0 S SS9 0550 55 il

1Ol Hlo suges

mansourp@ut.ac.ir



ol slaasgls ols Las ioagy ol gt [)1]
Pl 039 Jsliia 5 S sl slls o>
Er 5 S gla 555l iy (oS (Sily Lo ]
T 095 Mol Sg2rg Ly o oo i (b
5 oelliwl o) Slpogas (il a5l J—ol>
Llod aslllas ool o Old ol aise gla S pb
el 0ais

S8 e glonsay I 58 sl iy
5 Olge am el an Lo ile T et
o=l d=¥o 5l SOl sasle (S e il Pl
5o Lwongay ol 85 el pae lo 5 oo |y
o=l oS Ol (959 5o 9 (H9Nge Lo el
Sbooslis )3 )9 Sde lmossdy (o) p g aslllas o,
e Sy S0 ] Cms an jgliie a5 S zsS
adlio (ol Bas oy oo SIS 4 (5595 6l Lo
Orllin] D13 EenSh g loonyy gl (o) 2
Lo g,See (wlodie j3 oy )3 35290 (Sl Ll 50
Yl Salo-ai S lyzl hg, sBuss 3l eolaiu!
Discrete Element Method-Computational) _slowl>e
&l g,y .ol (Fluid (Dynamics (DEM-CFD)
aemslone 5 ellal D3 G )95 5 et Ay A5
SS o0 SoS Lo ol 5o s (bl slmg
Ol dule Sl (Slislone DY Sl 5
3ilsr ot |y Joms ol

aSilge bl o gasas Jao cllae ool o 13
LS Gz Gl DS G S e slais
ol 0o a3l 0SS A 00 S 8,55 e
O sbadisn 5l S 2 )3 (Salsg e Loy
oad 43,8 L 0 4 Sl suimo LS as aJgl ol )d
=lg Sl bl s eas SCis sle a s ol ol
g oo JLodd Gl 5 pezs slpoany (0 09>
ol S5 5 ganS oy smoy
ojlasil ol oss g asloa s a s S & jgoa
L Loyl (Fractal) I p os g uidlewl slaasols
sl 00l ()55 gilwand Jo b 5o Gl

Tols o

©oue silw o ¥

Jlows 56 Y olzo V-

5= 33 il eSSy s &S > oSl SVl
Wy g iy S a pl)T ol o 5 3
Lyl

de V.(eU) — 0 M)
g e

£
%—0— V.(ppeUsUs) = =VP — FI, + V.(e1) + preg (V)

oz 50 i) 3 olail aase g5l Joe

doudio )

ool OIS _n 3 S el o s g LSS
Csio o (Flow assurance) o)l > (yendd 00l J—>
Wi alels 5l ataii 2 10 Col (ySae 4 Camnsl Ci
Dl Ao &, SSSE L5 ol slady) 5 o5
el u_,L.Lo.ck_:)lS_wo Oy u_ﬁ s
5 Wil ol a ;o a il so el cis
=k, batas slauil L Joay o Jgi ol cws
Ll )0 i 4SS e e (g (xhaw
S 5)L~5 dod josd il Seoliyoge
i 3 il Saliyga s Sl il e s
5l il wl L8 i o 0 e 2
ad> o sl o SIS oslasl vgd vl > 4y Jede
Lcojg@%b@lﬁ@jb&n LY. sga> yo
5008 am adgl o3 V] sgi e Ll adgl @l 3
JS—i 1y ;5 S pim ojlasl L (mleasdlS g w0
o Leasgls (ol el 5 Shw ml m egdle a0
o Jl 0l 5 (A6 (Senlnng jaen sLag s
e slooddy Wb Joos ;5 SasS slaasols
o3lasl amei aS 0l cnl g ol 5l el S
ol Lo o1 5 b ol ol o optdlaul ol
oz ;o b o el cntd L8, 5 K05 (g5
i lial 5 5l 4y il by L
b oedla ] Sld oslal a e aslllas g, ol 51l
el 485 S ag 0 )9 3 sl Jlw

5 &= slwonny 9, — (ARl ollhas
)3 ojlasil ame ol sl g oedlial o3 e
Couette) cdsS oo ool wl Ly (Sby> bl by
lallas ol mobs [0-Y] el sas Lol (device
U opdlawl glaasolS ojlasl dosl jo ams o s
Oty L5 o 9 i3] dmin oo ay o,
Al oladlas ol joab oo tals ol el o
OS99 Camd 5 ella sl gl b e ble (L
sphaie dm Eal oad (o) 5 i Sl s 4
&8 Slet dnle 5 )95 50 Loy (3w o
D @Yol 5 Vgane losy Ly el &3 o5las]
ool
ol o tasls eVolme oyl [V ¥ 0y 5
Sl g 0 9 sl IS lemca s a S e
mt La S ol ol JL> 8 5 i o aisli
Wyl o dpmsline (o2 baly) 5l (sl aegazme ol
Sy g ez glmossny ;5 elS (o) e lale
Ozme g Loy ol 5l e S0 g elliwl &l
e il dnd e Sde Lo S ST 58 (s
Lol ostosd o bly ;S50 ales o 9)Se (ulsdo
25 slwonny (53=15Y- 5kl oo 5l sl
ol 00gos aalllas | cpdlawl Ol )d Cis § Conslls

(Population Balance Equations) ¢ _xo>

VY ok - oo o 2505 sl gy (sl 4y o (Supgy (ool aolidad



mole 5 Q:JLG...;] u‘)é e)'l.)j' fe3r Y LS)L”’ JJA

aS gladgl &3 1 08)ly slog s fa—arme 3l 0 S 0
Ol 50 0gd co dilore waSlosls JS_ii |y a SIS
o= Oyglome o aS glaJol ol s g ol 3l 5,8
LgYL;g =Sy Jdoa cwloazi blad sl 1,3
)_:‘.)L’ 00)19 65)_»4 u,s_..t_Q‘j o ‘Lm4>915 090 )0 A_J‘)»)
3y S 9, 9l 3yl adgl S 1 vz JL
s 4> olS LBlaie g oo LSis aJgl olyd

Dgii g0 00 yoS

s oS g Al &lyd ey Y olo Y-V
)‘ oola .l l_: L)—M-le—MJ" A_J‘)Q ‘rm>).> 9 Lrll"""" sa_f)}

dv;, . . "
m; d_t! = Fnconr,i + Ftcont.i + Ffi +m;g )
dB, o
11'? = Zrcont X Feont *)

Ce s p > e A M Ve W [ Yol ol o
ol c)é o il las g i o e s ¢ L]
9F ot Froome 91058 55 0 Lo polodl Jmmo aLolor
bon oled (Jla i (ooled sl e i 4 F
Sl el s b S b jlesls 5,5 5
oS sladss 5l (56 7 (eled slomg s alona
Jo— pls as a5 gli=>1 g, (Soft sphere) o,
48,5 IS « (Spring-dashpot model) , S« .5 -, 58
V5o 50 p5S e Jos an bgye baly) ol o

cont

‘JL.?—”J u_]li.? ;f‘_:.ij.; 4_‘) pf 3 Ufa P4 TaJd_g‘a) kH‘ )»)
€ g Jl—w 9515 i jeadl g S Jlw o
009 (§—mgd A d>gi Loy i ul xdge S5

»)9_...:(59 a4 Ntl?bo L.':’]l ) JAI > 9,0 sui)‘):)
1 .
SZD — 1 — A Z (ILA;, (Yl)
Cell =1

A JmdB an g Jss L cul o3 g, ol )
oas alslyladal, 5l e bae sl gl 0l Juud (g
D] acs solaul jslega bys

1—

2
(1 — ep)*/?
o3
Ol e aS el OS5 Jl G S e S5 F
2 SR (S90S
NF] el oo soliiul gumyg 5 o8 akal, 5l @l o

E3p = (\C)

Ol an Sls (59,5 adlie

Do
- (1- )u o= — B\, .
,-:Vp(150 2,7 L 4175 lf p|)(Uf—vp) =<0y
L:I/;,( Cpe™ ZBSpr 7vp|(Uf7vp)) JE=
i ,Re,, < 1000 *)

0.44 R
_ pfg‘Dvlﬁf — Vol
> =

2 0.687
€, = {R—(1+O 15Re,*%87)

e, = 1000

0]

Re.
U

65308 smwbliie (lage ol (sl oolizals yge ailels o,lg 2 )b ) S
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Figure 2 Number of a) initial particles, b) asphaltene flocs versus time
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