AR} Dy ‘SQ&WLO)T )y

Lol 30 pidlawT Dguy (HEELT v
9 Lanl mz) 20 b5 wey ool b Ao
Ol (Fmn Sy Jow Ll

ok ol s

Ol olizile 57 codlsl ol3T olKzils colizilo S amlg o cawiiige (18 0SS ¢ cond (cwikige 0,5

AWBMAIYA iy gl QO 2l 7o

S
il glacds JUisil 5 (oaly i Slnusli coii (slaoly plai )0 Loy 45 Sl (losizmy oy Geillinsl g,
gy S ol o il (b by as o pilli ] gy 05 (i Sl (He 4l ol 5l Bae g b e 0as
I3 2 955 il o5y S Ay Al ol ool Ly (5585 5 (olialojl & jpoty o5 ki 5l el
clil gl o glas s aiile (el Sl IS s g (b S (39 s i 5 S0l g, oS
el e Bl als ey inlEaS ols (Ltd ol ool a8 8 aalllas )50 gy 55 (59) 2 edliwl
&= S o3l gl (mlaJas codleds 05l (o 0yl53 (59, Dy Ty B czge s les ialS g ok
P 9 oy JSi5 o5 90 hls Ladowe ol ot all Lo Jawe )3 )0 o) (i sladoe glove = w9,
Sy &30 £ p90 95 50 (Hy Sl LSy LB Lo den 10 Oy LS5 055 3l 95 j00ins o) 183
glosls 1y (mgmas Lo Jae 45 s e s (2l tulel (sloools ,y Lo Jaw (ol ol .09 go syl JSC 90 4y

)l s (Slesl glaosls s Sl Joos 51 e p99 95 Jos 5wl oo Grbaie (25 tole]
(2035 99 « U B (55105 Cgm ) Wolro cguy &5 ol 1 gulS Lol

g 1N 0T o e 4 (S ol NS doddio
el gy aile 3l Jolos Gz (el g s Ul e e (i
oMl s (093 hae S STy s e s w g eVl il e g5l o
S 3l 5 Gl oS sl 0B b 1 e L 5 il Sl o e
sl LSl Jlos s ps a8 sgoe bympe pls L L) e ol Jsb 4 1055 e 4 4l
Aile LaSsleog,l o Ll Jodome =2l g i L bis T 51 b S tn g 008 (o i

1. Flow assurance Sl Jghamstt
2. Slugging f.salimi@iauksh.ac.ir S 2SI ool



YAF 500 50 g 010 y0 AF o Lo o;&_"/;z

L8 o558l ol oo ol S 5 i
¥ e Slady plw (e g La Pl S
S EENUEIE PR B SHPKUS QS R g
slo el an aS el Sealuoge s anlp S
Wimnly J S 5 g s Lsd a il (e
ol adyd o il g, [YY-YV] ol
g le ol slags bl a5 ol ooy
5 g S 5 3 ol il g9 S
3 90 Cpidlawl oiiagas Sl S olyd
OO Sgdme 9 D) JSi5 (6l (Hy el s
el o e 5T ) ey s 35 4
Ol d g oad Sop mhaws 4y wnl pllan] o
SSbd b 09t St ooy LS e
Lacbles ;g (> l)b jstate an g prilSe
Ll b g Lo gogsdl ioS 5 oo L2856 el
Coy Soyp SYlis () Sl 5l 8550 Gl >
S5y ©d90me slmlS A5 ams o ot il
ool 8,155 adg) (Bly Ll l o el g,
deas oe i sand aiie sla 5 [YA-YY] el
Ll 8 oSl a8 cile Joo mp a5
Ladlg) jo il o) prsile 55, 1) (Sliles
oo g by [Y¥A] cis S50 ad migs
aiige adgl po il gy S an 5 Slg
ady Jobo yo ,lad cdl [Fe g Y0l aso,s )y pl,
Cellil sy @llis (B, Olg—ea adse
Gy Silmwand Gl mals al cola
oz 0 ool ) | Lie b e o il
e 03y 50 ellinl gy LIS en 5 as>Yl
2 #Eileil Ll Sl o 5 5,555 Ll 5l on

0 00y ey ez (mlrale Ll

Dl 58 ) 2 S5 sy 5 9, 2 Led
l_g oé)j R D) WJLO_»»T C)_) aS ols uLm) @LA
s alS 5 Lo il Lnaisd el il

IVl ol oo il 31

1. Onset

Ay

Hsse 039 om VL plssar blan izmen
DRI g I | 25 § CVC TR SO I WS S Y
[ PG S MO WY UG | FEWv) I K FRPR CE e
Cnl 4.»_.«4..)‘9 -} C‘)?u_w‘ ‘_g‘)_> oo oolaiuwl Jb
Lol L soiolS & sy bapedla T [3-0]
Ailg o 0 ie sl JoSge D yg—ods Ly 2Lz
Lg"\"..—""‘ ;n_»_mo 61_9305; .]a_....aﬁ.' ..\_AL> Cﬁ"a_“" SS9y
g ol D gt Cae (LS5 5 (gd
D] sg i o oy3lsee o s o Jg 5l asibe g
ol 55) Lol ] Oy 5 oz (o izes
ado) bolaz o cas Jlasl jo csxilon cel Ol l8
bdye sladuie g adg aoals [VYV-10] 05t
J=B i Gl (3l )09 ot a5 (2l
ples Laygilplas ,STVY g VATV ] 09t Jlaseul
A glasl bl b ol s oS o]y 09
oSS L Le gl ol pls ail oo ozl B,
Gl )0 a5 bt Sla gy
s Lo ig, ol [YO-YY] 0l gy JSus
Dyl (gl Sl A Blas ST 0 g Ced o, S
sl oldee 56 ioli8l o o,y >lb
aS 5 b asls slgo Lo, slopilSe i vgd
b oglaslas o lee ol ceal ol L >
L oS oo pudls ay g, Lt 5l s 5l ceas
A gy pdlaw] g oy (S5 oo lo s
Slid ialS aSgad gl 0 oo ol i
0d (puitidd pedliwl Jade iolidla, ;i
A ceds o ol wl g lasl o loid ,egdle
asile el oS e iiar Lyl s, Ko g Las



1ay

gy BT )

S co oslit_ul aty) by bas

@yl JUI g,
U5 eyl o)lyad 53, ooy 4 oSt 51 L8
=lal ol Jlanl a s o coglie Jol
==l &l > Jlal adgl ojlems an )l Jlmw
Jusil s ;500 Gidgy L mle o g adglo)lons
oo il ady 2B bl o), >
Coglin o5 S 0)l50 (59, oy am¥ JSis
PSRN Sy U P 1 JE LN K V-S4 SN | Py g
Iy adg) athade 5l o0 ) S 09— co adlS]
S s (o sas JSid gy 45 ools s

MW@WM‘WID)#QOM
S 9—wy oo u_>‘).’L..: ‘a)la o)lj_;.o S9) )° Lo
s 5l sl el b g =Sejlal 5l plsS e 1,
Juasl [9F] 551 ccwsay o)), > Jlasl adoles Jo
R r 7 r,

=——2—+—2-In———F—+
u, h,r-0, k

[ 1

m+l )
r=6, k, 1 h

dep i P i g
K, oedS ol > JUnl cy o U, Y alal, o

=m0t Sl ) Sl Gy G en g Jo s
ol=id mmls ase,S aslllas a8 iolesl slaosls
slwosls 0 e d Lo,y Gl Jos 45 ools
gy Jome rizme 5w Golate oSt
Sy o S Olstiee | oelleul
asdllae ,o L9V ] 5,0 15 4 58 L > o cpdlaud
iy ol £ el 4SS el L 650
oo 48T 0l Aol il go 90 A e Cod
Doy Hlaie (§9) ym S 3 0dd (it 45 Slgs
> olien Jlade (B el g0 0ad JuSiS
Sbbos m5 (B oah B Cgny 0Bl oS
(oo 10+ L5) plin e Laslsél s s o
LEY] 0gi o o0ty JSt5 gny imlil cels
Slael o Ggmw, CB oSy JSid 5,90 40 OS]
el a5 w0 il mauls g o ls 5gmg ade
e 93,18 9929 Aty )0 Doy fS25 )9
5 VO] o5 co S atsl (535)5 S35 58 g,
S0l sl ottt g, (a8 g, [FY
oL 5 (corks bossi o1 005 (b gy
Comw,y =4S ol s moll alh olaiwl adg) jo
EalS tian g sles il L i
B ol Gaa LFY] ol o il e ce
alsl Lo,z 5o Gedlawl o) o5l aslllas
i ey g g s gleo i lale 5 ol
3 oizen 9B o8 () 2 D9y 3 89y
sl Ol sbeadse o Gl s, slaJoe

Toit-out

Tgep I

Toan hy

Bath of DEG

Thata

hﬂfdbﬁbbb&bl.msdj&é’amcbﬂ;)‘wf‘ﬁw

1. Washing Technique



YAF 500 50 g 010 y0 AF o Lo QWZ

St 50 lan] Cgsy (g5l jolais

L iges [l 56TV Jgue

(9 ey sl
\Y/AT b el
itz s,
Yo elosl LS 5
FY/F- b Sileg,|

Lo J S gz ol 5l o jobate oy
Sl s plo S 5l daome sles (3lwand
w0 oS adg 5l (b byl g5lwand
O Ko )lS b_lS A_Sj) ! 00 ool
G 9 0% 2 3l ey g 00t Sie S (S o)l
= U D90 (G ey ,ly (9l 0,
ot O)lg g 00 oAl oy 0 (3 Sl
L el adsh mlosl ady) oo G35
O Hyg—ods (YN mm Al 18 L w0l V/F ,_lad
ool S, 8 A L vz L sl 19,0 g o0alys JoS
UpisS dasgs £011°C 2o Uy slas slad .05 oo

03ls (6 yglaan piw D5 o pudiis PID 00S
bLla o calize gloles 0,53 4 S gl ay
J—ade =i aS sl ool ool wl piciew alizee
OLen 5 (ol 5 50 pla (e |y iplojT olKiss
Le¥]s 5 svalice

CrSojll Wb 5 B>

30 el o] Gy ceals o Sojlal sllas
o Lk LJo an ((=le,S oy, 5l eolaiul L) adsl
ady) amy (29,5 9 639,5 St sles (5 =S o3l
Simlejl o o Lales ol ail so plos Lo 4
bz 095 o0 yomie Jole (e g diinn Sglite
et Gimlesl Jobo 5o pilliwl g 6 Sesl
S

1. Gnielinski
2. Colebrook equation

V¥

adal, 5l iolesl adgl o azil Jlanl sle S JS &,

R JP RV VY
Q :UbAbATlm = mono (To,in _To,out) (Y)
rw)li] Ja_wj.:.o TlnA 9 Ac:TEdOL Yl_: d_}a)‘) 3o
SRRV Py PN PN SOV S R P 2

S O N

1 :ii_f_ £ lan_FL (Yl)
Ubo ho rz kp rz g

il gy Vo adoles Uy
_ 1 1 _ 1 rog, AR )
U, Uy h,1r(r,-0)) kdep r=0

lxe Vabal, 5l IS o)l Jlisl o 0
oy J2b o)l Jlisl oy 090 o0
L80] ol oo cwoay | Sdls a Lol 5 ool
(£ /8)(Re-1000) Pr
1+12.74Jf /8(Pr?*-1)

[+, /L)}"? )

w)lo erlﬁa.d u_u.aa )B_Slsfd_jbl.xa u_t‘ )\)
ob)';‘«_i)..é.? VJ?)—fJ; aJolzo )‘ 0‘9_'6“ S el
f =(0.782InRe—1.51)" *)
Sd—s jak gd P =Cplk adoles p0l yo

] oo Cmsddy sy adaly slh cole o

_ Nuk,
== )

w

h()

oiabejl g,

Oyl 5l S5 5las eola il SIS ol o aS s
5 SARA 30T 45 188 4 ol jptS
Sl 00l )55 Jea 0 St dSgel
sloles jo c i anwils g aljeSung (5 S0l
(using SVM 3000 viscometer) yogS—uog 3l caLlizo
A eslaul

olwd o

ISt 33 oy syl elfis | IS (ol

as oo ol sl Gue il sa i ools LS Y



140

gy BT )

4 3ge DEG pla>
Lo S eulass

1/4% &gt

ok fosS A,

1/4" alg

14" dy

4 3870 SHlgS O3
SSeS g 5 C3an

(SEislesT olfiws 51 olets ¥ S

ol a5l St 0l plaS A So) aegd
Dbl o Fomid AT Glge Cood sl lpd ol
gloo o lid o o jlaleasS s b ogog s
Gl o solaiwl S 5y S hg, 5l ecai
ol e Jley Pl pls ccas any jglaio ol
cds il wl O3 o o 5l o 0 8
Sy A E9 b 5 odmmz ;500 o any DS (]
as ol Laasd Ly cpcdla ] Old coga, JoSis

1. Deposition

2. Precipitation

3. Flocculation

4. Surface Contact

adg) A3 maw Laislejl o Las  ials cg>
oud it (- Sslyi Ly (e (el o ) S
sla Sogll os SU 5l plawbl cgs > g
odld G )8 g 00,8 0 Selei Lo Ladlg (
aJq C5Ja_..: 65))_.’0..\#5_.....?;;\_&.3&‘).5[_?0..\_&
30 09— el MolS adg) g 0o 5 > o Selgy yo
sla S o 5l Les (g ,Fojlail gz Ginghy ol
Ll £+/Y °C LQ,:] S8 aS ool oolai_wl PT Vo o
u,uJLD_wT S 9y 6)_50)‘\-\.)‘ B Ll )LX_ELA dj.a_m.u
3 =eS (mles gl s gllas 8.5 Ly o L

ASl e 1 YID

ol Do 50l
Lol 1 5b aslen aS LolS 5 aals Joo 095G
oedlawl o) 030l (59, |y el Slilee
VS baa gl olasogoga ooy
a0 g e g b i el
oo Cpdla ] 4 S 0l Sl e o]

R E VRN ¥ CRVRWE TRNSTB P W SV



VYRS yo1 e 3 315 50 AF 0 louts QQMZ

145

gy JSE

o \

gy

et
ais e
l::l‘ “
LXY
LK

. val
d N

3

gy OAS LS

;.,:IMLJ b

o - I ‘
Surface Surface

Ayl maw 59, ceillin] Gam)y slp solpiin il ¥ YK

15 oo aiid il e bl € alal, sl o
aS oas oo plas Vadobwe ol maw bl b
cdale 36 ol Cawy (59, glad 3l chale
Glod I8 MIS Cieys 50 gy E 55 59y rdliw]
ool s o F Sl jo el Jlew 0095 g plo>
Colile il aS aas e ot mol el sud
S gy €y S8 Eeely cd o plla]
S 45 amsge Hlis ol izmed 09 o
ebile g il Qg £ G (S e,
Lt ot Yy il 531 g 5 00 3 (i
Bl Cwoas )

Py y Ol 5209520 Slod 05U

oy Ol 05l sled ;8 ) g
il pimlesl Jlaz pigh o=l 50 ol o> 5o
oedlawl el ble (e o Lo il .ol ouis
ool L5 g o0 ol Ly cis cleo
=l 0ib o ploo> Glod o b ool a5 a S
il ol ool s Gl B IS o ibesT o]
YL slales jo g,y 4 S e o ol mols
L omlple ol e BL&T Sy (s o)l
S oedlawl Goy #5050 les (slas a5l
Sles Lo ) Coy g5 Sl © F IS8 0500
Aepd co lid oylgo

1. Scaling

£l il oo lappdlawl cilise ole sLmog,S
Sgmg &S Ewl e 4355yl ogdle 4y ¥V
O 008 Ay yoxie 0,lgmd S0y by slog
0 )l5=3 (595 ;2 03,5 gy udliwl DS 5l a3
.)5_...:‘5,0 JL_M: gS_“J 4 ‘—QHT o)l_ﬁo ud._«.u ‘5)‘5 9
°)|9—?-‘> SS9y L) LJ.;.LW.: S J_>‘).a Y Js_w
SNV [PN W W4 CRUN] Y = VI I YO A
Ao youie 0ylemd S0y b slog s 9gg S
b SL e LosTo,Lags o o)lg 5 0)l523 (59,

Gy ol i aillin] CBUE 56
Cedi o el 1 sloas o ble g, Solul
e Slopsille adllhae ol al> 5o ol
Seate an Y LSl g, I ol e il pdla ]
Jdod 00,8 Ggwy) el jlocie 6,503l
)lS B L}:’ﬁ) u_,‘ FL«.} D eolan il (Jb S9—>9

oo a3l oK
o] Gy J¥s o Sete 5 So LFY el
el e ol s o asd bl ekl
e Ol =) Dgmods Yiaixl ol wl &,
ma =k, (C )" )

B g o b oo asl)



1ay

gy BT )

—

——CA=5.27 Kg/m3

—8-CA=5.64 Kg/m3

——CA=6.2 Kg/m3

ol calses

(Lm) 03,5 Cgm,

(h) ol

VY
&l
\

A
=0.3848x- 1.6715
N /f Y R‘ZO.;89S

e
A N S A 7
(kg/m) ey i slaassd clale

Oedlaw Cguy 5

(kg/m3.s) ¥\ +*

Oedlan] cdale 5l ol &0 (O) Camy 5 (W) gy Cwlbes F IS

—
—

.o

V/A-

e

==

RS
[

Jllll
——6 0>
R
<
:

w
M
" g
=g
£

oedlaw] Ggmy 75

kg/m?.s) *\+”
(kg

YR OTED  YOe YOO YEe YR
K) plo> sloo

—e—Tbath=70C
~—Tbath=80C
—#—Tbath=90C

ol calses

(Lm) 0,5 g,
—“ -

—
.
.

Voo Yo Yo oo 8. £ Ve

() o

Ay gl sles I (ol &j500 (©) 9w £ 9 (W) Cgmy Calis & S0

Sl 90 Glysior ambi o Bl Zo s 2l
8 )S o Ly s

S3y —y G OBl s Cgsy aY -
Sl e ey L i o alailj a4 S o le 0
00 00,5 gy 4 ([ Famlow Eel cl (1S
e AalS ) gy BSiS geu am g
b5 S5 4 )3 oad (i3 lge ST
JeSi5 5 a8 (mlr) Wigd LSS o lgs S
o3 S5 Sligas ) s (Sl VUl 9
B0 )S (oo g 03,5 S Sl SIL JSls 4
it i35 Slsa ol o JLE ¢ il
o=l L (e S Sl s Ll a5 )
JSiS Oy £ 9 anbioe il Jlw e
Dol Gl 0)lgm s (59, 00

9y i p G 9 oyl )1_._9 S bl
odd LSS gy £ S9—B o e 0)lg0
i Sl b Gels a0 ls s (59 ,—
2 Simlel 6 50 Gimghy ol ) g5—S90 ]
il U el oat sl Sglite b > slanss,

DS 8 e 0550 L9y Olie 2 sle

1. Scaling

9 29y T O i (Sialg oaimslts ol
a5 gy Gty il o 0ylg 0 sl
Sy S5 £ 0w lierd STy g9
5 il 990 50 35t oo by Lo 2Bl Ly
i Lo i3l Ly aS el oyl IS suie
TEAl ol oo mlidl i o cpdla ol Gg,
e gy G )8 ST F S s
Cwdty ol A oe 0g b oy Lod ugSee
Laools oy o a4l sasmo sy Lis 4 S o]
Doty Loy iy Emll a4z Lo ol
S ol S (e i Les ugSe Lo (ol
Lov-fal el LaJows 1o )08 g, JLud, anss

Dy Ole 52 &y 53U
Sz oellal Gy a b o ey 3l aallas
Cgmy ol p Sl il (5,0 o) 3l Sy
S a2z JLES o5 ilSe almg 4y elli]
ooloe gy E 5 95,0 HLLN 05t ]S 0150
o asdhanl Galile o polBl L (T ol
el Al i s 0555 sloos 45 50
S9— aly 00 S J7US (allin oliert 1Sy
oialS e il U e wl Gy Fy0 4 S
L oy e a5 b ol ol by foY] ool



YAF 500 50 g 010 y0 AF o Lo QWZ

Dy B> E 5 —Ogm, S5 E5 =K
3 el gl a8 5 Gy, clapy
Yl fe o a S o)l o Lo L o Jow
Joo L o g,y & L00] Wloa—s 355
29 (=l am STy Joe Ly JLinl ST
Sle Lo Bis 754 s 0 05-b 0 00lo
il 00 00ls b o il L s Jos
o 4y o YUy ol Casly s py yalsl
4o Jlw o35 5l s JLakl g5 an oo g gl
4o NS g g5 Enl e 0)lgns Co
Ly sl whw sl APl (mles 50
Sl phmlil IS gy slapiilSe pl
soliiul 1 s sl oo, adoles 5 as [01-F4]
Jhm 0395 51 s JLinl g5 Jlo o 4 09300
bl oo pmh) G A wily 0)lgd Ceon 4
adolee g ol o b Loy o3, I 2l 5o
ool wl gy Fy )& (gl Sieder-Tate
sled slapy (il b o), g5 [07las
wdg )y Oyg—oh DS JLal 2,5 5 0)les
it
Dy JSiS E o

[(Re?*.Pr'™ (D/LY*)] (w/pw)™** exp(E /RT,)
Simlojl oLzl (o yo 4yl y a5 Jg b slap
S |y adaly leSee mlnle wswile b
byl

gy oS5 57K, (Re**.Pr'?) exp(Ea/RT, )

oellan] Ggm) 53
(kg/m3.s) *\+”
l ]

- IY0 - 10 - VO
(/) s yos

19A

e sl Lzl plws Laialog] sl o
s '/ff) s C«C-)_w l—ér’ 9 J.;‘oés_j u_)la ‘)M_)LA)T
ol ol A5 o bslad S o ks (- VS s
oS cel ce s o8l (1P Sl s o
03— o)‘H\b SS9y~ 03— J..Lm.t [T S—rp oo
o e 0 o LA M3 S e bles o
u.u_:‘)S‘ 9 o)lo g —) L: rb.db\_«.wo 4_14.:|) o)|9_g'b SS9y
=By g os (i S il Bl an e S
‘uﬂ_mlf Q_" cle \.\_il)GA u.._mlf o)‘HJ 9y 00—
sbe & aibios o)l 59y (b A il
o =S ol gk Sl o 0 St s e,
ol 00 iy Jo gl Soe ey byl ]
Jowo
D9y T i y9ie A (65105 gy (9
9 U)J u_é?)_xn od_.).‘ L}»Lw‘).b }/9_“4: LQ:J..\.A R
Ty S R0 U EGPL IR SR . P Y
FS—is 5 e gl L il oIS o

Er— 2 JSiS g = S o) £
) ‘) LS)‘K‘T’B—‘*’) JA_A u‘g_,‘sn A aJolro d_:LE.A
QT )‘ 9 oals )‘)J (JLG..." ‘rlf u_:}.a) Kt u_’).c
L)—")"L"’ .\b)j ool Sg—w )‘\.\J"LA ‘r..uw Lg‘)—’

g olys

O V- N0 Y- YO Y. YO -
(h) ole;

(T =70 °C). o Zas o b Ggmsy 25 St () el Sy 5l (2l S jg0s 9 () gy Calies 7 IS0

1Kern and Seaton



134

gy BT )

Ol BAma by d 030 050 c0 00 Sl
Mg 5o Logas) ol 0l (5,0 Ols—
e o le 3 g i 5 (L 5
el Gy Jsle plor i lossly >k
B bk sbe il 5l S Glee 4 )
5 el gy 55,5 l Bae 5,5
wa bl 0l )0 5y g ollaloj] &jso ay 4yl
el i ce s ;368 8 3550
Sy Em 595 = 4 s sl 5 ulla ]
OBl gy g aS sls s mal g ol (o) 2
sl Gl odliwl edale 2Bl wb o
slaJoe jladyd J 3l o pudlawl Gy, &,
b sledae o Gl o, sl —
Lo oo dod 10 gy Sl 3 0 oolaiul
99 4 g &30 o5 (g Sl GLSo Lo )&
Dyge d o5 il S o a8 el L) IS
Cwloless (59, (b G A ally (5 )Le
Juislam aily (S)ke o5 =l pgs 6 50 5
P Rt e P s
sleo g i slos cee s aile  (Sldas Lo il )b
ools Hldi |y ool JoSid gy £ = ady) o
Ol Emls S e i ) e e
sloosls 1 93 4 Lo Jow a5 ol lis Lo Jowe
Sl p99 E95 Joms 5 ki Braie (oS ioles]
o 5 0l o 1S I Ly o) Ubas 5 lna a3

Lol 5l osliial U 5 il ol (g loia K, o,
daloo (6l 0l oo dubne S a8 zobej]
0045 3,0 0525 g, 93 Lg) A E S S
e b G g b el B 25 (S
Bl ;) Ojg—ots 45 0Sb (e o>

K o T m gy B3> &5

Cly Gl dm g, BAm 55 g By 0
wly prr JUES s an (A A 4 035
) S an 5 Polley L wgi )Ly (ysl 45 el
[ov]a_s

o FRE= gy B> £ 5

sloodls (55, Ols—Sso 1 g Ky d—mloxe l—
Ly (a3l 5o ol ol (55 alStale]
bl peppleS ol alall) (o

n = 5P, | exp(a @
m = kd (Re3Pr exp( ) - KremovalTW) CAb
RTy,

. 2.3 E
m= <kd(Re3Pr )eXP(ﬁ) — KremovaiRE) Cap )

el oo ools LIS Y Jaam j0 ooy i3l m mols
e Ve Aol 4 S 0 e oo LS sy ol
2 o=l el st gdate B iyl slaesls
JUESl £ 5 slime o gy Bio 5 85 L

ol oaaliine 6yt el p

8 55 s
L5 a8 el (e 51 (S0 ellial g
JL.M‘ 9 Lg&.;.g.bé QL.M“ b o 6L—"°°L? r:L..oS Je

Laosls (3jlp el ¥ Jeas

Constants

R? Absolute Average Error’.

K,=2.45%107m/s

_ FEa
8667.092= = K
n=-1.72

A oles Koy =8:547107 Pas VY iz
o =K 1539.01
K ,=6.536 m/s
K.,,..,=0.11098 m/s
1o alsles <135 FIY




RS 599 ptes § 010 po AF 0 ,lanid 0;5_"/;4 Y..

&y
[1]. Sloan E. D., Koh C. A., and Sum A., “Natural gas hydrates in flow assurance,” Gulf Professional Publishing,
2010.
[2]. Ali L. H. and Al-Ghannam K. A., “Investigations into asphaltenes in heavy crude oils. I. Effect of temperature
on precipitation by alkane solvents,” Fuel, Vol. 60, No. 11, pp. 1043-1046, 1981.
[3]. Hirschberg A., Dedong L., Schipper B., and Meijer J., “Influence of temperature and pressure on asphaltene
flocculation,” Society of Petroleum Engineers Journal, Vol. 24, No. 03, pp. 283-293, 1984.
[4]. Speight J. G., The Chemistry and Technology of Petroleum, CRC press,2014.
[5]. Groenzin H. and Mullins O. C., “Molecular size and structure of asphaltenes,” Petroleum Science and
Technology, Vol. 19, No. 1-2, pp. 219-230, 2001.
[6]. Alboudwarej H., Beck J., Svrcek W., Yarranton H., and Akbarzadeh K., “Sensitivity of asphaltene properties to
separation techniques,” Energy & Fuels, Vol. 16, No. 2, pp. 462-469, 2002.
[7]. Yarranton H. W., Fox W. A., and Svrcek W. Y., “Effect of resins on asphaltene self-association and solubility,”
Canadian Journal of Chemical Engineering, Vol. 85, No. 5, pp. 635-635, 2007.
[8]. Akbarzadeh K., Hammami A., Kharrat A., Zhang D., Allenson S., Creek J., Kabir S., Jamaluddin A., Marshall
A. G., and Rodgers R. P., “Asphaltenes—problematic but rich in potential,” Oilfield Review, Vol. 19, No. 2, pp. 22-
43, 2007.
[9]. Chalangaran V., Firoozinia H., Kharrat R., and Chalangaran N., “Generation of Asphaltene Deposition Envelope
Using Atrtificial Neural Network,” Journal of Dispersion Science and Technology, Vol. 35, No. 3, pp. 313-321, 2014.
[10]. Kokal S., Tang T., Schramm L., and Sayegh S., “Electrokinetic and adsorption properties of asphaltenes,”
Colloids and Surfaces A: Physicochemical and Engineering Aspects, Vol. 94, No. 2, pp. 253-265, 1995.
[11]. Dubey S. and Doe P., “Base number and wetting properties of crude oils,” SPE Reservoir Engineering, Vol.
8, No. 03, pp. 195-200, 1993.
[12]. Kariznovi M., Nourozieh H., Abedi J., Jamialahmadi M., and Shahrabadi A., “Experimental, modelling and
optimisation of asphaltene deposition and adsorption in porous media,” The Canadian Journal of Chemical
Engineering, Vol. 90, No. 5, pp. 1356-1368, 2012.
[13]. Kord S., Miri R., Ayatollahi S., and Escrochi M., “Asphaltene deposition in carbonate rocks: experimental
investigation and numerical simulation,” Energy & Fuels, Vol. 26, No. 10, pp. 6186-6199, 2012.
[14]. Zanganeh P., Ayatollahi S., Alamdari A., Zolghadr A., Dashti H., and Kord S., “Asphaltene deposition during
CO, injection and pressure depletion: A visual study,” Energy & Fuels, Vol. 26, No. 2, pp. 1412-1419, 2012.
[15]. Faus F. M., Grange P., and Delmon B., “Influence of asphaltene deposition on catalytic activity of cobalt
molybdenum on alumina catalysts,” Applied Catalysis, Vol. 11, No. 2, pp. 281-293, 1984.
[16]. Mochida I., Zhao X. Z., and Sakanishi K., “Catalyst deactivation during the hydrotreatment of asphaltene in
an Australian brown coal liquid,”. Fuel, Vol. 67, No. 8, pp. 1101-1105, 1988.
[17]. Dudasova D., Silset A., and Sjéblom J., “Quartz crystal microbalance monitoring of asphaltene adsorption/

deposition,” Journal of Dispersion Science and Technology, Vol. 29, No. 1, pp. 139-146, 2008.



Y Dy ‘SQKWLO)‘ )y

[18]. Hammami A. and Ratulowski J., “Precipitation and deposition of asphaltenes in production systems: a flow
assurance overview,” In Asphaltenes, Heavy Oils, and Petroleomics, Springer, pp. 617-660, 2007.

[19]. Akbarzadeh K., Eskin D., Ratulowski J., and Taylor S., “Asphaltene deposition measurement and modeling
for flow assurance of tubings and flow lines,” Energy & Fuels, Vol. 26, No. 1, pp. 495-510, 2011.

[20]. Akbarzadeh K., Ratulowski J., Lindvig T., Davies T. L., Huo Z., Broze G., Howe R., and Lagers K. “The
importance of asphaltene deposition measurements in the design and operation of subsea pipelines,” In SPE
annual technical conference and exhibition, Society of Petroleum Engineer, 2009.

[21]. Buckley J. S., “Asphaltene deposition,” Energy & Fuels, Vol. 26, No. 7, pp. 4086-4090, 2012.

[22]. Chang C. L. and Scott Fogler H., “Peptization and coagulation of asphaltenes in apolar media using oil-
soluble polymers,” Fuel Science and Technology International, Vol. 14, No. 1-2, pp. 75-100, 1996.

[23]. Clarke P. F. and Pruden B. B., “Asphaltene precipitation: detection using heat transfer analysis, and inhibition
using chemical additives,” Fuel, Vol. 76, No. 7, pp. 607-614, 1997.

[24]. Peramanu S., Clarke P. F. and Pruden B. B., “Flow loop apparatus to study the effect of solvent, temperature
and additives on asphaltene precipitation,” Journal of Petroleum Science and Engineering, Vol. 23, No. 2, pp.
133-143, 1999.

[25]. Leontaritis K. J., “Asphaltene near-well-bore formation damage modeling,” Journal of Energy Resources
Technology, Vol. 127, No. 3, pp. 191-200, 2005.

[26]. Kokal S., Al-Ghamdi A. and Krinis D., “Asphaltene precipitation in high gas-oil ratio wells,” In Middle East Oil
Show, Society of Petroleum Engineers, 2003.

[27]. Burke N. E., Hobbs R. E. and Kashou S. F., “Measurement and Modeling of Asphaltene Precipitation (includes
associated paper 23831). Journal of Petroleum Technology,”Vol. 42, No. 11, pp. 1,440-1,446, 1990.

[28]. David Ting P., Hirasaki G. J., and Chapman W. G., “Modeling of asphaltene phase behavior with the SAFT
equation of state,” Petroleum Science and Technology, Vol. 21, No. 3-4, pp. 647-661, 2003.

[29]. Vargas F. M., Gonzalez D. L., Hirasaki G. J. and Chapman W. G., “Modeling asphaltene phase behavior in
crude oil systems using the perturbed chain form of the statistical associating fluid theory (PC-SAFT) equation of
state,” Energy & Fuels, Vol. 23, No. 3, pp. 1140-1146, 2009.

[30]. Amin J. S., Alamdari A., Mehranbod N., Ayatollahi S. and Nikooee E., “Prediction of asphaltene precipitation:
Learning from data at different conditions,” Energy Fuels, Vol. 24, No., pp. 4046-4053. 2010.

[31]. Soorghali F., Zolghadr A. and Ayatollahi S., “Effect of resins on asphaltene deposition and the changes of surface
properties at different pressures: a microstructure study,” Energy & Fuels, Vol. 28, No. 4, pp. 2415-2421, 2014.

[32]. Soroush S., Pourafshary P., and Vafaie-Sefti M. “A Comparison of Asphaltene Deposition in Miscible and
Immiscible Carbon Dioxide Flooding in Porous Media,” In SPE EOR Conference at Oil and Gas West Asia. Society
of Petroleum Engineers, 2014.

[33]. De Boer R., Leerlooyer K., Eigner M. and Van Bergen A., “Screening of crude oils for asphalt precipitation:
theory, practice, and the selection of inhibitors,” SPE Production & Facilities Vol. 10, No. 01, pp. 55-61, 1995.

[34]. Alboudwarej H., “Asphaltene deposition in flowing systems,” Chemical and Petroleum Engineering, University



RS 599 ptes § 010 po AF 0 ,lanid 0;5_"/;4 e

of Calgary, 2003.

[35]. Wang J., Buckley J. S. and Creek J. L., “Asphaltene deposition on metallic surfaces,” Journal of Dispersion
Science and Technology,” Vol. 25, No. 3, pp. 287-298, 2004.

[36]. Zougari M., Jacobs S., Ratulowski J., Hammami A., Broze G., Flannery M., Stankiewicz A. and Karan K.,
“Novel organic solids deposition and control device for live-oils: design and applications,” Energy & Fuels, Vol. 20,
No. 4, pp. 1656-1663, 2006.

[37]. Jamialahmadi M., Soltani B., Mdller-Steinhagen H., and Rashtchian D., “Measurement and prediction of the
rate of deposition of flocculated asphaltene particles from oil,” International Journal of Heat and Mass Transfer,
Vol. 52, No. 19, pp. 4624-4634, 2009.

[38]. Khorram Ghahfarokhi A., Kharrat R., and Soltani Soulgani B., “Investigation of the asphaltene deposition along
the flow of the oil in tubing: Experimental study and a parametric analysis,” Petroleum Science and Technology
Vol. 34, No. 10, pp. 884-890, 2016.

[39]. Escobedo J. and Mansoori G. A. “Asphaltene and other heavy-organic particle deposition during transfer
and production operations,” In SPE Annual Technical Conference and Exhibition, Society of Petroleum Engineers,
1995.

[40]. Broseta D., Robin M., Savvidis T., Féjean C., Durandeau M. and Zhou H. “Detection of asphaltene deposition
by capillary flow measurements,” In SPE/DOE Improved Oil Recovery Symposium, Society of Petroleum
Engineers, 2000.

[41]. Shirdel M., Paes D., Ribeiro P. and Sepehrnoori K., “Evaluation and comparison of different models for
asphaltene particle deposition in flow streams,” Journal of Petroleum Science and Engineering, Vol. 84, No., pp.
57-71, 2012.

[42]. Hoepfner M. P., Limsakoune V., Chuenmeechao V., Magbool T. and Fogler H. S., “A fundamental study of
asphaltene deposition,” Energy & Fuels, Vol. 27, No. 2, pp. 725-735, 2013.

[43]. Salimi F., Seftie M. V. and Ayatollahia S., “Experimental Investigation of the Effects of Different Parameters
on the Rate of Asphaltene Deposition in Laminar Flow and Its Prediction Using Heat Transfer Approach,” Journal
of Dispersion Science and Technology, Vol. 34, No. 12, pp. 1690-1696, 2013.

[44]. Chen X., Butler T., Volk M., and Brill J. “Techniques for measuring wax thickness during single and multiphase
flow,” In SPE Annual Technical Conference and Exhibition, Society of Petroleum Engineers, 1997.

[45]. Serth R. W. and Lestina T., “Process heat transfer: Principles, applications and rules of thumb,” Academic
Press, 2014.

[46]. Murgich J., Rogel E., Leon O. and Isea R., “A molecular mechanics-density functional study of the adsorption
of fragments of asphaltenes and resins on the (001) surface of Fe,O,,” Petroleum Science and Technology, Vol.
19, No. 3-4, pp. 437-455, 2001.

[47]. Abraham T., Christendat D., Karan K., Xu Z. and Masliyah J., “Asphaltene- Silica Interactions in Aqueous
Solutions: Direct Force Measurements Combined with Electrokinetic Studies,” Ind. Eng. Chem. Res, Vol. 41, No.

9, pp. 2170-2177, 2002.



Y.y Dy ‘SQKWLO)‘ )y

[48]. Burke N., Hobbs R .and Kashou S., “Measurement and Modeling of Asphaltene Precipitation (includes
associated paper 23831),” Journal of Petroleum Technology, Vol. 42, No. 11, pp. 1440-1446, 1990.

[49]. Eaton P. and Lux R., “Laboratory fouling test apparatus for hydrocarbon feedstocks,” ASME HTD, Vol. 35,
No. 1, pp. 33-42, 1984.

[50]. Crittenden B., Kolaczkowski S. and Downey |., “Fouling of crude oil preheat exchangers,” Chemical
Engineering Research & Design, Vol. 70, No. 6, pp. 547-557, 1992.

[51]. Saleh Z. S., Sheikholeslami R. and Watkinson A., “Fouling characteristics of a light Australian crude oil. Heat
Transfer Engineering,” Vol. 26, No. 1, pp. 15-22, 2005.

[52]. Srinivasan M. and Watkinson A., “Fouling of some Canadian crude oils,” Heat Transfer Engineering, Vol 26,
No. 1, pp. 7-14, 2005.

[53]. Asomaning S., “Heat exchanger fouling by petroleum asphaltenes,” 1997.

[54]. Kern D. and Seaton R., “A theoretical analysis of thermal surface fouling,” British Chemical Engineering, Vol.
4, No. 5, pp. 258-262, 1959.

sla o losliiwl Ly (il sl 0 olial ooy Fp i it B ok ¢ o 00
YN XA oo OY el VY Js g i 0T s ale dolilad Lo fue o (5 IS s,

[56]. Bergman T. L., Incropera F. P., DeWitt D. P. and Lavine A. S., “Fundamentals of heat and mass transfer,” John
Wiley & Sons, 2011.
[57]. Polley G. T., Wilson D., Yeap B. and Pugh S., “Evaluation of laboratory crude oil threshold fouling data for

application to refinery pre-heat trains,” Applied Thermal Engineering,” Vol. 22, No. 7, pp. 777-788, 2002.



