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Numerical Study of the effect of inlet velocity on oil reservoirs water flooding process at
pore scale for different surface wettability

H. Nasiri Mechanical Engineering, University of Tehran, Tehran, Iran

A. R. Jalali School of Mechanical Engineering. University of Tehran, Tehran, Iran

S. M. Fatemi Mechanical Engineering, Iran University of Science and Technology, Tehran, Iran
Abstract

Every year, more oil reservoirs experience pressure drop and production rate decreases. The water flooding process is one of these
conventional methods to increase oil production. The velocity of the injected fluid into the porous medium under different physical
conditions can extract different amounts of oil from the pores. Due to the spatial geometry and composition of the pores, the velocity
of the fluid entering each pore has a wide range. In this study, the effect of fluid velocity in three pores with hydrophilic,
hydrophobic and neutral wettability surfaces has been investigated. This was done using numerical simulation with ANSYS-Fluent
software at the scale of a 1 mm pore containing medium viscosity oil. The results of this study show that for a pore with single
output in the state of hydrophilic cavity and neutral wettability, all oil is removed from the pore at all speeds. But for a pore with two
outlets, only if the surface of the hole is hydrophilic, all the oil is removed, and for the pore with neutral wettability, 78% of the oil
volume is removed. For the pore with hydrophobic surface, less oil was removed from the pore by increasing the velocity of the inlet
fluid and the recovery coefficient was achieved between 63.7% and 98.5%.

Keywords : water-flooding , nano particles , surfactant , pore scale , numerical simulation , fluid velocity.

O oS Gals ogh ce avule Cii uled asely (5 pFell
Sl gl S 4 G gl (SWgd S e g (law
o-¥lams oo Laalidl 1) mojl g o cis <S> 0 Juged
b (235 a8 0 lge (50 )5l LS5 5 D350
Do f Yo o5 mlaw b cds (oles agl; g
Ly Jls 98 G andls 955 (i &5 Cusl (5 lme (mlans 1S
DOl ;oS (xlan IS jlade dz e S (oo el S i e )0
S Pse o )b Koy o b o slp i bled b 90
Py S 0ls S5 > gl p3Y jled Bl VU (xba 28S ke

Dy ] sss

doudo Y

CBls (690,40 LEALS (i Caiio 0 39290 OIS I (SO

T s &5 a8 albolz 4o ool 3be HLid pals cleay s
ol 55 530 4 ol 1,5 U s w008l il Lo b
Cooms &y b 0l &S 5> b sy ol 05 Gl 1) ades 0gueS
GRIP ln eeboe oy (Ml el ool oy (2>
5 Semd Pl 45 Wsdioe Aol i ol 4 olye (o3l
Lo 5o Jlow Goy5 aiulyd jo [V o so yoss |, o (ol
Sl (B (Fomge (LS Ll e o RS
L (Sigdy alie K0S 4 Cowd 5B g0 Sagdy g oxhaw

arjalali@ut.ac.ir : g xS om0l c0dtsS aslSe odtungs *
STV Sl s
CIENA Ll



-pp )l G J.'> ﬁL‘;u‘ (5|)._1 ool ‘el;ul 0 o i ‘;..\45...;)4
enlons oolit] Eigls eradl (gl 138

948 3l apd b ous ploxil sloiagly -V Jgu

GRSz

DR P9,

Seagn el

b ey 2l
Gl el 63555
a8 (25k e ye

@ gl (SHpd 5 s
8 b ogos]
olidl eel o3k

b pol

| il b il
ol salgs JLos a4

& gl (Fighy et
Sl el csga]
o sk

Ol (6 5ludds @l
Sus Sagh s els
SOl (Sdgd 5y S
L bl card S
Spee AV

& 35l (09380 b
oy sy Sl
b Gl el sl

55

Joloee 32,35 s3lwand
4 cS)5ugl

Sl Joeg S

maed 5 R LST
e S5 30 50

clsy obojl ol jo

Lo sanan sl

Jesib 32)5 slwansd
Lo 4y cuzS e g
ooleie 0 (5 Sl
0 o>
“Oom O LAl S (s
2ol dilize gla
sl 5 e RS
2 Sileaned g oules
cilize 2>
S 90 35 Jua b
Wiz lide )3 (S (%
Seslatul b g e Sl
WLal 3 s ¥oles

oy ohdgh pad

5 S
Dal o Ken

9 (5o
[ve] oS

5 &9lsl
(] ) en

RSP
[vv]

5 Ol
[¥¥] Olen

5 adwl Con
R A1 ERCON
[vo

2,8
Ol ols plis b L R
RN 493 plalanhd ) )
plol jo cds oy (i 50 Sl (oag3 9 S
d $3 el XC
Sl 0oy3 B gad e s [v8] o Ko
e 158 e

ool gunals pLST 5

Cato ;5 Gyl anld 50 Sl Gy Sy oSl 2525 L
Ll () yo Sgd dizx Sgam 50) oyls 3 sasin odgusws o
moud ool B2)5 ey 5 L abaly 5o pRaLST alaegs,
4 Sl wuld myp )3 I 5 sl Wgel plgre 4 e
Sy SolS a5 oy o Y o b e el ol JBIs
oo IV aabuly oot )5 e e o8, YU & Wlgioe G5
I GuyF sl ce (it slaceil b e gl 5 ol
Sty 45 W30S oddlice g Wols sd g, 0 g8 YEY L LY
35 oibek ol Baa [YA e aiuly cis co ) a4 ange G,
o b cdi ol i ()5 Sl 999 g Sl o)
Ol CaxBae g awain 4 azgi b o,h> 4 (639,9 Cuk yur Cannl Jawgio
3 SRF Sl A Cod (Jolae polie Sl Ko 4 cus
89959 adaie v aSST e 4 &dly ,o il aalys 5,5l oliie
e 55 0yi> & 00)ly Jlow Sae s ly ke Silgi e i, 50
2 Bgs bz () S @ Wlgioe Ghegh il @S g walss
IS S8 SrsS obiie y3 i g

@ i olend b g (o5 olyd ceds dlge cnl 5l plaS e
iy ol o (SWishy g e RS 50 i Sel 955
Slkd ules asly (el el o ()53 (tals Jlo sk igd oo
lp s sl sbajl anlp o kit slye [V Vlogs o0 i
(Dlydsl atws A gl e esliul (500 Gle Ll
4 dalol ot dlge (pl 3008 5l ey g lemecaS e
5 oolizal i anlss oLl olge ol o,ys crpiis oy lallas
Sy i ((SNgd e aile el o 038l L o346
coly cii g O (b 225 (25 5 end 5,5 Sl 5 oS
5 Shgp  webee S Cudloy sbajl wnld syse e A
9 posS ) SeSlsd Sl s glackile ly ol e
—6o Wo,S sanlise g 00,5 (5,Sojlul |y wled agly U5 asST]
DF o)l oles agly 2lS 2 st 236 powisS ) S
Oleesd pouisS ) aSlss gl ln 5 OSen 5 Slss,
GxSoilil alize slockale o 1, wlod aygly 5 (e S
4 bl jues Syl eslatal b ol s 5 o Nolws s
Srdded b lame o 5o (il sl 8 0 Sl3el Sl om)n
=6 prmdkw O30 5l sslainl ol Hlas bl aSle, b
S oRIBI VY U e bk e e Ve ppm o cdale oS
Olyz Od dgdume aely Wilgs oo 396 YL sla clale Ll oo
.[\7]&5:;

Gl o a5 At solye o mbaw Jlab Slge b lacssls, e
9 ol aiesga pals goby w> b 1) O (b (a8 5 ol
2 5 ol SlaCSlE g oS Wols i 355 g o oliSes
S & ol (Figh i et g il (125 alS Sl gl
6 Gl GlacslE m S Gl @l Webioe Fwgd]
AW el bl cupd g W)lo oad S8 Cools 9o g
Can el hash s ohes 5 B DVl
o 20055 oy 1y Gl Sl s 5 gl iS5
B 1y lod sl (IS (e Sisel slacS 5 1o 5
by Ml 5 Ll e (b (2SN L e
DAlss

or Sl el g anaeS By S g s3ve gileand
OlRgh ol (3w 3l 50 DYl S0 5 Jlewsil 513,
soabis o (5 Jew )il ilite slaghs, 5l eslial L
Pl slagiags 5l slaadls V Jgaz )0 wlod S om0 1) Oglite
ewloals oyl diey oyl 40 00

Syge Joo Slye ar o pls SO 4y (S 0jh Sy gl ol 5o
oS sl 035 o] dmsain ol Sl e al st Ll aslas
oo Gilodnd s JSI (65,5 S e ljds i
a0 el o plol ez oS g, 5l oolitul b eji ulide 4o
O @S oy g Stk sl il e asST s
S3be aeed 5l Glgson )ls 335 1l Sl 4 5ls g 00 pple;
Saw o) eslaiul bde cal jo Jlow 99 L8, owyp sl g0
7o Jlew 99 i 2 69959 Jlow i Jl oy 255 00
eyl a8 gl el )i jlond gl S pliee 9 S i
5 5wl g el olns Gl Giloand av 535y sl

A 5 (8l e — oIS g5 — AV asmio VF ) (sl 1Y ol BY ala A8 Ly o)lod 05 olStils (Kile psiiige 4y 3



e 5 (6 mad e — ol oghy = AA-YR asmio VF ) (sl Y oyl O alo A8 Ly o)lod 05 olStils (Sl pusoige 4y 523

M

1) ) S5 VOF oo sl poioge aloles ¢ 398 slag i (28,5
5

2 (pid) + 2 (piitl) = pg — Vp + V. [u(Vii +

vi") = 2uv.ul| + Fesp

S Gyo ol sl dias (pl jo oS canl wdls> olis g akal, ol o

)

potege dolee SO plply cdl Sleo jouis T g ,Lid p iculonss

23 L 0 dmslons S po 9 390 (o0 S (Flowlna 0jg> S5 50
Ded oo ALBIAT STnil 4

230 Joo =Y
O § 00 (Byre s (0 oolatul 590 dwain (iSu pl o
sy 5 Jom 99 om (b 23S w2 g Ol Kb Sl
Jlesl 550 bl o o 0 Galss (o 0yi oo b Jlow (ules
0313 g el Cilizs (659,5 Ceb yos gy ol a5 l58la 5 4y 00t

RGIREAPES

0y duwsdd V-V

Sl Sz e oS Gam 90 0y Sy eghy al o
S 0y pl Cnl ABF 15 (cy 2 090 Canl (b Jie Lanma
ke ) P 57 5 60909 S sl el 8 e s )
ol slo olps po 55 (Faish i Cols () JS5) wBboe e
Sl olges oi SzsS ojlil 4 azgi b aiS oo lag 95 o)k
25 e 1S

Jlw plgs -V-Y

Olo 2 et O3 5 Sl Al ol o ki g o Sl ol5>
5 Jiw 90 o Gl JE g plespa 25 L g o valys
oad (5,15 Y Jgaz 5o Jhw g0 Slasin 5l 3425 0,85 o)lgs
552 Olpl ;0 d9zse sl il 4 Az L e ol Slasie ol
chw (Sasd 5 Gl dsloe Gl cwl bugio o b b i
4z 50 398 oo oolaiul Gl mlaw b s oykad uled aygly lecysle
O b ol 5l Gy mhe il geS cd oyl uled 4yl
(Y JS8) 090 walgs )Sg;wjaJ s Plasl 4 col ules o

Sk e o)lgd 4 Cl (Sl uled agly palS
ol ok Sz el sl a5l i ol sials 31 Ll S e
Iva 0lass o sl P11 8 > sy, 3 5 00 o350 0l 4

e g ol (S5 Slakin - Jguz

(kg.m™) Ji&>  (mPa.s) coy

494 ) ol

goae Jo gy Y
J= ln R e aS alagts, 5 SVolee a4 5 al e
Py ol sl Sgl gl Alslas 51 4kl s Sl s
7S OWobe 5l S ae ye 3 Jlow 93 G slogs 5 (Seid
Cowloads oslawl oz

Sl o¥olee -)-Y
Sheslitul b pdgbeSTy Jhw 90 olyz wgilwand cnl 5o
el 0 (g5l Joke g 3 oS b g S ¥ole
%u + pV.(uu) = =Vp + uV.(Vu+ V) +F +pg (V)
Vu=0 )
NP o Jlm il S e i ol 53 85
M S g s e a4 oo)ly com Glagys Sl F oSl
o pile oolgil s s uT ol Lig miz B altee ol 55 45 00y

(VOF') o> yuS o5, —Y-Y
oslitul 3bwr slapl,r il ln ile Glaghs,
gliel B e o2 & S &5 Jlw wiz b g 90 slp 0980
b oailge oz 8 aoles 5,5, SYoles 5l S s
S i mhaow jo 1) Jlew 99 Candg olg oo dolae ol 5l ool

8,5 Lasie gl
9(a;p;)
at
Ceyot 5 ol Jow S8z iz gte Sk Sui O o &5
o yx g O 4 Sl gez> S Siko 55 @ el pli Jlew

+ V. (aipiw;) = piSa )

Rty
3l 892y Joho o pli Jlows Ha =0
Sl 13 S e 550 5o Jobo 0<a@<1
;=1

el g el Jlow 51 Jolo
{r ZHPE il s Spte e s Jle ool

n=Xa ’ 7 B
o0 Jlew e (2l (o 5eKloe dlal; g0 (nl g oo drula
Aiwgn Paw 69, Joo ) aive (pl jo S o acile 1) Jolo
iS5 (el aygly) S i gl slisdl aculxe gl (CSFD)
S )A..L ey sk 4 Cesload eolaiwl Jlew 90y aw
4 (CSF) awgny gl 69,05 Joo 318 90 o bl Jsb jo (ol
1wl 0o adlol oS o alolee

a1p1CA0; + ayp,CAay

Fesp = 20 )
osF p1t+p2

! Volume Of Fluid
2 Continuum surface force



oslitul goue Jo 53 (639, Sy byb ploie 4 Al e
bl Kos sla zmen b slhe Sy polie ol ol aalys
Iyvoval cosloas

Joli g b ¥
5 by Jolo slaws wwain gunuaSiid ogos ol o iou cul o
e Jor gl s 098008 ()2 3Lt (Sl &S e
plas’ o y0 ools ) ey i b led agely <> an o (6l

A delg> by

i 5 4l 1SSl —)-F

sl i o silotd > SaEs o slien
A dwaid 0 pls (Red (guuaSiud gl casload colaiwl heS lex
Dl (6 JS8) 0 ol 5SS 010 S 5 558l Can
o o 0 gl sl 5 (ganaSid g9; e JAS 4 e S
Dy

walls

=t outlet

Al 530 Bl 5| Soilasd Y S

—aSd Gl38le 5l eoliiwl b oS aSiis (ST coaST ob,l Gl
@ Ol G,y sl o (Singe HLid wonl snw] Cavsay Ansys gan
awloads dwlee goae Jo 0 (F JS2) 0,8

Al duwsdid (GuaSss —F S

() ably polaly gam 9o JU G j0 (Singe jlid jlade
Iy ]l o ooy
olso )

_ 20cosa &
€T h/2
JUS 2y h 5 obos ausly @ (V) oy o 235 6 ] o o5
el

OF Gay3 lanl e g Of (o S Hgl5 -0 S

aSST e 4y bt cwaid oo 4 S5odew anld glanl s
2 3Bge (Shmge Jlid 5l Bl oo ol JUIS JSb 4 058> 4 (5999

1 0.1 (mm)

1 (1)

(S 0 i duwdid —) JSLh

water

wjoﬁ,@jﬁ;%ﬂ

water

1S Ol g Cewgs O]
3005 T o3lars 35 a0 b o g o - IS

Ca.wsé&,ai 9

Yo (mN/m) dgaz 10 gole cll> o i g Ol (b psS
Sl 5 Y (M) 5 5 1T asly oo oS gm a5 ool
("W cis g &1 m o (258 aliee ol o LY Tacas
B dalg> Slws LB ol @ oSl jgw ab alal b aS ooy
gly ojll L oji ojlens (SWsd s Glie 0 ol &5 shiles
SNsdeg ¥V JSh 4 azg bl e oty i o a8 ulas
I¥ V008 oo s Sl & wlod il e

5 S g Cawgd ol Az 0 YO 5l S wled gl

S SWgd Az V0 g VO o eled 4

g i g 3,5 ol i a0 Vo0 5l s (oled augl;

30 bulpd g adgl byl VY

i oy oS o gldl da (giluans plos 0wl )8
Jol 40 )0 Wgd oo el Alwd aw 4 b (giluand ! ol
Slojlail o QT SWgd i liee g 00 Cuvgd ol 08> olg0 v
Wwd S5l oo a0 Vo ulad a4l 0,0 o b i o,k a5 ol
VO wled aygly o)lesd b s oykad 5 00gr 1, 50T 0yh> 55 pgo
g adly gus SNgd ook mhaw paw dlws [0 jle e 4z 0
Sipe bl 5l slolsm b ¥ USS o dalss az o Ve ulad 4yl
958395 S S0 bpd o S o)lped ams oo i ) alie
o o LS ade b gy jlid bbb sl S o)lg
SNgdy g 2ol gl cll> aw 5l plaS a0 5g salys

-y -y -f -f )

Ly g Rl

P R S RS PR LA PR

S 5 (6 i e — olS oy — AV amio V) (il Y ojled OY alr A8 by ojlad (5 oSl SlSe wiigo 4,25

AY



OlSer 5 (5 pmal ama — JolS cipgh — A=Y dasio A F ) Linl ¥ o led DY ala A Sl oleds iy ol SlSe pwdige 4 25

AY

n

water
IaL..Jl Cowgd ol 0,0

e n —

- 55 ul oylg0

omge gl 30 pLET 5 anlss w8 -7 S

Gro JB e SasS slalze j0 (Singe 59w aSST e @
ol 5 39 dmlys Eglite Jlaw &8 > 4 lid il e i
9 WS (o0 Lol Jlud alaly @ | 6,500 S)le (Sse o5 2579
O b (iS00 e Cawds (M) abal, jl suas Lid DS
el g o b Jlowgs 3593 5 Jome )3 wled agly @ g Jlow 99
Jeo b il (Saigh 5 alg) mhaw ST aad e plas alal; o
s LSy ety el g iaS b L] sl anils 53
FL b 17 UK 5 (A) aaly @ azgs bl 5Ls 6395
Syly pd B L Jlw 819 auil jialS Ap (col> @ argly) 098 8)lg
bon Gl Ap (a2 yite @ aygl3) 398

8uLV  2ocosa
Ap=——- 9]
r r

ghv (SWed 5 4z oS 35800 LI 598 alal, 5l eslinal L
Sy b Sl E5 2 sl (a8 i il 5oz g &,
el 5l Sy
S wal B 5o Jlw 5995 e Sl gam slagio o
18,5 aileS )3 o) 090 5 Sl aw sl
a3 Ve ool dly iiemgdol G @
a3 )0 plosaly i Sol o @

oled gl i (Swigd i b e @
v
@il el

a0 4.

$9959 ey slp Y Gl 5l plaS e o
oloy b 5o ol 5l oad gyl b ey w0955 5l ol 28 > s
Sy o Glp odd gyl cd Lloges O 9 o ool islad

Cewloads u’b)l/'f 5999

w,ogi 085 10 (6999 &k g Jili —V-F
SOl oyi 0 (63959 ey e (55108 B og it cnl o
0391y i 3l Ml 0 i Al o a0 Yo uled aggly b cngo
5 s sy Vgoms i ol 45 plailen s 5o

O laie &1)366 5l eolaiwl b (ylgs oo a5 009 ay0 A 5l i i
ol als )

's_j o)lyo 6‘)" .o)f oolauwl (GO J> Gz;.u)L.’;d LSI)’ Cound L}xl
WS15 b gan 4 oz 5l edel Cowdy (Sige HLid
0l 5,155 Y Jgaz 50 (B) adal) 5l sael Casny ke 5 calisee

3 polie (awgs

el

5l e caliee Ol o Jlw Cepw aSST cde
oS glugSay il oolatul Sloy a8 s lp (Blbail wlendas
Sgd oo attive ¥ Jodz 4y axgi Lol < /0 31 5l il ysS sae
A @ ST ol g ansls 1y Joud LB ase s VEY- - Jolo slaws oS
g aales B (g5lwas dslol gl

GOl Gliseo pST i 50 HLid polio -V Jguo

‘_;“-‘-‘5*’ )L‘f-é g_;‘-‘-'?‘ )L‘f-é LQJ5L.J Sloss
(Pa) ooty aclxe (Pa) sose J>
YEIPf YY/fY \ARKS
\R1ids AR7A VeAeo
\R1ids YfIv VFV- .
YEIPf YEIvE VAY - -

ol 5l odel Cosdy (Kimge HLid jlokie (i wyp Cazd

5 ale jlaie el Casy 55 [YY] oLSe g 515 Gagh lp ()

§ & 5l JM,: o u’;)l}f S 5 JISly YA Y sSie alay

wlodgy cuwlio go0e > W)L:_';_cl Slp (&) b, 5l oolasl

6999 FeS (255 55 )9S Ghegh (Smge JLad YL ke cle
el 02>

U S1 3 Sl 5 sl Y i ST (V) ] il

SRV COR VP XN P

g dolgs b > ey lade 5 Jlew (ole o cwaie sl 5l b
8uLV ™

p =
rZ

1y ay Job Loyl e pr V609,95 Jlow < alasl ol o

SIS 5 oahoe) a2l o g 8 sl Ll ol gl
5 Seiled £ USE 0 g wales alasde LB Singe (g9,
38 Canlosd ools ylid cus ol mge Ay 4 Ol G, anl)
Uyl oylgmo mlb JSb 58 5 ol (Swigd s Ayl ojlgps W s
L ol (Sige Goms wawgd ol b 10 abl oo o Swigd
sl As) 3l 5 315 45 anl bl d e o Ay 6)lpe0 aows &

a aygly cIl ol )0 04 se 4eS (imbibition) pli] wad 5 e 56
S A e @ agly Cewgacds Al (s Byl es 4 el 0ol
w00 5 3 sgime g oy 5 e 3645 Sl ol 5 il

4l oL (drainage)



v
dﬂilj)gl;i.nb*\' (o

ol 0 yio a3 T 999 iz sz G ygiilS —A JS
Gl b e pw j Cawgd

=4l p y o o)
by e (e 0

o TR S N S S T S |

N O \'.. YO Yoo
(@) o)l

—ol 5 0 i o (6l sui gl i oy Hloged —4 S

Cewgd

ol oyl S Hloged (39,9 Sy gy o sl N USS o
Iy pxie ol dmwle 0956 (1) alasl, .Cawlosds (5,155 ylo) s
S g Hloges Col ol SV den (o S i azg des o lis

Recovery Factor
_ ( remained oil volume) Q)

total volume

RISV 0o 53 (699)9 Ly pili -Y-F
Jetzee sl suzs oolitul Sdgl 5l Sjedhew anl s 3]
oya ds ol 0959 Vo JSl ol ST i 35 o lgs a5 cel
-r

s S ol s amse ol adl e Ve cae g gl |,

_.._

ast -0 d

436 (o

_O_

WY (z asl O (o

asBY (e

a4l (g

S 0 g Jlow G5 9y 50 (co o HeRlE-Y ISS
sl yocken ) s (gl Cawgo]

Suoglie 5l oolitul b (5 (3 8 (slp (5399 S e

2235 b i )0 1098 00 patde Sley Ol g degeme (Sgpoee

T 8l sy aliZe (505,5 Glace p 4 Gl e Sl ol

ABS (6395 Se s e 4y Dglite (I CSlpe b ilisee jlade
- -0

—f *

SOFV T 0Tl o le a5 colous ab S

* -v * -v
Qcﬂfldscs)ywld&k@b)ombf}u’b ) 5\ )

e D9h gy 0yh Sy whide 55 ay anels sl 53559
b 15T a5 ol oji> 5 ond gy i Jde b e s b))
Mie 4 dzg b oS oo le ()8 ca ) i bk oy
5ol aiS o Jsb (sl ploj Do Sl 5 )5 (5955 2oy
ly osh 5o ol B3 VUSS jo S (b, i (29,5 U 5995

amo e bt 4l e VN e e ol

ol 2 4y bgype 2 S5y 5 59505 2l & by sed S
YL ey dasly @y il -0 ooy )0 0yh 4y Ol og9 (gl o
e Lol ol 00,9150 yaie IS5 @ 1y i g ol S i bas Ol
I8 4 ol o8 o aelsl o s ol ool A5 4 0 i s iles
ol oal )0 Goe

Sl iz Gl IS0 oy i 52,5 Loy o 0oy ()
Slogyg alizd 13 Cii 5 Of (poma S (BT A JS2 5o ol oo
Sy dz e S cpl b @llae casloads ool lis oy 1o 4
S5 4y yaie S5 pitn Cd g ol S 2t e wBl iy B3
O sl Saxs 69559 Sl Sy SRl L 4512 4085 aalys-
S o oy ale (Simse S &

e g (6l e — JolS degh = A=V asmias AT ) Lol o ojled BY al> A Gl o)l oKl Sl pwaige 4505

AY



OlSer 5 (5 pmal ama — JolS cipgh — A=Y dasio A F ) Linl ¥ o led DY ala A Sl oleds iy ol SlSe pwdige 4 25

AD

L -¥
4l e 7Y (] (

<

4l e Ve

Y

- a6 jme) Ve

sl e 0¥

aili e 0"V G

du“)m)a}l)fyi 0 yhe ox> o (2l Hels - JSSS

-giwﬁic,bul’éb.go.\&y”laQ&M)é)lo,w’—\rJS.&":
s 3

Jlow Bl i 6395 Jlow S o Az 510905 (0l L Gillas

St B Ol 5 Caleie 5SS g ey s slel 4 g5
Al T oo 53 Gl e les O S p sl Sl ok 93
o0 g 5l Ay 1S e )5 |y i s s 51 /P
o0 3l adl VA loy Gae jo s A9 51 iy 4l 5 e e
O & 2l B3 0 a8 Can Lne ol cpl adl g e gyl
ozl il Jlake ol 436 2 e 500 Sy b 50T
2 O @lad awais g oy (5518 0ge STzl wales
1 osbse olgiing bl sl 00iiS s oy ol S5, oas
Ol GuF Sy 2o el &S gl b 5 S0l e (5D

Ost Sl @y Vb S 3 g5 Cal 53 1) w05h 03]

05 1 8,1y 0,8 mrlans 1 28,5 alold b 639,
@4..: )l u,d)f alols ) o;.&} 4 0959 L;qul ) u] ‘55)5 JS...:
@ ol Jlw 4l 7.0 ploj g el 0)i> 35 2,501 5 2158 O
SHgdS Jdo 4 S (5)lake g 058 0a Ol 0)i> (2gy s,
G slogle; o c Hlade cpl aile oo (Bb Cd 4 Cos ol

29eed 5 ol 51 K0 5 eaile (Bloji (g0 55

_._

asls Y (

.._

B YIo (z

v

456 (o

v

aslb ¥ (o

&

il #10 (o

LA G

S 0> & O 81535 9l yd 53 (e Cand gl VeSS
pAl

ool las VY S 0 5,850l buld 0 (69959 ey b
sl w Glp 1) some Cod ol Heuls U u-" LCawloas
b glace w0 a5 ol Gl ppe 4S5 s e Glitd alise
Al pYL S pu dz e g Conl il Z)5 0y Sl el plad Lo
“\"l‘cs" u..;l)_el a;.é} » sxile U’_%Ls.,‘.m

@ ol bled pas @ azg b CuS lgie oy (nl 42y 0
Jhow 23 il (63955 Sae e Az pp w0yix o)lpd 4 (ud o33
e o5 allin (Bge 0 o 0yi sleml 4]y 093 oy g
Wla 5 S8 aals] (sl S ol 2Bl ol 59555 S
b5l s g 00,8 S o 04h by 0 Ol A 40 9 9 e
A8 oo ol bl

el e eals Gyl il weye lases VY ISE o
Sogad adsl ot a5 conl cpl az gy BB aisS cl oad ools ool
ol el Gl 3 S0l g cangan] Sl g0 0 e o Gy
69958 Jlw e )3 6,530 0ja> (Swish S g9 o Cenbine (o

S, 3oy glal o



s 3l o, A8 (S Swisd 5 adle j0 0,k 4 O 5,5 oK

(mN /m) .

[YY]MC)b L+ OY ;zla...; ,.......5"‘"‘ L\‘S..moj.a:)l

0l gyl Sl do )

v
"i

oS (Swighy s gl ead ©gyle Cdi v yo Hloges VP S

\..(dﬁjﬁ) QLO)'Y

Al ¥ — s Saiss s (1-7 Al V0 — Cwga (1)

a0 — s Swisdy (o-V b ¥ — cangeo] (o -)

.

VI¥ = s Saigd s (g Y
s

4l YA = Cogo] (z -

&;&5&;‘9%5097 o yi> 30 ol &Sy ol VO JS
a5 90k

SUsdy 5 Cmgdol Sl 5o 40 (3o wnld 4SSl ogzs b
s sl ey 4 g bwail LS Loy mls s
aighd o3l ke wgeo] Caws 4 eles aygly ials
08y Sl 5880 pwy p slp I el onls SLSI S5
Oyl dwain b ooji> Sy (S (SWehy g Cegaol sha L
L toog alins Lol anain fled 0,05 cpl Slasein 0 gw)p 33

Iy @35k g wlo oo (29,5 4 C g JB ke (o5 £
sl ol

S (Saigh i b oyis 53 69959 &y yIU -F-F
s o cdi g ol Gy e Saighy g 4o
St gl 45T S5 (V-0 5 VO ey olad gl ) ol i
Lo (Saighyi ol o 5 Of & S & Cesl G350y (5
ALl b 5 009 30,500 Il )0 (e gl aSST Ko g 0, LSS
Al agh Jol> 5 (Swisd i «gagys ol 4 Sldsil Gas
r e ilwars Sl eslaiul b g cdb ol jo Siedhew

ewloals

b e Ve e il | i 4 O 5,5 I S

S az e A e g Ol Leled dygly Cond opl 50 ams e ol
Spbe a3 wyi (53955 45y, & 2l 39,9 plSin uslonds a8 S
SNphy I las a5 cal oads Sy Sew g 4 Jbew 90
L oS cul T Y ol plad (o azgr BB 4SS 0l mhaws 5
dloge (Bl selaite 0ji> ghaw p olow ba b Jlow 90 S5 e
moad gy 0yh 5l e pled s Caldys g (420 A el aygly)

®

ast -y b (o

¢
¢

?

asBY (e

b

5 0 yho 4y Jlow 3133 Al yd 50 (oo S HgilT VY S
Al o slne ) oot s (gl (S (Sigl i b

Glp ol e 1) ol gyl Gl w0 Jloges VE S

2 aedee Glas logel ol aed e laS ilie (639)9 slaces
oo badss loy o LS g ogdoe )l 0> i pled DY 4y
S 5l loges 4l e oo 100 BayF Sy s 5l gl
gy b5 Sl cnl )3 dyo0 S @ Cwlosd g5 (as
5 Bl oad eji p0 Ol g5ty oS el (Siuge 5 syl
a5l ool L 1) (g 5SrsS oji a5 oS g 515 gy
25N GERghy ) b Jols (e iz 58 oS (gleand

e g (6l e — JolS degh = A=V asmias AT ) Lol o ojled BY al> A Gl o)l oKl Sl pwaige 4505

AF



e 5 (6 mad e — ol oghy = AA-YR asmio VF ) (sl Y oyl O alo A8 Ly o)lod 05 olStils (Sl pusoige 4y 523

AY

[4]

[5]

[6]

7

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Physicochemical and Engineering Aspects, vol. 583, p.
124008, 2019.

Hendraningrat L., Li S., and Torsater O., A coreflood
investigation of nanofluid enhanced oil recovery,
Journal of Petroleum Science and Engineering, vol.
111, pp. 128-138,2013.

Kazemzadeh Y., Shojaei S., Riazi M., and Sharifi M.,
Review on application of nanoparticles for EOR
purposes: A critical review of the opportunities and
challenges, Chinese Journal of Chemical Engineering,
vol. 27, no. 2, pp. 237-246, 2019.

Armstrong R. T. and Wildenschild D., Investigating
the pore-scale mechanisms of microbial enhanced oil
recovery, Journal of Petroleum Science and
Engineering, vol. 94, pp. 155-164, 2012.

Hirasaki G. J., Miller C. A., and Puerto M., Recent
advances in surfactant EOR, in SPE Annual Technical
Conference and Exhibition, Society of Petroleum
Engineers, 2008.

Aoudia M., Al-Shibli M. N., Al-Kasimi L. H., Al-
Maamari R., and Al-bemani A., Novel surfactants for
ultralow interfacial tension in a wide range of
surfactant concentration and temperature, Journal of
surfactants and detergents, vol. 9, no. 3, pp. 287-293,
2006.

Li S., Torseter O., Lau H. C., Hadia N. J., and Stubbs
L. P., The impact of nanoparticle adsorption on
transport and wettability alteration in water-wet Berea
sandstone: an experimental study, Frontiers in
Physics, vol. 7, p. 74, 2019.

Karnanda W., Benzagouta M. S., AlQuraishi A., and
Amro M. M., Effect of temperature, pressure, salinity,
and surfactant concentration on IFT for surfactant
flooding  optimization,  Arabian  Journal  of
Geosciences, vol. 6, no. 9, pp. 3535-3544, 2013/09/01
2013.

Lu J. et al, Enhanced oil recovery from high-
temperature,  high-salinity =~ naturally  fractured
carbonate reservoirs by surfactant flood, Journal of
Petroleum Science and Engineering, vol. 124, pp. 122-
131, 2014.

Pordel Shahri M., Shadizadeh S., and Jamialahmadi
M., A new type of surfactant for enhanced oil
recovery, Petroleum science and technology, vol. 30,
no. 6, pp. 585-593, 2012.

Teklu T. W., Alameri W., H. Kazemi H., and Graves
R. M., Contact angle measurements on conventional
and unconventional reservoir cores, in Unconventional
Resources Technology Conference, San Antonio,
Texas, , pp. 2297-2311: Society of Exploration
Geophysicists, American Association of Petroleum ,
2015.

Nwidee L. N., Al-Anssari S., Barifcani A.,
Sarmadivaleh M., Lebedev M., and Iglauer S.,
Nanoparticles influence on wetting behaviour of
fractured limestone formation, Journal of Petroleum
Science and Engineering, vol. 149, pp. 782-788, 2017.
Rezvani H., Khalilnezhad A., Ganji, and P.
Kazemzadeh Y., How ZrO2 nanoparticles improve the
oil recovery by affecting the interfacial phenomena in
the reservoir conditions, Journal of Molecular Liquids,
vol. 252, pp. 158-168, 2018.

Lu T., Li Z., Zhou Y., and Zhang C., Enhanced Oil
Recovery of Low-Permeability Cores by SiO2
Nanofluid, Energy & Fuels, vol. 31, no. 5, pp. 5612-
5621 2017.

Alvarez J. O. and Schechter D. S., Wettability
alteration  and  spontaneous  imbibition  in
unconventional liquid reservoirs by surfactant
additives, SPE Reservoir Evaluation & Engineering,
vol. 20, no. 01, pp. 107-117, 2017.

Kathel P. and Mohanty K. K., EOR in tight oil
reservoirs through wettability alteration, in SPE
Annual Technical Conference and Exhibition, Society
of Petroleum Engineers, 2013

Sl gy Olsiea ks 1) 200 b slime 50 a5 sl
ol ele uT Gy Jole 10 IS wloas a8 )8 Ly o e
eolodgs 4l e dia V 5 Ol 8,5 e s B3 o (L 0,0
Qm)aqﬁﬁwwjayToP4.397&))'3)&&)&2@119@&@
e las,s YA 55 gus Saisd i Lok gly g asl YA ol
Sae 5o ol wangeo! Sl o caslons ol asb VY Cue b
9 ey (T Wigy (S0 4 0> Gl 9 Vb Al A Glej
4l Y dg0> 0jh mhaw 5 Ol w0l (Saiur g9, e @
@l @y 09d (g p by, o)ly ST b el 03V oy o
9 TP 9 8399 S g @B & Cowd Sl Ak dad e i
00iiS Cpetd Slews 08> 5o 3l ool C)BCALQ|}¢»)O L@Twy

e

& 5 i -0

ol 5o Jbw 09ys S Fl im0 GReoh crl o
5 1Sl s Capeo] Gl a0 oy ubdie 0 S
maeed Slooliial b Gl (599)9 sloce pu sl 5 (SWigd S
gaz 0 Ve et agly Cavgao] clls ol aslyy goue g5l
i g ol G b (iS5 00g a0 VO ol el e
elons 558 (MN/ )

ok i e s plad (gl Camgasl > o ols ylis @l
phsye 5o bl lalpd & oy oloj Ll 39800 )15 0> 5l JalS
6ol (Sls @l 5 SOl clls ol Sglite e s 4 Al
i ooy omb e b Ol GyF 0 il Cepw @
-@ObQT)II)WJMLAIM,.@PfsmeTUWI
oya> mhaw og S0l @il Vb Cepw ax e aSUl s S
Sl L._eL-.._a g 0gd SO0 oyh> oylpd 4 S Ol Sgd 0 el
09 gyl 0yi> 5l (5 %eS

anld o canly el gl oo Gimsh cpl mls 4 axe b
sl o> o 4zl ((2gyd S b (S 0ji> S (Fjodlew
03d 0 7,5 ol 5l cds pled il Cavgal b g s Swisd 5
oobed asgly Grals casl saxie sla 29,5 sl 00 axilix Jg
el o plad 8,5 2,6 Gl (G5 (SXsd ) a0 - b
i 5l as )0 YA wwsls (25,5 99 0,0 oS s j0 5 09 daless
b3 ol Al e cwlie cepe Sl 6l ad gyl
20,8 Sl el Dbk cup e 5wl ey e e S

&y -7

1 Taber J. and Seright R., Horizontal injection and
production wells for EOR or waterflooding, in
Permian Basin Oil and Gas Recovery Conference,
Society of Petroleum Engineers, 1992.

2] Han M., Xiang W., Zhang J., Jiang W., and Sun F.,
Application of EOR technology by means of polymer
flooding in Bohai Oilfields, in International oil & gas
conference and exhibition in China, Society of
Petroleum Engineers, 2006.

[3] Keykhosravi A. and Simjoo M., Insights into stability
of silica nanofluids in brine solution coupled with rock
wettability alteration: An enhanced oil recovery study
in oil-wet carbonates, Colloids and Surfaces A:



[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

Jafari A., Pour S. E. F., and Gharibshahi R., CFD
simulation of biosurfactant flooding into a micromodel
for enhancing the oil recovery, Int J Chem Eng Appl
(IJCEA), 2016.

Rostami P., Sharifi M., Aminshahidy B., and
Fahimpour J., The effect of nanoparticles on
wettability alteration for enhanced oil recovery:
micromodel experimental studies and CFD simulation,
Petroleum Science, vol. 16, no. 4, pp. 859-873, 2019.
Nandwani S. K., Chakraborty M., and Gupta S.,
Chemical flooding with ionic liquid and nonionic
surfactant mixture in artificially prepared carbonate
cores: A diffusion controlled CFD simulation, Journal
of Petroleum Science and Engineering, vol. 173, pp.
835-843,2019.

Zhao J. and Wen D., Pore-scale simulation of
wettability and interfacial tension effects on flooding
process for enhanced oil recovery, RSC advances, vol.

7, no. 66, pp. 41391-41398, 2017.

Mehraban M. F., Rostami P., Afzali S., Ahmadi Z.,

Sharifi M., and Ayatollahi S., Brine composition effect
on the oil recovery in carbonate oil reservoirs: A
comprehensive experimental and CFD simulation
study, Journal of Petroleum Science and Engineering,
vol. 191, p. 107149, 2020/08/01/ 2020.

Hemmat Esfe M., Esfandeh S., and Hosseinizadeh E.,
Nanofluid flooding in a randomized heterogeneous
porous media and investigating the effect of capillary
pressure and diffusion on oil recovery factor, Journal
of Molecular Liquids, vol. 320, p. 113646, 2020/12/15/
2020.

Hemmat Esfe M., Esfandeh S., and Hosseinizadeh E.,
Nanofluid flooding for enhanced oil recovery in a
heterogeneous two-dimensional anticline geometry,
International Communications in Heat and Mass

Transfer, vol. 118, p. 104810, 2020/11/01/ 2020.

il a8 g2 55l Jae Lo smans o sl o Gsma
Tl pd S e 5 JIESE G50 Sl So 0 gassn A
053 ¢ g i ol Sl s i il iR 5 5
Folad )

Mai A. and Kantzas A., Heavy oil waterflooding:
effects of flow rate and oil viscosity, Journal of

Canadian Petroleum Technology, vol. 48, no. 03, pp.
42-51,2009.

Arab D., Kantzas A., and Bryant S. L., Effects of oil
viscosity and injection velocity on imbibition
displacement in sandstones, in SPE Canada Heavy Oil

Conference, 2020
Golabi E., SEYEDIN A. F., and AYAT E. S,
Chemical induced wettability alteration of carbonate
reservoir rocks, 2009.

Manshad A. K., Rezaei M., Moradi S., Nowrouzi I.,
and Mohammadi A. H., Wettability alteration and
interfacial tension (IFT) reduction in enhanced oil
recovery (EOR) process by ionic liquid flooding,
Journal of Molecular Liquids, vol. 248, pp. 153-162,
2017/12/01/ 2017.

Treiber L. and Owens W., A laboratory evaluation of
the wettability of fifty oil-producing reservoirs,
Society of petroleum engineers journal, vol. 12, no.
06, pp. 531-540, 1972.
van der Wijngaart W., Capillary pumps with constant
flow rate, Microfluidics and nanofluidics, vol. 16, no.
S, pp. 829-837, 2014.

A 5 (8l e — oIS g5 — AV asmio VF ) (sl 1Y ol BY ala A8 Ly o)lod 05 olStils (Kile psiiige 4y 3

AA



