Research Article ‘@ @@@\

d DOI: 10.22034/ijche.2023.367894.1246 This journal is an open access journal licensed under an

Attribution-NonCommercial-NoDerivatives 4.0
International license(CC BY-NC-ND 4.0).

(Zarei Ghobadlou et al.)

Effect of Temperature on Enhanced Oil Recovery from a
Two-Dimensional Porous Medium when Injecting
Polyacrylamide Polymer Solution

M. Zarei Ghobadlou!, M. Ahmadlouydarab?", N. Asadzadeh'?

1- M. Sc. Student of Chemical Engineering, University of Tabriz
2- Associate Professor of Chemical & Petroleum Engineering, University of Tabriz
Email: mahmadlouydarab@tabrizu.ac.ir

Abstract

Hot water injection is one of the common mechanisms to enhance the oil Received: 31 October 2022
recovery from reservoirs. But, novel methods of enhanced oil recovery Accepted: 15 January 2023
are used for oil recovery, and one of them is flooding polymeric solutions Page Number: 118-128

inside the reservoirs. The main purpose of this experimental study is to
investigate the process of enhancing the recovery of viscose oil by
injecting distilled water and polyacrylamide-based polymeric solution
from a two-dimensional porous medium. In order to study the flow
patterns during the injection of base fluid and polymer solution, injection
of displacing fluids was performed at a constant flowrate of 0.4 mL/min.
Also, to investigate the effect of injected fluid temperature on fluid-fluid
displacement and enhanced oil recovery efficiency, displacing fluids were
injected at temperatures of 25°C and 90°C. The results showed that by
adding polyacrylamide to water, the viscosity of the displacing fluid
increased significantly, which led to an increase in the capillary number,
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and enhanced oil recovery up to 65.2% when injected with 0.5%wt Keywords:
polyacrylamide at ambient temperature. Also, increasing the temperature Enhanced Oil Recovery,
and reducing the mobility ratio of displacing fluids and base oil, 2D Porous Medium,

the efficiency of oil recovery by injecting 5000ppm polymer solution
increased to 66.4%, which is the maximum rate of base oil recovery by
injecting displacing fluids in present study.

Polyacrylamide,
Temperature
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Table 1. Properties of fluids.

Density (gr/mL)

Dynamic viscosity (cP)

Base Oil
Distillated Water
Polyacrylamide 2500ppm

Polyacrylamide 5000ppm

0.89

0.99

1.15

1.2

5 135

8 0.89

1221

24.18
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Figure 1. (a) Created 2-Dimensional porous medium (b) Porous medium after ageing with base oil.

Slao 49l5 cdl> cpl jo 5 0ol ool 1,3 a8l mhaw jo Uiabesl
Sl ey (LS S99 009 o 3l b L S Laes

sles S8 sl 5 €0 Ol plom Sl (i3 Sl 09,5055
S5 0 g o0y gieles 51l pslods coli 5 a5 Jlw

slagygesl plxl o .cawloads oslazul (4l ! (Dallas - DS18B20)
L Jodoin Ja o o (55l OIS 5l (6,08 sl (gl YLeo

Al b LSOl o L5 g e o0ly Gidigy Aiod ol

Lses Ly g ol 423l oo i 00d 3,5 Jbos calrails

olKiws 8 lg>,b g (V) JSi [0 amai plodl Le )5 Jols

.C».w‘od.;o—‘ axJllas OSy90 u,«..JLc)T

Syringe pump

Stream Tube — w— Q
(Injecting Fluid)

£0 Al Ly Jibite Lanoma ,1a Caonw 50 55 o clea VY 51
Y Jodxe oo Qyﬂ 5 el 5l L8 cenloads ad a0
g 5l e L L5 285 0 5,8 aly cdl om0 po el
Ly et SP100 Jae) (S5 ooy 5l 58 VL &) 41,
soliial )5 ety 5 o JytsS ahlB L () eyl

Cowlodds

olejl plnil bg, ¥-¥
O ygodny JSbe lae 3 0 slrals anld sla ol
(JAde bl 4l e gl gl cwloas pll g2
Jodee o J 2l calize bl iy saiSlal> oYL

Pl > Jlin s 8 ol 53 Sl nlond G5

2 Dimensional Porous Medium

Inlet

Hot Water Bath <———

Outlet

Heater

SR slales b Bay 3 5,8 (saa 9o JALAte Jasas )l Sty s wbiuyl Glnbe 3T ol&ieus 31 slo,lga b Y JSdi

Figure 2. Schematic of enhanced oil recover setup from 2-dimensional porous medium for injecting under various temperatures.
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Figure 3. Recovered Oil from Porous medium by Injection at 25°C.
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Table 2. Oil recovery efficiency under injecting condition at 25°C.

Injected Fluid Oil Recovery

Distilled Water 28.4 %
Polyacrylamide 2500ppm 41.6 %
Polyacrylamide 5000ppm 65.2 %

Iranian Chemical Engineering Journal — Vol. 22 - No. 130 (2024)
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Figure 4. Flow pattern of injected fluid inside porous medium under injection conditions with temperature
of 25°C and flow rate of 0.4 mL/min.

1. Breakthrough

(V&=Y) (w0 9 340 o Loy — P39 s Jlw — Ol (gouls (w0 Sdiee &3 puiss

A

3
q
‘.’T‘\
9\:
y
3
3
E

NASIYA 1o — o) 5an 5 ol 2

e GFIN O (§IR9D

\YE



<

JlCads Sy o dLsjl ys Ly b
NWA-ITA o po — o 5o 9 oIold o))

0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

A

Ur S2R9D

.

Y

a3,y 58 C:Yl:\.u.n S8 Gladdio X Jgua

Table 3. Physical properties of Injected fluids.

Interfacial tension of oil-

Mobility Ratio of Oil t .
obtlity Ratio of LAt to Capillary Number

displacement fluid (mN/m)

Distilled Water 45.03
Polyacrylamide 2500ppm 48.19
Polyacrylamide 5000ppm 48.56

Injected Fluid

151.68 5.8x10°
11.05 7.4x10*
5.58 1.4x103
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Figure 5. Recovered Oil from Porous medium by Injection at 90°C.

A00C loa b (33,55 Joul pudi can oy Culila ja 0030 F Jgan

Table 4. Oil recovery efficiency under injecting condition at 90°C.

Injected Fluid

Oil Recovery

Distilled Water 30.8 %

Polyacrylamide 5000ppm 66.4 %

Iranian Chemical Engineering Journal — Vol. 22 - No. 130 (2024)
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Figure 6. Flow pattern of injected fluid inside porous medium under injection conditions
with temperature of 90°C and flow rate of 0.4 mL/min.
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