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Fig. 1 The high-pressure glass-packed core holder
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Fig. 2 Simplified schematic of the experimental set-up

PR 5T vy JE SRR e 1m] i PR L o Bl i
FREACME P52 85 /D AR 52 45 v R AT B AR — 4
WAR SRy W) 1 s A %0 ] 2. 66
ms, PR 8 AR LB 40 mm X 40 mm &R
HFF 192192 25 [ 23 B A 0. 21 mm X 0. 21 mm
X1 mm ., BURET] 24 s, R FH 8 24 3% 22 414 05 =K.

IR e AR AR AT LA 380 A A %) 52 5
MG Be IR W] Z2 LA B b iy E il i S RS
55 LA LU o DR T 9 5 4 B PRI AT L) W A
B2 AL BTN & AR R B O A 5 LSBT
R R 4 A% AR BT L)y 5 b 35 B 22 LAY S5
PRARE Uit o A v AT I 20 2% AH 88 23 A R0, 7T AL
PG 1) B/ IMAR T Sy BN R v G B o 22 LAY BT N
VR AR AN 15 AR S A B Tk Sy A AR R AR S
T RM— IR EME Lo  FE IR R B2 iR A D — IR A
B L B AL — D/ METT & iR

Sei(xsy,z) = Ii(xsys2)/Io(xsy,2)
S, (s ys2) o 8] i AT — 44 TC 1 75 3l A A
B L (rsys2) AURER O B AT — R e i 5 5 5k
JERIN Lo (s ry s 2) 9400 6 A0 030 I A — /A T
(ORERSE Y AN

RIS <SR RS R S

(1) 556 b1 A}

S0 R FH SEURD R AR M TR 22 FL A 5, i
H 2 3% B 70 7 YR 42 0. 214 mm, B A B0 1Y 3%
WL T LB O 35, 2%, KB B R Ny
13.3 pm’. 256 3t MR A BT il AH SR FH IE 28 %t . RO

KR4 R 99 Y% HY CO,. 433l e J1 45, 4 MPa,
T 40 ‘CHIE S0 8.2 MPa i BN 38 C 4
PR HEAT T S50 05T, AS [R) 25 44 T O A 1 4 1
#£ 1 PR,

(2) 5255 9%

S A0 R Ry S B B B D AR AL A R S
RIFKALEE T NMR @S 0K T, B3 FE
B B B RN St oK ST R AR L A7 4
A R E kS8, &E L 0. 1 mL/min
14 9K 5 8 I SELAD 2 e R 2 IS 7 AL CO, BRI
TE S AN 6] i B, 3% 2 R B2 15 3] — &R 51 9\ 1) #) 1
PR 50 BT SR8 AR e il ) 4 8 43 A A Ak

1 SEBRFTA R

Tab.1 Fluid physical properties for experiment
p/MPa t/°C o/(g+em *)  u/(mPa-ss)
5.4 40 0.127 0.017
CO»
8.2 38 0.342 0.025
5.4 40 0.720 0. 740
1E 58 8¢
8.2 38 0.720 0. 760

3.1 9 F

K3 CO, Al TR AR 9K b i A5 e B0 B 400
O PRI 43 A AR AR TR S 2 R 4R 100 1 BHE, &
T g S Hoh i 8 iE. R R 40 mm, HE R
TR A3 X CO, B T, 532 1 3l J7 7R 5 T
PRI 2 A2 v o B ) b e T R AL v
0 min B 2| [E S CO, A ARTEAS LA L P
(A FRL R BE 43 A, 1T UL 5 R T B D A B R AR 1 1 )



26 A #¥ # I X

VS

¥ ¥ # #0528

JE B SEURD 3k R R AR 5 W, 22 FL A 5T P I LR
FLIB S A5 I AR E ).l IR e AR A I Al L LR
CO, 1EAJG » B 507 AH 85 B 22 F0% B 22 105
M, 4 F M E R B B, CO, 2L TN
B35V A i FLBR G g L B 04 £ AN
UL T R IR A 0 I O R R — S 2 R B
FEI5 7 PR 25 1 L I S A RE R B 3B 00 3R 1
3.2 kR 2F

4 Sk CO, TR AH 9K I I 2 v S ED B 48LUA O
PR R 43 A AR AR L i 22 R 4R 35 R, B’ H T A
Sy FrP R T 8 W A R B )y 72 s, Jorh
0 sHFZIE R CO, A A HTELRD B4 0 P9 T 11
YRR 43 A ph RS R AR 8 IR AT L R I R CO,
TS B AL IR IE SR AR L i R AR 1 T8 B
— N A ZEAR IR R 2k (U & 4 (o) f ) L A
RS E R E kA WA G2 CO, A BrE

(b) 4 min

(e 2 in (t)24 in

N BB I 25 326 47 1) b 4 3 L 300 DA 55 B T ¢
T 5 33 A e R 00 R A i TR (1 o AR I e R R B
PG 5 35 T A4 16 R il TR {5 A L o A 72 s L 3¢
— 43 FL R Bl M T P A T L 20 O L S
B2 B NI B A TR B AR 220 L AR AR Tl 2 AN G
BEJE 22 CO, TRARDK Y, BRI ARG I P45 i FsF ] 25 1k
Nl

5 Sk SERDASE DL 0 Y T A AR R R Bl COO,
AT, /T L 25250 17 v, R R i B
CO, A SR HeAR RS T, B R
R B, 2 CO, SR B A % 28 1 I - 3 v 4 A
BT B RSAIRZE . Y CO, A 2. 24 mL B, 584y
AR AR 54 %, Z 5 HEAR 1. 72 mL CO, X} 5%
AT B R A A L FE S 27 o [ RE L OF
I BER CO, A & T R B LR B2 2k 1 i 3
B, HUR R R B B AT LA T CO, ZE R

(c) 8 min (d) 16 min

(g) 28 min (h) 32 min

B3 CO, ERAImEHEFHEDENE O N WAL MLE . 4 MPa,

40 °C, CO, EN#E £ 0.1 mL/min)
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38 C with CO, injection rate of 0. 1 mL/min
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Application of MRI to CO, displacement oil experiments

ZHAO Yue-chao, SONG Yong-chen®™, HAO Min, LIU Yu. JIANG Lan-lan

( Key Laboratory of Ocean Energy Utilization and Energy Conservation of Ministry of Education,

Dalian University of Technology, Dalian 116024, China )

Abstract: For the visualization of flow in porous media in high pressure conditions using magnetic
resonance imaging (MRI) technique, a new glass-packed core holder is designed for the MRI system
with a 40 mm inner diameter micro-imaging probe. This apparatus is demonstrated through
observation of CO, immiscible and miscible displacement, and the dynamic spatial resolution of 2D
images is 0. 21 mm X 0. 21 mm, close to the experimental glass bead size, so the fundamental
characteristics of the two-phase flow process, such as onset of CO, channeling in immiscible
displacement, the advance of piston-like frontal of CO, in miscible displacement and the distribution of
oil in porous media can be accurately detected. It is found that for CO, immiscible displacement, due
to the difference of fluids viscosity and density, the phenomenon of CO, channeling or fingering is
obvious, so the sweep efficiency is small and the final residual oil saturation is 54 % ; for supercritical
CO, miscible displacement, the velocity of CO, frontal is uniform, the phenomenon of CO, channeling
or fingering is restrained effectively, and the sweep efficiency is high and the final residual oil
saturation is 20%. So supercritical CO, miscible displacement can enhance oil recovery evidently than

CO, immiscible displacement.

Key words: NMR imaging; core holder; porous media; CO, immiscible displacement; CO, miscible

displacement; residual oil saturation



