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Microfluidic experimental study on imbibition-displacement mechanism of tight oil
reservoirs using fracture-matrix etched chips

YANG Liu, DONG Guangtao,JIANG Xiaoyu, LI Mingjun, GONG Fei,ZHU Kai, PEI Yijie

[ State Key Laboratory for Tunnel Engineering , China University of Mining and Technology (Beijing) , Beijing 100083, China ]

Abstract: Hydraulic fracturing serves as a primary technique for developing tight sandstone oil reservoirs. Investigating
the microscopic seepage mechanism and flow dynamics of residual oil helps guide the exploitation of tight oil reservoirs
with high water cut. To explore fluid migration patterns and the imbibition-displacement coupling mechanism during
fracturing fluid injection, we conduct visual flooding experiments using microfluidic models based on fracture-matrix
laser-etched chips (also referred to as the dual-medium microfluidic models). We analyze the movement of the oil-water
interfaces, the stripping of oil droplets, and the microscopic distribution of residual oil under the influence of imbibition-
displacement coupling. The results indicate that, following the injection of fracturing fluids into a dual-medium
microfluid model, the flow process involved fracture fingering, pore-fissure interactive imbibition, and pore
displacement. A lower injection rate corresponded to a stronger dominance of imbibition, resulting in a broader sweep
range of oil in dead-end pores near the fractured zone. With an increase in the injection rate, the interactive imbibition
weakened, leading to a gradual reduction in sweep range and oil recovery, which was primarily attributable to pore oil
displacement. The addition of surfactants enhanced the ability of fracturing fluids to strip oil droplets and residual oil
clusters adhering to pore walls. Moreover, fracturing fluids containing surfactants significantly impacted residual oil and

promoted its drainage. Consequently, a substantial amount of residual oil was stripped from the pore walls. Following
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fluid breakthrough, residual oil on pore walls continued to be stripped during the stable displacement stage , significantly
enhancing the overall flooding effect. Residual oil remained in the imbibition and flooding processes due to variations in
wall roughness and the impact of flow rates and pressure across different pores. Based on its morphology and
distribution, residual oil can be categorized into six types: spherical, single-wall-adhered membranous, pore-throat

columnar, double-wall-adhered membranous, wall-adhered bent columnar, and inter-wall contiguous types. The

columnar and membranous types, among others, are extensively distributed.
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Table 1 Working fluid properties and parameter setting in

microfluidic experiments
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Fig. I  An etched chip model and its partially zoomed-out image in microfluidic experiment
a. ZIPUE A 2. 5 DBERR BEIE] b, a &1 MR A



F5H

B M0, A5 REE-FEFURZI P B8 W - SRR AL RO S e 1685

1.3 L&t

1.3.1 $£%BF&E5F%

BT AT S5 389 16 & 2a BRI SE0F- & Bk fr. 52
B 2R 45 2 B bR R AR R AR G BT AR I R G A
RGN RS FEH LSPO2-1Y fH R (Ji &
0. 831 ~ 150. 500 mL/min, Z&3# J& 5 ~ 130 000 mm/min,
RS B iR 22 < + 0. 5%) F il R G0 % Ik b il s 5
A5 HEH AL T A, 25 1 B LI TSR sh 22 AT e , HE shiE
ISP A I FE AT VR SRR AR . K B SO T AT T
B LED J6R b, v i A DR S A e A B
W, SR B R B O A . UL R G 3
STPTOP Y27 I S MBI A AN IR, F4 L 15 =0AL
A B S IR A A DA S0 56 e i A A A
g A i Bl AR, BER O 2 736 x 1 824 R K .
STPTOP Y27 . i nT #2415 0. 8 ~ 10 x AT R4 e I
12.5: 1. 0 BYZ2 485 bb , BBORAR 38 30 RF 320 X, AT DAL
oK RUBE O 0 S 34 Ry v PR L 4%

1.3.2 S35

FESL B0 JF AT, B S8 H LSP02-1Y fH i 4 I 1k
2.5 DR (e OB ) |, 2 0BT VR IE S R
TCHT 40T o B 0 3 28 20 Dl S 7Y ([ 2) 22 € 3] g
UL AT A AR TR e A i, 1 L2 I R SR A e T i 5
5 FHMAR R B, LR B AL B T 5 2 P 58 4 i
FNCTCATAAT L), 25 AR AN s Ty ml AR I AR AT — R
TN VRN S8 B P 30 8 18 8 T A B o
W Y 11 K R R G R, TR SR .
O o v R S A RS R e AR, O R TR
BA SEBGE , FH T U5 40 A B AT SRR AE FLIR (2

B K FL B 55 24 B A8 X I A i AT M -
1.3.3 B

BEXT LI A5 R B B A B SR ] 2 RS K
PR FRE AN S A5 AT RS AN A (&13) . B il
1t Adobe Photoshop S 6 St AR AR AL B AR - DX %
SR S e AR PIA T M M 0 5 TLAT 85 1 T BRO'G
W AR 15 2% 5 (I FH T ST A 1 Jg T L 1 i B
2, H AR AT — K B0 SR B B S (] 4 R
OMRAT 215 Bl (0 it A FREOR HE ST AR N 73 SR Y
K ] Delta E 15 (B 0 i A8 01 AR -5 508 WY DG IS RRAE
e 5. TRALBRJE 0 RGP 4 i 2ok T [ % 52 53 B 3 vk e
{1k 2 Adobe Ilustrator YE17H1 M T4 19 % & 55 # | I8
i S R SN il 5 R R it 8] 5 Corel DRAW B (1)
FLERHH R 28 FE B LR R A RIR . FIIRGE R g4
TSP AR 3R 3 Gk B 125 5 0GR B E B S T
2.5 D AT ALY AR R B R A AR R IE S
gt RZE W HIAE 1. 7% AN, e g5 R ae e A
S EESTIDAE IR YT

2 R 51HE

2.1 EMKENSFEE

Pl 4 7R J& T AR R 2 wl/min T A9 28 1R 7K SR
SR WARTE Z LA BT A A R AL
g3 BB b AL I L KRR S LR A2 ' (B
W) o TEWUREE T Al DL A Mg 2 S #e b KA
MTEA S 120 5t A Z LA TR KA Z LA TS
EERMA R . I HoKAESL4E N I S FE v
4% A N F) ACFR 73FL it X IR AR K AR B AL AR

b

TR

8 PR SR R AR T

A
FEG?

7

PRI (8]

AREET (E L)

A8 PR S 2R AR N TR 5 R

b, fRAFRBE R

i

B2 s S R G0 R B (a) MBI 2 (b)

Fig. 2 Setup (a) and flow chart (b) of microfluidic experiments
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seepage processes in microfluidic experiments
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Fig. 7 Microscopic zoomed-out images showing flow states at successive moments (¢) in microfluidic experiments
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Fig. 8 Images showing the microscopic imbibition on both sides of the fracture at different moments (¢) in microfluidic experiments
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Fig. 9 Images showing macroscopic seepage changes at varying injection rates of fracturing fluids in microfluidic experiment
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Fig. 12 Experimental results of surfactant flooding of reservoirs at varying injection rates in microfluidic experiment
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Fig. 13 Zoomed-out images showing surfactant flooding at varying injection volumes in microfluidic experiment
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Fig. 14  Microscopic zoomed-out images of some regions at successive moments in microfluidic experiment
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Fig. 15 Oil recovery curves of surfactant flooding at varying injection rates in microfluidic experiment
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