
�������� ��	
���
��

A visualization study on two-phase gravity drainage in porous media by using
magnetic resonance imaging

Ying Teng, Yu Liu, Lanlan Jiang, Yongchen Song, Jiafei Zhao, Yi Zhang,
Dayong Wang

PII: S0730-725X(16)00026-6
DOI: doi: 10.1016/j.mri.2016.03.004
Reference: MRI 8517

To appear in: Magnetic Resonance Imaging

Received date: 20 October 2015
Revised date: 11 February 2016
Accepted date: 3 March 2016

Please cite this article as: Teng Ying, Liu Yu, Jiang Lanlan, Song Yongchen, Zhao Jiafei,
Zhang Yi, Wang Dayong, A visualization study on two-phase gravity drainage in porous
media by using magnetic resonance imaging, Magnetic Resonance Imaging (2016), doi:
10.1016/j.mri.2016.03.004

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.mri.2016.03.004
http://dx.doi.org/10.1016/j.mri.2016.03.004


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

1 

 

A visualization study on two-phase gravity drainage in porous media by using 

magnetic resonance imaging 

Ying Teng
a
, Yu Liu

a,1
, Lanlan Jiang

a
, Yongchen Song

a,2
, Jiafei Zhao

a
, Yi Zhang

a
, Dayong Wang

a
 

a
 Key laboratory of ocean energy utilization and energy conservation of ministry of education,  

Dalian university of technology, Dalian 116024, China 

Corresponding authors: 
1
liuyu@dlut.edu.cn, 

2
songyc@dlut.edu.cn  

 

Abstract: Gravity drainage characteristics are important to improve our understanding of gas-liquid or 

liquid-liquid two-phase flow in porous media. Stable or unstable displacement fronts that controlled by 

the capillary force, viscous force, gravitational force, etc., are relevant features of immiscible two-phase 

flow. In this paper, three dimensionless parameters, namely, the gravity number, the capillary number 

and the Bond number, were used to describe the effect of the above mentioned forces on two-phase 

drainage features, including the displacement front and final displacing-phase saturation. A series of 

experiments on the downward displacement of a viscous fluid by a less viscous fluid in a vertical vessel 

that is filled with quartz beads are performed by using magnetic resonance imaging (MRI). The 

experimental results indicate that the wetting properties at both high and low capillary numbers exert 

remarkable control on the fluid displacement. When the contact angle is lower than 90°, i.e., the 

displaced phase is the wetting phase, the average velocity Vf of the interface of the two phases 

(displacement front velocity) is observably lower than when the displaced phase is the non-wetting 

phase (contact angle higher than 90°). The results show that a fingering phenomenon occurs when the 

gravity number G is less than the critical gravity number G’ = Δμ/μg. Moreover, the higher Bond number 

results in higher final displacing-phase saturation, whereas the capillary number has an opposite effect. 
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