TR, 55 45 45, 5 5 31 833839, 2023 4F 5 /]
Chinese Journal of Engineering, Vol. 45, No. 5: 833—839, May 2023
https://doi.org/10.13374/j.issn2095-9389.2022.03.16.002; http://cje.ustb.edu.cn

e

ZMIRG B BT 5

St

D AbZ R R K S % TR 2B, L5 100083 2) b mTRMRE K2 i J1 24 WF 5T B, AL 5T 100083
DR {5 £ %, E-mail: weiyaook@sina.com

B E A 2B RIS S A LA . TOH [BI ZE H, AN BEFEAEAH XI5 8 R 5 M B S A, R BE R
ZARIRA . PO AR AL 0L 455 2RI S 24 T sh i 1) B, 7 SCHE 22 A8 Bt i A4 S — A B AR BIR & AR, 98 240
TR Z AL BTG5, AL B R AEYE L AR AR AL . A (AL A4 . TR G AH, 875 45 M IR 32 e 06 R AT Bh AL, B Z 4818 &
B, EORETOPAA S — B, FIEB AR SRR TEA, WS TR R R R 2R R A
J1% R 2R, 2518 H 2 M TR 4 5 bt <70 s NS il AR o Z MR R A 3 R A 3R, #ESE T Z AR IR IR A B AL R
B0 T 2B BRI SEEZHBRBIEHRR, 28 TZ2HIEABRNELS. 185 ZHER RSN S REEA
{5 ESBREEE LG, B 5 Z MR RIBEGBRBEA BV R, KRG B RERE R . ik s ML
MIPREL. BRI RN, ZHIRA BB R A M M T Z MR ARIR 5B WMNA T, B T ZH AR G35 70 P e AR A2
LR, 3RAN T Z A8 T B H AR A P S T 8 T 2B AR, ZHIES B HRERWE TRE 2 MBS, &
A AR AYHIE T SCRN A E.

KRIE BRI BT ARG RS AR B A B

%S TE312

Study on the theory of multiphase mixed seepage in porous media
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ABSTRACT The existing theory of multiphase seepage can neither explain the cause of the discontinuous phase near the end of
relative permeability nor consider the complex flow of multiphase mixing, interface interaction, and mass transfer between phases. In
this paper, all phases in pores were treated as a mixed fluid of one phase to investigate multiphase seepage characteristics. Multiphase
fluid transport in porous media was studied, including phase dissolution, phase interface change, phase mass transfer, and mixed phases.
The exchange relation and flow mechanism of multiphase fluid in porous media, i.e., the law of multiphase mixed flow, are clarified. On
the basis of the first and second laws of thermodynamics, the framework of the thermodynamic equilibrium relations of a multiphase
system was constructed considering phase equilibria during the seepage process. Consequently, a theoretical model of multiphase mixed
seepage was established by combining the multiphase mass conservation and multiphase equilibrium thermodynamics equations in the
seepage period, which leads to the proposed mixed seepage theory that this paper focuses on. Then, the similarities and differences
between conventional multiphase seepage theory and mixed seepage theory were discussed and described comparatively. The analysis
and results indicate that the overall velocity of a multiphase system is positively correlated with the pressure gradient, as well as an

outcome of the seepage mixing degree defined as a function of saturation, interfacial tension, pressure gradient, and porosity.
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Additionally, the seepage mixing degree is the product of the mixed seepage coefficient, which reflects the interaction between phases,
and the mobility. Defining the seepage mixing degree can convert the motion equation of mixed seepage into a form similar to the
generalized Darcy's law, reflecting the fundamental distinction between these two theories. A multiphase system is considered to
comprise continuous phases in conventional multiphase seepage theory. However, the fluid phase can be discontinuous and dispersed in
other phases. Furthermore, the quantitative relation between total pressure and phase pressure cannot be directly determined, so the
capillary force is ignored in many cases. The treatment of these problems is where the limitation of conventional multiphase seepage
theory and the comparative superiority of mixed seepage theory lie. Subsequently, a classic case of oil-water two-phase seepage was
examined to validate the practicability and adaptability of mixed seepage theory. It can be derived that the multiphase permeability item
related to saturation is a simplified form of the seepage mixing degree. The results illustrate that mixed seepage theory reflects the
intrinsic features of multiphase seepage and reveals the inner rules of the phase mixing flow process. This theoretical work remedies the
conventional approach of extending single-phase Darcy's law to multiphase cases and addresses the deficiency in the generalized Darcy's

law by introducing the overall effect to accurately explain the migration of coupling phases, which is of substantial theoretical

significance and practical implications.

KEY WORDS seepage theoretical model; seepage thermodynamics; multiphase mixing; seepage mixing degree; intrinsic law of

seepage
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Table 1 Contrast between the two theories

Mode of

A ti
theory ssumptions

Principles

Characteristics of relative

permeability Applicability

Multiphase The mixed fluid phase is Law of conservation of mass, The relative permeability is a
function of saturation, capillary
force, and the phase pressure  conversion, interphase mass transfer, and mixing

law of conservation of
momentum, and laws of
thermodynamics.

mixed continuous, while the single
seepage fluid phase can be
theory discontinuous.

Multiphase The mixed fluid phase and Law of conservation of mass
seepage single fluid phase are and law of conservation of
theory continuous. momentum.

Multiphase seepage containing discontinuous
phases, immiscible fluids, phase interface

gradient. flow.
Multiphase seepage based on continuous phase

The relative permeability is only ~ assumption with no immiscible fluids, phase
a function of saturation.

interface conversion, interphase mass transfer, or
mixing flow.
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