] jcmik

ﬁ\ W52k 3L (Articles) M S 2011,29(22)
‘ﬁﬂwlln.i REVIEY

TR I RIS B MRS R AL RS

XNDFE"2,0 &F IhRE ">, FFLEHH8S

1. PEAFRERAKRD FZHRH, IR 065007
2. P E & IR IR IR RS 4 1%, 7T A B3y 065007
3. WA LR R AN A TR 5] 4 Jb o 8 53] MR TR AR R, 7T b 4E & 062552

BE KEEMBEILBRANIIBEEMER ERFAEEEERIRXK, EREIBEELFE—ERELRE, BEREETLE
hHRE, AARBREDRAENREEBHFEREERFMAHZIN, AEXEFKREFXEN54 10.0,7.5 F1 5.0um ##%EE ik zh
HXBHEAEM, BIHEUSHIT, BETRERDNEE DREEESENSEZANXR ERRA. B TRELREHEF
T, REZGT, EEFAEFAAFEHEEPHRINEEECLANEARIAE, RALELUESE  BEERIENHE ;BE
ERENRR,ANFEELESRAENEEEX, FXEEXAE;BENEEEN, AELREEEEREMERR, EHEX
HA-ERERETEE, CATEREERRE, AHRSEMFAEEREERLR,

XEWE RELRE;EZREERMEERE, A EREERER

HESES TE311 XWIRIR A doi 10.3981/j.issn.1000-7857.2011.22.004

Influence of Fluid Boundary Layer on Fluid Flow in Low
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Abstract A fluid boundary layer would impede the flow of fluid near the pore and the throat of the rock in the low—permeability
reservoir because of the small size of pore—throat, the complex pore structures and the large solid-liquid interfacial force. In order to
study the influence of the fluid boundary layer on the fluid flow in a low permeability reservoir, the relationships between the fluid flow
rate, the boundary layer thickness and the pressure gradient are obtained through analysis and fitting data, based on the experimental
results of deionized water flowing through microtubes of radii of 10.0, 7.5 and 5.0pm, respectively. It is indicated that, due to the
existence of the fluid boundary layer, the flow of deionized water through microtubes with different radii deviates from the classical Darcy
flow pattern and shows nonlinear characteristics with a threshold pressure gradient under low pressure conditions. The degree of deviation
of the flow pattern from the law of Darcy flow increases and the nonlinearity of the flow becomes more significantly with the decrease of
the tube diameter. The fluid boundary layer thickness decreases exponentially with the pressure gradient and tends to assume a stable
value when the pressure gradient approaches a critical value. The formula for single—phase fluid seepaging in a low permeability reservoir
is obtained based on the non—equivalent diameter capillary module.

Keywords fluid boundary layer; nonlinear flow; low permeability reservoir; non—equivalent diameter capillary module
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Fig. 2 Relationship between velocity of microflow and
pressure gradient
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Table 1 Fitted formula between velocity and
pressure gradient

Tl 4
A2 /um
10.0  v=0.0107(Ap/L)*+0.0102(Ap/L)-8x10* 0.9997
7.5 ©v=0.0096(Ap/L)*+0.0049 (Ap/L)-3x107 0.9993
5.0  v=0.0031(Ap/L)*+0.0019(Ap/L)-4x107 0.9973
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Fig. 3 Relationship between boundary layer and

pressure gradient
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Table 2 Fitted formula between boundary layer and
pressure gradient

IR A 242/ wm @ by ¢y AR E
10.0 0.055878  -7.045 -2.225 0.9956
7.5 0.074403  -5.068 -1.797 0.9969
5.0 0.10667 -3.687 -1.300 0.9927
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