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Abstract: In the petroleum development engineering, the low permeability reservoir is that the permeability of porous
media is lower than 50 micro-Darcy. Because of the existence of the threshold pressure gradient (TPG), the mathemati-
cal model of liquid flow in low permeability media is difficult to describe this kind of flow. Until now there is not an
ideal model, although there are several models used to fields of well testing analysis and petroleum numerical simula-
tions. Based on the force between liquid and surface solid, and the negative slip boundary model of a micro-channel, a
new liquid flow model was derived for low permeability reservoirs in this paper. First defined the no movement liquid
layer close to the solid surface as the boundary stick layer which regarded as the negative slip length, and used the in-
verse proportion of the height of the boundary stick layer to the pressure drop gradient, the formulae of liquid velocity
and the flow rate of a round channel were derived; Then the model of liquid flows in low permeability reservoirs was
gotten based on the capillaries model; Finally the flow models were tested by examples and shown how to get the TPG
of a low permeability reservoir. The results show that the new model has a clear physical definition, and can be easily
used to describe liquid flows in low permeability media.
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Figure 1. The sketch map of liquid flow through low permeability
porous media
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Table 1. The resulting data of testing computations
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I 3K A
(MPam’) Vel [vel(Vp|-1)
0.000001 —-6,061,005
0.00001 -666,706
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0.001 667
0.01 7.02
0.1 1.06
1 1.00
10 0.99997
100 0.99999
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Figure 2. Models of boundary conditions of flow
((a) Model of no-slip; (b) Model of positive slippage; (c) Model of
negative slippage)
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Figure 3. The height of adherent boundary fluid affected by TPG
through a channel of 10 um diameter
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Figure 4. The velocity distribution of flows in micro channels with
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Figure 5. The flow rate affected by pressure gradient through a
channel of 10 um diameter
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Figure 6. The flow rate affected by pressure gradient in low per-
meability porous media
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Figure 8. The match of experimental flow rate of oil flow with
theoretical prediction in a low permeability core
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