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Coupled conduit flow-throttled flow-seepage flow separate-layer injection rate
allocation method for polymer injection wells:a case study from Daqing oilfield
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Abstract;In the process of polymer flooding, polymer solution flows first through tubes in wellbore after injected from
wellhead. A vertical conduit flow frictional pressure loss equation is set up according to the theory of non-Newtonian fluid
mechanics. Usually,a part of pressure and viscosity will be lost when the polymer solution flows through a nozzle. The re-
lationships of nozzle length to diameter ratio( L/D, ) with friction coefficient( A ) and Reynolds number ( Re) can be estab-
lished through experiment modeling the process of polymer solution flowing through nozzle. The basic equations of pres-
sure lossAp and viscosity loss An are developed by using dimension analysis method. In combination with the experimen-
tal data,an incidence formula of pressure drawdown and dynamic viscosity loss can be built through regression analysis
with SAS software. After polymer solution enters strata, it will squeeze the skeleton of rock under pressure of polymer so-
lution and the injection rate will also decrease with time. Partial differential equations of single phase radial flow of non-
Newtonian fluid is established according to the seepage characteristics of non-Newtonian flow. The equations are discrete
by using the finite difference and solved by software with the boundary conditions of the equations constrained by the real
data , pressure drawdown and dynamic viscosity loss caused by conduit flow and throttled flow. The relationships between
injection pressure , injection rate and time are established , providing a theoretical basis for separate-layer polymer injection
rate allocation.
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Table 1 Statistics of friction coefficient and Reynolds number

A Re L/D,
2.275 4310 250 6 588.742 522 0. 545 833
1.426 888 526 16 130.979 250 0. 545 833
1.235 337 513 26 432.330 020 0. 545 833
2.714 591 694 3 069. 307 218 0. 645 833
1.857 102 224 8 020.722 157 0. 645 833
1.923 756 190 13 124.904 590 0. 645 833
3.294 619 514 2 374.021 727 0.745 833
2.008 741 680 4531.534 140 0.745 833
2.010 179 679 7 937.220 076 0.745 833

R2 HRRHMEEY
Table 2 Statistics of viscosity loss coefficient

and Reynolds number

& Re L/D,
6.61 x107° 7 874.223 0. 495 833
6.81x107° 17 931. 470 0. 495 833
1.01 x107° 29 452.410 0. 495 833
8.49 x107° 6 588.743 0. 545 833
8.47x107° 16 130. 980 0. 545 833
118 x107° 26 432.330 0. 545 833
4.28 x10°° 4 089. 405 0. 595 833
1.16 x107° 16 221. 130 0.595 833
2.53x107° 4329.103 0. 595 833
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Table 3 Basic parameters of single layer in

separate-layer injection wells

24 HH S HH
JFUAHZ T S/ MPa 14,031 (ENAEY 1.12
BB/ um? 0.010 3 7K 245/ mm 4
2 JEL B /m 50.6 VL AAKE S/ (mPa - s) 27.6
HEAJZIREE/m 1 200 LB 0.19
FHEE%/m 150 H42/m 0. 124
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Fig. 4 Injection rate vs. time for injection operation with the nozzle

of 4 mm diameter under different wellhead injection pressures
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