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Shearing and Mixing Performance of Ultrahigh-Molecular-Weight Hydrolyzed
Polyacrylamide (HPAM) Solution in a Helixes Static Mixer

Da-xing SUN, Wu-yi WANG, Ya-feng JU, Wen-ping SONG*,Yi-qing LI, Long-qiu LI*

Abstract: Static mixers have been widely used to dilute high viscosity, high-molecular-weight polymer mother liquor for polymer flooding, in which the mixing performance
plays a critical role. In this work, a novel mixing configuration, named as Helixes static mixer, was proposed to reduce high viscosity degradation rate of polyacrylamide
solution resulting from mechanical shear during mixing process. Computational fluid dynamics simulations along with experiments were performed to investigate the mixing
process. Several criteria such as the intensity of segregation, mixing distance, pressure loss, and shear strain rate were used to evaluate the mixing and shear performance
of static mixers. Compared to the SMX and Kenics static mixer, a longer mixing distance is needed for the Helixes static mixer to achieve an ideal mixture. A lower shear
strain rate along with less viscosity degradation rate is obtained in flow field of Helixes static mixer. The spiral-lead and helical directions of mixing elements were optimized
to improve mixing performance. Experimental results are in good agreement with the numerical simulations on the intensity of segregation. The viscosity degradation rate of
HPAM solution which flows through Helixes static mixer is lower than that of SMX and Kenics static mixers.
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1 INTRODUCTION

Partially hydrolyzed polyacrylamide (HPAM) solution
with high viscosity and high molecular weight has been
widely used in tertiary oil recovery [1]. During the
preparation process, viscous polymer mother liquids have
to be mixed with water using static mixers [2]. In the
polymer flooding, the mixing and shear performance of
static mixer is critical for the property of HPAM solution
which concerns the efficiency and costs of oil recovery [3].

To improve mixing quality, many configurations
which make fluid streams divided and redistributed
sequentially, such as stacked lamella, helical inserts,
curved pipe, and vortex generator, were designed [4]. The
SMX and Kenics static mixers were applied for diluting, a
non-Newtonian pseudoplastic fluid [5, 6], HPAM mother
liquor in polymer flooding [7]. Experimental results
showed that pseudoplastic fluid exhibits better mixing
uniformity, lower pressure loss, and higher mixing
efficiency than Newtonian fluid in SMX and Kenics static
mixers [8-11]. The mixing performance of a high-viscosity
fluid in several static mixers, such as Kenics static mixer
with different number of twisted leaves, such as double,
triple, multiple, and with different rotation directions, for
example, right twist-type and spiral-type, has been
investigated using computational fluid dynamics (CFD)
calculations based on Lagrangian tracking method [12-15].
For these static mixers, the mixing performance can be
enhanced by optimizing the longitudinal and angular
positioning of mixing elements [16]. Overall, most of the
previous works on static mixers focused on mixing quality
or efficiency. The performance of static mixers was
evaluated only by pressure drop, mixing distance, the
Lyapunov exponent and the intensity of segregation. A few
studies can be found studying the effect of shear strain rate
on the viscosity of high-molecular-weight polymer
solution.

Recently, the performance of a new-type mixer which
combines SMX and Kenics static mixers is investigated by
Zhang et al. [17] experimentally.They found that the
combination of static mixer has a good mixing
performance while the viscosity degradation rate of the

effluent increases with the increase in flow rate. In oilfield
application, viscosity reduction of displacement fluid
caused by shear degradation in the SMX and Kenics static
mixers is usually reported. The reason is that when the
solution travels through the static mixers, velocity gradient
generated by the static mixers produces a shearing action
on the solution, so that the macromolecular chains of
HPAM solution begin to fracture. In addition, as reported
by Zaitounet al.[18], the complex flow configuration of
static mixers will be accompanied with a larger shear strain
rate during the mixing process. Especially, HPAM mother
liquor with high concentration is more susceptible to shear
strain rate [19]. High viscosity is an essential property for
HPAM solution in polymer flooding, which can be used to
decrease the water-to-oil mobility ratio and thereby
enhance oil recovery (EOR) [20-22]. However, most of
previous studies focus on the improvement of static mixing
efficiency [23, 24]. To the best of our knowlege, there is no
work found to report in reducing the viscosity loss of the
mixed non-Newtonian fluid while maintaining the mixing
efficiency of the static mixer. Therefore, it is of great
importance to design a new static mixer with low shear
action and high mixing efficiency to improve the
displacement efficiency of the mixed liquid.

In this work, a Helixes static mixer was proposed to
deal with high viscosity degradation rate during mixing
process. CFD simulation was performed to assess its
performance, such as the intensity of segregation, the
mixing distance, the pressure drop, and the shear strain
rate, to evaluate the comprehensive performance including
mixing quality, pressure loss, and shear strain rate
distribution of the mixing flow field. Furthermore, the
geometric parameters of the Helixes static mixer were
optimized for adapting practical production.

2 MODELING
2.1 Governing Equations

The fluid flowing through a static mixer is a fully three-
dimensional chaotic flow. For this steady incompressible
flow, the mass conservation and the momentum equations
can be written as follows:
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where p denotes the mass density, ¢ is time, x; denotes position
vector component, U; denotes velocity vector component, Sm
is the sum of body forces, x is the dynamic viscosity and p’
is the modified pressure. The Speziale, Sarkar and Gatski-
Reynolds stress model (SSG-RSM) is used for the case of
non-linear flow and vortex flow [25, 26]. The transport
equation for the turbulent kinetic energy can be expressed as
follows:
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where ¢ is the pressure-strain correlation, C; is the Reynolds
stress model constant (default value is 0.22), k is the
turbulence kinetic energy, ¢ is the turbulence eddy
dissipation, J; is the Kronecker delta (6; = 1 ifi = j, 05 =
0if i #) and the Reynolds stresses were proposed as follows:
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For Newtonian fluids, the dynamic viscosity u in Eq. (2),
Eq. (3), and Eq. (4) is independent of the shear strain rate of
the flow. However, for non-Newtonian fluids, the dynamic
viscosity is a function of the shear strain rate. The dynamic
viscosity in the Carreau Yasuda model is expressed as
follows [27]:
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where yo denotes low shear viscosity, i is high shear
viscosity, / is time constant, 7denotes shear strain rate, 7 is
power law index and a is Yasuda exponent. uo, tiw, 4, 7, and
o used in Eq. (5) can be found in Tab. 1 [28].

Table 1 Rheological properties of HPAM solutions
n a o/ Pas U/ Pas A
0.5 2 0.2 0 1

2.2 Computational Domain and Meshing

Fig. 1 shows the isometric views of the flow
configurations for three static mixers, namely, SMX,

Kenics, and Helixes. Each static mixer consists of a pipe
with an inner diameter of D = 60 mm and the pipe is fitted
by several mixing elements. There are two inlets for
HPAM mother solution and water, respectively. As shown
in Fig. 1a, the SMX static mixer is composed of ten tandem
elements, which is made of stacked lamella. Each element
is rotated by 90 degrees relative to the previous one [29].
Fig. 1b shows that the mixing elements in the Kenics static
mixer consist of eight tandem twisted plates. The leading
edge and trailing edge of adjacent twisted plates are
perpendicular [30]. The helical direction of adjacent
twisted plates is opposite. Fig. 1¢ shows the Helixes static
mixer proposed in this study, which is composed of seven
parallel uninterrupted twisted tapes with the same spiral-
lead L = 30 mm. The helical directions of seven twisted
tapes are shown in the blow-ups of Fig. 1¢, helical direction
of the red twisted-tape is clockwise while the blue one is
anticlockwise. Other geometric parameters of mixing
elements are shown in the blow-ups of Fig. 1.

60
i
2 74

K

Figure 1 (a) Isometric view of the SMX static mixer, (b) isometric view of the
Kenics static mixer and (c) isometric view of the Helixes static mixer

A non-uniform unstructured tetrahedral mesh was
generated in commercial software, ANSYS ICEM 14.5.
The "Octree" meshing method which is based on the spatial
subdivision algorithm was used. This method ensures
refinement of the mesh where necessary, however
maintains large elements where possible, allowing for fast
computation. The mesh convergence was performed by
increasing mesh densities until the change of result is
negligible. For the optimized mesh density, the grid cell
size near the boundary of flow is no more than 0.2 mm, and
the number of cells for these flow fields ranges from 3.5 x
10 to 3.8 x 10°.

2.3 Numerical Calculation

To investigate the mixing process of HPAM mother
solution and water in static mixers, the CFD code ANSY'S
CFX-14.5 was employed, which solved Navier-Stokes
equations through a finite volume approximation [31, 32].
Higher-order upwind scheme was used to minimize the
numerical diffusion. To discretize the advection terms of
the governing equations, a high-resolution scheme of
second-order approximation was used in this work. The
root mean square (RMS) residual value of 1075 was used
for evaluating the convergence. No-slip boundary
condition was applied for all solid boundaries. The velocity
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at the inlets was assumed to be constant, while the static
pressure at the outlet was assigned to be zero. The ratio of
the flow rate of HPAM mother liquor and water was chosen
to be 1/2. The flow of the static mixer was set to be 75 m*/d
(i.e., the flow rate of HPAM mother liquor and water is
Oupam = 25 m’/d and Qyaeer = 50 m3/d, respectively). Thus,
the speed of HPAM mother liquor and water at inlets was
set to be 0.409 m/s and 0.204 m/s, respectively [33].
Properties of the HPAM mother liquor are shown in Tab.
2.

Table 2 Characterization of HPAM mother liquor
Molar mass M, =1.9 x 107 g/mol
Density p = 1320 kg/m*
Dynamic viscosity ©=02Pas

3 NUMERICAL RESULTS AND DISCUSSION
3.1 Evaluation of Mixing and Shear Performance

Fig. 2a shows the HPAM volume fraction for three
different static mixers, namely, SMX, Kenics, and Helixes
static mixer. It is observed from Fig. 2a that the inlets with
highest and lowest values of HPAM volume fraction
correspond to inlets of HPAM mother liquor and water,
respectively. In the regions at downstream side of the
dashed lines, the HPAM volume fraction tends to be
constant. It indicates that the HPAM mother liquor and
water in these regions have been mixed completely. We can
also observe that a good uniformity is reached for the SMX
static mixer within a mixing distance of 147 mm while for
the Kenics and Helixes static mixers, the mixing distance
of HPAM mother liquor and water is 255 and 245 mm,
respectively. This indicates that the mixing efficiency of
SMX static mixer is higher than that of Kenics and Helixes
static mixers.

In order to quantify the mixing performance of static
mixers, intensity of segregation /; at the Z direction was
defined by Danckwerts in the following [34]:

1 & =
Ly ©
(24 (1_602)

where ¢.(i) is a local value of HPAM volume fraction at a
point i which is located in a given cross section of axial
coordinate Z, ¢. is the area-weighted average value of
HPAM volume fraction for a given cross section of axial
coordinate Z, and m is the number of samplings. I(Z) is the
intensity of segregation, referred to as segregation index,
on a given cross section of axial coordinate Z. We can
observe from Eq. (6) that the value of /i(Z) ranges from 0
to 1, corresponding to the status of ideal mixed and
complete segregation, respectively.

Fig. 2b shows the intensity of segregation as a function
of mixing distance for the three static mixers. We observe
that the intensity of segregation decreases with an increase
in mixing distance for all the three static mixers. This
indicates that the mixture homogeneity increases with
increasing the mixing distance. It can also be observed that
the intensity of segregation for SMX static mixer is smaller
than that of Kenics and Helixes static mixers for the same
mixing distance. It means that the mixing quality of SMX

static mixer is better than that of Kenics and Helixes static
mixers. This is because more frequently divided and
redistributed mixture is made by stacked lamella in the
SMX static mixer. As shown in Fig. 3, the motion pattern
of mixture on cross section of SMX static mixer is more
complex than that of Kenics and Helixes static mixers.
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Figure 2 (a) Volume fraction distribution of HPAM mother liquor and (b) variation
of the intensity of segregation sin Z direction for SMX, Kenics and Helixes static
mixers for flow rate of HPAM mother liquor Queav = 25 m3/d, flow rate of water
Quater =50 m¥/d and p = 0.2 Pas

Velocity
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Figure 3 The motion pattern of mixture on cross section of SMX, Kenics and
Helixes static mixers

As reported by Wong et al. [35], intensity of
segregation of 107 has been used as the criteria for
evaluating complete mixing. Note that the intensity of
segregation for all the three static mixers satisfies the
criteria for complete mixing.

As we all known, mixing quality enhancement may be
accompanied with pressure loss which can be quantified
using pressure drop shown as follows:

AP(Z)=PR,-P(Z) (7)

where P(Z) is the area-weighted pressure on a given
cross section of axial coordinate Z and P, is the pressure at
the inlet.
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The pressure distribution of SMX, Kenics, and Helixes
static mixers is shown in Fig. 4. It can be observed that the
pressure loss of SMX static mixer (2404.4 Pa) and Kenics
static mixer (1261.9 Pa) is higher than that of Helixes static
mixer (1046.5 Pa) at the same mixing distance of Z = 600
mm. Because the power consumption of static mixer is
decided by pressure loss, the Helixes static mixer is

relatively more energy saving.
> - c 2.287e+003

- SMX static mixer 1.728e+003

i 1.449e+003
===
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Figure 4 Pressure distribution for the SMX, Kenics and Helixes static mixers for

Onpam = 25 m*/d, Oyaer = 50 m*/d, and = 0.2 Pa's

XL z Helixes static mixer

Moreover, the shear strain rate at a given point of the
mixing flow field is defined as follows:
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where U,, U,, and U are the velocity vector components of
fluid. HPAM solution is composed of long-chain
macromolecules with shear sensitivity. The molecular
chains are broken under the shear action, resulting in the
decrease of viscosity in solution. However, the molecular
conformation and molecular chain broken behavior are
unable to be simulated in the macroscopic flow field. The
viscosity loss caused by mechanical shear degradation
cannot be directly expressed. In this work, we employed
the shear strain rate distribution to demonstrate the strength
of the shear action in static mixing flow field, thereby
evaluating the viscosity reduction of the mixed solution.

Distribution of shear strain rate for the SMX, Kenics,
and Helixes static mixers is shown in Fig. 5. As can be seen,
the shear strain rate in Helixes static mixer is lower than
that in SMX and Kenics static mixers. It can be observed
from this figure that the regions of high shear strain rate
occur at locations with similar characteristics. In SMX
static mixer, the high shear regions are located near the
junctions and intersections among stacked lamellas. In
Kenics static mixer, the high shear regions are located
around joints between neighboring mixing elements. And
this is why the continuous, no tandem, helixes mixing
element is chosen in our design. For Helixes static mixer,
the shear strain rate is lower than that of SMX and Kenics
static mixers. Only the shear strain rate at the inlet is
slightly larger. The maximum and mean shear strain rate
for three different static mixers is obtained and summarized
in Tab. 3.

Table 3 Shear strain rate of three different static mixers.
Shear strain rate SMX Kenics Helixes
Maximum value | Ymax = 341.4 5" | Yiax = 437.7 5" | Yinay = 243.3 5!
Mean value 7 =81.6s" 7 =60.2s" 7 =46.55s"

Shear Strain Rate
4.377e+002
H 3.939e+002
3.502e+002
3.064e+002
2.627e+002
2.189e+002
1.751e+002
1.314e+002
8.762e+001
4.386e+001
9.540e-002
[s*-1]
Figure 5 Shear strain rate distribution in the SMX, the Kenics and the Helixes
static mixers for Oupam = 25 m*/d, Qyaer = 50 m/d, and u = 0.2 Pa's
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Kenics static mixer
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We can observe from Tab. 3 that the maximum shear
strain rate of Helixes static mixer is 243 s~!, which is 28.7%
and 44.4% smaller than that of SMX and Kenics static
mixers, respectively. The mean shear strain rate of Helixes
static mixer is 46.5 s”!, which is 43.1% and 22.8% smaller
than that of SMX and Kenics static mixers. It can be
concluded that the Helixes static mixer displays lower
shear action, compared to SMX and Kenics static mixers.
This is because when fluid is flowing through the junctions
and crossed geometry of SMX and Kenics static mixers,
the flow direction and velocity are changed abruptly,
leading to intensified local shear strain rate. During this
process, polyacrylamide coils and molecule chains
withstand higher tension and shear, which cause chains
separation and breakage, ultimately resulting in a decrease
of viscosity. Fig. 3 shows the radial flow path of mixing
liquid on a cross section of Helixes static mixer. The
rotational flow arises around each twisted-tape, and the
radial flow among several twisted-tapes is induced by
centrifugal force. Compared to the scissors-like structure
of stacked lamellas and junctions of SMX and Kenics static
mixers, the Helixes static mixer with parallel uninterrupted
twisted-tapes has a fluid radial flow avoiding the
mandatory segmentation and shear. Thus, the shear action
from Helixes static mixer is smaller than that of SMX and
Kenics static mixers.

3.2 Optimization of Mixing Element Geometries

As discussed in section 3.1, the mixing performance is
directly related to the geometric parameters of mixing
elements. Optimization for proper geometric parameters is
needed for high mixing quality and low shear strain rate.
For a Helixes static mixer, these parameters such as spiral-
lead L and helical directions HD are shown in Fig. 6.

Helical directions
(HD)

Figure 6 Optimizable geometric parameters of mixing element of a Helixes
static mixer

The HPAM volume fraction for the Helixes static

mixers with different spiral-lead is represented in Fig. 7.
The spiral-leads are chosen to be 30, 60, 80, 100, and 140
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mm, respectively. In the regions at downstream side of the
dashed lines, the HPAM mother liquor and water were
mixed completely. As can be seen, the larger the spiral-lead,
the longer mixing distance is needed for complete mixing.
It means that the mixing quality is enhanced with
decreasing the spiral-lead of mixing elements.

HPAM.Volume Fraction
1.000e+000
H 9.000e-001
8.000e-001
+ 7.000e-001
6.000e-001
“ E 5.000e-001
4.000e-001
I 3.000e-001
2.000e-001

1.000e-001
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Figure 7 HPAM volume fraction distribution for the Helixes static mixers with
different spiral-lead L for Oupam = 25 m¥/d, Qyaer = 50 m¥/d and 2= 0.2
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Figure 8 Maximum and mean value of shear strain rate for the Helixes static
mixers with different spiral-lead L for Qupam = 25 m*/d, Quaier =5 0 m’/d and
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Figure 9 Variation of the pressure drop Ap in Z direction for the Helixes static

mixers with different spiral-lead Z for Qppam = 25 m*/d, Q\ater = 50 m*/d and

n=0.2Pas

However, high mixing quality may accompany an
increase of shear strain rate and thereby pressure loss. Just
as Fig. 8 shows, both the maximum and mean value of
shear strain rate of the Helixes static mixers increase with
decreasing the spiral-lead of mixing elements. In addition,
the variation of the pressure drop for different spiral-leads
is shown in Fig. 9. As expected, higher pressure loss is
obtained for the static mixer with a smaller value of spiral-
lead. It can be observed that when spiral-lead is 30 mm, the

growth rate of pressure loss is significantly higher than that
larger than 30 mm, namely, 60, 80, 100, and 140 mm. So
that a larger spiral-lead can reduce pressure loss and shear
strain rate with a decrease of mixing quality. Hence, on the
premise of meeting requirement of mixing quality, a larger
spiral-lead should be chosen.

Another essential factor which affects mixing process
is the helical direction (HD) of mixing elements. It can be
observed from Fig. 3 that the AD of mixing elements has a
significant effect on the radial flow in Helixes static mixer.
Meanwhile, the flow velocity and direction are asymmetric
on cross section. Fig. 10a shows schematic of helical
direction for four different configurations, Ra, Rg, Rc, and
Rp. Fig. 10b shows the intensity of segregation as a
function of mixing distance for these four configurations.
It can be observed that the mixing quality of configuration
Rp is obviously lower than others. We can also observe that
the mixing quality of Rg presents a better mixing quality.
This is because Rg makes fluid streams divided and
converged evenly compared with Rc and Rp, and
diminishes the effects of a higher local HPAM volume
fraction caused by HPAM mother liquor which is lateral
flow into water current on mixing quality compared with
Ra. Moreover, the influences from HDs on the pressure
loss and shear strain rate during the mixing process can be
neglected. Thus, the R configuration is applicable to the
Helixes static mixer.

(@)

Rc Ry
®) 10;
—
£ 10"
g
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2
0
L
izl 9
& 102
= 10
2
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=]
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= 107
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Mixing distance, z (mm)
Figure 10(a) Helical directions of each element and (b) variation of the intensity
of segregation Z;in Z direction of four different configurations for Qppam = 25
m’/d, Qyaer = 50 m¥/d and 2= 0.2 Pa-s.

4 EXPERIMENTAL RESULTS AND DISCUSSION

The partially hydrolyzed polyacrylamide powder
(HPAM19) was used in this study with the nominal
molecular weight of 19 x 10° g/mol, and with the
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hydrolysis of 25.3%. The polymer supplied by Daqing
Oilfield Co., Ltd. is widely used in EOR.

The polymer was dissolved in deionized water with 2
wt% KCI and 400 mg/L NaN; (long-term solution
conservation). An HPAM mother liquor at a concentration
of 4000 mg/L was prepared by slowly adding the polymer
powder to the shoulder of the vortex of the solvent while
maintaining stirring using a paddle mixer. The paddle
speed was 200 rpm at first, and was decreased to 100 rpm
after 1 h of polymer addition for 5 h to ensure complete
dissolution.

The schematic of experiments set-up is shown in Fig.
11. A liquid metering pump of diaphragm type was used to
pump HPAM mother liquor to avoid a strong shear action
on polymer solution before the mixing process. In order to
investigate the conformance between the numberical
model and reality, the static mixers with five different
spiralleads of 30, 60, 80, 100, and 140mm were used in
experiments, according to the previous simulations (Refer
to Fig. 7).

e

Figure 11 Flowsheet of experimental setup: 1-HPAM mother liquor tank; 2-
strainer; 3, 10-liquid metering pump; 4, 11-pressure indicators; 5, 12-safty valve;
6, 7-sampling points; 8-product tank; 9- the distillated water tank; 13-static mixer

The flow rate of HPAM liquor and water at the inlet of
static mixer is 25 m*/d and 50 m*/d, respectively. During
the mixing process, the concentration and viscosity of
several samples of mixture collected from sampling point
No.8 were tested by spectrophotometer (Shanghai-Jinghua
Type-722) and viscometer (Brookfield DV-II),
respectively.

HPAM volume fraction is equivalent to the
concentration of sample divided by the concentration of
HPAM mother liquor, so that intensity of segregation of
effluent mixture can be integrated from Eq. (6) as follow:

ileat)-a

Cr(Co=Cur)

s ©)

sef =

where Cet(f) is the concentration of No. j sample of effluent
mixture, C, denotes the average value of concentrations of
all samples of effluent mixture, and # is the number of
samples.

A comparison between numerical and experimental
results for the intensity of segregation at outlets of five
static mixers with different spiral-leads is shown in Fig.

12a. The experimental results show a good agreement with
the numerical results on intensity of segregation.

Viscosity degradation rate can reflect the viscosity loss
of HPAM solution, nevertheless, the numerical result does
not include viscosity changes caused by mechanical
degradation which is caused by shear strain rate. So that the
changes of viscosity degradation rate in experiments and
shear strain rate in numerical simulations with different
spiral-leads are observed.

Viscosity degradation rate (DR) is calculated using the
following equation:

DR={MJ><IOO% (10)
Hro =1

where ;0 denotes the initial relative viscosity and prer is the
relative viscosity of the effluent mixture. Relative viscosity
is the ratio of the HPAM solution viscosity to the solvent
viscosity. The initial relative viscosity is the relative
viscosity of the HPAM solution which is made with as low
shear as possible, takes no account of time and efficiency,
with the same concentration to the effluent mixture of static
mixers.

Fig. 12b shows the maximum shear strain rate, mean
shear strain rate and viscosity degradation rate as functions
of spiral-lead. The maximum and mean shear strain rate
show a similar changing tendency as that of the viscosity
degradation rate. It is verified that during the static mixing
process a decreased shear strain rate will reduce viscosity
degradation and that the numerical results are able to
reflect the shear action of reality and to be used to forecast
the viscosity degradation rate.
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Figure 12 Comparisons between numerical and experimental results: (a)
intensity of segregation and (b) shear strain rate and viscosity degradation rate.

In order to increase the efficiency and reduce the costs
of oil recovery, the viscosity degradation rate of polymer
solution should be less than 5%. The viscosity degradation
rate of effluence of hundreds of SMX, Kenics, and Helixes
static mixers which are used in oilfield is shown in Fig. 13.
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We can observe that the average viscosity degradation rate
of Helixes static mixers is lower than that of SMX and
Kenics static mixers. Thus, the Helixes static mixer is of
better viscosity degradation compared to other static
mixers on the condition that it satisfies the mixing quality
requirements.

)
;

o0
!

(=}
1

ES
1

L3S}
1

Viscosity degradation rate, DR (%)
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Figure 13 Viscosity degradation rate of SMX, Kenics and Helixes static mixers
for a field experiment.

(=]

5 CONCLUSION

A novel static mixer, Helixes static mixer, used for
diluting HPAM mother liquor in polymer flooding was
proposed. Compared to the SMX and Kenics static mixer,
a lower shear strain rate along with less viscosity
degradation rate is obtained by Helixes static mixer.
Optimizing of Helixes static mixer shows that a larger
spiral-lead and helical directions of configuration Rp
should be chosen to decrease viscosity degradation and
energy consumption. Experiments agree with the
numerical simulations and the viscosity degradation rate of
HPAM solution flowing through Helixes static mixer
which is lower than that flowing through SMX and Kenics
static mixers.
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