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Slick-water can effectively reduce the flow drag of fracturing fluid. Many studies have focused on the drag reduction performance of
slick-water in wellbore and perforation, but there has been little research on drag reduction characteristics in fracture flow. In this
paper, a new visualization experiment system is used to simulate real fracture. The fracture surface is produced through actual
triaxial hydraulic fracturing and is copied by a three-dimensional printer using resin material to maintain its shape feature. In
comparing the experimental results, it was found that the main factors affecting drag reduction in a fracture are the relative
molecular weight and the added concentration. Unlike the flow rule of the drag reducer in a pipeline, when the concentration is
greater than 0.10%, a negative DR effect begins to appear. The influence of molecular weight is related to the flow stage; the
increasing of molecular weight causes a reduction in DR effect when the flow rate is 0.24 m/s. However, the flow rate exceeds
0.5m/s; drag reducers with higher molecular weight demonstrate better drag reduction performance. The drag reduction
mechanism analysis in fractures was obtained from visualization observations, and the flow characteristics of fluid were
characterized by using tracking particles. Drag reduction effect occurs mainly on the surface of the fractures in contrast to near
the centre of the flow channel. This research can provide a reference for the experimental study on drag reduction in fractures

and is of great significance to the optimization and improvement of drag reducing agent.

1. Introduction

Slick-water fracturing is a systemic method that increases
production by injecting several million gallons of water into
a formation to create a fracture network [1-4]. The fracturing
slick-water is injected with proppant at a high pump rate to
maintain the flow channel. Slick-water is commonly used in
large-scale volume fracturing for its low flow drag, which is
an advantage in creating more fractures and complex frac-
ture networks to maximise the initial production rate, as con-
sistently observed in the field [5-7]. Accurate estimation of
fracturing flow drag is critical to fracturing design, and drag
reduction performance is one of the most important techni-
cal indicator of slick-water fracturing fluid.

Drag reduction phenomenon is also called the “Toms”
phenomenon. Only a small amount of additives can produce
a significant pressure drop in turbulent flow, known as the
drag reduction effect (DR effect) [8, 9]. There are three main
types of drag reduction agents (bubbles, polymers, and sur-
factants) often used in slick-water. Polymer as the most
commonly used type of slick-water additive is a kind of
water-based fracturing fluid mixed with long-chain poly-
mers such as polyacrylamide, polyethylene oxide, and guar
derivatives [10-14]. Since the DR effect was discovered,
many applications have been produced. However, the exact
mechanism of drag reduction is still not reach a unified
understanding and be widely accepted [15-17]. Previous
drag reduction mechanism research has focused mostly on
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wellbore flow drag. According to the results of previous
study, the drag reduction performance of slick-water is
dependent on the balance between the viscous modulus
and the elastic modulus and is determined by the micro-
structure of the drag reducer. As a decisive factor in
fracturing design, fracture flow drag requires research of
flow patterns and drag reduction characteristics [18-20].
Although research on the pipeline flow has provided us with
a foundation, the flow patterns and characteristics in the
fractures need further thorough research.

The related research on the drag reduction mechanism
of fluid in reservoirs did not concentrate on fractures but
focused on microchannels or the microfractures in reser-
voirs. Some researchers advocated using the microfluidic
chip to simulate the drag reduction flow in microfractures
[21-23]. On contrast to the pipeline flow experiment, the
fluid flow in microfracture is under laminar flow regime.
The same drag reduction agents do not decrease the injec-
tion pressure but increased more than 50% [24]. Then, other
researchers represented by Barrat further demonstrated that
adsorption properties of surfactants are the main reason
leading to drag reduction effect. They believe that the surfac-
tants adsorbed on the wall of reservoir microchannels
weaken the interaction between water molecules and there-
fore reduce the flow drag [25-28]. Generally, previous
research studies the drag reduction mechanism in micro-
scale, and the drag reduction agents used in the research
are mainly surfactants. Few studies have investigated the
flow characteristics of large-scale artificial fractures. What
is more, most related research does not consider the rough-
ness and tortuosity of the fractures. The representative
results were published by Fengchen and Kawaguchi; experi-
ments were executed using PIV method to test the quantita-
tive characteristics of vortex structures and turbulent events
in two-dimensional channel made of transparent acrylic
resin [29]. The literature analyses the changes of turbulence
structure but ignores the influence of real fracture parame-
ters. So the drag reduction flow in large-scale artificial frac-
tures has not been sufficiently studied through indoor
experimental simulation. The drag reduction mechanism in
fracture flow still not clear and cannot be universalized with
the mechanism in pipeline flow.

In this study, a self-developed indoor drag testing cycle
system considering fracture tortuous and roughness was
constructed to test the flow drag in both pipeline and
fracture. Essential experiments have been conducted to
investigate the factors influencing the DR effect in fractures
including concentration, temperature, molecular weight,
and electrical characteristics. The experimental research in
pipeline is mainly used as a reference to explore the drag
reduction characteristic in fractures. As the DR mechanism
has not been extended to fractures, considering the experi-
mental differences between pipelines and fractures, a visual-
ization fracture model is added. The flow characteristics of
fluid are characterized by using tracking particles. Although
the experiment is designed as complete as possible, there
remain some limitations in this study. The accuracy of the
test equipment can be guaranteed and is sufficient for drag
reduction rate tests. However, the experimental conditions
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are not sufficient to confirm the value of R, in fractures.
Thus, further discussion on the relation between R, and drag
reduction characteristic is not presented.

2. Methodology

2.1. Research Equipment. The drag reduction performance of
slick-water can be analysed using an indoor visualization
drag testing cycle system [30]. A diagram of the experimen-
tal apparatus is shown in Figure 1. The testing system con-
sists of five parts: (A) a liquid supply system including
three plastic buckets; the one in the middle is the effluent
water bucket and is the largest, with a volume of 70 L. Water
and solution buckets with a volume of 50 L are on each side.
The power output depends on a screw pump; its maximum
pumping rate is 2.5 m>/h. To better simulate flow conditions
in the field, the solution buckets were equipped with a heater
to test different fluid temperatures; (B) the pipeline testing
system consisting of three pipelines. The pipeline diameters
are 6 mm, 8 mm, and 10 mm; all pipelines are 3 m in length.
With ball valves on both ends and a differential pressure
transducer (0-0.5 MPa, +0.02%) in the centre, to minimise
the additional shear effect from the corners connected to
each pipeline, pressure taps were set 0.25m from each end
to measure the 2.5 m pressure drop; (C) a visualization frac-
ture testing system with a stainless steel frame (360 mm long,
140 mm high) with adjustable width for fitting the surface
and visualization fracture model; (D) a data acquisition sys-
tem consisting of a computer and a control system to control
the equipment and collect flow rate, temperature, and pres-
sure data; (E) a pressure sensing system with a differential
pressure transducer (0-100kPa, +0.001%) to test the pres-
sure drop between visual fractures with taps set 30 mm from
each end to measure the 300 mm pressure drop. The system
was designed to simultaneously measure pipeline and frac-
ture flow drag and to precisely compare their differences in
the same flow conditions.

2.2. Visualization Fracture Model. The visualization fracture
model is showed in Figure 2, and the main body of the
model is ASTM304 steel frame. Truly simulated fracture
surface is made of resin material. There is an injection inter-
face on one side and a flow out interface on the other side.
Moreover, there is an injection connector on one side and
a flow out connector on the other side. In order to introduce
the model production process in specifically, the equipment
manufacturing process is divided into three parts. The tortu-
ous and rough fracture surface was created through large-
scale actual triaxial hydraulic fracturing, as shown in
Figure 3, and the rock size was 30cm®. A surface scanner
was used to accurately describe the roughness and tortuosity
of the fracture, which was copied by a three-dimensional
printer using resin to maintain its clarity. The copied surface
was assembled into a circumjacent and airtight stainless steel
frame, and the size of the frame is 360 mm long and 140 mm
high. The distance between this two surface can be adjusted to
the fracture width from 1 to 8 mm. As shown in Figure 4, the
visualization fracture model is connected with the loop testing
system. A pressure transducer was installed (0-100kPa,



Geofluids
r | S
i | m——
®¢
— D '
—= o

FiGUre 1: Diagram of experimental apparatus: (a) liquid supply
system; (b) pipeline test system; (c) visualization fracture model;
(d) data acquisition system; (e) pressure sensing system.
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FIGURE 3: Large-scale actual triaxial hydraulic fracturing surface
and copied fractures.

+0.01%) on each connector to monitor the changes of flow
pressure, and the two pressure spots were set at a distance of
300 mm.

2.3. Selected Drag Reducer. Polyacrylamide polymer drag
reducers are commonly used in hydraulic fracturing and
can be generally categorised as cationic, anionic, or
nonionic, according to their electrical characteristics after
hydrolysis. Cationic drag reducers are relatively expensive.

FIGURE 4: Indoor visualization drag testing cycle system: (a) liquid
supply system; (b) pipeline test system; (c) visualization fracture
model.

Nonionic drag reducers require an amount approximately
one order of magnitude greater to be added than cationic
and anionic reducers for the same drag reduction effect.
Thus, anionic drag reducers are usually used for fracturing
[31]. The drag reducer used in this study is an emulsion
form and water-soluble drag reducer and is synthesized from
a mixture of acrylamide (AM), acrylic acid (AA), 2-acryla-
mido-2-methylpropanesulfonic acid (AMPS), and butyl
acrylate (BA) in aqueous solution by the polymerization
process. It is manufactured by Shengli Chemical Co., Ltd.,
commercially known as DR800. It is an anionic polyacryl-
amide with a high molecular weight of 8 x 10° and several
long side groups. DR800 was mixed with tap water to syn-
thesize slick-water, a commonly used fracturing fluid in
unconventional reservoir development. The relationship
between slick-water viscosity and drag reducer dosage was
measured using a Ubbelohde viscometer at 25°C; the results
are shown in Figure 5.

2.4. Data Processing. Drag reduction efficiency (DR%) is
calculated as

Cip-C
DR% = % % 100%, (1)

fD

where Cyp, is the Fanning friction factor of water and C is

the Fanning friction factor of slick-water in the same flow
conditions, defined as

27,
=— (2)
T U}

where 7, is the wall shear stress, p is the density of the sol-
vent, and U, is the average flow velocity. Figure 6 shows a
diagram of the fracture and pipeline.

For a fracture, Equation (2) can be deduced as

21, ApHW
Cr=—m = T
pU,  pU(H+ W)L
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FIGURE 5: Relationship between slick-water viscosity and drag
reducer concentration.

FIGURE 6: Diagram of fracture and pipeline.

where Ap is the pressure drop over the two pressure taps, L is
the distance between the pressure taps, and H and W are the
height and width of the fracture, respectively.

For a pipeline, Equation (2) can be deduced as

C= 2 =20, @
pU,  pULL
where D is the inner diameter of the pipeline.

The largest polymer dosage in our experiment was
0.15wt.%; the density of the 0.15wt.% solution was
997.043 kg/m”>, which is nearly the density of water. Thus,
the displacement is the same. For each test section, Equation
(1) can be reduced as

AP, — AP
DR% = wAfDR x 100%, (5)

w

where AP, is the pressure drop of water.
The Reynolds number R, is defined as

U.R
e:f’_b, (6)
u

R

where y is the fluid viscosity and R is the hydraulic radius.
For a fracture, Ry = HW/2(H + W); R, can be deduced
as

pU,HW

7 e W) 7
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For a pipeline, R, = D/2; R, can be deduced as

D
R, = PUL. (8)
2u

In pipeline flow, the Reynolds number is an important
parameter to distinguish laminar and turbulent flows but is
not suitable for fractures. An explicit critical Reynolds num-
ber between laminar and turbulent flows has not been estab-
lished for true complicated fracture flow.

2.5. Equipment Reliability. Equipment reliability was
checked prior to the experiments. Considering that there
are no mature empirical formulas or judgment bases for true
complicated fracture flow drag, repeated experiments were
performed to test the water flow drag in fractures under
the same conditions. Figure 7 shows perfect repeatability,
indicating high experimental device accuracy and providing
strong evidence of drag reduction experiment reliability.

3. Results and Discussion

3.1. DR Performance. Generally, the DR concentration is
approximately 0.05wt.% to 0.15wt.% in the field, consider-
ing both performance and economy [32]. In this study, the
DR% of 0.05wt.% DR800 solution with the same displace-
ment in the fractures and pipeline are presented in
Figure 7. As shown in Figure 8, in the same pumping dis-
placement conditions, the maximum drag reduction rate in
the pipeline flow exceeds 70%; the maximum drag reduction
rate in the fracture flow does not exceed 7%, a difference of
more than ten times. Thus, at the same displacement, the
drag reduction flow characteristics in a pipeline and a frac-
ture are completely different. This is a result of different flow
channel cross-sectional shapes and many other factors.
However, it is certain that the pump displacement parame-
ters cannot be used as effective variables in the comprehen-
sive evaluation of drag reduction in pipelines and fractures.

To better observe the DR performance in fractures, the
variation regularity of the drag reduction rate was analysed
with different average flow rates and Reynolds numbers.
The experimental results are presented in Figure 9(a). For
0.05wt.% DR800, the drag reduction rate increases with an
increase in the average flow rate and Reynolds number.
Under these two conditions, the variation regularity of the
drag reduction rate is essentially the same. The actual Reyn-
olds number of the fluid in tortuous and rough fractures is
difficult to determine. It is more accurate to analyse the drag
reduction performance in fractures in average flow rate
conditions.

For comparison, the drag reduction performance of
0.05wt.% DR800 in pipeline flow was also tested. The test
results are presented in Figure 9(b). In pipeline flow condi-
tions, the average flow rate reaches 2-18 m/s, greater than
ten times the average flow rate in fracture flow. In pipeline
flow, the Reynolds number at the minimum average flow
rate must be greater than 15000 (the critical value for divid-
ing laminar turbulent flow is 2100). However, in fracture
flow, the Reynolds number is less than 2100, even at the
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FIGURE 8: DR% of 0.05 wt.% DR800 with the same displacement in
fracture and pipeline.

maximum average flow rate. Thus, the difference in the pipe-
line flow and fracture flow states is the main reason for the
large difference in drag reduction performance. In different
flow states, the drag reduction effect in pipeline flow occurs
mainly in the centre of the flow channel where the turbu-
lence is more concentrated; the drag reduction effect in frac-
ture flow occurs mainly near the fracture surface.

Experiments were conducted to study the factors
influencing DR% in fractures. To guarantee the accuracy of
the experimental results, all experiments were repeated at
least twice, and the results were averaged.

3.2. Factors Influencing the DR Effect

3.2.1. DRA Concentration. Eight concentration groups of
DR800 were tested at 25°C with different flow rates.
Figure 10 shows the influence of the DRA concentration
on the DR effect in pipelines. At a low flow rate, an increase
in additive concentration leads to an increase in viscosity,
which increases the relative flow resistance and the drag

reduction. The DR% of 0.01 wt.% DR800 decreases rapidly
at 6 m/s, indicating that the liquid at this concentration has
the greatest shearing resistance. When the flow velocity
was increased, the DR% of 0.03wt.% DR800 began to
decrease slowly after reaching the peak value, indicating that
its DR performance had reached its limit. With an increase
in the flow rate, the DR% of 0.05wt.% DR800 increased
gradually, indicating that deformation or failure of the
molecular structure may have occurred while achieving effi-
cient drag reduction. The DR performance of 0.20 wt.%
DR800 indicates that high viscosity is the greatest obstacle
to drag reduction at low flow rates, which was further veri-
fied by the DR performance in the fracture.

Figure 11 shows the influence of DRA concentration on
the DR effect in a 3 mm fracture, which is different from that
in a pipeline; a higher concentration increases the DR effect.
At high concentrations, the DRA cannot reduce the flow
drag and increases the flow resistance compared with pure
water. This phenomenon is referred to as a negative DR
effect. At each concentration, the flow rate has a positive
effect on the DR effect and an inhibiting effect on the nega-
tive DR effect. When the concentration is greater than
0.10%, a negative DR effect begins to appear. To further
determine the critical concentration and to better analyse
the change rule of the negative DR effect, additional high
concentration drag reducer performance tests were con-
ducted (0.09wt.% DR800, 0.11wt.% DR800, 0.13wt.%
DR800). As shown in Figure 12, 0.09 wt.% DR800 solution
still reduces the flow drag, but 0.11wt.% DR800 solution
produces a negative drag reduction effect. This further
proves that the critical concentration is 0.1 wt.%.

The results of experimental research on the influence of
concentration indicated that drag reduction agents have the
optimal concentration under relevant drag reduction flow
conditions (both in pipeline flow and fracture flow). When
pipeline flow is under low flow rate, concentration has an
adverse effect on DR effect. But as the increases of flow rate,
high concentrations of drag reducers begin to show benefit
to their effect. In relation to fracture flow, increasing of drag
reducer concentration causes reduction in drag reduction
rate. The reason is mainly because the overall flow rate in
the fracture is under lower level; high viscosity caused by
concentration increases has a more significant negative
impact on DR effect and leads to an increase in energy con-
sumption, eventually caused a decrease in drag reduction
effect.

3.2.2. Temperature. Five groups of 0.05wt.% DR800 were
tested at different flow rates at 25°C, 35°C, 45°C, 55°C, and
65°C in a circular pipeline. Within 45°C, temperature had a
positive effect on drag reduction performance, as shown in
Figure 13, indicating that a viscosity decrease accompanied
by a temperature increase promotes drag reduction. The
DR performance at 55°C began to decline at 12 m/s and rap-
idly declined at 65°C, indicating that the shearing resistance
ability was significantly weakened by the joint action of high
flow rate and high temperature.

Five groups of 0.05wt.% DR800 were tested in fracture
flow at different flow rates at 25°C, 35°C, 45°C, 55°C, and
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FIGURE 9: Relation of DR% with flow rate and Reynolds number.
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65°C. Within 45°C, temperature has a positive effect on drag
reduction performance, as shown in Figure 14, because vis-
cosity declines with increasing temperature, which is bene-
ficial for the DR effect. At higher temperatures, the DR
effect increased at low velocities and decreased at high
velocities because excessive molecular thermal motion
impedes the form of the DR structure; a small shear force
can influence DR%.

3.2.3. Polymer Molecular Weight. The type of DRA was
changed based on previous experiments. In this study,
research was conducted on the influence of polymer molec-
ular weight and polymer molecular structure on the DR
effect as related to polymer-based drag reduction agents.
Several anionic polymer DRA with different molecular
weights at a given concentration were chosen for compari-
son and were named according to their molecular weight.
DR800 was used as the reference. DR2000 and DR6000 are
polymers with several long side groups, while DR1200 is a
high polymer with many short side groups, as shown in
Figure 15. From previous studies, it is generally acknowl-
edged that the DR effect improves with increasing molecular
weight under low flow rate conditions; short side groups are
not conducive to the performance of drag reduction, and
long side groups increase the drag reducing rate.

Figure 16 shows the DR% comparison for 0.05wt.%
DRA in pipelines. The influence of molecular weight on
DR% is more obvious in the low flow rate section. At low
flow rate (1.8 m/s), the DR effect is rising with an increase
in molecular weight. But when the flow rate exceeded
8.0m/s, the DR effect was tended to the same value. In com-
parison, DR1200 exhibited a better DR effect than the others
at high velocity, indicating that a high flow rate can alleviate
the disadvantageous effects of short side groups.

Figure 17 shows that 0.05wt.% DRA in a 3 mm fracture
is different than in a pipeline. Long side groups may not
have had enough space for expansion; the increasing of
molecular weight causes a reduction in DR effect. With
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increasing of flow rate, the positive influence of molecular
weight becomes apparent. As the influence of the tortuously
and roughness of the fracture surface, the rule of polymer
molecular weight affecting drag reduction performance has
changed. When the flow rate is 0.24m/s, the increase in
molecular weight is not conducive to drag reduction perfor-
mance in fracture flow. However, when the flow rate exceeds
0.5m/s, drag reducers with higher molecular weight demon-
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FIGURE 16: Comparison of 0.05% DRA in 8 mm pipeline.

strate better drag reduction performance. As stated above,
the molecular weight has significant difference effects on
drag reduction performance in pipelines and fractures.
DR1200 exhibited a negative DR effect, indicating that the
short side groups decrease the DR effect, especially in frac-
ture flow.

3.2.4. Polymer Electrical Characteristics. Commonly used
DRA in slick-water fracturing can be generally categorised
as cationic, anionic, or nonionic according to their electrical
characteristics after hydrolysis. Cationic, anionic, and non-
ionic DRA with the same molecular weight and molecular
structure were chosen to study the influence of electrical



DR%

Geofluids

40

3]
(=}

(=]

DR%
| |
N Y
S S

|
(=)}
(=}

Laoa o b ol s aalasgy il o laaaal

-80

—=— 0.05%DR800
—x— 0.05%DR1200

Flowrate (m/s)

—— 0.05%DR2000
0.05%DR6000

F1GUrE 17: Comparison of 0.05% DRA in 3 mm fracture.

80

70

60

50

40

DR%
rev v brr b b b

30 TTTT T I T T T I T [T T T T I T T I T T T [T T T T T [T I T T T[T T T T[T T T I TTTTT

0 2 4 6 8 10 12 14 16 18

Flowrate (m/s)

—— 0.05% DR800
—e— 0.05% Cationic polymer

—— 0.05% Nonionic polymer

FIGURE 18: Results for three DRA types in 8 mm pipeline.

N W
192 BN )

)
o w o
lasaa sty aaabaaaaalaaaaalaaaaalaaaal

w

(=}

o
(=] 4

Flowrate (m/s)

—— 0.05% DR800
—e— 0.05% nonionic polymer

—e— 0.05% catonic polymer

FIGURE 19: Results for three DRA types in 3 mm fracture.

0.2 0.4 0.6 0.8 1.0 1.2

characteristics on the DR effect. Figure 18 shows the DR%
results for the three DRA types at 0.05wt.% in an 8 mm
pipeline. The DR effect for the three types can be ranked
as follows: cationic type < anionic type < nonionic type.
Figure 19 shows the DR% results for the three DRA types
at 0.05% in a 3mm fracture. In fractures, the DR effect can
be ranked as follows: anionic type < nonionic type < cationic
type. By comparing the results of electrical characteristics,
cationic polymer shows the worst drag reduction perfor-
mance in pipeline flow, in contrast to show the best effect
in fracture flow. It indicated that the flow characteristics in
the tortuous and rough fractures have an enhancement in
the drag reduction effect of cationic polymers. The results
may attribute to cationic polymer that has more active
groups, which is more conducive to drag reduction effect
under low flow rate.

3.3. DR Mechanism. Different from the calculation of flow
drag in standard circular section pipelines, it is difficult to
accurately calculate the internal flow drag of fractures with
real tortuosity and roughness. Therefore, the visualization
fracture model is used to observe the flow drag reduction
characteristic in this study. Furthermore, the red tracer par-
ticles are added in the fluids, in order to get a more accu-
rately description of the flow characteristic and analyse the
drag reduction mechanism. The whole flow process in frac-
tures can be divided into four stages, as shown in Figure 20.

(1) A circuitous surface can help the flow generate local
vortexes as flow starts. Each recess has scale-matched
vortexes that restrict the spanwise motions of turbu-
lent vortexes, avoiding more perturbance as the sur-
face is not regular, which increases the DR%. At a
low flow rate, the convex area can induce interior
flow and facilitate formation of the DR structure,
which increases the DR%

(2) The scale-matched vortex balance is broken as the
velocity increases; many vortexes in the concave area
weaken the positive effect of scale-matched vortexes.
However, the convex area is beneficial for the DR%
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(3) When the velocity reaches a critical value, the convex
area tends to increase the shear force and facilitate
formation of the DR structure, which helps increase
turbulence and decrease the DR%. As the flow rate
increases, the negative influence gradually becomes
apparent

(4) As the flow rate increases, many small vertexes result
from the shear force caused by the convex area, and
the larger vortexes disappear. The negative effect of
many smaller or larger vortexes in the concave area
starts to diminish, reaching a balance with their
counterparts

The division of the flow stages indicates a clearer mech-
anism for the change rule of the drag reduction perfor-
mance. At low flow rates, turbulence is concentrated
mainly on the fracture surface, especially in the recessed
areas. At this time, the DR effect of the drag reducer is not
obvious; as the flow rate increases, the turbulence increases,
and the polymer starts to play a role in both the recessed and
raised areas, producing an increase in the DR rate. As the
flow rate is further increased, the turbulence is concentrated
near the centre of the flow channel. In this stage, the DR
effect occurs mainly in the middle of the fractured flow
channel, similar to pipeline flow, and gradually reaches its
greatest effect. The flow stage characteristics further reveal
the rules of DR performance in fracture flow with changes
in the flow rate.

4. Conclusions

In this study, a self-developed indoor visualization drag test-
ing cycle system considering fracture roughness and tortuos-
ity was constructed to simultaneously test pipeline flow drag
and fracture flow drag. Multiple experiments were con-
ducted to determine the factors influencing the DR effect
in fractures including concentration, temperature, molecular
weight, and electrical characteristics. Pipeline flow tests were
used as a reference to explore the drag reduction character-

istic in fracture flow. Based on the experimental differences
between pipelines and fractures, the main conclusions are
as follows:

(1) For the pipeline flow, as the flow rate increases, the
drag reduction effect will get better and eventually
reach the optimal drag reduction rate. Then, if the
flow rate further increases, the drag reduction rate
will decrease (the highest pipeline flow rate in exper-
iment is 16 m/s). When it comes to fracture flow, the
flow rate has a similar influence on the drag reduc-
tion rate. However, limited by experimental condi-
tions, the highest flow rate in the fracture is only
1.2m/s. For both pipeline flow and fracture flow,
they all have an optimal drag reduction rate. Before
reaching this rate, the flow rate has a positive corre-
lation with DR effect

(2) The experimental results of concentration influence
show that, in pipeline flow, concentration has an
adverse effect on the drag reduction performance
under low flow rate conditions because high viscosity
has a more significant negative impact on DR effect
and leads to an increase in energy consumption.
However, as the flow rate further increases, the poly-
mer has sufficient space for expansion, and the fully
stretched chain structure is more conducive to drag
reduction performance. As for fracture flow, there
is a critical drag reduction concentration. When the
concentration is greater than 0.10wt.%, a negative
DR effect begins to appear. The flow drag in frac-
tures is rising with the growth in concentration of
drag reducer

(3) The increase of temperature leads to the decrease of
the viscosity of drag reducer solution, which is bene-
ficial to the drag reduction effect under the low flow
rate conditions. However, high temperature (greater
than 55°C) makes the DRA more vulnerable to wall
shear influence and finally causes reduction in drag
reduction effect under high flow rate conditions
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(4) In pipeline flow and fracture flow, the regular of drag
reduction performance influenced by the molecular
weight is opposite. Under low flow rate conditions,
within a certain range of molecular weight increase,
drag reduction effect is improved in pipeline flow
but reduced in fracture flow. As for molecular struc-
ture, longer side groups can improve the form of
structures to reserve more dissipated energy in the
central of the pipeline flow. However, in fracture
flow, excessive short side group is not conducive to
the DR effect near the fracture surface
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