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Abstract In the paper, the application of a pre-screwed wheel of centrifugal main
oil pumps is observed. The pre-screwed wheel serves as a backup pump for the
main impeller and creates a small head. In this case, the cavitations reserve of the
main unit is significantly reduced. The increase of throughput capacity is due to two
factors: a slight increase in pressure after the station, as well as a significant
reduction in the pressure before the pumping station. The application of a
pre-screwed wheel is proposed for the operative increase of a throughput capacity at
a small value. Economical comparison of the following methods of increase of
throughput capacity is made:

(1) use of a frequency-controlled drive
(2) use of anti-turbulent additives
(3) reduction of the settings at the entrance of stations with the help of pre-screwed

wheels
(4) selective repair of sections
(5) restoring the pipeline capacity on the basis of determining the actual remaining

life of pipelines without selective repair of sections. It is considered that the
application of a pre-screwed wheel is characterized by low economic costs and
small time of implementation and this method is perspective in oil industry.
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1 Introduction

Oil production in Russia by 2016 reached record values for the post-Soviet period.
So, in 2015, 534 million ton was produced, and in 2016—548.6 million ton, which
is 2.9% more than in the previous year. Often, the oil and gas industry faces the task
of short-term or insignificant increase in the volumes of oil pumping in certain
directions, the capacity of which can be limited not only by the presence of limiting
defective areas, but also by the long period of operation of pipelines (over
15 years). Sometimes increasing the quantity of pump is impossible due to pressure
limit of pipeline. So, it is important to research and use methods of increasing of
throughput capacity for oil pipelines. Application of pre-screwed auger wheels is
very perspective. This method is applicable due to necessity of cavitations reserve
for centrifugal pumps. Cavitations reserve for main pumping units equals usually
10–16 m.

A more efficient way of reducing of cavitations reserve for main pumping units
is to install a prefabricated screw auger wheel at the fluid inlet to the pump impeller,
which is an axial wheel (Fig. 1). Unlike a centrifugal impeller consisting of a larger
number of short blades, the auger has several long blades, when passing between
them, the vapor phase manages to condense and there remains a sufficient part of
the blade surface to supply the liquid with the required head. Therefore, the pre-
fabricated screw is able to pass large volumes of liquid vapors without significantly
reducing the total head. The prefabricated auger increases the pressure at the
entrance to the impeller and thus ensures its non-cavitations work. In order to
improve the working conditions of the screw itself, the thickness of the blade at the
liquid inlet into the screw is reduced, and its outer diameter is also increased. This
paper is devoted to the analysis of the application of pre-screwed auger wheels in
centrifugal pumps in oil pipelines in Russian Federation.

Fig. 1 a General view of a pre-screwed auger wheel; b Scheme of a pre-screwed auger wheel
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2 Installing Pre-screwed Auger Wheels

So, throughput capacity can be changed with a help of pre-screw auger wheels.
According to this method, additional impellers of the screw type are added to the
traditional impeller. The auger serves as a backup pump for the main impeller and
creates a small head. In this case, the cavitations reserve of the main unit is sig-
nificantly reduced. Thus, the increase in capacity is due to two factors: a slight
increase in pressure after the station, as well as a significant reduction in the
pressure before the station.

In the paper [1], it is shown that it is possible to increase the productivity of the
pipeline by 1.2% by reduction of cavitations reserve of main pumps by 10 m. The
screw wheel can be installed on existing main pumps by modernizing the pump
casing. However, it is more expedient to replace the pump unit with a similar type
with the provided screw wheel during the planned replacement of the equipment.

Figures 2 and 3 illustrate how the pressure varies along the length of the pipeline by
reducing the head at the next station. Figure 2 shows the change in the head when the
pre-screw auger wheel is installed only at the next station, and Fig. 3—when the
pre-screw auger wheel is installed at the previous and following stations.

In Figs. 2 and 3: Q—throughput capacity, i—hydraulic bias, Hin—hydraulic
head at the entrance of the following station, Hout—hydraulic head at the exit of the
previous station, index 1 shows the parameters before installation of pre-screw
auger wheels, index 2 shows the parameters after installation of pre-screw auger
wheels.

In PJSC “Transneft” approbation of pre-screwed auger wheels at oil pumping
stations was made. It is established that the installation of pre-screw auger wheels

Fig. 2 Increase of throughput capacity when pre-screw auger wheel is installed only at the next
station
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makes it possible to reduce the cavitations reserve in various cases by 1, …, 16 m,
depending on the pump type.

Considering that the modernization of an existing pump by installing a pre-screw
auger impeller can cause complexity, a complete pump replacement can be a more
rational and efficient solution. In addition, a significant part of the pump park in
Russia is of a greater age, so the installation of new pumps with higher parameters
is more promising. At the oil pumping station in PJSC “Transneft” modernization
was made, during which the old pump was replaced with a new one with an
additional pre-screw auger impeller. This made it possible to significantly increase
the capacity of the pipeline (Table 1). The installation of the auger and the
reduction of the cavitations reserve by 2 m made it possible to further increase the
pipeline’s throughput by 9.8% [2, 3].

The given data confirms the prospects and efficiency of using pre-screwed auger
wheels to increase the pipeline capacity.

Fig. 3 Increase of throughput capacity when pre-screw auger wheel is installed only at the
previous and following stations

Table 1 Upgraded pumps with pre-screw auger wheels installation

Pump Year of
manufacture

Cavitations
reserve (m)

Throughput capacity
(million ton/year)

18-DVS (before modernization) 1964 4.5 33.6

NGPNA 3600-120
(after modernization)

2012 2.5 36.9
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3 Economical Comparison of Installing Pre-screwed
Auger Wheels and Other Ways of Increasing if Oil
Pipeline Throughput Capacity

Economical analysis of the following methods of operative increase of throughput
is made in this section. The methods of operative increase of the pipeline capacity
are considered: the use of a frequency-controlled drive, the use of anti-turbulent
additives, the reduction of the settings at the entrance of stations with the help of
pre-screwed wheels, selective repair of sections, and the work on restoring the
pipeline capacity on the basis of determining the actual remaining life of pipelines
without selective repair of sections.

The following initial data is taken for assessment: pipeline 530 � 10 mm; the
density of oil—900 kg/m3; length of the pipeline—150 km; installed pumps
HM1250-260; To increase the design pressure by 1%, it is necessary to replace
0.35 km of the pipeline; the estimated period is 10 years; The capacity to imple-
ment the methods is 1250 m3/h.

The following cost parameters are taken: the replacement of 1 km of the pipeline
with 50 million rubles; 1 ton of anti-turbulent additives—52.6 thousands of $; the
cost of installation of the frequency-controlled drive—175 thousands of $; instal-
lation of pre-screwed auger wheels—87.7 thousands of $; carrying out works to
restore the capacity of the pipeline on the basis of determining the actual remaining
life of pipelines—175 thousands of $; the tariff for pumping oil is 0.281 $ per
100 ton of km; the tariff for electricity is 0.0368 rubles/kWh.

The results of the calculations are given in Table 2.
Analysis of the data in Table 2 shows that selective repair of sections is char-

acterized by much higher costs, which exceed the additional revenue. Also, this
method is characterized by the longest implementation time. Therefore, this method
will not be considered further. The remaining data are illustrated in Fig. 4.

Application of anti-turbulent additives showed usual results––this method is
beneficial in the case of short increase of capacity. But a significant increase in
capacity during the duration of time proves to be unprofitable due to the high cost of
the anti-turbulent additives.

The use of the frequency-controlled drive and the restoration of the pipeline
capacity based on the determination of the actual residual life of the pipelines show
positive results in 1–3 years of implementation, since they require low investment
costs, and additional operating costs are low or absent.

Reducing the settings showed the best results, but this method has a limited
range of implementation (usually no more than 5% increase in throughput).

The positive economic effect of the applied methods is shown in Fig. 5.
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Fig. 4 The cost of implementing operational methods to increase the throughput capacity of the
pipeline

Fig. 5 Positive economic effect from the implementation of operational methods to increase the
throughput capacity of the pipeline
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4 Conclusion

Economical comparison of the following methods of operative increase of
throughput is made in this section. The methods of operative increase of the
pipeline capacity are considered: the use of a frequency-controlled drive, the use of
anti-turbulent additives.

Thus, it can be concluded that using pre-screwed auger wheels can increase the
pipeline’s throughput. This method is characterized by low economic costs and
small time of implementation. It requires only replacing the impeller, which needs
not more than a few days, taking into account delivery, replacement, and
transportation.
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