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Abstract. The article highlights the advantages and benefits of pipeline
transport of liquid feed mixtures on small pig farms, the device and the
principle of operation and technical characteristics of the improved rotor
pump developed by the authors of the article. Methods of experimental
research to determine the concentration of feed mixtures, the influence of
the shape of the separator on the performance characteristics, the required
power and the flow of an improved pump are presented. The results of the
experiments showed that one of the bottlenecks limiting the operation of
rotary pumps on feed mixtures of increased concentration is the low
suction capacity of the pump, that is, the design of the suction pipe of the
pump, where an increase in resistance with an increase in the concentration
of feed mixtures causes a breakdown of the operating mode and cavitation.
To resolve this issue, we used a screw feeder installed in front of the pump
suction nozzles. It was found that if the screw feeder provides excess
pressure within (about, 0.25 ... 0.3) 103 Pa per suction cavity, the pump
operates stably and reliably.
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1 Introduction

Modern pig farming is the world's leading livestock industry; occupying a leading position
in the 'meat' balance. In the structure of world meat production, pork ranks first (38.739.7
%). In Asia, the share of pork in the production of all types of meat is 54.6 %, in Europe
51.0 %, in Russia 32.4 % [1].

The organization of productive, cost-effective pig breeding on small farms can be
successfully solved if it is carried out at a high technical level and with a rational animal
feeding.

Different types of feed consistencies have their own characteristics. Dry food does not
require additional preparation, it is convenient for distribution, but it increases the dustiness
of the air in the pigsty and causes respiratory diseases in pigs. In addition, when the animals
are fed only with dry compound feeds, their digestibility decreases by 4 .. 6 % compared to
the use of wet feed mixtures [2-5].

Dry food is the most efficient, but wet feeding is more effective. That is why, in order to
preserve technical means and reduce labor costs for maintaining hygiene, you should use
dry food, moistened immediately before feeding the animals [6-8].
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Feeding with liquid feed has a number of advantages: the time for eating the feed is
reduced, the loss of feed is reduced, it becomes possible to use finely ground feed, the
uniformity of feed and distribution to the feeders is maintained. With a decrease in
eatability in sows, the feeding method allows, which is very important, to regulate the
nutritional value of the feed in the same volume of bark mixture [9-11].

Feeding with liquid feed also makes it possible to use one of the most economical and
reliable methods of transporting feed - hydromechanical, that is, a method when feed is fed
into the feeders through pipes in certain doses. Pipeline transport is highly productive,
simple in structure, it can be mounted in buildings of any type, it does not require special
aft passages, and it increases work culture [12, 13].

The use of pipeline transport for the transportation and distribution of feed mixtures on
pig farms requires the use of special feed-transporting pumps with high reliability.
Currently, the industry does not produce special pumps for supplying rational liquid feed
mixtures, and the use of pumps from other industries does not give effective results.

Currently, on farms and complexes, the previously produced centrifugal fecal pumps of
the 21/2 NF, 4 NF, 6NF types, the NPG-2, NPG-3, 4PS-9 sand pumps, 8FS-17 mixing
pumps, and the S-296 piston concrete pumps are widely used, gear pumps D-159-V, screw
pumps VNM-18-2, VNM-15-100 and other pumps. But, as noted above, all these pumps
are not intended for feeding feed mixtures and they require structural changes, and also, the
rotary pump of the Kamur company (Sweden) has become of widespread use while
pumping various high-viscosity slurries [14, 15]. Therefore, many farms use various
converted and homemade pumps.

Therefore, the development of a pump used for feeding feed mixtures with low moisture
content is very important. Based on this, the purpose of the study is to develop a new
energy-saving design of a rotary pump that allows transporting feed mixtures of increased
concentration and low humidity.

2 Methods

The design of the pump used for pumping liquid feed mixtures was determined by its
rheological properties. Depending mainly on the concentration of the dry component.
Concentrations of feed mixtures were determined by taking feed mixtures of a known
volume from a mixer, followed by removal of moisture, drying and weighing the dry
residue. To determine the effect of the shape of the spacer on the performance, the pump is
equipped with three replaceable flat, convex and wedge shaped spacers. An [S-203.4 sump
was used to determine the required power. The pump flow was determined by volumetric
methods using a measuring tank.

3 Results and discussion

Based on the analysis of the designs and performance of the pumps used for the supply of
viscous slurries, as well as the requirements imposed on them and taking into account the
preliminary expirations, the design and technological scheme of a two-rotor rotary pump
was adopted as an object of research [16-19], and a rotary pump with a screw feeder was
developed for supplying liquid feed mixtures by pipe distributor.
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Fig. 1. The proposed scheme of a rotary pump with a screw feeder: 1 — case; 2 — blade; 3 — shaft; 4 —
rotor; 5 — additional chamber; 6 — stream splitter; 7 — screw feeder; 8 — loading mouth.

The pump consists of an assembled casing 1, in which two collapsible rotors 4 rotate in
opposite directions. The rotors are rigidly connected to the shaft 3, which is mounted on
ball bearings in lateral struts connected to the casing by bolts. One of the shafts (rotors) is
connected to the motor through a gearbox and is driven. The second shaft (rotor) is driven
with a coordinated rotation from the drive shaft using gear wheels, the gear ratio of which is
equal to one. The gears are housed in an oil bath chamber. On each of the rotors 4, five
blades 2 are fixed, located at equal distances around the circumference. When the rotors
turn, they enter special recesses, thereby ensuring separation of the high pressure zone from
the low pressure zone. Elimination of leakage into the surrounding seat and prevention of
the ingress of feed mixtures into the oil bath and bearings is ensured by gland seals.

The working part of the pump consists of two modular rotors, which rotate with the
same angular velocity, but in opposite directions. The consistency of the movement of the
rotors is ensured by means of a gear train with the number i = 1, placed outside the working
chamber. The displacers are special blades 2 mounted on the rotor. Displacers, they are also
cut-off devices, one by one enter the receiving chamber, cut off certain volumes of mass
when interacting with the body and move them into the pressure chamber. After the cut-off
volume is moved to the pressure chamber, the displacers return again to the receiving
chamber to repeat the cycle, ensuring closure and minimal mass transfer from the pressure
chamber to the suction chamber.

In addition, the pump is equipped with a flow divider 5, which includes additional
resistance to rotation of the pump rotor due to the effect of the supplied mass. It is installed
on the pump inlet and serves to change the direction of flow in the direction of the rotor
rotation. At the same time, the supplied mass does not create braking resistance forces and
gives up its kinetic energy, acquired from the screw feeder, to the rotor, thereby reducing
the required pump power. In addition, the spacer 5 is made with an adjustable angle
between the edges. It is advisable to install a flow divider in the additional pump chamber
6.

The results of the experiments showed that one of the bottlenecks limiting the operation
of rotary pumps on feed mixtures of increased concentration is the low suction capacity of
the pump, that is, the design of the suction pipe of the pump, where an increase in
resistance with an increase in the concentration of feed mixtures causes a breakdown of the
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operating mode and cavitation. When cavitation occurs, the pumps are unstable, there is a
sharp drop in head and flow. To solve this issue, we used a screw feeder installed in front of
the pump suction nozzles.

The main reason for the deterioration of the pump performance when feeding a feed
mixture with low moisture content is a decrease in the speed of the feed mixture in the
suction pipe of the pump. When testing the pump, the maximum volumetric efficiency is (n
=0.79) when pumping feed families with a moisture content of 68 % with a pressure in the
discharge line of 0.45 MPa was obtained at an average speed of the feed mixture in the
suction pipe of the pump equal to v¢, = 0.42 m/s (Figure 2.)

The change in the flow rate QH, the required power N and the efficiency of the pump p
depending on the pressure in the discharge line at a constant rotor speed is graphically
shown in Figs 3, 4.
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Fig. 2. Dependence of the flow rate (Qu) of the pump on the speed of feed mixtures (v) in the suction

pipe of the pump.
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Fig. 3. Features of a rotary pump with a screw feeder while feeding mixtures with grass paste with a
moisture content of 72.8 %.
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Fig. 4. Characteristics of a rotary pump when feeding concentrate feed mixtures with a moisture
content of 68 %.

The study shows that the speed of the feed mixture in the suction cavity of the pump when
feeding the feed mixture with a moisture content of 68 % is 0.12 m / s, and the pump flow
rate is 21.5 m>h, that is, 26 % lower than the feed mixture with a moisture content of 80 %.
To improve the operation of the pump when feeding feed mixtures with low humidity,
additional backwater is required in front of the suction nozzles of the pump, which can be
created using a screw feeder. It has been established that the value of the feed mixture
velocity in the suction line depends on the productivity of the screw feeder and the cross-
sectional area of the pump inlet pipe. The productivity of the screw feeder was regulated by
changing the rotational speed of its screw using replaceable sprockets. It was found that if
the screw feeder provides excess pressure within (about, 25 ... 0.3) 10° Pa per suction
cavity, the pump works stably and reliably.

The application of this improved pump in farm production requires careful learning.
This requires the use of the most innovative [20, 21] and modern pedagogical [22]
technologies of teaching, online training of farmers and telecommunication training
projects [23]. In such teaching, lectures are not in a simple traditional form but are
problematic and modern lectures [24-26] should be conducted using interactive methods,
ensuring the activity of the audience. At the same time, of course, it is important to address
the audience with problematic questions during the lesson, to direct them to creative and
scientific thinking by creating problematic situations in the lecture. In addition, the creation
of online training courses, including the use of technologies such as project style [27],
scientific and creative thinking, enriching the online course module platform with
electronic resources [28], including video and audio lectures, gives great results. In short,
there is a need to pay more attention to education in the use of improved pumps on farms. It
is no coincidence that the quality of education is the quality of life [29-34].

4 Conclusions

1. Our preliminary studies of this pump showed that a rotary pump of this design works
stably at a feed mixture moisture content of 70 % or more. However, the introduction of
grass paste or juicy components into the feed mixture sharply increases its viscosity,
concentration and at the same time reduces the fluidity of the feed mixture by 10 times or
more. In this case, the performance of the pump deteriorates, that is, the flow and head of
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the pump decrease. To ensure reliable transportation of feed mixtures of low moisture
content with green paste, it is necessary to use forced feeding. For this, a screw feeder 7
was installed at the pump inlet.

2. On the basis of theoretical and experimental studies, the need to supply the pump
with a flow divider was substantiated, which excludes additional resistance to the rotation
of the pump rotor due to the effect of the supplied mass. The optimal angle a between the
working edges of the separator has been established. For this pump, the angle a is 90. 1000
with a rotor diameter of 260 mm. The use of this design of the separator allows reducing
the required drive power by 20 % compared to pumps without a separator.

3. Based on the results of the research, the following optimal parameters and operating
modes of the pump were determined: flow rate 30 m’/h, discharge pressure 0.4 MPa, pump
rotor speed 250 min-1, required power 6.3 kW, specific energy consumption of the
technological process not more than 0.21 KWh/m3, labor time spent on the technological
process 0.034 h.

4. The use of a new rotary screw pump with screw feeders on small pig farms allows to
reduce the metal consumption by 2 times, the energy consumption of the technological
process by at least 3.5 times and increase the productivity by 2 times in comparison with
the existing centrifugal pumps.

5. Before implementing this improved feed pump and other new techniques on farms, it
is advisable to train farmers in online training courses on the basis of modern innovative
pedagogical technologies.
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