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Abstract. The constant development of the country's agricultural sector allows the
production of biofuels, such as fuel pellets, from agricultural waste - straw, corn and
sunflower husks. However, the transportation of fuel pellets is quite energy consuming.
The process of loading and unloading, transportation over long distances requires
complex mechanized equipment. The use of a pneumatic conveyor for grain reloading will
allow to provide high-quality transportation of fuel pellets.

The aim of the article was to investigate the operation of the pneumatic conveyor for
overloading fuel pellets, to determine the optimal indicators that affect the productivity of
the pneumatic conveyor.

Since fuel pellets, as raw materials, are structurally similar to cereals, a study of the
pneumatic grain conveyor PTZ-25 was conducted. The dependence of the productivity of
the pneumatic conveyor on the lifting height h, m and the length of the pipelines L, m was
obtained.

The obtained results showed that by reducing the length of the pipelines by four times
and the lifting height by half, the productivity of the pneumatic conveyor will increase by
1.15 times.
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Actuality. The constant rise in the price of traditional energy resources is
contributing to the growing proliferation of biofuels as alternatives to traditional fuels in
particular natural gas and coal. Ukraine has a strong raw material base for biofuels, in
particular peat, wood processing waste, and the logging industry. Also, the constant
development of the country's agricultural sector allows the production of biofuels,

including fuel pellets, from agricultural waste - straw, corn and sunflower husks [1, 2].
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However, the transportation of fuel pellets is quite energy consuming. The process of
loading and unloading, transportation over long distances needs sophisticated mechanized
equipment. The use of a pneumatic conveyor for grain overloading will allow to provide
high-quality transportation of fuel pellets, as some of them can work with any type of
grain, which is close to the pellets in terms of fraction size and characteristics [3, 4].

Analysis of recent research and publications. Pneumatic conveyors can be used for
transportation of various loose non-abrasive products with the size of fraction from 1 to 15
mm and bulk density from 0.2 to 1.0 t / m® (pellets, meal, granules). However, they are not
intended for overloading of fine, abrasive and aggressive products (flour, sand, cement,
chemicals, etc.) [5, 6].

The process of transporting products takes place in the air stream. The use of this
method of transportation minimizes injury to the overloaded product. During overload, the
material does not contact moving parts (except for the rubberized blades of the rotor of the
sluice gate) of the conveyor and is not subject to mechanical impact. The use of additional
blocks of cyclones allows making a rough primary cleaning of the material from dust and
light mixtures (chaff, leaves, weeds). In addition, when determining the weather
conditions, in the process of transportation, the humidity of the products is reduced by 1 -
1.5% when the length of the pipelines is more than 20 meters, which is very important

when overloading fuel pellets [7, 8].

Fig. 1. Scheme of the pneumatic conveyor:
1 - nozzles; 2 - the suction side; 3 - fan; 4 - the main cyclone; 5 - rotary valve;

6 - transport side; 7 - unloading cyclone
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Pneumatic conveyors for transporting pellets are a mobile installation with light
pipelines that allow the use of conveyors to move material through the area of floor
storage, maintenance of granaries, fuel storage facilities, as well as loading - unloading of
cars and rail transport.

The basis of the pneumatic conveyor is a high pressure fan, which creates a vacuum
(low pressure area) in the main cyclone, which is combined with the suction line and
simultaneously injects air (creates high pressure) in the transport line (Fig. 1). The ambient
air pressure is higher than in the cyclone, as a result of which the air moves into the
cyclone. The intake nozzle at the beginning of the suction pipe mixes the material with air.
Next on the deep hose, the air-pellet mixture enters the main cyclone, where the pellets are
deposited down under the action of gravity, and the air passing through the filter enters the
fan inlet. A rotary valve (sluice gate) is placed under the main cyclone. The rotating valve
rotor moves the material from the main cyclone (low pressure area) to the lower box (high
pressure area). At the same time, the fan injects air into the receiving box, the pellets are
picked up by the air flow and move along the discharge pipe to the unloading cyclone,
which is located at the end of the pipeline. In the unloading cyclone, the pellets reduce
their speed and pour through the lower hole, and the exhaust air is returned to the
atmosphere.

Both an electric motor and a tractor power take-off shaft can drive pneumatic
conveyors [9]. Nominal productivity of pneumatic conveyors is determined by wheat grain
under the following conditions: bulk grain density 780 kg / m®, grain moisture 14%,
clogging - up to 3%, air temperature 20°C, atmospheric pressure 760 mm Hg, relative
humidity up to 70 %, loading of the intake nozzle 100% (Table 1).

Since the productivity of the pneumatic conveyor depends on the type of material, the
table shows a comparison of grain material in terms of productivity, which was based on
wheat grain.

Pneumatic conveyors have become widely used for overloading fuel pellets, as their
fraction size is close to grain. The speed of transportation of pellets is within acceptable
limits.
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1. Decreased productivity of pneumatic conveyors, depending on the type of grain

Decrease in productivity from a grain
type,%

Wheat 100%
Soy -20%
Corn -25%

Rapeseed -30%

Barley -35%

Sunflower -50%

2. Grain and fuel pellet transport speed [1]

_ Material transport

No Material
speed, m/s

1 Wheat 12 - 27
2 Rye 22 - 26
3 Corn 14.5 - 27
4 Soy 18.6 - 27
5 Fuel pellets 14.5

The actual performance of pneumatic conveyors depends on many factors:
atmospheric parameters, type and characteristics of the transport product, length and
configuration of transport pipelines, use of different nozzles, as well as the type of work
performed and the load factor of the intake nozzle.

The purpose of this publication is to study the work of the pneumatic conveyor for
overloading fuel pellets, to determine the optimal indicators that affect the productivity of
the pneumatic conveyor.

Materials and methods of research. A study of the productivity of pneumatic
conveyors for unloading fuel pellets was conducted. The basis was a pneumatic grain

conveyor PTZ-25, which is characterized by high productivity and can work with any type
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of grain and oilseeds, including pellets. Also when using a centrifugal filter, it has the
ability to overload raw materials with a high content of dust.

The productivity of the pneumatic conveyor depends on the length of the pipelines L,
m and on the lifting height h, m. These factors were decisive for experimental studies (Fig.
2).

Fig. 2. Input factors to determine the performance of the pneumatic conveyor

To process the measured values, the group of factors was presented in tabular form
(Table 3).

3. Factors and levels of planning

Code Levels of factors
The name of the S Interval of
designatio Lower Upper o
factor variation
n -1 +1
Lifting height
J el X1 6 12 2
h, m
Length of
o Xo 10 40 10
pipelines L, m

The response function is the productivity G of the PTZ-25 pneumatic conveyor,
tons/hour. For each of the experiments, the performance of the pneumatic conveyor was

determined as the arithmetic mean of the sum of local values:
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—1lynN
G= N !’=1G", tons / year, Q)

where N - is the number of certain local values of the performance of the pneumatic
conveyor G.

Research results and their discussion. The results of the research can be
represented graphically. The productivity of the pneumatic conveyor is determined
depending on the lifting height of the pneumatic conveyor h, m and the length of the
pipelines L, m.

A graphical representation of the results of experimental studies is shown in Fig. 3.

G, t/hour

Fig. 3. Dependence of productivity of the pneumatic conveyor on height of rise h,

m and length of pipelines L, m

Graphic results of experimental studies can be represented by an approximate

dependence:

L-25

0 )

In this dependence, the intervals of variation used for the input factors: G, tons/h, at 6

G=202— 2,33?— 2 88

mh=12m;10mL=40m,

Conclusions and prospects. Since fuel pellets, as raw materials, are structurally
similar to cereals, a study of the pneumatic grain conveyor PTZ-25, which can be used to
transport fuel pellets, was conducted. The dependence of the pneumatic conveyor

productivity on the lifting height h, m and the length of the pipelines L, m was obtained.
93



"Enepzemuka i asmomamuxa'’, No6, 2021 p.

List of references

1. Yurkevich Yu., Spodyniuk N. Device for pneumatic overload of fuel pellets.
Budownictwo o zoptymalizowanym potencjale energetycznym. 2016. Vol. 1., No.17. P.
99 - 104.

2. Yurkevich Yu., Spodyniuk N. Environmental aspects of using solid fuel in urban
heating systems. Bulletin of NU "LP" "Theory and practice of construction". 2014. Vol.
781. P. 215 - 220.

3. Spodyniuk N., Zhelykh V., Dzeryn O. Combined Heating Systems of Premises
For Breeding of Young Pigs And Poultry. FME Transactions. 2018. Vol. 46. P. 651 - 657.

4. Mani S., Sokhansanj S., Bi X., Turhollow A. Economics of Producing Fuel Pellets
from Biomass. Applied Engineering in Agriculture. Vol. 22, No. 3. P. 421-26.

5. Lehtikangas P. Quality Properties of Pelletised Sawdust, Logging Residues, and
Bark. Biomass and Bioenergy. 2001. Vol. 20. P. 351-60.

6. Demirbas A. Calculation of Higher Heating Values of Biomass Fuels. Fuel. 1996.
Vol. 76, No. 5. P. 431-434.

7. Kimball B.A. Theory and performance of an infrared heater for ecosystem
warming. Global Change Biology. 2005. No. 11. P. 2041 - 2056.

8. Zhelyh V. M., Kozak Ch. R., Furdas Yu.V., Spodiniuk N. A., Dzeryn O. I. Energy
saving technologies in production complexes for agricultural purpose. Bulletin of NU
"LP" "Theory and practice of construction™. 2014. Vol. 781. P. 230 - 233.

9. Gumen O., Spodyniuk N., Ulewicz M., Martyn Y. Research of thermal processes
in industrial premises with energy-saving technologies of heating. Diagnostyka. 2017. Vol
18, No 2. P. 43 — 49.

References

1. Yurkevich, Yu., Spodyniuk, N. (2016). Device for pneumatic overload of fuel
pellets. Budownictwo o zoptymalizowanym potencjale energetycznym, 1(17), 99 - 104.

2. Yurkevich, Yu., Spodyniuk, N. (2014). Environmental aspects of using solid fuel
in urban heating systems. Bulletin of NU "LP" "Theory and practice of construction”, 781,
215 - 220.

3. Spodyniuk, N., Zhelykh, V., Dzeryn, O. (2018). Combined Heating Systems of
Premises For Breeding of Young Pigs And Poultry. FME Transactions, 46, 651 - 657.

4. Mani, S., Sokhansanj, S., Bi, X., Turhollow, A. Economics of Producing Fuel
Pellets from Biomass. Applied Engineering in Agriculture, 22 (3), 421-26.

5. Lehtikangas, P. (2001). Quality Properties of Pelletised Sawdust, Logging
Residues, and Bark. Biomass and Bioenergy, 20, 351-60.

6. Demirbas, A. (1996). Calculation of Higher Heating Values of Biomass Fuels.
Fuel, 76 (5), 431-434.

7. Kimball, B. A. (2005). Theory and performance of an infrared heater for
ecosystem warming. Global Change Biology, 11, 2041 - 2056.

8. Zhelyh, V. M., Kozak, Ch. R., Furdas, Yu. V., Spodiniuk, N. A., Dzeryn, O. I.
(2014). Energy saving technologies in production complexes for agricultural purpose.
Bulletin of NU "LP" "Theory and practice of construction*], 781, 230 - 233.

94



"Enepzemuka i asmomamuxa'’, No6, 2021 p.

9. Gumen, O., Spodyniuk, N., Ulewicz, M., Martyn, Y. (2017). Research of thermal
processes in industrial premises with energy-saving technologies of heating. Diagnostyka,
18 (2), 43 — 49.

JOCJIIIAKEHHSA MIHEBMOTPAHCIIOPTEPA JIUISI HIEPEBAHTAKEHHSA
HHAJIMBHUX ITEJIET
H. A. Cnoouniok, JI. Il. I'opoauenko

AHoTaniAa. [locmitinuii  po36UmMox  azpapHo2co  CceKkmopy KpaiHu  00380JI€
8UCOMOBNIAMU DIONATUBO, MaKe K NAIUGHI nejlemu, 3 8l0X00i8 ClbCbKO20 20CN00aApCcmad
— conomu, KyKypyo3u ma JYWNuHHA coHsAwHuka. [Ipome mpancnopmyeanus nanu@Hux
nenem € docums enepeozampamuum. Ilpoyec ix 3aeanmadsicenus i pO36aHMAN*CEHH,
nepeseseHHs: Ha BeluKki iOCmani nompedye CKIA0OHO20 MEXAHI308AH020 O00JAOHAHHS.
3acmocyeanua nHeeMamMuyHoO20 mMpawcnopmepa  OJisl  NEePeBaHMAdN}CeHHs 3ePHOBUX
003601UMb AKICHO 3a0e3neyumu mpaHCnopmy68anHs NATUSHUX neiem.

Memoto cmammi 6yno oOocrioumu pobomy HHeBMAMUYHO20 MPAHCNoOpmepa O
NepesaHmaNiCeHts NAIUSHUX neiem, GUIHAYUMU ONMUMAIbHI NOKASHUKY, SKI 6NIUEAIOMb
Ha nioguujeHHs NPOOYKMUBHOCMI NHeBMOMpPAancnopmepa.

OcKinbKu nanugHi neiemu, K CUPOBUHA, 3a CMPYKMYPOK NOOIOHI 00 3ePHOBUX
KYI6myp, mo 0y10 npo8edeHO0 OO0CHIONCEeHHS NHEeBMAMUYHO20 MPAHCNOPMEPA 3ePHOBUX
1IT3-25. Byno ompumaHo 3anexcHicms NpoOyKMUBHOCMI NHe8MOMpaucnopmepa 6io
sucomu niotomy h, m ma 008xcunu mpyoonpoeodis L, m.

Ompumani pe3yriomamu noKa3aiu, wo npu 3MeHUeHHi 008*CUHU MPYOONPOBoodis 6
yomupu pasu ma eucomu niotuomy 6 08a pasu npooyKMueHiCmb NHEGMOMPAHCnopmepa
30itbumscs 6 1,15 pasu.

KuawuoBi  cioBa:  nanueni  nenemu, HHEGMAMUYHUI  MPAHChOpmep,
npPoOyKmMueHicmb

NCCIEJOBAHUE IHEBMOTPAHCIIOPTEPA JISI TIEPET'PY3KHN
TOIIVIMBHBIX IEJJIET
H. A. Cnoounox, JI. I1. I'opbauenko

AHHOTAUMA. [locmosnnoe pazeumue azpapHo20 CeKmopa CmpaHvl HNO3680151em
npoussooums OUOMONIUBD, MAKOEe KAK MONIUBHbIE Nelembl, U3 OMX0008 CelbCKO20
X03A1cmea - CONOMbl, KYKYpY3bl U uienyxu nooconrneynuxa. OOHaKo mpancnopmuposku
MONIUBHBIX Neiem 00CMAamoyHo dHepeozampamusie. Ilpoyecc ux 3azspy3xu u pasepy3sKu,
nepego3KU Ha OOabWwiUe PACCMOAHUA Mmpebdyem  CIOHCHO20 — MEXAHUUPOBAHHO20
obopyoosanus. Ilpumenenue nneemamuuecko2o mpancnopmepa 0is nepecpy3Ku 3epHOBbIX
N03801UM KA4eCMEEeHHO obecnedums MpaHCnopmuposKy MmonIueHsIX nejlien.

Lenvio cmambu OvLIO Uccred08amb pabomy NHeBMAMuU4ecKkoco mpancnopmepa 0ns
nepecpy3Ku MONJIUGHBIX Nelen, Onpeoenums ONMUMANbHble NoKa3amenu, Komopule
BNUSAIOM HA NOBbIULEHUE NPOU3BOOUMETbHOCINU NHEBMOMPAHCHOpmepa.

Ilockonvbky monnusnvie nennemvl, KAk cvlpbe, N0 CMPYKmype noooOHble 3epPHOBbIM
KVIbmypam, mo Obllo NpPOBeOeHO UCCIed08aHUe NHeBMamuiecKkoeo mpancnopmepa
sepnogvix  IITC-25. buvina NnoJyYeHa  3a6UCUMOCHIb npouU3B800UMenbHOCMU
nHeeMompancnopmepa om evicomul noovema h, m u onuner mpybonpoeooos L, m.
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llonyuennvie pe3yromamol nOKa3aiu, Ymo npu yMeHbUeHUU OIUHbl MmpyOOnpo8o0os
8 Yemblpe paza U B6bICOMbl nOOvbeMd 6 08a pasd, NPOU3BOOUMETbHOCHb
nHesmompancnopmepa yeeauuumces 6 1,15 pas.

KiloueBble cioBa: monauenvle neiiemvl, NHEGMAMUYECKU Mpancnopmep,
npou3600uUmMeIbHOCmb
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