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MATHEMATICAL MODELING OF THE CRUSHED WOOD PARTICLES
MOVEMENT IN PNEUMATIC TRANSPORT SYSTEMS

At industrial enterprises of the woodworking industry transport pneumatic systems (TPS) are
used to remove air contaminated with small wood waste, followed by its aspiration with the help
of cyclones [1, 2]. The transportation of crushed material with the help of TPS is carried out due
to the flow of air moving through the pipelines. TPS make it possible to transport crushed material
along a complex trajectory, collect material from various loading devices and hard-to-reach places,
and protect the environment from gust pollution during transportation.

The main disadvantage of TPS is the high specific consumption of electricity, which is
determined by the speed of the airflow in the pipeline, the need to separate the material from the
air at the end of the transportation route [1, 2].

In this article, an attempt to describe the main concepts of the pneumatic transportation process
is made.

The basic concepts in the theory of pneumatic transport are transportation speed, the speed of
floating (soaring) of a part and the starting speed of movement of a material particle.

When analysing the movement of dust particles along the TPS pipeline, the following main
sections should be distinguished (Fig. 1):

- movement along the vertical section;

- movement along a horizontal section;

- movement in the elbow (ell).

It is assumed that a dust particle in a vertical pipeline will move if the value of the air flow
speed exceeds the soaring speed of the particle.
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Fig. 1 — Movement of a particle in a vertical (a) and in a horizontal (b) pipeline;
the nature of the movement of dust particles in a horizontal pipeline (c):
1 — movement along an indirect line; 2 — movement along a curvilinear trajectory.

The force F with which the flow acts on the particle is determined by the dependence:
F:CF-S-%-VZ ()

where Cr — the resistance coefficient, which depends on the shape of the particle;

S — the area of the projection of the particle on the plane that is perpendicular to the flow
direction;

pn — air density;

V — the speed of air flow.
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In order for a particle to move in a horizontal pipeline, the force with which the air flow acts on
it must be greater than the sum of all other forces acting on the particle. It is believed [2, 3] that
reliable transportation is possible in the case when the flow rate in the pipeline is greater than the
starting speed of movement of the particle.

A particle lying at the bottom of the pipeline is affected by the force F of being captured by the
flow, the force of gravity G, the force of friction Frp and the lifting force P, which are determined
by the following dependencies:

where pq — the dynamic pressure; & — the aerodynamic coefficient.
F,=G-f, (3)

where f — the coefficient of friction of the wood against the pipeline wall.

The nature of particle movement in a horizontal pipeline depends on such parameters as the
mode of movement and speed of air flow, weight and shape of the particle. Possible trajectories
are presented on Fig. 1, c.

A more detailed analysis of the causes of pressure decrease during pneumatic transportation is
made in the work [3] (Fig. 2), where the following main components are highlighted. Pressure
decrease, which is caused by friction of the flow against the walls of the pipeline 4p.. The value
of the pressure decrease increases in proportion to the square of the flow rate. The decrease 4pr,
which is associated with the slowing down of the movement of particles near the walls of the
pipeline and the need for their further acceleration. The decrease Apr, which is caused by the
interaction of particles with each other in the air flow. The total pressure decrease dependence
curve in the pipeline is shown by the Apio curve.

\ Apro=ApL+Apr+Aprot

Fig. 2 — Graphs of pressure decrease for components of total pressure

The movement of dust and air flow in the ell is the most complex and therefore requires a more
detailed study.

When the air flow moves through a curved channel, the velocities of the flow particles decrease
with increasing radius of curvature and, as a result, the pressure near the inner wall is lower than
near the outer wall. The uneven distribution of the flow velocity value will lead to an increase in
the influence of such forces as aerodynamic, ejective, and Magnus forces, which are usually not
taken into account when modelling the process of pneumatic transportation [3, 4].

These phenomena determine the nature of losses in a curvilinear flow, which consist of
frictional losses; losses associated with the occurrence of paired vortices; and losses caused by the
presence of local flow separations. The latter have the largest relative magnitude, and friction
losses account for the smallest share of total losses.
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CYYACHI TEHJEHIIII BAKOPUCTAHHS T'APOIMIYJbCHUX
BIBPOPO3BAHTAKYBAJILHUX ITIPUCTPOIB HA ABTOMOBLIIbHOMY
TPAHCIIOPTI

KommiekcHa cucrema Mexanizaiii i aBToMaTH3aii TpyJOMICTKUX PO3BaHTaXyBAIBHUX POOIT
ABIISETHCS HAWBAaXUIMBIIIUM 3acO00M 30LUIBIIEHHS MPOJYKTUBHOCTI TMpalli, MiABUIICHHS
NPOMYCKHOI 37aTHOCTI (PPOHTIB 1 PO3BAHTAKEHHS PYXOMOTO CKJaay Ha aBTOMOOLITHBHOMY
TpPaHCTIOPTi. ABTOMOOUIBHUN TPAHCIIOPT BUKOHYE MEPEBE3CHHS BEIUKOI KITBKOCTI PI3HUX THUIIIB
BaHTaXIB, II0 BKJIIOYAIOTh B ce0e Sk HacumHi Tak 1 HaBamouHi. Jlo 57% Bcboro 00'emy
aBTOMOOUTHHMX IIe€peBe3eHb BaHTaXIB B HAIIMM KpaiHI IEepPEeBO3UTHCS aBTOMOOLISIMHU-
CaMOCKHJaMHU. 3 METOIO TIOJIETTIEHHS PO3BAHTAXYBAIBHUX POOIT, CKOPOUYEHHS Yacy MpPOCTOIO
aBTOMOOLTIB-CAMOCKH/IIB 1 TOJIMIIEHHS yYMOB Hpali MiJ pO3BaHTaXyBaJlbHUMHU OIEpallisiMU
3aCTOCOBYIOTh  DPI3HE€ pO3BaHTaXyBaJlbHE yCTaTKyBaHHsA. Bubip 3aco0iB  MexaHizarii
PO3BAaHTAXXYBAIBHUX POOIT BU3HAYAETHCS 3aJI€KHO B1Jl BUAY BaHTaXy 1 HOro (hi3MKo-MeXaHIYHUX
BJIACTUBOCTEH, a TaK0XX TUIy TPAHCHOPTHHUX 3aco0iB 1 00'eMy BUKOHYBaHHX poOiT. HaiiOunbin
NEepCHEeKTUBHUM € 3MiHHE HaBICHE TifpaBiiyHe 00JaJHaHHS, 10 OOYMOBJIEHE MPOCTOTOIO
KOHCTPYKLi, KOMIIAKTHICTIO, BUCOKOIO €HEPrOEMHICTIO, IIMPOKUM Jlalma30HOM peryIroBaHHs
po6OYMX MapaMeTpiB Ta MOXKIIUBICTIO pOOOTH B aBTOMAaTH30BAaHOMY PEKUMI.

Jng migBumieHHd eQEeKTUBHOCTI pO3BAHTAXEHHSI 1 OYMILEHHS Ky30BiB aBTOMOO1IIB-
CaMOCKU/IIB MIPOTIOHYEThCS 3acTOCOBYBaTH BiOpauii [1, 3] abo nepioanyHi yapu NpUKIAAEH] 10
BaHTAKOHECYUYOTO Ooprany [2, 4].

KoHcTpykTuBHA cxema BiOpOyIapHOTO MPUCTPOIO JUIS PO3BAHTAKEHHS 1 OUMIICHHS Ky30Ba
caMOCKH/la TIoKa3zaHa Ha puc. 1, a, 6, e BUKOHaBUMN opraH 3 3aKkpillJieHUi Ha AHUI Ky30Ba 2
aBTOMOOLISI-CAMOCKHIa.

VY 3B’SM3Ky 3 THM, L0 JHHUIIE Ky30Ba 2 aBTOMOOUIsA-caMOCKHIa Mae pedpa >KOPCTKOCTI,
e(eKTHUBHICTh 3aCTOCYBAaHHS TaKOTO MPHUCTPOIO JyXke HHU3bKA. A TaKOX BUKOPUCTAHHS TAHOTO
METO/Iy PO3BaHTAXEHHS OTPeOy€e CTBOPEHHS TOJATKOBOTO IPUCTPOIO y BUTJIISII IHEPIIHUX Mac
3 IPY>KHUMH €JIeMEHTaMHU 1 MOKJIMBICTIO BOY/I0BH B HHOT'O KYJIBKOBOI'O KilamaHa-myJjbcaropa 9,
10 CIIPUYHMHSIE JOJATKOBI 3HAYHI TPOIIOBI BUTPATH.

VY 3B’s3Ky 3 IIMM OyJ10 3alpOIIOHOBAHO BUKOPUCTOBYBATH 0a30BUil TiJpONpUBO] aBTOMOOLIS-
CaMOCKHJIa, B SKOMY 3a paxyHOK CTBOPEHHs B JI0JJaTKOBOMY poOo4YoMy BiOpaiiiiHOMy
TIAPOUMIIHAPI 5 TMyJIbCYIOUOTO0 THUCKY BiJ 3arajbHOro TiJpoHacoca 4, 3a JIOIOMOIOIO
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