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THE MATHEMATICAL MODEL OF THE TRACTION
FORCE COEFFICIENT OF THE CONVEYOR ON AN AIR
CUSHION WITH SLOPING ROUND CHANNELS

Maxim Pronin

Volodymir Dahl East-Ukrainian National University, Lugansk, Ukraine

Summary. Using the methods of ideal liquid
aerodynamics and the theory of machines on an air cushion,
the mathematical model of the traction force coefficient of the
conveyor on an air cushion with sloping round channels is
obtained. Compare the results of the modelling and the
experimental research of the traction force coefficient of the
conveyor on an air cushion with sloping round channels is
carried out.
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INTRODUCTION

Conveyors on an air cushion with sloping
round channels (fig. 1) are a special type of
industrial transport, which can be used for:

- transportation of products in the
assembling process;

- transportation of loads in warehouses
and logistics centres;

- transportation of products through the
heating, baking, drying ovens and
cooling chambers.
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Fig.1. Conveyor on an air cushion with sloping channels:
1 - air receiver; 2 - nozzle; 3 - channel; 4 - pallet; 5 - guide

Despite the existence of such advantages as:
the simplicity of construction, high reliability,
quiet operation, safety of operation in an explosive
environment, the possibility of combining the
process of transportation and the thermal
processing of loads, wide application of conveyors
on an air cushion with sloping round channels do
not have. One of the reasons of this fact is the lack
of study of these conveyors, in particular their
traction qualities, the main indicator of which is
the traction force coefficient.

ANALYSIS OF THE PUBLICATIONS.
THE AIM AND TASKS OF RESEARCH

Conveyors on an air cushion studied in the
scientific works of Bitukov V., Kolodezhnov V.
[Bitukov 1979; Bitukov, Kolodezhnov 1979],
Khanzhonkov V. [Khanzhonkov 1975, 1981], Pang
M. [Pang, Zhang, Ni 2005], Rabochiy G., Redko
A., Turushin V. [Redko, Turushin 1997; Turushin,
Rabochiy 1978; Rabochiy, Turushin 1983;
Turushin, Redko 1997], Song R. [Song, Ni, Zheng,
2006 ] and other scientists. However, conveyors
with sloping channels in these works are not
considered.

The scientific works of Lu J., Huang G., Li
S. [Lu, Huang 2008; Lu, Huang, Li 2009], Yun L.,
Bliault A. [Yun, Bliault 2000], Zalewski W.
[Zalewski 2003], Zhou J., Guo J., Tang W., Zhang
S. [Zhou, Guo, Tang, Zhang 2009; Zhou, Tang,
Zhang 2009] are devoted to research of aircraft and
ships with support devices on an air cushion. But,
taking into account the principle differences
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between the conveyors and aircraft or ships, use
the results of these works to determine the
characteristics of the conveyors on an air cushion
is not possible.

In work of Ztoto T. and Nagorka A. [Zloto,
Nagorka 2007] the results of investigation of the
pressure distribution of oil film in the variable
height gap between the valve plate and cylinder
block in the axial piston pump are presented.
However, due to the fact that the air and oil have
different physical properties, the results of this
work may not be used in the study of conveyors on
an air cushion.

In work of Dreszer K.A., Pawlowski T.,
Zagajski P. [Dreszer, Pawlowski, Zagajski 2007]
the process of grain relocation with screw
conveyors is investigated. Conveyors on an air
cushion in these works are not studied.

Taking the above into account, the aim of
this article is to obtain a mathematical model of the
traction force coefficient of the conveyor on an air
cushion with sloping round channels. To achieve
this aim it is necessary to solve the following tasks:

- mathematical modelling of the traction
force coefficient of the conveyor on an
air cushion with sloping round
channels;

- experimental checking of the results of
the mathematical modelling.

THE DECISION OF THE RESEARCH TASKS

The traction force, which acts on the load,
transported by conveyor on an air cushion with
sloping round channels, can be determined with the
help of the law of conservation of momentum for
the volume of the liquid, limited control contour 1-
2-3-4-5-6-7-8-1 (fig. 2). Using the theory of
machines on an air cushion [Khanzhonkov 1972],
in the projection on the X-axis have:

szpV]iS]n] sing, (1)

where: p - the air density; ¥,

la

- the average
velocity of the air in the channel outlets; S,- the
cross-sectional area of the channel; », - the number
of channels situated under the load; ¢ - the slope
angle of channels to the vertical line.
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Fig. 2. Calculation scheme of the conveyor on an air cushion
with sloping round channels

On the basis of the Bernoulli equation for the
flow in the channel outlet can be found:

2 2
ol 4 J )4
Pt 3t =Pt

b

where: p,,- the average pressure in the
channel outlets; p - the pressure in an air cushion;
¥, - the speed of the airflow around the edge of the
channel outlet.
Accepting
=V, (2)

where: «,- coefficient, which takes into

account the uneven distribution of speed in the
channel outlet; can be obtained:

o= p a2 G

Substituting the expressions (2) and (3) in
equation (1) and accepting

Sim = §15 > 4)
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will have:
F, = pai1i’5,Ssing, (5)

where: S, - the relative area of channels; s -
the area of the support surface of the load.
Using the Bernoulli equation, for the part of

the flow from the receiver to the channel outlet can
be found:

2
PV
po=p+E2. (©)

where: p, - the air pressure in the receiver.

The pressure in the air cushion can be
determined with the help of the law of
conservation of momentum for the volume of the
liquid, limited control contour 9-10-11-12-13-14-9
(fig. 2). In the projection on the Z-axis have:

pVihl = p(H + h) - pHI ,
whence it follows:
p= pV22 >
where : V, - the speed of the air, coming out

from under the load; # - the thickness of the air
cushion; H - the depth of the cavity on the side of
the support surface of the load. Then the
expression (6) will have the form:

pvy

Po = PV22 + (7

The construction of the conveyor gives
grounds to assert that

ViSin, =V,S, =V,ITh,

where: S, - the area of the output slit; /7 - the

perimeter of the load; whence, taking into account

the expression (4) and designated S, =§—h,

1
v
V2 = T],
S
where: S, - the relative area of the output

slit.
In view of the foregoing, equation (7) can be

represented as:
2+ 82 ) prf
Po =( 2 J —. ®)

sy )2

Generally, the traction force can be

determined as follows:

F.=c,poS, 9)

where: c¢. - the traction force coefficient.

Substituting the expression (5) and (8) in the
relationship (9) and solving the resulting equation

on ¢, find a formula of the traction force
coefficient:
- —2“125523“ . (10)
2+,

In accordance with the [Turushin, Pronin
2007]

d
-0,5
o ~ 4R 1_2H+h[1_e MJ’ (11)

d d

where: d - the diameter of the channels.
Substituting the expression (11) to equation (10),
and also considering that

g 1 _ 2b+1)h

1TSS Spl

b

where: - width of load; /- length of load;
will have:

2
2 054
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Expression (12) is a mathematical model of
the traction force coefficient of the conveyor on an
air cushion with sloping round channels.

The results of the modelling and
experimental research of the traction force
coefficient of the conveyor on an air cushion with
sloping round channels [Turushin, Pronin 2006]
are presented in fig. 3-6 ( the modelling results are
shown as a dotted line, the results of the
experiment are shown a solid line ). As you can
see, the differences between the modelled and
experimental values of the traction force
coefficient is in the range of 0.9 - 14 % , which
indicates a satisfactory accuracy of the obtained
model.
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Fig. 3. The modelled and experimental values of the traction
force coefficient when d =4mm, S$;=1%, H=1mm
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Fig. 4. The modelled and experimental values of the traction

force coefficient when ¢ =30", §] =1%, H=1mm
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Fig. 5. The modelled and experimental values of the traction

force coefficient when @ =30°, d =4mm, H =1mm
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Fig. 6. The modelled and experimental values of the traction

force coefficient when @ =30" , d =4 mm, §] =1%

CONCLUSIONS

. The mathematical model of the traction force

coefficient of the conveyor on an air cushion with
sloping round channels is obtained. The model takes
into account the character of the velocity distribution
in the channel outlets, as well as the possible
presence of the load box-shaped support surface,
which ensures the high accuracy of the model and its
universality in relation to the configuration of a load
support surface.

. The obtained mathematical model of the traction

force coefficient of the conveyor on an air cushion
with sloping round channels adequately displays the
data of the experiment. The modelling results differ
from the results of the experiment for not more than
14 %.
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MATEMATHUYECKASI MOJIEJIb
KO2®PUIUEHTA TSIOBOM CHUJIbI
KOHBEMEPA HA BO3JIYIIHOM NOJYIIKE
C HAKJIOHHBIMM KPYT'JIBIMUA KAHAJIAMU

Maxcum Iponun

AHHOTanUs. Hcnonb3ys  MeTompl — adpOAMHAMUKH
UJleaNbHOW KUIKOCTH M TIONOXKEHUS TEOpUM allllapaToB Ha
BO3YIIHOM MOAYIIKE, MOJy4eHa MareMaTuyeckas MOJIENb
ko3 dunmenra TAroBoil cuiIbl KOHBeWepa Ha BO3JYIIHON
MOJIYIIKE C HAKIOHHBIMH KPYIJIBIMHM KaHallamH. IIpoBezneHo
CpaBHEHHE pE3yNbTaToB MOJIEITUPOBAHUS u
9KCIEPUMEHTAIIBHOTO MCCIIeloBaHus KO3 (HILeHTa TArOBOK
CHIBl KOHBEiepa Ha BO3IYHIHOH MOAYIIKE C HAKIOHHBIMU
KPYIJIBIMU KaHaJIAMH.
Knwouespie cioBa:
TATOBast CUIa

KOHBeﬁep, BO3AylIHas IMOAYIIKA,



