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Summary. The article presents experimental investigation
of the influence of worm conveyor load index and screw
pressure by fuel column on the working conditions of the
transport gasifier feeder with pellet burner.
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INTRODUCTION

The decrease of expenses for transportation
by industrial vehicle can be achieved by partial
transformation into local alternative fuels use [
Samylin 2005]. This could be performed by
equipping the vehicles with the producer plant
system generating producer gas from the
agricultural wastes, forest and wood processing
industry. The global vehicle park concentrated in
this sphere is 10 - 120 billions items. [Geletukha
1998, Samylin 2005].

Currently, all the professionals who are
interested in the technology and design of transport
gasifiers, face a shortage of technical information
[Ovsyanko 2007, Fomin 2005, Yudushkin 1955,
Obemberger 1998, Shchadov 2007].

OBJECTS AND PROBLEMS

Development of the transport gasifier
construction is connected, first of all, with the
choice of the original fuel. The analysis of the
current literature shows that pellets should be
considered as the most promising solid fuel for
transport gas generator. Straw, sunflower and
buckwheat husks, canola, hemp, wood wastes are

the raw material for the pellets production
[Geletukha 1998, Obemberger 1998].

For pellets gasification a pellet burner is
used. The conveying body of it is the screw [Hasler

Ph, Jorgensen 1996].

Fig. 1. The scheme of the screw feeder of transport gasifier
with the pellet burner: 1 — hopper - turner; 2 — loading hatch; 3
— hatch cover; 4 — discharge window; 5 — bearing assemblies;
6 — upper ribbon screw shaft; 7 — transient ribs-blades;
8 — ribbon screw; 9 — actuator; 10, 11 — drive wheels;
12 — lower entire screw; 13 — housing
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To transport fuel to the pellet burner we have
developed and patented the scheme shown in fig. 1
[Samylin 2005, Yudushkin 1955, Tokarev 1955].
The basic working elements are: the upper ribbon
screw 8 in the hopper 1 low entire screw auger 12
in the housing 13. The fuel is transported from the
hopper 1 by the ribbon screw 8 into the housing 13
through the discharge window 4. Further the fuel is
transported with screw auger 12 into the pellet
burner.

To get into the combustion zone, the fuel
must rise to a certain height. A pillar of fuel,
putting pressure on the lower screw, may change
the terms of its operation. Simultaneously the
working conditions of the lower screw will be
affected by the coefficient of filling it with fuel.

The purpose of the work was to study the
joint effect on the lower screw, which is a part of
the gas generator feeder, the coefficient of filling
the screw and pressure on him by the rising pillar
of fuel.

Wood pellets were used for the research.
Their physical and mechanical properties are
shown in table. 1.

Table 1. Physical and Mechanical Properties of the Pellets

Properties | Numbers
Friability:
Coefficient of internal friction, 0,3076
Coefficient of internal shear , fo 0,3307
The angle of repose, *0 hail 25
Efficient angle of friction, e 0,3255
Mobility Index, ™ 0,0554
The bulk density of compacted pellets, 690
kg/m3
The coefficient of friction at rest:
on steel fe 0,671
on plastic fi 0,444
Bridging:
Bridging holes diameter 40
Fluidity:
Diameter of the outlet, mm 41
Discharge coefficient 0,315
Exhaust velocity cm3 / min. 15

The design parameters of the lower screw:
screw housing diameter - 80 mm, diameter of the
screw on the outer edge - 60 mm, the step of the
auger thread - 60 mm, the diameter of the screw
shaft - 20 mm. The frequency of rotation of the
lower auger - 80 rev/min (constant in all the
experiments). The fill index of the lower screw
was ranged between 0.2 - 0.6 by changing the

frequency of rotation of the upper ribbon screw.
Discharge window size between the upper and
lower screws remained constant at 55 mm.
Discharge window size was taken from the
experimentally defined diameter of bridging holes
- 40 mm. Through the hole of less size the fuel is
not flowing.

To the output end of the housing, where the
lower screw is situated, we fixed the pipe
simulating the lift part of pellet burner. Nozzle
height is 250 mm. The pipe had a calibration scale
of fuel lifting height, mm. The calibration of pipe
was pre-made, determining the mass of fuel
corresponding to different heights it goes up: 10,
20, 30 ... 250 mm. With the ribbon screw the fuel
from the tank - agitator was evenly fed into the
housing of lower screw till jamming of the lower
screw. At the time of jamming of the lower screw
the power of the setting was turned off. After that
we fixed the height of the pillar of fuel referring to
the plate where the housing of the lower screw was
installed. The pipe, filled with the fuel, was
removed, and fuel was weighed. Critical pressure
of the fuel on the lower screw, at which the
jamming of the lower screw took place, was
defined as the ratio of the mass of fuel in the
nozzle at the jamming moment (G,,) to the efficient
surface square of the screw (F):

p, =—m (1)

When the diameter of the screw on the outer
edge is 60 mm and the diameter of the screw shaft
is 20 mm F = 2400 mm’.

The performance of the screw feeder was
determined with the ratio:

n=—, )
t
where: G — the current mass of the fuel in the
pipe, corresponding to a given height of its
healing;
t — the lifting time of fuel to this height.
Current pressure of the fuel on the screw was
calculated by the equation:

G
P= = 3)
Experiments have shown that as the loading
index of the lower screw increases from 0.2 to 0.6
so the maximum height of fuel healing in the
nozzle decreases rapidly, and the most intense as
increasing the loading index from 0.2 to 0.4.
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When the loading index of the lower screw is
0.2 the maximum height of fuel healing is 190 mm,
with a loading index 0.4 - 90 mm, with a loading
index 0.6 - 70 mm (fig. 2).

Maximum height of fuel healing,mm

200

150
N
N\

100 <
\\
50
0
0,2 0,4 0,8

Loading index of the lower screw

Fig. 2. The influence of the lower screw load index on the
maximum lift height of the fuel in the pellet burner

Similarly, as the loading index of the lower
screw increase the maximum mass of the fuel in the
nozzle changes (fig. 3) and the maximum fuel pressure
to the lower screw (fig. 4), defined with the formula (1).

The observed deeds in the lower screw acting
can be explained by using the basic principles of the
theory of passive areas. Passive areas are formed on the
auger surface of the screw. In the passive areas the fuel
particles with the friction forces are pressed against the
surface of the screw and are not transported, rotating
along with the screw. When the height of the pillar of
fuel over the screw increases the mass of the fuel over
the screw and the fuel pressure at the screw increases.
As a consequence, the friction between the auger
surface of the screw and fuel enlarges. The increase of
the friction between the surface of the screw and the
fuel enhances the passive area on the screw.
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Fig. 3. The influence of the load index of the lower screw on
the maximum weight of fuel in the nozzle over the screw
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Fig. 4. The influence of the load index of the lower screw on
the maximum fuel pressure on the screw

Having passed the passive area, the fuel
particles are moved back through the screw shaft,
thus reducing its efficiency. At some critical
loading index of the screw and a certain critical
pressure fuel on the screw the fuel volume,
thrown-back over the screw blades will exceed the
amount of the fuel transported forward. In this case
the jamming of the screw will inevitably happen.
To jam the screw to beat the working space around
two or three outgoing blades is enough. This
supposition is confirmed by a recorded video of the
operating process and jamming the lower screw,
and also the decrease of the screw productivity
with rising fuel pressure on it (fig. 5). Before the
jamming the screw outgoing blades extensively
stoke the fuel back, and the intensity of such
abandonment strongly increases with the lower
screw load index increase.
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Fig. 5. The effect of fuel pressure on the screw (P) on the
feeder performance of the transport gas generator with pellet
burner at the loading index of the screw 0.2
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Thus, while designing the screw feeder it is
necessary to consider the pressure of fuel in the
pellet burner on the screw. The range of the
influence of fuel pressure on the feeder functioning
is highly dependent on the loading index of the
screw. With the increase of the loading index of
the screw, the maximum allowed fuel pellet
pressure on the screw is reduced considerably. The
higher pressure leads to screw jamming. With
increasing fuel pressure on the screw, the feeder
performance is greatly reduced.

CONCLUSIONS

1. The approach of constructing was proved
in the frame of the planned experiment of the
regressing dependence of the screw auger
performance on the following factors: the loading
index of the screw, fuel pressure on the screw,
screw angle to the horizon, the frequency of
rotation of the screw.

2. At increasing the loading index of the
conveying screw, the allowable fuel pressure on
screw is greatly reduced, and, consequently, the
allowable height of the fuel healing. With the
loading index of the screw 0.2, the allowable fuel
pressure on it is 0.35 g/mm2, with the loading
index of the screw 0.3 - 0.23 g/mm2, with the
loading index of the screw 0.4 - 0.14 g/mm2, with
the loading index 0.6 - 0.09 g/mm2.

3. The recommendations on the limiting the
loading index of the screw while increasing the
fuel pressure on the screw are general in nature and
could be implemented for screws of any diameter.
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OCOBEHHOCTH PABOTBI IIHEKOBOI'O
MUTATEJISI TPAHCIIOPTHOI'O
T'A30T'EHEPATOPA C IEJUIETHOHN
T'OPEJIKOI

Jlapuca I'ybauesa, Anexcanop Anopees,
Jlapos Lllesuenko

AHHoTanus. B pabore 3KCIIEpUMEHTaILHO MHCCIIEIOBAHO
BiIMsIHYUE KO3 duLMeHTa 3arpy3ku BUHTOBOI'O TPaHCIOpTEpa U
JIaBJIE€HHsT CTOJIOA TOIUIMBA HAa INHEK HAa YCJIOBUS pabOThI
MUTaTeNsd TPAHCIOPTHOrO Ta30reHepaTtopa ¢  IENJIETHOH
TOPEJIKOM.

KnroueBrie cnoBa. IlemneTsl, MpOMBIIIIEHHBIH TPAaHCIIOPT,
TPAHCIIOPTHBIN Ta30reHepaTop, aBTOMATHUYECKAas IEJIETHAS
ropeska, CIUIOIIHOMN IIHEK, JeHTOUHBIH IIHEK.



