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Abstract

The heating value of synthesis gas derived as a result of the fuel gasification can vary depending on various
factors. The main factors that affect the process of gasification is the fractional composition of wood; the amount of
air fed to the gasification chamber; the height of the active layer and a series of other factors, dependent on fuel which
is gasified and parameters of the gasifier. Any type of wood has to be to ground up for subsequent thermal processing.
Depending on the production necessity, wood is ground up to technological chips of different fractions by chipping
machines (also called wood chippers, shredder). The choice of chippers type depends on the need. Modern chipping
machines allow making fine tuning of the source material by wood size. Considering the deficit and cost of energy
carriers to the forefront using waste of wood chippers as fuel for gas-generator installations and solid fuel boilers.

Keywords: calorific value of synthesis gas; gas-generators installation; wood gasification process; fractional
composition of wood.

1. Formulation of the problem

Physical and mechanical properties of chopped wood, except bulk weight, are no different from the properties of
wood. The main difference of any loose material on the whole lies in the discrete nature of its particles (sawdust,
shavings, speck of dust). In this connection, weshould consider the physical and mechanical properties of individual
particles and properties of the whole mass of the loose material. The moisture in the wood affects the physical and
mechanical properties of wood in any of its kind. Even at higher wood moisture content of 14—16 % water acts as a
lubricant at a given mechanical impact, especially during fragmentation and crushing when the pieces or particles are
relatively large. At very low moisture content of wood (less than 4.5 %), water forms thin films in wood thickness. In
this state, the wood becomes brittle, breaks easily and is easily shredded [1, 2]. At various operations with loose waste,
we have to count certain other technical processes such as gasification, burning, etc.

2. Analysis of recent research and publications

In the process of gasification or burning of wood, particles size plays an important role. For calculations
convenience and simplification, loose materials particles form is supposed to be spherical. In fact loose particles of
wood differ in form from the sphere. Therefore the concept of equivalent diameter is introduced, i.e. linear particle
size, equivalent to the diameter of the respective sphere.

The equivalent diameter of particles is determined by sieve analysis [1] as follows:

where d; is average sieve holes diameter; & is number of primary fractions in the layer on dispersion size; x; is mass
share of the fraction;
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The average diameter d; is defined by the formula

- | didi @)
! d +d,

where d; and d; are determined in accordance with the size of holes of passable and impassable sieves.

If the particle sizes are determined experimentally and they are very different in form from the sphere, the
equivalent diameter of the particles can be determined by the formula:

d =§D'd,<a (3)

e

where ¢ is factor or form factor; d, is diameter sphere, the amount of which is equivalent to the volume of the particle.

If the volume of the particles is equal to ¥, then when V=V, diameter sphere is equal to

v
d, = |—2—. “4)
0,524

For spherical particles ¢ =1, round ¢ = 0.75, shapeless ¢ = 0.66, oblong ¢ = 0.58, lamellar ¢p =0.43.

Taking into account the fractional composition and amount of wood needed in this technological process, we
choose a PM-5P shredder. Shredder is equipped with a pneumatic conveyor or belt conveyor for the removal of chips,
grinding device, control device to resize chips (chips size is adjustable — length from 10 mm to 40 mm, width 7 mm to
20 mm thickness from 1.5 mm to 5 mm).

3. Aim of the research

The research is aimed at studying the effect of chopped wood particle size on gasification process and a lower
calorific value of synthesis gas.

4. Results of the research

Analysis of the impact of input parameters, one of which is the fractional composition of wood, the calorific
value of synthesis gas will help us find optimal regime parameters for gasification and laboratory gas generator,
which allows developing technology for the gasification process and the constructive scheme for the industrial gas
generator installation.

For the experimental research and the development of wood gasification process into gaseous fuel, a gasifier
with a continuous layer has been designed [3].

The problem was to find dependence of lower synthesis gas calorific value on particle size of the chopped wood
supplied to the gasifier, the amount of air and the amount of fuel in the gasification chamber.

In order to establish the nature of the variable factors influence on net calorific value of synthesis gas, the three-
level plan (B;) [5-7] was Used. Levels and intervals of factors change are shown in the Table 1.

Table 1. Levels and intervals of factors change

Factors Factor designation Levels of factor changing erval of £ .
natural | normalized | (-1) | (©) | (+1) val of factor changing
Size of the wood particles, mm ! X1 10 30 50 20
Amount of air, nm’/hr G X2 40 65 90 25
Amount of fuel in the gasifier reactor, % q X3 50 75 100 25

It has been established that the highest calorific value of synthesis gas is reached during the gasification of wood
with a particle size of 30 mm (Fig. 1), the amount of air 65 nm*/hr, fed into the gasification chamber, and the amount
of fuel 75 % of the total volume of the reactor.
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Fig. 1. Dependence of synthesis gas net calorific value on particle size of chopped wood during pine wood gasification

During the wood gasification (pine) with decreasing particle size from 50 mm to 30 mm, gas temperature at the outlet
of the gasifier decreased. The rate of gasification process increased, which eventually led to a significant increase in
productivity a gas generator and to a significant increase in the output of wood gasification of liquid products while
increasing net calorific value of synthesis gas. Increased wood chopping leads to an increase in the surface, providing a
significant heating rate of particles of wood and allocation of decomposition products on its surface. But with decreasee in

the timber particle size from 30 mm to 10 mm, we could observe decrease in net calorific value of synthesis gas because of
the high density of fuel layer which in turn reduces the intensity of the gasification process.

As a result of experimental research [4] using B-plan (B;) dependence of the net calorific value of synthesis gas

(OFm1 /m?), for the process of wood gasification on such factors as: size of the wood particles 1 = 10, 30, 50 mm;

amount of air G = 40, 65, 90 nm’/hr; amount of fuel in the gasifier reactor q = 50, 75, 100 % has been established.

Calculation of the regression coefficients bj;, Cochran criterion G, and Fisher criterion F, [5-8] for pine wood are
provided in Table 2.

Table 2. The results of calculation of the regression coefficients, Cochran and Fisher criterions

bO bl bZ b3 bl 1 bZZ b33 blZ bl3 b23 GT Gp FT Fp
9.73 0.87 0.14 0.11 -1.50 -0.52 -0.27 -0.02 -0.01 0.02 0.48 0.095 2.5027 0.2554
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Fig. 2. Dependence of heat of synthesis gas combustion on chopped wood size determined by regression equation

Dimensions of the particles of wood I, mm

with the given amount of air (G = 70 m*/hr.) and the amount of wood in the gasifier reactor (q = 80 %)
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As a result of B;-plan implementation, mathematical description of the object in a second order polynomial was
obtained:

0=-1,5562+0,2726-1+0.11256-G +0.06772- g —0.00375-1* —0.000832- G* —
—0.000432-¢> —0.00004 - /-G —0.00002 - ¢ +0.000032-G - q;

)

Table 2 shows that G, < G;(0,095< 0,48), experiments can be considered reproducible.
F, < F;(0,2554< 2,5027) — the model is considered adequate and can be used to describe the object.

5. Conclusions

The degree of wood chopping has been shown to significantly affect the gasification process. A significant
increase in wood particle size (/>50 mm) leads to a decrease in the intensity of wood gasification process. During the
gasification of wood chips of various degree of shredding, liquid products output changes (the smaller the wood
particles the greater the output of total resins of absolutely dry wood weight). The obtained regression equation could
be the basis for the process under study and rational process control. With equation of dependence of inputs on the
original setting, we can predict every possible parameter for the estimation of the process under study at any values of
the factors that are between the upper and lower levels.
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Bu3znayeHHs BILIMBY (PPaKUiHOIO CKJIAAY AePeBHHH HA rasuikamiro

Crenan Jluc, Mocud Mucax, Tapac Kpagens

Hayionanvnuii ynieepcumem «Jlvsiscoka nonimexuixay, ¢yn. C. banoepu, 12, Jlveis, 79013, Vkpaina

AHoTalia

TennorBopHa 371aTHICT CHHTE3-Ta3y, OTPUMYBAHOT'O B pe3y/IbTaTi razudikaiii naauea, MoXe 3MiHIOBATUCS 3aJIEKHO
BiJI pi3HuX pakropiB. OCHOBHUMH (paKTOpaMH, sIKi BIUTHBAIOTh Ha razudikarito € GpaxkuiiiHuii ckia 1epeBUHH; KUTbKICTh
TIOBITpSI, TTOIAHOTO B KaMepy rasudikaliii; BUCOTa akKTUBHOIO IMIapy 1 HU3KH 1HIIUX (haKTOpPIB, 3JIEKHHX BiJ| TaJIMBa, SIKE
razudikyeTtbes, 1 mapameTpiB razudikatopa. bynb-sKy qepeBHHY Ui MONAJIBIIONO TEPMIUYHOrO MepepoOIeHHs TOTPiOHO
NoAPiOHKUTH. 3aJIeKHO BiJl BUPOOHNYO! HEOOXIHOCTI AEPEBUHY TOAPIOHIOIOTH JI0 TEXHOIOTIYHOI TPICKH PI3HUX (paKIlii
PYOHIBHMMH MalMHaMU (iX I1le Ha3MBAIOTh AEPEBHUMHE JpodapKaMu, Ipeaepamu). Bubip pyOmbHOI MallliHU 3aJIKUTh
Bij BUpoOHMYOI HeoOximHocti. CydacHi pyOWIbHI MallMHU JI@l0Th 3MOTY POOHMTH TOHKE HAJIAINTYBAHHS BHXIIHOIO
Marepiajly 3a po3MipoM JepeBHHHU. 3BaXkalouM Ha Je(iluT i I[iHYy €HEeproHOCIiB, IEpIIOYEepProBUM CTa€ BUKOPUCTAHHS
No/IpiOHEHKX JIEPEBHUX BiIXOIIB SIK MAJIMBA IS ra30reHepaToOpHUX YCTAHOBOK Ta KOTIJIIB HAa TBEPIOMY MaJIHBi.

Karo4oBi cioBa: TeruoTBopHa 37aTHICTh CHHTE3-ra3y; ra30r€HepaTopHi yCTaHOBKH; ra3udikallis AepeBUHH;
(dpakuiitHuii cKiIa JepeBuHH.



