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Abstract. The main resources for biomass agro-ecotechnologiesare cereal straw residues, energy crops and
emergent vegetation from wetlands. The herbaceous biomass is a material with low density (20 — 60kg-ni°)
therefore new mobile equipment and technologies for biomass communition and densification have to be worked
out. The gorage, dosage and mixing before compacting is necessary. Because of this we must have a working
knowledge of the bulk properties of materials. The angle of repose was investigated of straw, reed and peat
particles. It was stated that angle of repose of straw and reed varies between 54 — 55 degrees. Angle of repose of
peat particles varies between 40 — 60 degrees. In a bin filled with solid bulk material this material actson the walls
with the horizontal stress. The stress ratio between horizontal and vertical stressis important for equipment design.
This ratio was investigated for different size partides of straw, reed and peat. Stress ratio of straw and reed
particlesvaries between ~0.6 — 0.7.
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levads

Ekonomiska un ekologiska situacija pasaule palielina atjaunojamo energijas resursu
izmantoSanas nepiecieSamibu. Attistot energftisko augu audzéSanu un lauksaimnieciskas
razoSanas atlikumu utilizaciju energijas ieguvei, samazinatos naftas cenu svarstibu ietekme uz
Latvijas ekonomiku un rastos jaunas darba vietas lauku apvidos. Apgistot racionalas
tehnologijas ekonomiskai aizauguso platibu un ezeru apauguma izmanto$anai energijas icguveli,
tiktu sakartota apkartéja vide un samazinatos ar killas dedzinaSanu saistito nelaimes gadjumu
skaits.

Izmantojamas biomasas — salmi, niedres un energgtiskie augi - ir ar mazu blivumu (20 — 60 kg
m?), kas samazina biomasu transportéianas efektivitati liclos attdlumos. Lai palielinatu
stiebraugu biomasu kurinama blivumu, nepiecieSams to kompaktet briketgjot vai granulgjot.
Ieprieks veiktie p&tijumi paradija, ka stiebraugu briket€Sana nenodroSina standartiem atbilstosu
brikeSu blivumu un noturibu. BrikeSu blivumu un noturibu var ievérojami palielinat pievienojot
saistvielas (kiidru, sapropeli u.c.).

Salmu un niedru brikeSu izturbu var palielinat pievienojot masai kudru. Izturibas
robeZspriegums bide salmu-kidras briketem ar kiidras saturu 50% palielinas 2.2 reizes.

Lai veidotu biomasu maistjumus ar noteiktu sastavu, nepiecieSams nodroSinat to sastavdalu
precizu doze€Sanu un vienmérigu sajauksSanu. Briket€jamas masas sastavdalas ir jauzglaba
tvertnés un japadod uz tehnologiskajam iekartam. Daudzas razoSanas problémas saistitas ar
masas plismu uzkrasanas un dozeSanas iekartas. Lai noveérstu materiala iespriiSanu un salipSanu
javeic pétfjumi par iekartu izméru un formas atbilstbu maisjjuma ipaSibam. Viena no tam ir
iecksgjas berzes lenkis jeb dabigd nogruvuma lenkis. Dabiga nogruvuma lenkis tiek nemts véra
pie tvertnu konusa slipuma lepka izvéles. Tvertné esosa birstosa materiala ipasibas iespaido art
virs ta eso$a materiala spiediens. No §1 spiediena materials iegiist noteiktu izturibu un, tvertnes
iztukSoSanas laika, var veidoties velves. Lai noteiktu velvju sabrukSanas parametrus glabasanas
tvertnu konusos, jazina birstoSa materiala vertikalo un horizontalo spriegumu attieciba. To var
raksturot ar $kérsspriegumu koeficientu A. ST koeficienta noteik3anai eksiste vairakas metodes.
Vienkarsaka no tam ir dabigd nogruvuma lenka metode. Uzskata, ka dabiga nogruvuma lenkis
raksturo iek$€jos spriegumus materiala, bet praks€ ir pieradits, ka iegltie rezultati ir visai
aptuveni. Otra metode, precizaka un sarezgitaka, ir tieSa Skérspiediena mérisana.
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LLU Masinu mehanikas zinatniskaja laboratorija noteiktas nobiruma lenka ¢ un sk&rsspriegumu
koeficienta A izmaipas likumsakaribas dazada smalkuma salmu, niedru un kudras dalipam
izmantojot abas ieprick$minétas metodes.

Materiali un metodes

Salmu, niedru un citu stiebru materialu brikeSu blivums un noturiba liela méra atkariga no
materiala sasmalcinaSanas pakapes. Lai ieglitu pietieckoSu brikeSu blivumu un mehanisko
izturibu, salmu dalinu izmé&ram jabit mazakam par I mm. Augsta smalcinaSanas pakape palielina
energijas patérinu brike$u razo$ana un samazina to ekonomisko efektivitati. BrikeSu blivumu un
noturibu var ieveérojami palielinat pievienojot saistvielas (kiidru, sapropeli u.c.). Ieprieks€jos
eksperimentos tika noteikts kvie§u salmu izturibas robezspriegums stiepé (118.7 + 8.63 N-mm?),
bid& (8.47 £ 0.56 N-mm?) un elastibas modulis (13.1 + 1.34 GPa).

BrikeSu izgatavoSanas procesa nepiecieSams uzglabat, dozet un sajaukt saistvielas un
sasmalcinatos stiebraugus. Lai varétu aprékinat nepiecieSamo iekartu parametrus, jazina masas
pasSibas, kuras nosaka tas mijiedarbibu ar
masiu dalam. Eksperimentali tika noteikts
nogruvuma lepkis un iek$€jo spriegumu
attiectba dazada smalcinajuma stiebru dalipam.
Petjumi tika veikti ar salmiem, niedrém un
kidru. Stiebru materiali tika sasmalcinati un,
izsijajot caur sietiem, sadaliti smalkuma grupas
ar dalipu izmériem 3-5, 2-3, 1-2, 0.5-1 un
<0.5mm.

Stiebru materiala nogruvuma lenkis tika merits
ar laboratorija izgatavotu ierici, kura sastav no
pieskares lineala 2 un lepka mérisanas skalas 3
(1. att.). Sasmalcinatais materials tika iepildits
cilindra un, pacelot cilindru uz augsu, izberts uz horizontalas plaknes (2. att.).

Eksperimenta rezultatu precizitate tika nodro$inata izdarot pietickoSu mérjjumu atkartojumu
skaitu (ne mazak par 11 atkartojumiem) un veicot datoriz€tu datu apstradi.

4 1
l.attéls. Nobiruma lenka noteik§anas
ierice:

1 — materials, 2 - pieskares lineals,
3 — lepka mérianas skala, 4 — atbalsts

2.attels. Nobiruma konusa veidoSana

Nogruvuma lepkis ¢ ir atkarigs no materiala ieks$€jas berzes koeficienta. Iek$&jas berzes
koeficientu f aprékina no vienadojuma:

f=tge. 1)
Ja birstoS§s materials atrodas noslégta telpa un tiek saspiests vertikala virziena, taja rodas
normalie spriegumi oy. Sie spriegumi izsauc perpendikulara virziena vérstus spriegumus oy (3.
att.). So spriegumu lielums atkarigs no spriegumu oy lieluma un masas pliistamibas. Spriegumu
attiecbu A aprékina péc Kezdi vienadojuma [1]:
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A=1-sing, )
kur ¢ - materiala iek$gjas berzes lenkis.
Vacu standarts DIN 1055 (6. nodala, slodzes tvertnés) [2] rekomend€ vienadojumu (3), kas
izveidots no vienadojuma (2):

A=12-(1-sing). (3)
Sads parveidojums izdarits pamatojoties uz secinajumiem no prakses, kas pierada, ka slodze uz
tvertnes sienam ir lielaka, neka aprékinats péc spriegumu attiecibas A [3, 4]. Neatbilstiba
izskaidrojama ar to, ka nosakot iek$¢jas berzes lenki ¢ pastavosas metodikas, netiek pemti véra
daudzi faktori, kas darbojas reala situacija. ISO direktiva TC98/SC3/W G5 rekomendé spriegumu
attiecibu noteikt tieSi izm€rot radialaja virziena verstos spriegumus centriskaja spiede [5].
Eksperimentu veic izmantojot iekartu, kas sastdv no plansienu térauda cilindra, kura tiek
saspiesta pétama biomasa. Cilindra deformacija tieck mérita ar tenzorezistoriem 4 (4.att.).
Izmantojot ZWICK materialu test€Sanas iekartu pétama biomasa tika saspiesta ar noteiktu speku
vertikala virziena. SaspieSanas rezultata masa rodas spriegumi oy, kas rada spriegumus on
(3.att.).

3. attéls. Spriegumu sadalijuma
shéma:

oy — spriegumi, ko masa rada centriskas
spiedes speks, onh — spriegumi, kas rodas
Skersvirziena. 4. attéls. Horizontalo spriegumu noteikSanas

iekarta: 1 — speka sensors, 2 — virzulis,

3 — materials, 4 — mércilindrs ar
tenzorezistoriem.

Tenzorezistoru tilta izejas spriegums tika registréts izmantojot virtualo mériekartu komplektu
PicoScope - 212.

Eksperimenti tika veikti ar sasmalcinatam un frakcionétam salmu, niedru un kiidras dalinam ar
mitrumu 10%. Sasmalcinatais materials tika izsijats un sadalits smalkuma grupas ar dalinu
izmériem 5 — 7, 3-5, 2-3, 1-2 un 0.25 - 0.5 mm.

kalibrésanas taisnes vienadojumu. Spriegumu attiecibu A aprékina péc vienadojuma 4:

z:%. @)

Vertikala spiediena oy izmainas robezas no 0.54 lidz 2.7 Mpa.
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Rezultati un to izvérte jums

Praktiski nosakot dabigo nogruvuma lenki ¢ redzams, ka gan salmu, gan niedru dalinu lielums
butiski ietekme ta veértibu. Dalinas, kas smalkakas par 1 mm uzradija ¢ = 45°, bet dalinas, kas
liclakas par 5 mm ¢ = 55°. Salidzinot vértibas redzam, ka salmu un niedru dalinu dabiska
nogruvuma lenkis noteikta izméra dalindm ir aptuveni vienads. Kiudras dalinu izméram
palielinoties nogruvuma lenkis pieaug ievérojami strauyjak un parsniedz 60° kudrai ar dalinu
izmeéru Smm. P&c vienddojuma (3) aprékinata spriegumu attiecibas A izmaina atkariba no dalinu
izméra redzama 6. att. Redzam, ka dalinu izméram palielinoties virs 1.5 mm, Sk€rsspriegumu
koeficients samazinas un klist aptuveni vienads visiem pétitajiem materialiem. Kiidras dalinam
ar izméru <l mm Skersspriegumu koeficients pieaug straujak neka salmiem un niedrém un
sasniedz A=0.5 dalinam ar izm&ru 0.25 — 0.5 mm.
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S.attéls. Dabigais nogruvuma lenka izmaina atkariba
no niedru dalinu lieluma

— =—Kudra
= = = Nijedres
S 141

Spriegumu attieciba

Dainu izmérs, mm

6.attéls. Skerssprieguma Koeficienta A izmaina atkariba
no stiebru materiala dalinu izméra.

Nemot vera ISO direktivas TC98/SC3/W65 ieteikumus aksialo un radialo spriegumu attieciba
tika noteikta izmantojot laboratorija izgatavotu meriekartu. legitie rezultati paradia, ka
Skérssprieguma koeficienta veértiba mainas atkariba no materiala sasmalcinaSanas pakapes.
Salmiem un niedrém ar dalinu izméru 0.25 — 5 mm netika novérota butiska Skerssprieguma
izmaina. Tas atradas robezas no 0.62 — 0.71 (7.att.). Rupji smalcinatiem salmiem ar dalinu
izm@ru 5 - 7 mm sk&rsspriegumu koeficients samazinajas Iidz A=0.52.

Salidzinot A-testa iegiitas Skersspriegumu veértibas ar A vertibam, kas aprékinatas péc dabiga
nogruvuma lenka (formula 3), redzam, ka iegiita koeficienta vertiba, ir ievérojami lielaka neka
koeficienta vertiba, kas iegita péc nogruvuma lepka metodes (8.att.). Rezultatu atSkiriba bija
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sagaidama, jo par to liecindja literatiird sastopamie citu zinatnieku p&tijumu rezultati dazadiem
birstoSiem materialiem (smilttim, graudiem un miltiem u.c.).

0,8
0,7 +
0,6
05
04 +
03 +
0,2 +
0,1+
0 ‘ ‘ ‘ ‘
0,25-0,5 1,0-2,0 2,0-3,0 3,0-5,0 5,0-7,0

Skérssprieguma koeficients [

v
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7.attéls. Skerssprieguma koeficienta izmaina sasmalcinatie m
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8.attéls. Skerssprieguma koeficients daZadie m mate rialiem (dalinu izmérs 1 — 2 mm)
1. Merot tiesa veida (A - tests)
2. Aprekinot pec dabiga nogruvuma lenka.

Veicot eksperimentu péc nogruvuma lenka metodes materiala darbojas loti nelieli spriegumi, kas
rodas masas paSsvara rezultatd. Arpusé esoSie materiala slani ir loti irdeni un tie$i tie formé
nogruvuma lenki (2.att.). Saja gadfjuma dalinas kopa satur to savstarpgja saker§anas
nelidzenumu un formas izcilpu dél

Tiesa veida merot spriegumus radiala virziena, masa darbojas ieverojami aksidlie spriegumi, kas
izsauc materiala plustamibu deformacijai perpendikulara virziend. Ta rezultatd koeficienta A
vertbas i ieverojami lielakas neka iepriekS8€ja gadijuma. Fizikalie procesi, kas notiek
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deforméjama materiala slani, precizak atbilst procesiem, kas norit tehnologiskajas ickartas
(pres€s, transportieros, glabasanas tvertnés u. c.).

Dabiga nogruvuma lepkim ir butiska nozime tvertnes iztukSoSanas konusa aprékinos, jo
iztukSoSanas beigas materiala daudzums tvertné i neliels un taja darbojas niecigi aksialie
spriegumi.

Secina jumi
Dabiga nogruvuma lenkis sasmalcinatiem stiebru materidliem un kidrai i atkarigs no
smalcinajuma pakapes un mainas robezas no 45° lidz 55° (salmiem un niedrém) un no 40° lidz
60° (kudrai).
Aprekinot Skersspriegumu koeficientu salmiem un niedrém A p&c dabiga nogruvuma lenka iegtst
~2.4 reizes mazaku vertibu neka ta tiek iegita tieSos merjumos. Kiidrai A vertibas atSkiras 1.58
reizes. TieSos Sk€rssprieguma mérijjumos salmiem un niedrém ar dalipu izméru 0.25 — 5 mm
iegiitas A vertibas atrodas robezas no 0.62 — 0.71.
TieSos merjumos ieghtas koeficienta A vertibas rekomend€jamas izmantoSanai smalcinato
biomasu glabasanas un apstrades iekartu konstrukciju aprékinos.

Pateiciba

Petjjumi veikti pateicoties LZP Fundamentalo un lietiSko p&tijumu projekta 01.0790 “Biomasas
resursi un mehanizacija kondicioné€Sanas procesos” finanséjumam.

Summary

Development of energy crops and agricultural residue utilization for energy are important goals
of the rural policy. Mainly heat and electricity energy production from dry solid biomass is
planned using it as biofuel. As chemical fertilizer production and usage corresponds to the
consumption of oil fuel, biomass usage directly for energy production or as fertilizer are
activities with equal importance for fossil fuel substitution.

Previous analysis allow to conclude that in rural ecosystems herbaceous biomass as cereal crop
straw (mainly wheat straw), common reeds, rape straw and reed canary grass are the most
prospective stalk materials for solid biofuel production. The herbaceous biomass is a material of
low density (20 — 60kg-m™) therefore new mobile equipment and technologies for biomass
communition and densification have to be worked out. To guarantee the quality of biomass
briquettes in the handling and usage process, sufficient durability of briquettes should be
provided.

Former experimentally were stated values for wheat stalks [4] ultimate tensile (118.7 + 8.63
N-mm%) and shear (8.47 + 0.56 N-mm™) strength, modulus of elasticity (13.1 + 1.34 GPa) and
shear modulus (0.643 + 0.043 GPa) in order to find methods for mechanical conversion with
minimal energy consumption. Previously was stated that compacted with pressure 230 MPa
compositions of straw particles from two fineness groups (2-3 mmand < 0.5 mm) have density >
1.0 g cm’, if fineness proportion (amount of particles < 0.5) exceed 25%. Density 1.0 gcm™ has
been obtained in densification of straw and reed stalk material particle compositions with peat, if
peat proportion exceeds 20%.

Dependence of ultimate shear stress on wheat stalk material particle size in biomass briquettes
was previously investigated. It was stated that ultimate shear stress increases for particle size in
briquettes less than 0.5 mm. Peat additive improves the density and ultimate shear strength of
briquettes, but peat in combustion process increases the ash content. Therefore it is not necessary
to add peat more than 50% in briquetting composition.

Stalk biomass and peat is necessary to storage, load and dispense before the producing of
briquettes. The loading, storage container discharging and automatic feeding process depends on
internal stresses acting in biomass volume.

254
ISBN 9984 — 779 - 06 - 8



Environment. Technology. Resources. 2005

Knowledge of the stresses acting in chopped biomass is important for many applications:

e  Storage container and hopper design for strength,

e  Storage container and hopper design for flow,

o Loads on feeders and inserts,

o Driving torque of feeders.

Hoppers are used in industry for protection and storage of powdered and granulated materials.
Hoppers must be designed such that they are easy to load. More importantly, hoppers must be
designed such that they are easy to unload. The way the hopper is designed affects how much of
the stored material can discharge and whether they’re mixing of solid sizes or dead space that
reduces the effective holding capacity of the hopper.

To design storage hoppers, the following material properties are needed:

o Internal friction coefficient,

e  Wall friction coefficient,

o Permeability,

e  Compressibility.

Other factors that should be considered include temperature and moisture content along phase
diagram if caking may be a problem.

In contrast of pure fluids, the flow behavior of bulk solids cannot be described by only knowing
the name and chemical structure of the material under consideration. This is obvious from the
large number of additional parameters, besides the chemical composition, which have an
influence on the flow behavior of the bulk solid. Some of these parameters are:

o Particle size distribution,

o Particle shape (e.g. spherical, rod-shaped),

o Particle surface (smooth, rough, sharp edges),

o Moisture content.

Mentioned before factors and properties of solid bulk material are referable to the compositions
of granulated and chopped stalk materials and additives (peat) used for biomass briquettes.
Mechanical properties of stalk material were experimentally determinate in order to find
methods for mechanical conversion with minimal energy consumption. These parameters of
mechanical properties are necessary for mechanization equipment design.

To determine bulk properties of biomass chopped reed and straw particles with moisture content
less than 10% was sieved and divided into fines groups: 3-5 mm, 2-3 mm, 1-2 mm, 0.5-1 mm
and <0.5 mm.

Experimentally was stated two bulk properties of chopped stalk materials and peat: angle of
repose and horizontal and vertical stress ratio.

The angle of repose is a characteristic of solids, which characterizes the pilling of stacking nature
of the particles. The angle of repose is considered to be mostly a measure of the internal friction
between the particles as a whole, but not between individual particles.

The angle of repose was investigated of straw, reed and peat particles. Experimental design for
estimating of angle of repose is shown inFig. 1 and 2. It was stated that angle of repose of straw
and reed particles varies between 45 — 55 degrees. It depends on size of particles, increasing of
particle size leads to increasing of angle of repose (see Fig. 5). Angle of repose of peat particles
varies between 40 — 60 degrees.

The best use of angle of repose is to determine the size of a pile of chopped biomass. Angle of
repose is not recommended to use for designing of bottom of a hopper to ensure proper
discharge.

In a bin filled with solid bulk material this material acts on the walls with the horizontal stress.
The stress ratio between horizontal and vertical stress is important for storage equipment design.
Often the equation of Kézdi (2) is used for the estimation of the stress ratio A. The values of the
stress ratio which are calculated according to equation (3) are not correct in any case because the
stress ratio depends ona lot of parameters that are not taken into account in eq. (3). According to
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ISO-guideline TC98/SC3/W65 stress ratio was measured directly from a uniaxial compression
test. Experimental design for estimating of stress ratio A is shown in Figure 4. Horizontal stresses
were measured directly on the walls of cylinder 4 using strain gauges (see Fig. 4). This ratio was
investigated for different size particles of straw, reed and peat. Stress ratio of straw and reed
particles varies between ~0.62 — 0.71 for particle size 0.25 -5 mm.

Obtained stress ratio values are recommended to use for chopped stalk biomass storage
equipment design.
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