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Darba aktualitate

Eiropas Savieniba savu stratégisko mérki defingja Eiropas Komisijas Balta
gramata (1997. gads), kur noteica, ka atjaunojamo resursu dala Eiropas Savienibas
primaro resursu bilancé japalielina no 6% 1997. gada lidz 12% 2010. gada. Sis
uzdevums ir virzits gan uz energijas apgades dro§ibas paaugstinasanu, gan
ilgtspejigas energijas resursu attistibas atbalstiSanu. NakoSais solis §is politikas
turpinasana bija Direktiva 2001/77/EC par tadas elektroenergijas pielietojumu
veicinasanu ick$€ja elektroenergijas tirgii, kas razota izmantojot neizsiksto$us
energijas avotus. Direktivas mérkis ir palielinat no AER sarazoto dalu lidz 22,1%
no kopgja Eiropas Savienibas elektroenergijas patérina 2010. gada [1]. EK
pazinojums COM (2004) 366 Par atjaunojamo energoresursu izmantoSanu ES
izverte §is direktivas indikativa mérka sasnieg8anas iesp&jas. Pazinojuma secinats,
kadazadu AER ieteicamais ieguldijums ir 50% v&ja energijai, 10% hidroresursiem,
geotermalai un saules energijai, 40% no biomasas ieglitai elektroenergijai.
Uzsvérts, ka biomasas ieguldijuma palielind$ana ir prioritara, un ipasa uzmaniba
tiks pieversta jaunajam ES dalibvalstim, kuras ir ievérojami biomasas resursi [1].

Biomasas maisijumu veidosana ir aktuala, jo koksnes biomasa (ar mizu un
skujam/lapam) un stiebraugu biomasa ir augsts metalu sarmu un hloridu saturs.
Atkariba no degSanas procesa, metalu sarmi var tikt oksid&ti vai ari tie var veidot
sulfatus vai hloridus. Ja tiek dedzinatas tikai koksnes skaidas vai stiebraugu
biomasa, séra saturs ir zems un veidojas hloridi. Hloridi kondensgjas uz kurtuves
siltumparneses virsmam, paléninot siltumparnesi un palielinot augstas temperatiiras
korozijas risku. Ja sera saturs kurinamaja tiek palielinats, pieméram, veidojot
ktdras un koksnes vai stiebraugu biomasas maisijumus, hloridu vieta veidojas
sulfati un tiek samazinats augstas temperatiiras korozijas risks [2, 3].

Analizgjot maisiSanas procesus, atkldjas vairakas priekSrocibas biomasas
MmaisiSanai ar nepartrauktas darbibas maisitaju. Lai pilnvertigak var€tu spriest par
vienavai otramaisisanas procesa priek§rocibam, nepiecie$ama $o abu tehnologisko
procesu (cikliskas un nepartrauktas darbibas maisisanas) ekonomiska novértésana.

Nepartrauktas darbibas maisitajam nepiecieSama salidzino$i augsta
dozesanas precizitate (dozésanas konstante atkariba no biomasas veida 5 — 10%
robezas). Tapéc ir svarigi noskaidrot, vai ir iespgjams pietickosi precizi dozet
smalcinatu biomasu, lai to varétu kvalitativi samaisit plasma (1. att.). Piegjama
literatira apskatito dozatoru piemérotiba smalcinatu stiebraugu un kiidras
dozesanai nav aprakstita. Nav uzradita ari dozatoru relativa dozeSanas konstante.
Tapéc, peéc ekspertu metodes izvertétajiem un par piemérotakiem atzitiem
dozatoriem, nepieciesams veikt eksperimentalus pétijumus, ar kuru palidzibu tiktu
noteikta dozatoru relativa dozé$anas konstante, dozatora raksturlikne un
piemgrotiba smalcinatai stiebraugu biomasai un kiidrai.

Uz tvertné iebiivétu dozatoru darbojas smalcinatas biomasas raditie
vertikalie spriegumi o . La noteiktu So spriegumu ietekmi atkariba no masas

augstuma tvertng, nepiecieSama spriegumu sadalfjuma izpéte tvertn€ un tvertnes
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matematiska modela izveide (1. att.). Ar tvertnes matematisko modeli varétu
aprekinat spriegumu vertibas, kas darbojas uz dozatoru. Tas ir svarigi dozatora
piedzinai nepiecie$ama griezes momenta aprékinam. Lai varétu izstradat $adu
modeli, nepiecieSsama biomasas fizikali mehanisko ipasibu (berzes koeficienta g,
Skérssprieguma koeficienta 1) noteiksana.

Dozesanas
vienmeérigums Maisijuma
kvalitate

Brikesu kvalitate
(noturigums)

1. att. Biomasas maisijumu veidosanas procesu
ietekmej osie parametri

No literatiras apskata varam secinat, ka ir pieticko$i daudz dazadu
statistisku metozu, ar kuru palidzibu var noveértét maisijjuma homogenitati, zinot
komponensu izmainas atseviskos paraugos. Ta¢u ir griittbas nonemt pietiekosi
daudz paraugus un noteikt komponensu koncentraciju tajos. Tapéc tiek izvirzits
uzdevums, izstradat pienemamu metodi paraugu nopnemsanai, apstradei un
biomasas maisijumu homogenitates noteiksanai.

La atbilstosi organizétu maisiSanas procesu, ka arl noteiktu maisijuma
homogenitati, bitiska nozime ir komponen$u proporcijai. Svarigi noteikt optimalo
maisijuma proporciju, izejot no brike$u stipribas parametriem. Tapéc ir
nepiecieSami biomasas brikeSu stipribas noteik$anas eksperimentalie p&tijumi.

Cieta kurinama un biokurinama standarti paredz brikeSu un granulu
noturibas parbaudes ar dazadam metodeém, kas prasa lielu daudzumu granulu un
brikesu. Nemot véra, ka briketes noturiba mainas atkariba no biomasas veida,
komponensu proporcijas, dalinu lieluma un daudziem citiem parametriem,
laboratorijas apstaklos nepieciesama brikesu parbaudes metode, kas ar nelielu
brikesu skaitu var noteikt attiecigas stipribas izmainas atkariba no briketgjamo
komponensu dalinu lieluma, mitruma, koncentracijas vai citam izmainam.



Pétijuma merkis un uzdevumi

Pettjumu merkis

Novertet biomasas maisijumu gatavoSanas tehnologiskos procesus un tehnologisko
iekartu projektésanai nepiecieSamos biomasu raksturotajus.

Pétijumu uzdevumi

1.

N

ook w

~

Noteikt biomasas (kadras, stiebraugu) fizikali mehaniskas ipasibas, kas
nepieciesamas biomasas glabasanas tvertnes matematiska modela izstradei.
Izveidot smalcinatas biomasas glabasanas tvertnes matematisko modeli un
eksperimentali parbaudit §T modela atbilstibu.

Teorétiski novertét biomasas dozeéSanai piemerotakos dozatoru veidus.
Eksperimentali noteikt doz&$anas precizitati un dozatoru raksturliknes.

| zstradat jaunas konstrukcijas smalcinatas biomasas dozatoru.

lzstradat metodi biomasas paraugu nonemsanai, apstradei un biomasas
mai sijumu homogenitates novertésanai.

Noveértét biomasas brikeSu noturibu atkariba no tas dalipu izm&riem un
maisijuma sastava.

Sdlidzinat cikliskas un nepartrauktas darbibas biomasas maisijumu
gatavosanas tehnologijas péc to ekonomiska izdeviguma.

Darba zinatniska novitate

Promocijas darba zinatniska novitate ir saistita ar sekojosu jautajumu izpéti.

Izstradats smalcinatas biomasas glabasanas tvertnes matematiskais modelis,
vertikala sprieguma noteik$anai tvertnes atveré, datorprogramma Matlab-
Smulink un veikta modela eksperimentala parbaude.

|zstradata metodika biomasas maistjumu (salmi — kiidra, niedres — kudra)
kvalitates novertésanai ar attélu analizes palidzibu datorprogramma Matlab.
Eksperimentali noteikti, modela izstradei nepiecie$amie, biomasas fizikali-
mehaniskie parametri: dabiga nogruvuma lenkis, $kérssprieguma koeficients
un berzes koeficients.

Eksperimentali noteiktas dozatoru (rotoru, gliemeza un trumula) relativas
dozesanas konstantes un dozatoru raksturliknes dozgjot smalcinatu biomasu.
Izveidots rotoru dozatora modelis, ar kura palidzibu var modelét dozatora
razigumu atkariba no ta geometriskajiem parametriem un rotacijas frekvences.
Jaunas konstrukcijas smalcinatas biomasas dozatora izstrade (Latvijas patents
LV-13597 B. SPK G01F11/10, 26.02.2007.).



Zinatniska darba aprobacija
Petijumi veikti laika posma no 2001. lidz 2007. gadam. legitie rezultati

apkopoti 19 publikacijas, kuras atbilst Latvijas Zinatnes padomes visparatzito
Zinatnisko izdevumu prasibam. Disertacijas t€mas pétijumu rezultatu aprobacija
tika veikta uzstajoties sekojosas starptautiskas zinatniskas konferences.
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10.

11.

12.

Estimation of homogenity stage of biomass mixtures. International Scientific
and Practical Conference ,,Environment. Technology. Resources.” Rézekne,
Latvia, June 20 — 22, 2007.

Rotary spool feeder for biomass dosage. 6" International Scientific conference
“Engineering for rural development”, Latvia University of Agriculture,
Faculty of Engineering. May 24 — 25, 2007.

Mechanical properties of biomass compositions for solid biofuel production.
15th European Biomass Conference “ Biomass for Energy, Industry and
Climate Protection”. Germany 7-11 May 2007.

Drum feeder for biomass dosage. Research papers 8. Lithuanian University of
Agriculture, Faculty of Agricultural Engineering, Transport and Power
Machinery Department — 60 year anniversary. Lithuania, September 20 — 21,
2007.

Biomass conditioning for solid biofuel compositions. 2™ International Baltic
Bioenergy Conference. Germany, Fachhochschule Stralsund — University of
Applied Sciences. Nov. 02. — 04. 2006.

Determination of parametrs for chopped biomass feeders. International
Scientific Conference “Engineering for rural development” Latvia University
of Agriculture, Faculty of Engineering. May 18 — 19, 2006.

Stress modelling of chopped biomass. International Scientific Conference
“Research For Rural Development 2006 Jelgava, Latvia, Latvia University of
Agriculture, Department of Post - Graduate Studies, 19 — 22.05.2006.

Dosage of chopped biomass. International Scientific Conference
"Opportunities and problems of economic development*. R&zeknes
Augstskola, Rezekne. 24.03.2006.

Internal stresses of biomass compositions. International Scientific Conference
“Research For Rural Development 2005” Jelgava, Latvia, Latvia University of
Agriculture, Department of Post - Graduate Studies, 19 — 22.05.2005.

Friction of chopped straw. International scientific conference “Agricultural
Engeneering Problems”, Jelgava, Latvia, Latvia University of Agriculture,
Faculty of Engineering, 2-3.06. 2005.

Biomasu maisijumu fizikali mehaniskas ipaSibas. Starptautiska zinatniska
konference “Vide. Tehnologija. Resursi.” Rezekne, Latvia, Reézeknes
augstskola, 16-18.03.2005.

Seperation of chopped reed particles. International scientific conference
“Research for rural development 2004”, Jelgava, Latvia, 19-22 May, 2004.



13. Evauation of durability of biomass briquettes, International scientific
conference “Advanced technologies for energy producing and effective
utilization” Jelgava, Latvia, Latvia University of Agriculture, Faculty of
Engineering, 28-29 June, 2004

14. Durability of stalk material briquettes, International scientific conference
“Enabling environment for society wellbeing” Rezekne, Latvia, Rezeknes
Higher Education Institution, 4-5 March 2004.

Darbaizpildes metodika

Promocijas darba merka sasniegSanai izmantota diferencialvienadojumu
risinasanas metode un matematiska modelé$ana datorprogramma Matlab-Simulink.
Eksperimentos izmantotas Latvijas Lauksai mniecibas universitates
Lauksaimniecibas Masinu Mehanismu zinatniskas laboratorijas (LMMZL)
tehniska baze un laboratorijas iekartas (materialu parbaudes masina Zwick Z 2.5,
kompaniju Picotech, DataQ u.c. virtualie instrumenti). M&riSanai tika izmantoti
licencéti mérinstrumenti. Tika veikts nepiecieSamo mérfjumu atkartojumu skaits,
lai nodrosinatu pietiecko$u mérijumu rezultatu ticamibu. Rezultatu noveértésanai tika
izmantota statistiskas datu apstrades programma MS Excel, ar kuras palidzibu tika
noteikti tadi datu statistiskie raksturotaji, k@ determinacijas koeficients,
standartnovirze, variacijas koeficients u.c.

1. Teoreétiskie pettjumi

Darba teorétiskie pétijumi izriet no promocijas darba pirmaa nodala
noteiktajiem uzdevumiem. Darba gaita risinatos teorétiskos pétijjumus var iedalit
Cetras apak$nodalas. Pirmaja apaksnodala tiek pétits spriegumu stavoklis birstoSos
materialos un birsto§o materialu raditie spriegumi glabasanas tvertnés.

Otrgja apaks$nodala tiek izveidots matematiskais modelis programma
Matlab-Smulink vertikalo spriegumu noteik$anai uz tvertn€ iemontgtu dozatoru.

Tresaja apaksnodala tiek aprakstits jaunas konstrukcijas dozators birstosiem
materialiem. No dozatora darba tilpuma geometriskiem vienadojumiem tiek
izveidots modelis programma Matlab-Smulink, ar kura palidzibu var noteikt
dozatora darba tilpumu atkariba no dozatora parametriem. No eksperimentaliem
petijumiem, zinot $1 dozatora raziguma izmainu, atkariba no rotacijas frekvences,
iespgjams model&t dazadu gabaritu dozatoru razigumus.

Ceturtgja apaksnodala tiek konstatéti kritériji, kas nosaka salmu-kadras un
niedru-kadras maisijumu proporciju un nepiecie$amo maisiSanas precizitati. Tiek
izstradata metodika maisijuma koncentracijas noteik$anai paraugos un maisijuma
homogenitates noteikSanai ar att€lu analizes palidzibu.



1.1. Glabasanastvertnes dinamiskais modelis

Glabasanas tvertnes dinamiskais modelis tika izveidots lai noteiktu
biomasas piepildisanas laika radito spriegumu uz tvertné iemontétu dozatoru. Tas
nepiecielams, lai varétu noteikt griezes momentu dozatora piedzinai.

Spriegumu aprekinu metodes

No augstak apskatitajam situacijam varam izdalit tris dazadus gadijumus,
kas baitu janem véra aprékinot spriegumus glabasanas tvertnés:

e  Spriegumi tvertnes vertikalaja dala;
e  Spriegumi piltuve (aktivais spriegumstavoklis - piepildisana);
e  Spriegumi piltuve (pasivais spriegumstavoklis - iztuk§osana).

Spriegumu aprekinasana tvertnes vertikalaja dala

Spriegumi  vertikalaja tvertnes dala (aktivaja spriegumstavokli) var tikt
aprekinati ar Jansena (Janssen) formulu [6], izmantojot bezgaligi plana elementa
metodi. Tiek apskatits masas elements tvertnes $kérsgriezuma forma ar bezgaligi
mazu augstumu dz, kuram ir tads pats Skérsgriezuma laukums A, ka tvertnes
cilindriskai dalai. Pienemot, ka apkart izgrieztajam elementam ir konstants
vertikalais spriegums o, un nemainigs blivums py,, speku lidzsvaru z ass virziena
izsaka vienadojums [5]:

Ao, +gp,Adz= A(c, +do,) +7,Udz, (L)
kur A—  3kérsgriezuma laukums, m?
o,— vertikalais spriegums, Pa;
g— brivas kriSanas paatringjums, m s’

Pp— Mmasas blivums, kg m™;
Tw— bides spriegums uz tvertnes sienam, Pa;
U- perimetrs, m;
Parveidojot izteiksmi ieglisim:
do, u
=y o A—tg(p,) = (1.2)
dZ v A g(q)x) gpb
kur o —berzeslenkis;
No berzes koeficienta raksturliknes iegiistam salmu berzes koeficienta
izmainas funkciju atkariba no sprieguma:

tg(p,) = 0.3175,°°° = 0.317(10,) 7", (1.3)
un kiidras berzes koeficienta izmainas funkciju atkariba no sprieguma:
tg(p,) = —0.21957 + 0.4650, +0.137 = -0.219(1c,)* + 0.465(1c,) +0.137  (1.4)

Parveidojot diferencialvienadojumu (1.2) ta, lai tas ievértétu smalcinatu
salmu berzes koeficienta atkaribu no sprieguma, iegiistam diferencialvienadojumu
salmu tvertnes (1.5) un kadras tvertnes aprékiniem (1.6):

do U
2% 4 0317(0, 1) = (1.5)
dz (Gv ) A gpb



% +(-0.219(A0, )% + 0.465(10,)? + 0.1371@)% =ap, (1.6)

Spriegumu noteiksana piltuve

Spriegumus piltuvé aprékina izmatojot izgriezta elementa metodi. Speku
[idzsvaru izgrieztajam elementam izsaka diferencialvienadojums [5, 6]:

d(Ac,) + gp,Adz=sin(®)c,dA, +cos(®)r,dA, (1.7

kur  ©®- piltuveslenkis pret vertikali, grados;

ow— Sienunormalspriegumi, Pa;

Ay— elementasanu virsma, m%

Z—  vertikala virziena koordinata, m;

leviesot koeficientu u un parveidojot izteiksmi iegustam diferencial-
vienadojumu sekojosa forma [5]:

do, o, 18
daz Yz = P (1.8)
kur
t9(e,)
u=(m+1)[ K(1+ -1] . (1.9)
(m+1[K(1+3007)-1]
kur K- seninu normalsprieguma attieciba pret vertikala sprieguma vidéjo
Vertibu piltuve;
m-—  parametrs, kas ieverte piltuves skérsgriezuma formu.

levertgjot (1.9) formula eksperimentali noteikto berzes koeficientu vértibas
izmainu atkariba no sprieguma starp berzes virsmam, ieglistam jaunas koeficienta
U izteiksmes atseviski salmiem (1.10) un kadrai (1.11):

-0.075
u=(m+1)[ K(1+%)-u (1.10)
2
U= (e[ K(Le 02270 +tg.(4giaw 0137 1D

2. aitela redzams modelis, kas ieverté berzes koeficienta izmainu. Lai to
istenotu, bija jaizmaina modela principiala darbiba, izmainot z virzienu. Dotais
modelis attélo vertikalo spriegumu masa noteikta dziluma. Tas nozimé, ka, noradot
attiecigas integracijas robezas (z vértibas), ar o modeli var noteikt vertikalo
spriegumu ari tvertnes apaksa (pie atveres).
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koeficientsl Reizinajums 3
Konstante 3
Reizinajums 1
/kL ) %
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Summa 13 Reizinatajs
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“ Reizinatajs 1
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2. att. Biomasas tvertnes matematiskais modelis, ievertgjot berzes
koeficienta izmainu atkariba no sprieguma

1.2. Jaunas konstrukcijasrotoru dozatoraizveide

Balstoties uz izvirzito uzdevumu, tika izprojektéts jauna veida dozators ar
paaugstinatu dozesanas precizitati (3. att.). Dozators funkcionali projektéts ta, lai
tas patérétu péc iesp&jas mazak energijas. Dozatoram rot€jot, spolites velas pa
dozgjamo masu, tadejadi tieck noveérsta berze starp dozatoru un doz€jamo masu.
Spolisu diametrs un konusa lenkis ir saskanoti ta, lai konusam, veloties pa
materialu, nenotiktu spolites izslidéSana visa tas garuma.
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Dozatora rotgjosa korpusa radiali nostiprinatas rotgjosas konusveida spolites
(3. att. Patents Nr. 13597, SPK GO1F11/10 (26.02.2007.)). Korpusam rot&jot ap
savu asi, korpusa ievietotas spolites sak griezties ap radiali novietotajam asim un
sektoros iekluvusais birstoSais materials tiek izvadits no tvertnes. Dozatora
precizitates paaugstinaSanu nosaka spoliSu sektoru tilpuma samazinaSana,
aizvietojot vienu lielu spoliti ar vairakam. Dozatora razigumu var regulé mainot
korpusa rotacijas atrumu, ta izmainot art spoliSu rotacijas atrumu.

1

RN

al 10
1

3.att. Rotoru dozators

No dotaam geometriskajam sakaribam tika izveidots modelis
datorprogramma Matlab-Smulink (5. att.). Taja, izmainot tadus parametrus, ka
spolites garums, radiuss, sektora lenkis, sektora sieninas biezums, sektoru skaits un
rievas noapalojuma radiuss, var noteikt vienas spolites darba tilpumu mm?.

outl ————Pp|

2.4
Spol. apgr/korp. apgr
X

Konstante 1

- spolites )
Dalisana 3 X X

Konstante 2 Displejs, kg/apgr

Vienas spolites
darba tilpumsmm 3

+ Reizinajums

1000000 Reizinajums
Konstante Dalijums

Konstante 3

_!

Masas blivums, kg/m3
4. att. Dozator a raziguma noteik§ana
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1.3. Maisijuma kvalitates novertejums

Veidojot maisjumus, ir svarigi zinat, cik homogéns maisijums ir
nepieciesams un kada bus komponen$u proporcija. Jo homogénaks maisijums, jo
lielakas izmaksas $1 procesa realizacijai. Tapéc, izvertgjot galaproduktu (granulas,
briketes), maisijuma homogenitates pakapes un komponensu proporcijas
noteik$anai, tika izvirziti sekojosi kritériji (6. att.):

e komponensu izmaksas — tas nozimg, ja kada no komponentém ir salidzinosi
dargaka, tad tas pardozésana sadardzinas produkta izmaksas;

e briketésanas energija — paidinot komponentes, kuru briketésanai
nepieciesama mazaka energija, proporciju MaiSfjuma ietaupitu energiju
briketésanas procesa;

e blivums - pie vienadiem briketé$anas apstakliem, briket&jot dazadus biomasas
materialus, ieglsim dazadus blivumus. Komponentes biitu jaizvélas ta, lai
maisijuma briketes vai granulas blivums sasniegtu standartos uzradito
l1gcm?

e degsanas ipasibas — komponensu proporcijas izmaina maisijuma ietekmé ar1
degsanas Tpasibas un apkures katlu kalposanas laiku;

e noturiba — brikeSu un granulu noturibas paaugstind$anai pievienotas
komponentes proporcijai jabut pietickosai, lai tas atbilstu standarta prasibam.

6. attéla att€loti niedru un kidras maisijuma proporcijas un maisijuma
homogenitates kriteriji. Pasreiz ir grati spriest par niedru ieguves izmaksam
salidzinot ar kiidras izmaksam 10 Ls t*. Tatu nemot ve&ra, ka, atSkiriba no kiuidras,
niedru sadedzinasanas procesa izdalitais CO, netiek uzskatits par siltumnicas
efektu radoso gazi, jo augs sadegot izdala to CO,, ko augsanas procesa uznémis,
tad ieteicams kiidras dalu tomér samazinat.

EE
< eté3anas energija >
8
c >
% [
o)
>
Noturiba >
f f f f —>
0 20 40 60 80 100
Kidras dala, %

6. att. M aisijuma propor cijas un homogenitates pakapeskriteriji
niedr u-kadr as maisijumam
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No briketésanas energijas viedokla, kidras dala maisijuma japalielina, jo tad
samazinas briketé$anai nepiecieSama energija [4]. Ar brikeSu blivums, pievienojot
kudru, tikai pieaug. Sadedzinot stiebraugu biomasu ieteicams pievienot kadru (15—
35%), lai novérstu apkures katlu koroziju. Lai niedru briketém nodro$inatu
noturibu, kada ta ir kokskaidu briketém, japievieno ap 30% kiidras.

|zanalizgjot iegito att€lu redzam, ka pasreiz ir divi limit§josie faktori:
brike$u noturiba un degsanas 1pasibas. Secinajums no 31 att€la ir, ka kadras dalai
niedru-kiadras maisijuma vajadz&tu bt ap 30+5%.

Vertesanas kriteriji

| ] | | | >
T

0 20 40 60 80 100
Kudras dala, %

7. att. Maisijuma propor cijas un homogenitates pakapes kriteriji
salmu-kiadr as maisijumam

Apskatot 7. attélu, salmu un kiidras maisijuma proporcijas un maisijuma
homogenitates kritériji, var secinat, ka salmu brikettm kiidras proporcijai
jasasniedz 50 +5%. Tik liela kiidras dala nepiecie$ama, lai varétu nodroSinat
brikeSu noturibu. Ja riipnieciski izgatavojot briketes secinatu, ka briketém ar
mazaku kiidras dalu ir pietiekoS$a noturiba, to (kiidras dalu) varétu samazinat.
Noturibas izmainas ir iesp&jamas, jo atskirigos brikeSu presé$anas procesos notiek
dazadas maisijuma fizikali mehanisko ipasibu izmainas.

7. attela redzams, ka oranzais laukums neskar degSanas 1pasibu aiznemto
diapazonu. No pirmaja nodala veikta literatiiras apskata var secinat, ka degSanas
ipasibas maistjumam ar lielaku ktdras dalu nepasliktinas. Tapéc pasreizgja
situacija rekomendéjama kiidras dala salmu-kudras maistjumiem btu 50%.

Maisijuma homogenitates un proporcijas novértéjumu var veikt pec
dazadiem parametriem, piemeram:
maisijuma blivums;
brike3u noturiba;
komponensu proporcija noteikta tilpuma vieniba,;
vizualais novertejums.

15



Attelu analize

Datorprogramma Matlab izveidota komandu rinda, ar kuras palidzibu attélu
var ievadit dotaja programma un parvérst programmai saprotama valoda. Attéli
tika parveidoti melnbalta formata, tas nozimg, ka katrs pikselis pienem vienu no
divam vértibam vai nu 1 vai 0. Attélu apziméSanai tiek ieviests turpmak izmantots
binara attéla apzim&ums bw. Nosakot salmu-kiidras maisijumu kvalitati, salmu
dalinas tiek parveidotas par baltam un pienem vértibu 1, bet kiidras dalinas — par
melnam, pienem vértibu 0 un ir saprotams ka fons.

Attaluma parveidoSana nodroSina starppunktu attalumu meériSanu attgla.
Attela apstrades 11ki (Image Processing Toolbox) ar funkcijas bwdist palidzibu
dod iespgju aprekinat attalumu starp katru pikseli (pixel) un citu tuvako pikseli, kas
atskiras no 0 binaros attelos. Funkcija bwdist atbalsta dazadas attalumu meériSanas
metodes. Euclidean metode tiek piedavata, ka nokluséta (ieteicama) attaluma
parveidojuma metode, tacu iesp&jams pielietot arT citas.

Matlab programma ar funkcijas y = std(D1) aprékina standartnovirzi par
skaitlu rindu parveidotajiem attalumiem. Standartnovirzes tiek aprékinatas katrai
attela pikselu kolonai atseviski. Lai noskaidrotu kopgjo attéla stavokli (maisijuma
kvalitati), tika aprékinata standartnovirzu vidgja vertiba.

Ar Matlab programmas palidzibu tika noteikts salmu dalinu aizpemtais
laukums pikselos. Izdalot to ar kopgjo attéla pikselu skaitu, tika ieglita salmu
proporcija maisijuma, kas péc tam tika salidzinata ar teorétisko maiSjjuma
komponensu proporciju un iegata to standartnovirze S.

Standartnovirze nepieciesama, lai noteiktu SamaisiSanas pakapi, kas
baz&ta uz Roses formulu:

M=1->, (1.12)
S

kur

S=yp@d-p;), (1.13)

kur  p — teoretiski ieglistama laukumu attieciba.

La noteiktu salmu-kiidras maisTjuma piemérotibu augstak aprakstitai
maisijuma kvalitates izvert€Sanas sisteémai, tika izveidoti se$i dazadi salmu un
ktdras maisijumi: tikai salmi, 80% salmi un 20% kiidra, 60% salmi un 40% kidra,
40% salmi un 60% kadra, 20% salmi un 80% kadra un tikai kuidra. Komponensu
dalinu lielums bija 1 — 2 mm, maiSijuma mitruma sastavs 12%. Komponentes tika
maisitas, Iidz dalinas bija vienmérigi izkliedetas visa tilpuma (homogéns
maistjums).

Samu (1 — 2 mm) un kidras (1 — 2 mm) maisjumu att€lu analizes rezultati
ir loti tuvi teorétiski iegutajiem. Lielaka neprecizitate novérojama diagrammas
sakuma un beigas (100% salmi, 100% kudra), bet taiSnu vidusdalas praktiski sakrit.
ST tendence ir saistita ar krasu transformaciju: parvérSot tiru salmu attélu uz
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melnbaltu, tas nebija 100% balts, tapat ari ar kadru (nebija 100% melns).
Teorétiskas un attélu analizes vid&jo vertibu atskiriba ir aptuveni 7%.

Krasu transformacijas ieviesto kliidu praktiski var noveérst ar matematisku
parveidosanu (8. att.). Saja gadijuma rezultatu standartnovirze no teorétiska videja
neparsniedz 5%, bet vidgjas vertibas (teorétiskas un att€lu analizes) praktiski sakrit.
Biomasas materialiem, kur maisijuma homogenitate ir atkariga no daudziem
parametriem (dalinu lieluma, dalinu lieluma izkliedes, dalinu lielumu attiecibas
komponentém un citam birsto§o materialu ipas§ibam), standartnovirze 5% ir
pienemams raditajs. Lielu ietekmi uz datu precizitati atstaj dalinu orientacija. Ja
dalinas ir tievas un garas, tad sanu virsmas laukums ievérojami parsniegs gala
virsmas laukumu.

7 o AttClu analize
£ 60 = Teorétiski
5

R’ =0.99

0 ‘ ‘ ‘ : ~

0 20 40 60 80 100
Ktdras dala, %

8. att. Matematiski parveidoto un teorétisko
attelu analizes datu salidzinasana [8]

2. Eksperimentalie péttjumi
2.1. Berzes koeficients

9. altela paradita sakariba starp statisko berzes koeficientu un spriegumu
starp berzes virsmam (eksperimenta tika izmantoti smalcinati salmi 2 — 3 mm un
cinkota skarda plaksne). Mainot spriegumus starp virsmam meés ieglistam bitisku
atskiribu pie zemiem un augstiem spriegumiem. Spriegumam paaugstinoties,
berzes koeficients starp salmu dalinam un cinkota skarda plaksni samazinas.
Mainot normalspriegumu no 0,3 lidz 20 kPa tika iegutas statiska berzes koeficienta
vértibas no 0,25 Iidz 0,35. Testa atrums 2 mm mint un virsmu parbides garums
10 mm. M&rijumu precizitate ir £0.018 (ticamiba 95%).

17



.
$
}Z’L 0.35 03 .
o
5 03 3 3
.
;g M hd D4
8 0.25 . F
S 0.075
o] - -0.
R =0.71
0.15
0 5 10 15 20

Spiediens starp virsmam p, kPa

9. att. Smalcinatu salmu (2 — 3 mm) un cinkota skarda
statiskais ber zes koeficients

2.2. Dozator u parametri
2.2.1. Trumula dozators

Attela 10. varam noveérot, ka Ipatngjais razigums ir atkarigs no trumula
griesanas frekvences. Pieaugot frekvencei no 0.25 lidz 3 s, patngjais razigums
samazinas par 0.01 kg apgr’. Novérota tendence attiecas gan uz salmiem lidz
3 mm, gan 3 — 10 mm. Dozgjot salmus ar izm&riem no 3 — 10 mm, ipatngjais
razigums ir ievérojami zemaks neka salmiem Iidz 3 mm. Tas saistits ar to dazado
bltvumu, jo, salidzinot sadozétas tilpuma vienibas uz vienu apgriezienu (11. att.),
redzam, ka atskiriba ir samazinajusies no 40 uz 7%.

Ipatngja raziguma samazina$anos (10. un 11. att.) izraisa masas vertikalais
spriegums, kas samazinas, jo rotacijas atrumam pieaugot no tvertnes tiek
izpludinats aizvien lielaks materiala tilpums, tau jauns materials no tvertnes
augsgjiem slaniem pieplst nepietickami atri, lai raditu masas spriegumu uz
dozatoru, kads darbojas pie mazas rotacijas frekvences.

Relativa dozesanas konstante dozéSanas procesa svarstas no 3 lidz 11%.
Relativas doze$anas konstantes izmainu, jeb dozé$anas vienmérigumu, ietekmée
dozgjama masa: smalcinati salmi atSkiras péc to izmériem un var dazadak
noorientéties uz dozatora, izraisot plismas intensitates mainu. Plismas
nevienmerigumu izraisa ari mainigais spriegums, masai pieplistot pie rot€josa
dozatora.
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10. att. Ipatngjaisrazigums atkariba no trumula grie$anas frekvences [9]
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11. att. Ipatngjaisrazigums atkariba no trumula grie$anas frekvences [9]

Plismas izmainas tika noteiktas ar speka sensora palidzibu. Masai atsitoties
pret speka sensora plaksni tika izmanits sensora izejas spriegums. Péc 12. attéla
varam secinat, ka sensora radijumus neietekmé dalinu lielums, jo abam dalinu
lielumu grupam radijumi ir 1idzigi un taisnes praktiski sakrit. Tas nozime, ka $ada
veida sensori var tikt izmantoti smalcinatu salmu doze$anas procesa kontrolei.
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12. att. Speka sensora vidgjo radijumu atbilstiba razigumam [9]

2.2.2. Rotoru dozators

Ka redzams no 14. attéla
rotoru dozatora (13. att.) razi-
gums ir atkarigs no rotoru grie-
Sanas virziena un atruma. Spolisu
griefanas virzienu nosska to
piedzinas novietojums (virs vai
zem spolitém). Pieaugot spolisu
rotacijas atrumam, samazinas to
piepildisanas  koeficients un
pieaug atskiriba no teor&tiska
raziguma (14. att.). Ja spolisu
piedzina ir izvietota zem spo-
Iitem, tad spoliSu darbigo dalu virsmas linearais atrums V; ir Versts dozatora
korpusa atruma Vj virziena (1. rotacijas virziens) — spolite ar savam ribinam ietver
sevi materialu. Novietojot spoliSu piedzinu augSpusg, spoliSu darbigo dalu virsmas
linearais atrums V, ir versts pretgji dozatora korpusa atruma virzienam (2. rotacijas
virziens) — spolites velas pa dozgjamo materialu. Ipatn&jais razigums augstaks ir
pirmaja gadijuma, jo virs dozatora atrodoSais materials rada papildus spriegumu
spolisu piepildisanas virziena. Ja spolites velas 2. virziena, birsto$ais materials
(kadra) rada spriegumu vertikala virziena, palidzot materialam iespiesties spolites
sektoros, tacu spolitei, turpinot velties uz materiala dalinam, iedarbojas centrbédzes
speki, kas censas izgriist dalinas no spolites sektoriem.

Razigums, atkariba no grieSanas virziena, rotacijas frekvencei sasniedzot
8 s*, atikiras aptuveni 3 reizes (14. att.). Razigums nav atkarigs no griesanis
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virziena, ja rotacijas frekvence ir 0.5 to 3 s™. Ja pietiek ar dozatora razigumu, kas
atbilst rotacijas frekvencei 3 s*, tad ieteicamaks ir 2. rotacijas virziens, jo $aja
virziena rotgjot, dozators patéré mazak energijas.

0.25 /
0.2
e Teoratiski R? =0.99
0.5 1. rot. virziens
tgm M
5 01 RP=098 -
o 2. rot. virziens
0.05 - TA— -,
0 T T T T
0 2 4 6 8

Rotacijas frekvence, st

14. att. Rotoru dozatora razigums[10]

Relativa dozesanas konstante dozésanas procesa ir ~5%.

Dozesanas vienmerigums ietekm& maisitdja izmérus un veidu. Neliela
izmera maisitajam, ar nelielu masas uzturéSanas laiku taja un ierobezotu aksialo
samai sisanos, nepiecie$ama augsta dozeSanas precizitate pat liela laika perioda.

Smalcinatu stiebraugu dozéSanai piemérots ir trumula dozators. Tam ir
pietiekosa doze&$anas precizitate (relativa doze$anas konstante svarstas no 3 — 11%
dozgjot Iidz 10 mm garus salmus un 3 — 7% dozgjot kiidru), un ar attieciga izméra
trumuli var sasniegt nepiecieSamo raZigumu. Razigumu var izmainit, izmainot
trumula virsmas profilu un ta parametrus. Dozatora atveré sasmalcinato stiebru
dalinas no dozatora iznak 3 — 7 mm Kartina visa trumula platuma. Situacija, kad
plisma jasamaisa divas komponentes, $ads doz€$anas veids var biit piemérots, jo,
sapludinot masas Kartinas no diviem dozatoriem, var panakt komponenSu
samaisisanos. Ja komponentes ir pieticko$i samaisijusdas, maisitajs nav
nepiecieSams, ja maisijums nav pieticko$i homogens, tad var izmantot maisitaju,
kas ar nelielu energijas patérinu nodrosina komponen$u papildus samaisisSanos.

Radiali izvietoto rotoru dozators ir precizaks, salidzinot ar trumula dozatoru
(dozgsanas konstante = 5% dozgjot kiidru). Tadu rotoru dozators dotaja izpildijuma
nav piemerots smalcinatu stiebraugu doz€Sanai. Rotoru dozators ir piemérotaks
smalku, labi plastosu materialu dozéSanai. Sada veida dozators iesakams, ja
briketéjamam sastavam nepiecieSams pievienot kadu piedevu, neliela apjoma.
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2.3. Glabasanastvertnes dinamiska modela
eksperimentalais novertejums

15. attela paraditas teoretiski (no model&Sanas) un eksperimentali iegttas
vertikalo spriegumu liknes atkariba no birsto$a materiala (Smalcinati salmi)
augstuma tvertne (ar cilindrisko un konisko dalu). Ta ka dotaja gadijuma
model&sanai ar konstanto berzes koeficientu tika izvélétas vidgjam vertikalam
spriegumam atbilstodas berzes koeficienta veértibas, tad modelu izrékinatie
spriegumi praktiski neatskiras. Tacu modelis ar automatisko berzes korekciju ir
ieteicamaks, jo neveicot eksperimentus, iepriek§ nebls zinamas maksimalas
spriegumu Vertibas, un nepareizi izvelets berzes koeficients ieviesis kludu vertikalo
spriegumu noteiksana.

600 ,

500 R = 0.98‘
& 400
72}
% 300
-é_ 200 ¢ Modelis ar BK korekciju

X Modelis ar BK 0.35
100 1— Eksperimentali ]
0 % \ \ \ ‘ ‘ ‘ ‘
0 20 40 60 80 100 120 140

Masas augstums tvertng, cm

15. att. Vertikala sprieguma noteik§ana ar smalcinatiem salmiem piepildita
tvertne (cilindriska tvertne ar konisku piltuvi)

Kiidras raditais vertikalais spriegums, pie vieniem un tiem paSiem
apstakliem, ir 1.5 reizes augstaks neka salmiem. To var izskaidrot ar kiidras
salidzinosi augstako blivumu 140 kg m™.

Masal sasniedzot augstumu tvertng, kas ir vienads ar apméram 4 tvertnes
diametriem, masas augstums vairs neietekme vertikala sprieguma o, lielumu — tas
paliek konstants (15. att.). Maksimalais vertikalais spriegums mainas atkariba no
tvertnes diametra, jo lielaks diametrs, jo lielaks vertikalais spriegums. Tvertnei ar
diametru 0,26 m maksimalais vertikalais spriegums glabajot smalcinatus salmus
sasniedz 0.5 kPa, bet tvertnei ar diametru 1 m vertikalais spriegums sasniedz
1.8 kPa. Tas nozimé, ka mazaka diametra tvertnem zemak neka liela diametra
tvertnem sienu berze pilniba lidzsvaro pienakosas masas raditos vertikalos
spriegumus (tvertnes apaksa spriegums paliek konstants). Tapéc tvertnes parasti
veido ar mazaku diametru un augstas.

Modelgjot tvertni ar diametru 1 m, batiski pieauga atSkiriba starp vertikalo
spriegumu vertibam ar automatiski korigéto berzes koeficientu un konstanto berzes
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koeficientu (0.32). Masai, sasniedzot augstumu 10 m, atskiriba starp modeliem
pieaug pat Iidz 10%. Tvertné palielingjies tilpums, kura darbojas salidzinosi
augstaki spriegumi, lidz ar to berzes koeficienta vidéja vértiba (ja berzes
koeficients tiek automatiski korigéts) samazinas. Blivakiem materialiem vertikalo
spriegumu  atskirtba, izveloties neprecizi berzes koeficienta vertibu, ir
ievérojamaka, ta var parsniegt 30%. Tapéc prognozgjot iesp&jamo spiediena
diapazonu tvertng, ieteicams eksperimentali noteikt berzes koeficenta vertibas
atkartba no sprieguma, un modeli ievietot sakaribas, kas automatiski izdod
atbilstosas berzes koeficienta vértibas.

2.4. BrikeSu noturibas eksperimentala notelk§ana

16. attéla ir salidzinatas dazadu smalkumu salmu briketes, to robezizturibas
izmaina atkariba no pievienotas kiaidras daudzuma. Smalcinatu salmu brikesu
robezizturiba nav atkariga no salmu smalkuma pakapes, ja dalinu garums ir no 0.5
[idz 3 mm, bet, pievienojot kiidru (3 mm), salmu brikeSu robeZizturiba bideé
(perpendikulari briketéSanas virzienam) ievérojami pieaug, t.i., no 0,2 (tiriem
salmiem) lidz 1,55 MPa (kadrai). Ta ka Latvija ik gadus tiek iegiits ap 500 000
tonnu kiadras, tad kiidras pievieno$ana salmu briketeém var&tu bit labs panémiens,
ka uzlabot salmu brike$u un granulu noturibu, ka ari kurinama degganas ipasibas.

1.6 . &
14 - Niedres
B Sami

—y = 1E-04x° + 0.002x + 0.362 4
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© O O =
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y = 0.0002¢ - 0.003x + 0.217
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16. att. Niedru un salmu brikeSu bides robezizturiba
atkariba no kadras dalas[11]

Smalcinatu niedru dalinu (1 — 2 mm) brikeSu robezizturiba bidé ir ~0.35

MPa (16. att.), ta ir aptuveni divas reizes augstaka ka salmu briketem. 16. attéla
varam redzet ari niedru brikeSu robezizturibas izmainu atkariba no pievienotas
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kidras daudzuma. Pievienojot niedru briketem 30% kiidras, to robezizturiba bide
sasniedz tadu pasu vertibu, kada ir kokskaidu briketem (dalinu lielums 3 — 5 mm).

Ta ka kokskaidu briketes un granulas tiek sekmigi izgatavotas, tad to
mehanisko 1ipasibu skaitliskas vertibas var tikt izmantotas citu brikesu
salidzinasanai. AtseviSku valstu standartos noteiktais brike$u blivums ir lielaks par
1.0 g cm™. Niedru briketes (no 1 — 2 mm dalinam) §adu blivumu pie dotajiem
briketésanas apstakliem sasniedz bez kiidras pievienoSanas. BrikeSu robezizturiba
palielinas, picaugot brikesu blivumam [4].
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17. att. Dalinu izmera ietekme uz briketesrobezizturibu bide [11]

Palielinoties dalinu lielumam kokskaidu briket€s, to robeZizturiba bidé
samazinas. Kokskaidu briketém ar dalinu lielumu > 2 mm robezspriegums bidé
sasniedz 0.6 MPa (17. att.). Niedru briketes sadu robezspriegumu var sasniegt, ja to
dalinas ir mazakas par 0.5 mm. RobeZspriegumu 0.6 MPa salmu briketes sasniedz,
ja tam pievieno ~60% kudras. Nepiecie§amo blivumu >1.0 g cm™ salmu briketes
sasniedz, ja tam pievieno 35% kudras [4]. Tiesi $ads kudras daudzums (35%) tiek
rekomendgéts pievienot dazadam biomasas kurinamam, lai uzlabotu to degsanas
1pasibas.

3. Ekonomiskais novertejums

Tehnikas izmaksu aprékinam tiek izmantota Rietumeiropa pienemta
tehnologisko procesu ekonomiskas novértésanas metodika [7], ievertéjot gan
pateréto degvielu, tehnikas cenu, renovacijas izmaksas, darba algu apkalpojosam
personalam, remonta izmaksas, bankas kreditaiznémuma procentus un daudzus
citus svarigus raditajus.
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a) b)

18. att. Nepartraukta (a) un cikliska (b) maisisanas
tehnologiska procesa salidzinajums
1 —tvertne; 2 — dozators, 3 — maisitajs; 4 — granulators;
5 — gpeka sensors; 6 — transportieris.

Granulu razo$anas procesda, péc 18. attéla paraditas shémas, vienu no
lielakajam izmaksu dalam sastada granuléSana (19. un 20. att.). Granulésanas
procesam ar nepartrauktas darbibas maisiSanu granuléSanas izmaksas sastada 60%,
bet ar cikliskas darbibas maisitaju aptuveni 56%. Lidzigas izmaksas ir arl
darbaspeka algoSanai, atkariba no procesa tas sastada 29 - 30% no kopgjam
izmaksam. Kopgjas izmaksas briketéSanas procesam ir par aptuveni 6% mazakas,

O Tvertne 8 Dozators B Maisitajs
O Granulators = Darbaspéeks

60%

2% 31%

4% 3%
19. att. Briketesanas procesa izmaksu procentualas sastavs
(ar maisisanu pliasma)
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ja taja lietots nepartrauktas darbibas maisitajs (21. att.). BriketéSanas izmaksas
samazinas, izmantojot augstrazigakas iekartas, pieméram, salidzinot iekartas ar
razigumu 0.5 un 2 t h™, izmaksas samazinas par 40%. Briketeianas procesa
izmaksas samazinas aptuveni par 30%, ja izstrades stundas palielinas no 600 uz
2400. Briketésanas vai granulé$anas procesu sadardzina augsta iekartu cena.

O Tvertne & Dozators
B Maisitajs O Granulators
B Sistéema svara noteikSanai O Transportieris
B Darbaspéks

56%

20. att. Briketesanas procesa izmaksu procentualas sastavs
(ar ciklisku maisisanu)
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21. att. Vienastonnas masas briketésanas procesa izmaksas
(ieskaitot maisisanu un dozesanu)
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Nenemot véra briketéSanu un darbaspéka izmaksas, nepartrauktas darbibas
maisiSanas procesa izmaksas ir par 38 % zemakas ka cikliskas darbibas maisisanai
(22. att.). Nepartrauktas darbibas maisiSanas procesa salidzinosi lielakas izmaksas
sastada dozeSana, jo nepiecieSama augstaka doz€Sanas precizitate. Lidz ar to, ari
iekartas izmaksas ir augstakas. Tacu lielaka ekonomija ir uz maisiSanas procesu, jo
nepartrauktas darbibas maisitaja piedzinai nepiecieSama mazaka elektroenergijas
jauda, ka arT pats maisitajs izmaksa mazak, jo ir vienkar$aks péc konstrukcijas un
mazaks p&c izmériem. Saskanojot dozatoru, maisitdja un briketétaja razigumus,
nav nepiecieSamas tvertnes masas uzglabasanai starp procesiem, kas arl samazina
procesa izmaksas.
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22. att. Vienastonnas masas maisisanas izmaksas

Secinajumi un ieteikumi razosanai
1. Tehnologisko iekartu projektéSanai nepiecieSamie raksturotaji ir statiskais un
dinamiskais berzes koeficients, ka ari Skérssprieguma koeficients:

e gmalcinatu salmu statiskais berzes koeficients ir atkarigs no
normalsprieguma, ja 8is spriegums ir 0.3 kPa, tad berzes koeficienta
vertiba uz cinkota skarda virsmas ir 0.35, bet, ja spriegums ir 20 kPa —
0.25;

e dinamiskais berzes koeficients ir atkarigs no spiediena un atruma starp
berzes virsmam. Smalcinatiem salmiem uz cinkota skarda virsmas
maksimala dinamiska berzes koeficienta vertiba (0.38) tiek sasniegta pie

27



28

eksperimentos izmantota minimala spiediena 0.3 kPa un maksimala
atruma 800 mm-min”, bet minimala vértiba (0.22) pie maksimala
spiediena 20 kPa un minimala atruma 50 mm-min™;

o eksperimentali iegiitais Skérssprieguma koeficients salmu dalinam ir
atkarigs no dalinu lieluma, un ta veértiba mainas no 0.45 (dalipam ar
izméru 0.25 mm) Iidz 0.3 (dalinam ar izméru 7 mm);

o skérssprieguma koeficients kiidrai izmainas no 0.47 (dalinpam, kas
mazakas par 0.5 mm) Iidz 0.4 (dalinam ar izm&ru 5 mm).

Novertgjot biomasas brikeSu noturibu atkariba no biomasas dalinu izmeriem

un maiSijuma sastava secinam, ka:

e  kokskaidu brikesu, ar dalinu lielumu < 2 mm, robezspriegums bidé ir
> 0.6 MPa. Niedru briketes $adu robezizturibu sasniedz, ja to dalinu
lilums ir < 0.5 mm, bet rupjaka smalcinajuma niedrém (lidz 3mm)
pigaucot = 30% kudras, salmu briketes So veértibu sasniedz, ja tam
pievieno = 60% kidras;

e samu brikesu robezizturiba ir ~ 0.2MPa, ja dalinu lielums ir no 0.5 —
3mm, bet izmantojot smalkakas salmu dalinas (<0.5 mm) robezizturiba
pieaug lidz 0.4MPa;

e pievienojot salmiem kidru, brike$u robezizturiba bidé pieaug no 0.2MPa
(kadra 0%) lidz 1.55MPa (kadra 100%).

Pievienojot salmu briketem 40% kudras, to blivums parsniedz cieta kurinama

standartos noteikto minimalo blivumu 1.0 g cm .

Izmantojot  attéla analizi, kidras un salmu maisijuma homogenitates

noteiksanai péc komponentu aiznemtajiem laukumiem, standartnovirze

neparsniedz 5%, tapéc §1 metode rekomendgjama salmu — kiidras un niedru —
ktdras maistjumu homogenitates noteik$anai.

Glabasanas tvertnes matematiskais modelis Matlab-Smulink programmatiira

rekomendgjams vertikala sprieguma noteikSanai glabasanas tvertnes atvere

nosakot spriegumu uz tvertné iemonttu dozatoru un aprékinot dozatora
darbinasanai nepiecie$amo griezes momentu.

Rotoru dozatora dozésanas konstante ir 5% dozgjot kiidru ar dalinu lielumu

<3 mm.

Izmainot rotoru dozatora spoliSu rotacijas virzienu, dozatora raksturlikne

rotacijas frekvencu diapazona no 0.5 1idz 3 s nemainas, bet, picaugot rotacijas

atrumam lidz 8 s, dozatora razigums 1. rotacijas virzienam ir 3 reizes lielaks

ka 2.

Smalcinatu stiebraugu doz€$anai piemerots ir trumula dozators. Ta relativa

dozgsanas konstante svarstas no 3 — 11% dozgjot lidz 10 mm garus salmus un

3 — 7% dozgjot kudru.

Dozgjot ar trumula dozatoru stiebru dalinas no dozatora iznak 3 — 7 mm

kartina visa trumula platuma, sapludinot masas kartinas no diviem dozatoriem,

var panakt komponensu samaisisanos bez maisitaja.



10. Nepartrauktas darbibas maisiSanas procesa masinizmaksas ir par 38 %
zemakas ka cikliskas darbibas maisisanai.

11. Granulu razoSanas procesam, ar nepartrauktas darbibas maisiSanu,
granulésanas masinizmaksas sastada 60% no kopg&am ekspluatacijas
izmaksam, bet ar cikliskas darbibas maisitaju — 56%. Lidzigas izmaksas ir ari
darbaspeka algosSanai, atkariba no procesa tas sastada 29 — 30% no kopgjam
ekspluatacijas izmaksam.

12. Kopgjas ekspluatacijas izmaksas briket€Sanas procesam, lietojot nepartrauktas
darbibas maisitaju, ir aptuveni 6% mazakas neka izmantojot cikliskas darbibas
maisitaju.

13. Nemot véra komponensu izmaksas, briket€Sanas energiju, brikeSu blivumu,
degsanas Tpasibas un brikeSu noturibu, kiidras dalai niedru-kudras maisijuma
vajadzetu bt 30+5%, bet salmu-kadras maisijuma 50+5%.

14. lIzstradata rotoru dozatora konstrukcija, kurai pieskirts patents (Patents
Nr. 13597, SPK G01F11/10 (26.02.2007.)).

Topicality of the work

The European Union defined its strategic aim in the European Commission
White Paper (1997) where it was determined that the part of the renewable
resources in the balance of the European Union primary resources should be
increased from 6% in 1997 to 12% in 2010. Thistask is steered at improvement of
energy supply safety as well as at supporting of sustainable development of energy
resources. The next step in the prosecution of this policy was the Directive
2001/77/EC On promotion of application of electro energy in the domestic electro
energy market that is produced using inexhaustible sources of energy. The aim of
the directive is to increase the part produced from RER (renewable energy
resources) up to 22, 1% of the total European Union electro energy consumption in
2010 [1]. The EC declaration COM (2004) 366 On Utilization of Renewable
Energy Resources in the EU evaluates the possibilities to achieve the indicative
am of this directive. In the declaration it is concluded that the advisable
contribution of different RER is 50% of wind energy, 10% of hydro resources,
geothermal and solar energy, 40% of electro energy obtained from biomass. It has
been underlined that the increase of the biomass contribution is the priority and
that special attention will be paid to the new EU member states where there are
considerable resources of biomass[1].

Production of biomass compositions is topical as in wood pulp biomass
(with bark and needles/leaves) and herbaceous biomass there is a rich content of
metal akali and chloride. Depending on the process of burning metal alkali can be
oxidized or it can form sulphates or chlorides. If only wood chips or culmiferous
plant biomass are burned the content of sulphur is low and chlorides are formed.
Chlorides condense on the heat transfer surfaces of the furnace making the heat
carrying slower and increasing the risk of high temperature corrosion. If the
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content of sulphur in fuel is increased, for instance, producing peat and wood or
herbaceous biomass compositions instead of chlorides sulphates are formed and the
high temperature corrosion risk is reduced [2, 3].

Analyzing the mixing processes several advantages for mixing biomass with
ain-flow or continuous mixer were discovered. In order to consider the advantages
of one or the other mixing process more accurately it is necessary to evaluate
economically both technological processes (cyclical and in-flow mixing).

For the in-flow mixer comparatively high precision of feeding is necessary
(the feed constancy depending on the kind of biomass in the range of
5 — 10%). Therefore, it is important to clarify whether it is possible to measure
granulated biomass precisely enough for qualitative mixing in the process (Fig. 1).
In the literature available the suitability of the above described feeders for dosing
of chopped herbaceous biomass and peat is not discussed. The feeder relative feed
constancy is not indicated as well. Therefore, it is necessary to carry out
experimental research in the feeders evaluated according to the expert method and
approved being suitable by help of what the relative feed constancy, characteristic
and suitability of the feeders for herbaceous biomass and peat could be determined.

Composition
quality

Durability of
briquettes

Figure 1. Parameter sinfluencing the biomass
composition production processes

The vertical stress ¢ created by the granulated biomass acts on the feeder

built in the container. In order to determine the influence of this stress depending
on the height of the massin the bin it is necessary to research in the distribution of
the stress in the bin and to develop a mathematical model of the bin (Fig. 1). By
help of the mathematica model of the bin it would be possible to calculate the
vertical stress that is acting on the feeder. It is important for calculation of the
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driving torque of feeders. In order to develop such a model it is necessary to
determine the physical — mechanical properties of biomass (friction coefficient ,
stressratio 4).

Analyzing the literature a conclusion can be drawn that there are sufficiently
enough different statistic methods by help of which the homogeneity of the
composition can be evaluated knowing the changes of the components in separate
samples. Nevertheless, it is difficult to take a sufficient number of samples and to
state the concentration of the components in them. Due to this reason atask is set
to develop an acceptable model for taking and processing of samples and
determining the homogeneity of the biomass compositions.

In order to organize the mixing process adequately as well as to state the
homogeneity of the composition the proportion of the components plays a
significant role. It is important to determine the optimal proportion of the
composition considering the briquette durability parameters. Therefore, it is
necessary to carry out the experimental research in determination of the biomass
briquette durability.

The solid fuel and biomass fuel standards provide for testing of briquette
durability with the application of different methods that require a large amount of
pellets and briquettes. Considering that the briquette durability varies depending
upon the kind of biomass, proportion of the components, size of the particles and
many other parameters, a briquette testing method is needed for laboratory
conditions by means of which it would be possible to state the respective durability
changes depending on the size of the composition particles, moisture or other
changes having a small number of briquettes.

The aim of theresearch and thetasks

Theaim of theresearch

To evauate the biomass composition preparation technological processes and the
biomass characteristic features necessary for designing of the technological
equipment.

Thetasks of theresearch

1. To determine the physicad — mechanical properties of biomass (peat,
herbaceous biomass) that are necessary for the development of the
mathematical model of the biomass storage bin.

2. To develop a mathematical model of chopped biomass storage bin and test
experimentally the adequacy of this model.

3. To evaluate theoretically the kinds of feeders most suitable for biomass
dosing.

4. To determine experimentally the precision of feeding and the characteristics of
feeders.
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5. Todevelop anew construction chopped biomass feeder.

6. To elaborate a method for taking and processing of biomass samples and
evaluating of biomass composition homogeneity.

7. To evauate the durability of biomass briquettes depending on the size of the
particles and the proportion of the composition.

8. To compare the continuous and discontinuous biomass composition
production technologies according to their economic profitability.

Scientific novelty of theresearch

The scientific novelty of the promotion work is related to the research in the

following issues.

o A mathematical model of chopped biomass storage bin has been elaborated for
determination of the vertical stress in the opening of the bin, based on
computer software Matlab-Smulink and experimental testing of the model has
been carried our.

e Methods for evaluation of the biomass composition (straw — peat, reed — peat)
quality by means of image analysisin software Matlab have been elaborated.

e The biomass physical — mechanical parameters necessary for development of
the model have been experimentally stated: angle of repose, stress ratio and
friction coefficient.

e The feeder (rotary spool, screw and drum) relative feed constancy and the
feeder characteristic curves dosing chopped biomass have been experimentally
determined.

e A rotary feeder model has been designed by means of which the feeder
productivity can be modelled depending on its geometrical parameters and
rotation freguency.

o Development of a new construction granulated biomass feeder (Latvian patent
LV-13597 B. SPK G01F11/10, 26.02.2007.).

Approbation of the scientific work

The research was performed during the period of time from 2001 to 2007.
The obtained results are summarised in 19 publications that are in compliance with
the general requirements of the Latvian Scientific Council for scientific editions.
Approbation of the research results of the dissertation theme was carried out
presenting them in the following international scientific conferences.

1. Estimation of homogeneity stage of biomass mixtures. International Scientific
and Practical Conference ,,Environment. Technology. Resources.” Rézekne,
Latvia, June 20 — 22, 2007.
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10.

11.

12.

13.

14.

Rotary spool feeder for biomass dosage. 6" International Scientific
Conference “Engineering for Rural Development”, Latvia University of
Agriculture, Faculty of Engineering. May 24 — 25, 2007.

Mechanical properties of biomass compositions for solid biofuel production.
15th European Biomass Conference “Biomass for Energy, Industry and
Climate Protection”. Germany 7-11 May 2007.

Drum feeder for biomass dosage. Research papers 8. Lithuanian University of
Agriculture, Faculty of Agricultural Engineering, Transport and Power
Machinery Department — 60 year anniversary. Lithuania, September 20 — 21,
2007.

Biomass conditioning for solid biofuel compositions. 2™ International Baltic
Bioenergy Conference. Germany, Fachhochschule Stralsund — University of
Applied Sciences. Nov. 02. — 04. 2006.

Determination of parameters for chopped biomass feeders. International
Scientific Conference “Engineering for Rural Development” Latvia University
of Agriculture, Faculty of Engineering. May 18 — 19, 2006.

Stress modelling of chopped biomass. International Scientific Conference
“Research For Rural Development 2006 Jelgava, Latvia, Latvia University of
Agriculture, Department of Post - Graduate Studies, 19 — 22.05.2006.

Dosage of chopped biomass. International Scientific Conference
"Opportunities and Problems of Economic Development“. R&zeknes
Augstskola, Rézekne. 24.03.2006.

Internal stresses of biomass compositions. International Scientific Conference
“Research For Rural Development 2005” Jelgava, Latvia, Latvia University of
Agriculture, Department of Post - Graduate Studies, 19 — 22.05.2005.

Friction of chopped straw. International Scientific Conference “Agricultural
Engeneering Problems”, Jelgava, Latvia, Latvia University of Agriculture,
Faculty of Engineering, 2-3.06. 2005.

Biomasu maisijumu fizikali mehaniskas ipasibas. Starptautiska zinatniska
konference “Vide. Tehnologija. Resursi.” Rezekne, Latvia, R&zeknes
augstskola, 16-18.03.2005.

Seperation of chopped reed particles. International scientific conference
“Research for Rural Development 20047, Jelgava, Latvia, 19-22 May, 2004.
Evaluation of durability of biomass briquettes, International scientific
conference “Advanced Technologies for Energy Producing and Effective
Utilization” Jelgava, Latvia, Latvia University of Agriculture, Faculty of
Engineering, 28-29 June, 2004

Durability of stalk material briquettes, International scientific conference
“Enabling Environment for Society Wellbeing” Rezekne, Latvia, Rezeknes
Higher Education Institution, 4-5 March 2004.
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M ethods of work

To reach the aim of the promotion work the method of solving differential
equations and mathematical modelling based on software Matlab-Smulink were
applied. In experiments the technical aids and appliances of the Scientific
Laboratory of Agricultura Machines and Mechanisms (LMMZL) of the Latvia
University of Agriculture and laboratory equipment (material testing machine
Zwick Z 2.5, virtual instruments of the companies Picotech, DataQ and others)
were used. For measurements licensed measuring instruments were used. The
necessary number of measurements was repeated in order to ensure sufficient
validity of the measuring results. For evaluation of the results the statistic data
processing software MS Excel was used by means of which such statistic data
characteristics as the determination coefficient, standard deviation, variation
coefficient etc. were determined.

1. Theoretical research

The theoretical research of the work results from the tasks stated in Chapter
1 of promotion paper. The theoretical investigations carried out in the course of
work can be divided in four subchapters. In the first subchapter the condition of
stress in bulk materials and the stresses in the storage bins created by bulk
materials are investigated.

In the second subchapter the mathematical model based on Matlab-Smulink
for determination of the vertical stresses on the feeder mounted in the bin is
developed.

The third subchapter describes a new construction feeder for bulk materials.
Based on the feeder operation capacity geometric equations the model in the
software Matlab-Smulink is developed by means of what it is possible to
determine the operational capacity of the feeder depending on the feeder
parameters. Based on the experimental research knowing the variation of the feeder
capacity depending on the rotation frequency it is possible to model the capacity of
feeders of different dimensions.

In the fourth subchapter the criteria are stated that determine the proportion
of straw — peat and reed — peat mixtures and the necessary precision of mixing. The
methods for determination of the mixture concentration in samples and the
homogeneity by help of image analysis are elaborated.

1.1. Storage bin dynamic model

The storage bin dynamic model was developed for determination of the
stress created during feeding of biomass on the feeder mounted in the bin. It is
necessary for determination of the torsion moment for driving the feeder.
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Stress calculation methods
It is possible to distinguish between three different cases in the above
described situations that should be considered calculating the stresses in the storage
bins:
e Stressesinthe vertical part of the bin;
e  Stressesin the hopper (active stress condition — filling);
e  Stressesin the hopper (passive stress condition — draining).
Calculation of stressin the vertical part of the bin
Stresses in the vertical part of the bin (in the active stress condition) can be
calculated by Janssen formula [6] applying the method of infinite element. A mass
element in the shape of the bin cross-section with infinitely small height dz having
the same cross-section area A as the cylindrical part of the bin is considered.
Assuming that there is constant vertical stress o, around the slice element and
constant density oy, the balance of forces z in the direction of the axis can be
expressed by the equation [6]:
Ac,+gp,Adz= A(c, +do,) +7,Udz, (L1
where A—  cross-section area, m’;
oy— Vvertica stress, Pa;
g- freefall acceleration, ms?
po— massdensity, kg m?;
ww— Shear stresson the bin walls, Pa;
U- perimeter, m;
Transforming the expression we get:
do, U B 12
5 FoARe)=9m, (12
where ( - friction angle;
From the friction coefficient characteristic curve the straw friction
coefficient variation function depending on stress:

tg(p,) =0.3175,°°° =0.317(1c,) 7", (1.3)
and peat friction coefficient variation function depending on stress are obtained :
to(p,) = —0.21957 +0.4650, +0.137 = -0.219(15,)* + 0.465(1c,) +0.137  (1.4)

Transforming the differential equation (1.2) so that it considers the
dependence of the chopped straw friction coefficient on the stress a differential
equation for calculation of the straw bin (1.5) and the pesat bin (1.6) is obtained:

do U
—¥ 41 0.317(5. 1) — = (1.5)
dZ (O-v ) A gpb

% +(-0.219(A0, )% + 0.465(10,)? + 0.137/10'\,)% =gp, (1.6)
Z
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Deter mination of stressin the hopper

Stresses in the hopper are calculated applying the slice element method. The
balance of forces for the dice element is expressed by the differential equation
[5, 6]:

d(Ac,) + gp,Adz=sin(®)c,dA, +cos(®)r,dA, (1.7

where ®—  hopper angle against the vertical, degrees,

ow— hormal stresses of the walls, Pa;

Au— side surface of the element, m?%

z— vertical direction coordinate, m;

Introducing the coefficient u and transforming the expression we get the
differential equation in the following form [5]:

do,

Vv O-V —
E—u;——gob, (1.8)
where
u=(m+1)[ K(1+ttgg((<"@X)))-1] , (1.9)

where K- ratio of the wall normal stress against the average value of the vertical

stress in the hopper;

m-—  parameter evaluating the cross-section shape of the hopper.

Inserting the experimentally stated variation of the friction coefficient value
depending on the stress between the friction surfaces in formula (1.9), new
coefficient u expressions are obtained separately for straw (1.10) and peat (1.11):

-0.075
u:(m+1)[K(1+0'31:éEng)_1] (1.10)

2
u=(m+1)[ K(1+ 0219, +tg’(4gjaw +0.157 )-1] (1.112)

Figure 2 shows a model considering the friction coefficient variation. In
order to develop it the principal operation of the model had to be changed by
changing the z direction. The given model depicts the vertical stressin the massin
a definite depth. It means that indicating the respective integration limits (z val ues)
it is possible to determine the vertical stress also in the bottom of the bin (at the
opening) by means of this model.
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Figure 2. Biomass bin mathematical model considering thefriction
coefficient variation depending on stress

1.2. Development of a new construction rotary spool feeder

Based on the set task a new kind feeder with improved precision of dosage
was developed (Fig. 3). The feeder is functionally designed in a way that it
consumes possibly less energy. With the feeder rotating the spools roll aong the
dosed bulk material, therefore friction between the feeder and the dosed bulk
material is eliminated. The spool diameter and the cone angle are aligned so that
with the cone rolling along the material the spool does not dide out within its
whole length.
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In the rotary body of the feeder rotating conical spools are fastened (Fig. 3.
Patent Nr. 13597, SPK GO1F11/10 (26.02.2007.)). With the body rotating around
its axle the spools that are placed in the body start rotating around the radially
placed axles and the loose material that has got into the sectors is discharged from
the bin. The increase of the feeder accuracy is determined by the reduction of the
spool sector volume replacing one large spool by several spools. The productivity
of the feeder can be controlled changing the rotation speed of the body thus
changing also the rotation speed of the spoals.

Figure 3. Rotary spool feeder

Based on the given geometrical correlations a model in Matlab-Smulink
was developed (Fig. 4). In it changing such parameters as the length of the spool,
radius, sector angle, thickness of the sector wall, the number of the sectors and the
groove roundup radius it is possible to determine the operational capacity of one
spool in mm>,

On Figure 5 the geometrical model of the spool is marked with outlet 1
(Out 1). Through mathematical transformations we get the amount of the given
mass in kilograms that the feeder can theoretically put out during one revolution.
Considering the change of the feeder spool filling coefficient depending on the
rotation frequency, the given model (Fig. 5) can be used for calculation of the
feeder capacity at different spool parameters.
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Figure 5. Deter mination of feeder capacity

1.3. Evaluation of the composition quality

Preparing compositions it is important to know how homogeneous it should
be and what the proportion of the components will be. The more homogeneous the
composition, the higher the costs for implementation of the process. Therefore,
evaluating the final product (granules, briquettes) for determination of the mixture
homogeneity level and the proportion of the components the following criteria
were set up (Fig. 6 and 7):

e component costs — it means that if any of the components is comparatively
more expensive, its overdosing will make the product costs higher;

e briquetting energy — increasing the proportion of the components for
briquetting of which less energy is needed in the mixture energy would be
saved in the briquetting process;

e density — a equa briquetting conditions, briquetting different biomass
materials different density will be obtained. The components should be
selected in the way that the density of the mixture briguette or granule reaches
1 gcm?that isindicated in the standards.

e burning properties — the change of the component proportion in the mixture
influences al so the properties of burning and the life time of the boilers;

e durability — for improvement of briquette and granule durability the
proportion of the added component should be sufficient to comply with the
standard requirements.

Figure 6 presents the proportions of reed and peat mixture and the mixture
homogeneity criteria. At present it is difficult to judge about the costs for reed
production in comparison to the peat costs 10 Ls t™. However, if considering that,
unlike with peat, CO, discharged in the process of burning reed is not considered
to be the gas causing the greenhouse effect as the plant burning discharges that
CO, which it has taken up during the process of growing, it is still advisable to
reduce the proportion of peat.
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Figure 6. Mixture proportion and homogeneity level criteria
for reed — peat mixture

From the point of view of briquetting energy the proportion of peat in the
mixture should be increased as in this case the energy necessary for briquetting
reduces [4]. The same, the density of briquettes increases adding peat. Burning
herbaceous biomass it is advisable to add peat (15 — 35%), in order to prevent
corrosion of the boilers. To ensure the durability of reed briquettes as it is in wood
chip briquettes about 30% of peat should be added.

Analysing the obtained figure it can be seen that at present there are two
limiting factors: the briquette durability and burning properties. A conclusion can
be drawn based on this figure that the proportion of peat in the reed — peat mixture
should be approximately 30+5%.

Evaluation criteria

0 20 40 60 80 100
Peat proportion, %

Figure 7. Mixture proportion and homogeneity level criteriafor
straw — peat mixture
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Examining Figure 7 - Mixture proportion and homogeneity level criteria for
straw — peat mixture — it can be concluded that for straw briquettes the proportion
of peat should reach 50 £5%. Such large proportion of peat is necessary in order to
ensure the briquette durability. If producing briquettes industrially it could be
concluded that briquettes with less proportion of peat are stable enough, it (the
proportion of peat) could be reduced. Variations in durability are possible as in
different briquette compacting processes various changes in the physical —
mechanical properties of the mixture take place.

It can be seen in Figure 7 that the orange area does not touch the diapason
taken up by the burning properties. From the analysis of literature in Chapter 1 of
promotion paper it can be concluded that the burning properties do not become
worse for a mixture with a larger proportion of peat. Therefore, at the present
situation the recommended proportion of peat for straw — peat mixtures could be
50+5%.

The evaluation of the mixture homogeneity and proportion can be
carried out according to different parameters, for example:

e mixture density;

e  briquette durability;

e proportion of componentsin a definite unit of volume;
e visual estimation (image analyze).

Image analyze

In software Matlab a line of orders is formed by help of which the image
can be put in the given software and transferred into understandable for the
program. The images were transformed into black-and-white format, it means that
every pixel takes one of the two values, either 1 or 0. For marking the images
further used binary symbol bw is introduced. Determining the straw — peat mixture
quality the straw particles are transferred into white and they take the value 1, but
the peat particles — into black; they take the value 0 and are to be understood as a
background.

Distance transforms alows for the measuring of the distance between the
intermediate points in the image. The image processing tools (I mage Processing
Toolbox) by help of the function bwdist ensure a possibility to calculate the
distance between every pixel and the other closest pixel that differs from 0 in
binary figures. The function bwdist supports different distance measuring methods.
The Euclidean method is offered as the default distance transformation method.
Nevertheless, it is possible to use also other methods.

Matlab program with the function y = std(D1) calculates the standard
deviation in the transformed distances within the range of images. The standard
deviations are calculated for every image pixel column separately. In order to state
the total condition of the image (the mixture quality), the standard deviation
average value was calculated.
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Based on Matlab the area occupied by the straw particles in pixels was
determined. Dividing it by the total number of the image pixels the proportion of
straw in the mixture was calculated what was afterwards compared to the
proportion of the theoretical components of the mixture and the standard deviation
Swas obtained.

The standard deviation is necessary to determine the degree of mixing that is
based on the Rose formula:

M=1-, (1.12)
S

where

S=yprd-pr). (113

where p, — theoretically calculated proportion of the areas.

In order to state the suitability of the straw — peat composition for the above
described mixture quality evaluation system six different straw and peat
compositions were made: only straw, 80% straw and 20% peat, 60% straw and
40% peat, 40% straw and 60% peat, 20% straw and 80% peat and only peat. The
size of the component particles was 1 — 2 mm; the moisture content of the mixture
was 12%. The components were mixed until the particles were uniformly dispersed
in the whole volume (homogeneous mixture).

* |mage anaysis
® Theoretically

40

20

Straw proportion, %

0 20 40 60 80 100
Peat proportion, %

Figure 8. Comparison of the data of mathematically transfor med and
theor etical image analysis[8]

The results of the analysis of the images of straw (1 — 2 mm) and peat (1 - 2
mm) compositions are very close to the ones obtained theoretically. Bigger
inaccuracy can be observed at the beginning and at the end of the diagram (100%
straw, 100% peat) but the middle parts of the straight lines practically coincide.
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This tendency is related to the transformation of colors. transforming the pure
straw figure to black-and-white it was not 100% white, the same with peat (it was
not 100% black). The difference of the average values of the theoretical and figure
analysisis approximately 7%.

The error caused by the color transformation can practically be eliminated
by mathematical transformation (Figure 8). In this case the standard deviation of
the results from the theoretical mean does not exceed 5%, But the mean values (of
theoretical and figure analysis) practically coincide. For biomass materias the
homogeneity of the mixtures of which depends on many parameters (size of the
particles, particle size dispersion, particle size proportion of the components and
other loose material properties) the standard deviation 5% is an acceptable index.
Orientation of the particles greatly influences the accuracy of the data If the
particles are thin and long, the area of the side surface will considerably exceed the
area of the end surface.

2. Experimental research
2.1. Friction coefficient

Figure 9 shows the correlation between the static friction coefficient and
stress between the frictional surfaces (in the experiment chopped straw 2 — 3 mm
and a galvanized iron plate were used). Changing the stresses between the surfaces
we get an essential difference at low and high stresses. If the stress increases the

0.4
S 035 3+
S .
< 0313 s
S S . . .
= L] *
% 0.25 * *
"g 02 1 =032p°"

' R°=0.71
015 T T T T
0 5 10 15 20

Stress between the surfaces p, kPa

Figure 9. Statistic friction coefficient of chopped straw (2 -3 mm) vs.
galvanized iron plate



friction coefficient between the straw particles and the galvanized iron plate
decreases. Changing the norma stress from 0.3 to 20 kPa the static friction
coefficient values from 0.25 to 0.35 were obtained. The testing speed 2 mm min™
and the surface shifting length 10 mm. Measuring accuracy +0.018 (validity 95%).

2.2. Feeder parameters

2.2.1. Drum feeder

On Figure 10 we can observe that the specific througput depends on the
drum rotating frequency. If the frequency increases from 0.25 to 3 s*, the specific
throughput decreases by 0.01 kg rev’. The observed tendency relates to straw up to
3 mm, as well asto 3 — 10 mm. Feeding straw with the size from 3 — 10 mm, the
specific throughput is considerably lower than for straw up to 3 mm. It isrelated to
their different density as comparing the dosed volume units per one revolution
(Figure 11) we can see that the difference has reduced from 40 to 7%.

The reduction of the specific throughput (Figures 10 and 11) is caused by
the vertical stress of the mass that reduces as with the increase of the rotation speed
more and more bigger material volume is discharged from the bin, though new
meaterial from the upper layers of the bin does not flow sufficiently fast to create
the stress of the mass on the feeder that operates at low rotation frequency.

The relative feed constancy in the process varies from 3 to 11%. The
variation of the relative feed constancy or the accuracy of feeding is influenced by
the dosed mass. chopped straw differ in the sizes and can be differently oriented on
the feeder causing the change in the intensity of flow. The inaccuracy of the flow is
caused also by the varying stress when the mass flows to the rotating feeder.
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Figure 10. Specific throughput depending on the drum rotation frequency [9]
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Figure 11. Specific throughput depending on the drum rotation frequency [9]

The variations of the flow were determined by means of the force sensor
output. The mass running against the plate of the force sensor changed the sensor
outlet voltage. According to Figure 12 we can conclude that the sensor readings are
not influenced by the size of the particles as for both particle size groups the
readings are similar and the straight lines practically coincide. It means that the
sensors of this kind can be used to control the feeding process of chopped biomass.
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Figure 12. Force sensor output voltage vs. massthroughput [9]
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2.2.2. Spool feeder

As it can be seen on
Figure 14 the capacity of the
drum feeder (Figure 13) depends
on the direction and speed of the
feeder rotation. The direction of
spool rotation is determined by
the position of their drive (above
or under the spools). If the spool
rotation speed increases their
filling coefficient reduces and . ) ) .
the difference from the theoretica Figure 13. Spool rotation directions[10]
capacity increases (Figure 14). If
the spooal drive is positioned under the spools the linear speed of the operating parts
of the spools V; is directed in the direction of the feeding body speed Vi (first
rotation direction) — the spool with its ribs embraces the material. Positioning the
spool drive on the upper side the linear speed of the operating parts of the spools V,
is directed opposite the feeder body speed direction (second rotation direction) —
the spools are rolling along the material to be fed. The specific throughput is higher
in the first case as the material that is above the feeder causes additional stressin
the direction of the spool filling. If the spools roll in the direction 2 the bulk
material (peat) causes stress in the vertical direction helping the material to
penetrate into the sectors of the spools, but with the spool continuing to roll on the
particles of the material centrifugal forces start to work on it trying to push the
particles out of the spool sectors.
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Figure 14. Throughput of the spool feeder [10]
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The throughput depending on the direction of rotation with the rotation
frequency reaching 8 s*, differs approximately 3 times (Figure 14). The capacity
does not depend on the direction of rotation if the rotation frequency is 0.5 to 3 s™.
If it is enough to have a feeder capacity that corresponds to the frequency 3 s, the
second rotation direction is advisable as rotating in this direction the feeder
consumes less energy.

The relative feed constancy in the process of feeding is ~5%.

The feeding accuracy influences the size and the kind of the mixer. For a
feeder of a small size with short time of mass being in it and limited axial mixing
high feeding accuracy is needed even for alonger period of time.

For feeding of chopped herbaceous biomass a drum feeder is suitable. It has
sufficient feeding accuracy (the relative feeding constant varies from 3 — 11%
feeding 10 mm long straw and 3 — 7% feeding peat) and by a drum of a
corresponding size the necessary capacity can be reached. The capacity can be
changed by changing the profile of the drum surface and its parameters. The
particles of chopped stalks from the feeder get in the opening of the feeder in a
3 — 7 mm thick layer in the whole width of the drum. In a situation when in the
flow two components have to be mixed this kind of feeding can be suitable as
blending the layers of the mass from two feeders mixing of the components can be
achieved. If the components are sufficiently mixed, the mixer is not needed; if the
mixture is not sufficiently homogeneous, the mixer that with low consumption of
energy ensures additional mixing of the components can be used.

The feeder with radially positioned rotors is more precise compared to the
drum feeder (the feeding constant ~ 5% feeding peat). Though, the rotary feeder in
the given version is not suitable for feeding chopped stalks. The rotary feeder is
more suitable for feeding fine, well flowing bulk material. This kind of feeder is
advisable if it is necessary to add some additive in a small amount to the
briquetting composition.

2.3. Experimental evaluation of the storage bin dynamic model

Figure 15 shows the vertical stress curves obtained theoretically (from
modeling) and experimentally depending on the height of the loose material
(chopped straw) in the bin (with the cylindrical and conical part). Asin the given
case for modeling with the constant friction coefficient the friction coefficient
values corresponding to the average vertical stress were chosen, the calculated
stresses of the models practically did not differ. Nevertheless, the model with
automatic friction correction is more advisable because without experimenting the
maximal stress values will not be known beforehand and the friction coefficient
that is chosen incorrectly will cause an error in determination of the vertical
stresses.
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Figure 15. Deter mination of the vertical stressin a bin filled with chopped
straw (cylindrical bin with a conical hopper)

The vertical stress caused by peat at the same conditions is 1.5 times higher
than for straw. It can be explained by the fact that peat has comparatively high
density 140 kg m™.

With the mass reaching the height in the bin that is equal to approximately
four diameters of the bin the height of the mass do not influence the value of the
vertical stress o, any more — it remains constant (Figure 15). The maximal vertical
stress varies depending on the diameter of the bin — the bigger the diameter, the
higher the vertical stress. For a bin with the diameter 0.26 m the maximal vertical
stress storing chopped straw reaches 0.5 kPa, but for a bin with the diameter 1 m
the vertical stress reaches 1.8 kPa. It means that for bins with a smaller diameter in
comparison to bins with a large diameter the friction of the walls completely
balances the vertical stress caused by the incoming mass (at the bottom of the bin
the stress remains constant). Therefore, bins are usually made high with a smaller
diameter.

Modeling a bin with a diameter 1 m the difference between the vertical
stress values with the automatically corrected friction coefficient and the constant
friction coefficient (0.32) increased essentially. With the mass reaching the height
10 m the difference between the models increases even up to 10%. The volume has
increased in the bin in which comparatively higher stresses are acting and due to
this the average value of the friction coefficient (if the friction coefficient is
automatically corrected) decreases. For more compact materials the difference of
the vertical stresses if the friction coefficient values are inaccurately chosen is
more considerable, it can exceed 30%. Therefore, prognosticating the possible
range of the stress in the bin it is advisable to determine the friction coefficient
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values depending on the stress experimentally and to insert the correlations in the
model that automatically produce the friction coefficient values.

2.4. Experimental determination of briquette durability

In Figure 16 straw briquettes of different fineness and their ultimate shear
stress variation depending on the amount of the added pest are compared.

The ultimate shear stress of chopped straw briquettes does not depend on the
degree of straw fineness if the length of the particles is from 0.5 to 3 mm, but
adding peat (3 mm) the ultimate shear stress (perpendicular to the direction of
briquetting) of straw briquettes considerably increases, i.e., from 0.2 (for pure
straw) to 1.55 M Pa (for peat).

16 P!
o 14 Reed /
=12 m Straw /
Lj? 1 y = 1E-04x° + 0.002x + 0.362

|
% 08— R’ =098 /
06 >
|5
£044 y = 0.0002¢ - 0.003x + 0.217
202 R =097
0 T T T T T
0 20 40 60 80 100

Peat proportion, %

Figure 16. Ultimate shear stressof reed and straw briquettes depending on
the proportion of peat [11]

As every year in Latvia about 500 000 tons of peat are extracted, adding of
peat to the straw briquettes could be a good way to improve the durability of straw
briquettes and granules as well as the burning properties of fuel.

The ultimate shear stress of chopped reed particle (1 — 2 mm) briquettes is
~0.35 MPa (Figure 16); it is approximately two times higher as straw briquettes. In
Figure 16 we can see also the variation of reed briquette ultimate shear stress
depending on the amount of the added peat. Adding 30% of peat to reed briquettes
their ultimate shear stress reaches the same value as it is for wood chip briquettes
(the size of particles 3 -5 mm).

As the wood chip briquettes and granules are successfully produced, the
figural values of their mechanical properties can be used for comparison of other
briquettes. The briquette density determined in the standards of some countries is
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higher than 1.0 g cm™. The reed briquettes (from 1 — 2 mm particles) reach this
density at the given briquetting conditions without adding of peat. The briquette
ultimate shear stressincreases if the briquette density increases [4].
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Figure 17. Influence of particle sizes on briquettes
ultimate shear stress[11]

With the increase of the particle size in wood chip briquettes their ultimate
shear stress reduces. For wood chip briquettes with the particle size > 2 mm the
ultimate shear stress reaches 0.6 MPa (Figure 17). Reed briquettes can reach such
ultimate shear stress if their particles are less that 0.5 mm. Straw briquettes reach
the ultimate shear stress 0.6 MPa if about ~60% peat is added. Straw briquettes
reach the necessary density >1.0 g cm™ if 35% peat is added [4]. Exactly such
amount of peat (35%) is recommended to be added to different biomass fuels in
order to improve their burning properties.

3. Economic evaluation

For calculation of the machinery costs the methods of economic evaluation
of technological processes established in Europe are applied [7] considering the
consumed fuel, machinery costs, renovation costs, salaries for the employees,
repair costs, bank credit interest and many other important factors.
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a) b)

Figure 18. Comparison of in-flow (&) and discontinuous (b) mixing
technological processes
1 - bin; 2 — feeder; 3 — mixer; 4 — granulator;
5 — weight sensor; 6 — conveyer.

In the granule production process according to the scheme shown in Figure
18 one of the largest parts of costs is comprised by granulation (Figures 19 and 20).
For the granulation process with in-flow mixer the granulation costs comprise 60%
but with cyclic mixer — approximately 56%. The costs are similar for paying to the
employees; depending on the process they comprise 29 — 30% of the total costs.
The total costs for the briquetting process are approximately by 6% lower if the

O Bin m Feeder B Mixer
I Granulator O Labor force

60%

2% 31%

4% 3N

Figure 19. Briquetting process costs percental (with mixing in-flow)
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in-flow mixer is used (Figure 21). The briquetting costs reduce using more
productive equipment, for instance, comparing the equipment with the productivity
0.5 and 2 t h™, the costs reduce by 40%. The briquetting process costs reduce by
approximately 30% if the working hours increase from 600 to 2400. The
briquetting or granulation processes are made more expensive by the high price of
the equipment.

OBin B Feeder

@ Mixer B Granulator
B System for fixing weight O Conveyer
O Labor force

56%

1%

v 299 1%

2%

5%
Figure 20. Briquetting process costs per cental (with cyclic mixing)
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Figure 21. Briquetting process costs per one ton of mass (including
mixing and feeding)
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Discounting the briquetting and labour force costs the in-flow mixing
process costs are by 38% less that for the discontinuous mixing (Figure 22). In the
continuous run mixing process comparatively higher costs are comprised by
feeding as higher feeding accuracy is needed. With this, also the equipment costs
are higher. Though, more economy is achieved in the process of mixing as for
driving of the in-flow mixer less power of electro energy is needed; also the mixer
itself costs less as it is of simple construction and less in size. Aligning the
capacities of the feeder, mixer and briquette maker there is no need for bins for
storing in between the processes what also reduces the costs of the process.
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Figure 22. Mixing process costs per one ton of mass

Conclusions and proposalsfor production

1. The characteristic factors necessary for designing of the technological
equipment are the statistic and dynamic friction coefficients as well as the
stressratio:

o the satistic friction coefficient of chopped straw depends on the normal
stress; if this stress is 0.3 kPa, the value of the friction coefficient on
galvanized iron surface is 0.35, but if the stressis 20 kPa— 0.25;

e the dynamic friction coefficient depends on the pressure and speed
between the friction surfaces. The maximal dynamic friction coefficient
value (0.38) of chopped straw on galvanized iron surface is reached at the



maximal pressure 0.3 kPa and maximal speed 800 mm'min™ used in the
experiments, but the minimal value (0.22) at the maximal pressure 20 kPa
and the minimal speed 50 mm-min™

¢ the experimentally obtained stress ratio for the straw particles depends on
the size of the particles, and its value varies from 0.45 (for particles with
the size 0.25 mm) to 0.3 (for the particles with the size 7 mm);

e the stress ratio for peat varies from 0.47 (for the particles with the size
less than 0.5 mm) to 0.4 (for the particles with the size 5 mm).

Evaluating the durability of biomass briquettes depending on the size of the

biomass particles and the structure of the composition it can be concluded that:

e the ultimate shear stress of wood chip briquettes with the size of the
particles < 2 mmis > 0.6 MPa. Reed briquettes reach such ultimate shear
stress if the size of their particlesis < 0.5 mm, but for coarser reed (up to
3 mm) adding ~ 30% peat, straw briquettes reach this value if = 60% of
peat is added,;

o the ultimate shear stress of straw briquettes is ~ 0.2MPa, if the particle
size is from 0.5 — 3 mm, but using finer straw particles (<0.5 mm) the
ultimate shear stressincreases up to 0.4MPg;

e adding peat to straw the ultimate shear stress of briquettes increases from
0.2 MPa (peat 0%) to 1.55 MPa (peat 100%).

Adding 40% of peat to straw briquettes their density exceeds the determined in

the standards minimal hard fuel density 1.0 g cm .

Using the image analysis for the determination of the peat and straw mixture

homogeneity according to the covered areas the standard deviation does not

exceed 5%, therefore this method is recommended for determination of the
straw — peat and reed — peat mixture homogeneity.

The sorage bin mathematical model based on Matlab-Smulink is

recommended for determination of the vertical stress in the opening of the

storage bin stating the stress on the feeder mounted into the bin and cal culating
the driving torque of the feeder.

The rotary spool feeder dozing constant is 5% feeding peat with the particle

size< 3 mm.

Changing the direction of the rotary spool feeder spool rotation the feeder

characteristic curve in the rotation frequency range from 0.5 to 3 s™* does not

change, but increasing the speed of rotation up to 8 s*, the capacity of the
feeder for the rotation direction one is three times higher than for second.

For feeding of chopped stalk material the drum feeder is suitable. Its relative

feeding constant varies from 3 — 11% feeding straw with the length up to 10

mm and 3 — 7% feeding peat.

Feeding with a drum feeder the stalk particles are discharged from the feeder

ina3 - 7 mm thick layer in the whole width of the drum; mixing the layers of

mass from two feeders the components can be mixed without the help of a

mixer.
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The machine costs of the in-flow mixing process are by 38 % lower than for
the discontinuous mixing.

For the granule production process with in-flow mixing the granulation
machine costs comprise 60% of the total operation costs, but with a cyclic
mixer — 56%. The costs for the payment for the employees are also similar;
depending on the process they comprise 29 — 30% of the total operation costs.
The total operation costs for the briquetting process using a in-flow mixer are
approximately 6% less than using a cyclic mixer.

Considering the costs of the components, briquetting energy, briquette density,
burning properties and briquette durability the proportion of peat should be
30+5% in the reed — peat mixture and 50+5% in the straw — peat mixture.

A rotary feeder construction has been designed for what the patent is obtained
(Patent Nr. 13597, SPK G0O1F11/10 (26.02.2007.)).
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