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DARBA AKTUALITATE

Statistikas datu analize liecina, ka ES un Latvijas biodegvielu raZoSanas un
izmantoSanas pieauguma tempi transporta sektora ir neapmierinosi. Tapéc
petijumi biodegvielu ievieSanas veicinasanai miisu valstt ir aktuali.

Pasaulg tiek izstradati un attistas jauni — otras, tresas un ceturtas paaudzes
biodegvielu veidi, tom&r aptuveni desmit gadus savu aktualitati nezaud@s pirmas
paaudzes biodegvielas, t.sk. rapsa ella, jo nakamo paaudzu degvielu triikums ir
sarezg£ita un darga razoSanas tehnologija, kas prasa lielas investicijas centraliz&tu
lielas jaudas riipnicu biivniecibai (Aatola et al., 2008; Carere et al., 2008; Scragg,
2009; Gong et al., 2010; Sims et al., 2010; Simacek et al., 2010; Third and
Fourth Generation ..., 2010; Arvidsson et al., 2011; Carriquiry et al., 2011;
Demirbas A, 2011; Demirbas M.F., 2011; Lapuerta et al., 2011; Nigam and
Singh, 2011; Singh et al., 2011). Turklat vairums Eiropas un ASV zinatnieku
uzskata, ka apgalvojumam, ka partikas prec¢u cenu pieaugums tiesa veida atkarigs
no biodegvielu razoSanas apjoma no partika izmantojamam izejvielam, nav
pamata (Baka and Roland-Hols, 2009; Ajanovic, 2011; Armah et al., 2011).

Biodegvielu logistikas sistému modeléSanas rezultati rada, ka aptuveni Iidz
2020. gadam viszemakas cenas apgades kédes statusu saglabas tiras augu ellas
degviela, un ellas augi ka biodegvielu razoSanas izejviela arl no energétiska
viedokla savu aktualitati nezaud€s. RapS$a ellas degvielai energijas patérina un
CO, bilances ir izteikti pozitivas pat tados gadijumos, ja netiek izmantoti ellas
audz€Sanas un izspieSanas blakusprodukti (Bugge, 2000; Wakker et al., 2005;
Ajanovic and Haas, 2010; Jessup, 2011).

Par augu ellas izmantoSanas aktualitati turpmakajos gados liecina arT fakts,
ka zinatnieki visos kontinentos joprojam pé&ta dazada veida augu ellas ka
dizeldegvielas aizvietotaju. Pieméram, sojas ellu testé un izmanto ASV, rapsa un
saulespuku ellu Eiropa, palmu e]lu Dienvidaustrumu Azija (Malaizija, Taizeme
un Indonézija), kokosriekstu ellu Filipinas un kokvilnas séklu ellu Rietumafrika,
Griekija un Turcija (Sidibe et al., 2010; No, 2011).

Publikacijas sniegtie rezultati par jaudas, degvielas patErina un atgazu
sastdva izmainam, izmantojot rapsa e]las degvielu (tira veida un maisijumos), ir
loti at8kirigi (Altin et al., 2001; Labeckas and Slavinskas, 2006, 2009a; Thuneke,
2006; Wang et al., 2006; Chiaramonti and Prussi, 2009; Hazar and Aydin, 2010;
Baquero et al., 2011a). Ka galvenie c€loni min&ti petijumos izmantotas ellas
dazada kvalitate, p€tijumu apstakli, lietotas meérierices un motoru tipi. Tas
aktualizé pe€tijumu veikSanu katra valsti, t.sk. Latvija, pamatojoties uz tiesi
konkréta regiona klimatiskajiem apstakliem un sarazoto ellu, ka ari
raksturigakajiem spekratu un motoru veidiem (Sidibe et al., 2010).

Vairums no pétfjumiem rapsa e]las degvielas izmantosana veikti, testgjot
motorus uz stenda (Nwafor, 2004; Bao and He, 2006; KynmmanakoB u CeMeHOB,
2007; Labeckas and Slavinskas, 2006, 2009a, 2009b; Soltic et al., 2009; Hazar
and Aydin, 2010; Paulsen et al., 2011), bet reti — visu automobili vai traktoru
kopuma (Chiaramonti and Prussi, 2009; Kleinova et al., 2011; Thuneke, 2006).
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Augu ellas degvielas lietoSanai Latvija Iidz Sim izmantota tikai divu
degvielas tvertpu sistéma. ST sistéma nav &rta izmanto3anai vieglaja transporta,
tacu Latvija l1dz §im vienas degvielas tvertnes sist€mas p&tijumi nav veikti.

Parasti izmégindajumi ir islaicigi, bet atsevis$kos pétfjumos noradits, ka
ilgstosa tiras rapSa ellas izmantoSana var radit motora darbibas un ilgizturibas
problémas (Babu and Devaradjane, 2003). Tapéc butiski izpétit, ka spekrati ar
rap$a ellu darbojas vairaku gadu garuma, ietverot arT ziemas me&nesus. Pretrunigi
petijumu rezultati ir ari par rapSa ellas un fosilas dizeldegvielas maisjjumu
izmanto$anu un optimalajam proporcijam dazados klimatiskajos apstaklos (Jones
et al., 2001; Sidibe et al., 2010).

Rapsa ellas degvielas izmantoSanas izdevigumu ietekmé Kkatras
saimniecibas vispargjais raksturojums, pieméram, izmantotas tehnologijas rapsa
s€klu audz€sana, novaksana, uzglabasana un parstradg, ka arT razoSanas apjomi.
Detalizétakam izmaksu novert€§jumam nepiecieSams veikt petjumus,
konkretizgjot degvielas apgades shémas, preciz&jot razoSanas tehnologijas un
apjomus (Thuijl et al., 2003; Baquero et al., 2010, 2011b; Fore et al., 2011).

PETIJUMU OBJEKTS, HIPOTEZE, MERKIS UN
UZDEVUMI

Pétijumu objekts — rapsa ellas degvielas apgades jeb logistikas k&de.

Pétijumu hipotéze — rapsa ellas degviela ir piemérota, lai to Latvija varétu
izmantot dazada tipa ar dizelmotoriem darbinamos spekratos, neatkarigi no
apkartgjas vides temperatiras.

Pétifjumu mérkis — teorctiski un eksperimentali novertét rapsa ellas
degvielas izmantoSanas iesp&jas dizelmotoros Latvija, tadgjadi radot iesp&ju
veicinat atjaunojamo energoresursu plasaku izmantoSanu valst1.

Pétijumu uzdevumi:

e  izstradat matematisko modeli ar dize]lmotoriem darbinamu sp€kratu
ekspluatacijas parametru noteikSanai, izmantojot rapsa ellu un tas
maistfjumdegvielas ar fosilo dizeldegvielu, ka arT noveértét §1 modela
efektivitati;

e  teorétiski un eksperimentali noteikt spekratu ekspluatacijai dazadas
apkartgjas vides temperatiiras, Ipasi zemas, piemerotakas rapsa ellas un
fosilas dizeldegvielas maisijumu proporcijas;

e  izstradat ar rap$a ellu darbinamu spékratu izméginajumu metodiku;

e  cksperimentali izp&tit un novertét rapsa ellas izmantoSanas iesp&jas un
motoru ekspluatacijas parametrus, Sim nolikam pielagojot dazadus
spekratus (vieglo automobili, kravas automobili un traktoru),
izmantojot vienas un divu degvielas tvertnu sistémas;

e izveidot modeli rapSa ellas degvielas logistikas sistémas izmaksu
noteikSanai un veikt sisttmas modelpétijumus rapsa ellas degvielas
izmantoSanas ekonomiskas efektivitates novertesanai.



PETIJUMU METODES

Darba izmantotas analizes, sint€zes, modeleSanas, prognozeSanas,

eksperimentSanas  (celizmégindgjumu un laboratorijas), statistiskas un
ckonomiskas noveértésanas pétijumu metodes.

AIZSTAVESANAI IZVIRZITAS TEZES

Izstradatais matematiskais modelis dod iesp&u prognozét dizelmotoru
ekspluatacijas parametrus, darbinot tos ar dazadam degvielam un pie
dazadam apkartgjas vides temperatiiram.

Ar rapsa ellas degvielu (tira veida vai maisjjumos ar fosilo dizeldegvielu)
spekratus var ekspluatét art ziema.

Spekratu pielagoSana darbinasanai ar rapsa ellu, izmantojot vienas vai divu
degvielas tvertnu sist€émas, ir bitiski nepiecieSama spekratu drosai
ekspluatacijai ilgstosa laika perioda.

Izstradata brauksanas cikla izveides procediira dod iesp&ju péc jebkuru realo
celizméginajumu datu uzkraSanas izveidot braukSanas ciklu un pievienot to
jaudas stenda vadibas sist€mas programmatiirai.

Izveidotais rapsa ellas degvielas logistikas sistémas modelis Jauj novertet
rapsa ellas degvielas izmantoSanas ekonomisko efektivitati.
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Daliba ar promocijas darbu saistitos projektos

2009. g. — petnieks LZP projekta Nr. 09.1470 ,Biodegvielu paplasinatas
izmantoSanas iesp&ju pétijumi Latvijas tautsaimnieciba izmantotajos
iekSdedzes motoros”.

2010.-2012. g. — pétnieks LZP projekta Nr. 09.1602 ,Biodegvielu un
biomasas tehnologiju pétijumi”.

DARBA ZINATNISKA NOVITATE UN PRAKTISKAS
IZMANTOSANAS IESPEJAS

Izveidots originals matematiskais modelis, kas piemérots ar dize]lmotoriem
darbinamu spekratu galveno ekspluatacijas parametru noteikSanai,
izmantojot rapsa ellu un tas maisijumdegvielas ar fosilo dizeldegvielu.
Izstradata petijumu metodika, kas lauj parbaudit dazadas alternativas rapsa
ellas degvielas izmantoSana — spekratu pielagosanu ar vienas degvielas
tvertnes sisteému, pielagosanu ar divu degvielas tvertnu sist€mu un rapsa
ellas lietoSanu bez sp&kratu pielagosanas.

Izstradata eksperimentu metodika automobilu test€Sanai uz jaudas stenda.
Metodikas ietvaros izstradata un aprob&ta braukSanas cikla izveides
procediira.

Noteiktas ar rapsa ellu darbinamu spekratu degvielas paterina, jaudas,
griezes momenta un atgazu komponentu izmainas, salidzinot ar fosilo
dizeldegvielu un biodizeldegvielu.

Teoréetiski un eksperimentali noskaidrota kritiska temperatiira spekratu
ekspluatacijai ar tiru rapsa ellas degvielu, ka arT noteiktas rapsa ellas un
fosilas dizeldegvielas maisijumu proporcijas, darbinot spékratus pie
apkartgjas vides temperattiram, kas zemakas par kritisko.

Eksperimentos pieradits, ka spekratu pielagoSana darbinasanai ar rapsa ellu,
ir biutiski nepiecieSama droSai ekspluatacijai. Konstatéts, ka, aprikojot
motoru ar specialam sprauslam un mainot iesmidzinaSanas momentu
(iesmidzinot degvielu cilindros atrak), salidzinot ar razotaja ieteikto, var
nodro$inat Iidzvertigu griezes momentu un jaudu, ka darbinot to ar fosilo
dizeldegvielu.

Izveidoti matematiskie modeli, kas lauj noveértét automobilu un traktoru
ekspluatacijas izmaksas, darbinot spekratus ar rapsa ellas degvielu, un
noteikt pielagoSanas atmaksasanas laiku, ka arT aprékinat rapsa ellas
iegliSanas pasizmaksu.



1. TEORETISKIE PETIJUMI

Teorgtisko petijumu mérkis ir izstradat matematisko modeli ar rapsa ellu un
tas maisjjumdegvielam ar fosilo dize]degvielu darbinamu spekratu galveno
ekspluatacijas parametru noteikSanai, ka arT noskaidrot piemérotakas rapsa ellas
un fosilas dizeldegvielas maisijumu proporcijas, ekspluatgjot spekratus dazadas
apkartgjas vides temperatiiras, tai skaita tadas, kas atbilst ziemas apstakliem
Latvija.

Analizéjot modeléSanas rikus, spckratu ekspluatacijas parametru
model&Sanai izvéleta programma ExtendSim Suitdzveidotais modelis sastav no
tris nosacitam daJam jeb moduliem (sk. 1.1. att.).

Apkartgjas vides temperatiira l Degvielas viskozitate

Degvielas sastava noteikSana spekratu ekspluatacijai

1. modulis pie dazadam apkartgjas vides temperatiiram

Degvielas sastavs

2. modulis Dize]motora termodinamiskais aprékins

Motora efektiva jauda N,
efektivais griezes moments M,

Dizelmotora jaudas un griezes momenta

3. modulis raksturliknu konstrugsana

l N,(n), M(n)

1.1. att. Modela blokshéma

Pirmaja modull nosaka, vai atkariba no apkart€jas vides temperatiiras
spekratus var ekspluatét ar tiru rapsa ellu, vai arT javeido tas maisijumi ar fosilo
dizeldegvielu. Bitiskakais rapsa ellas degvielas izmantosanu limitgjosais faktors
pie zemam temperatiiram ir degvielas viskozitate.

Otraja modult ieejas parametrs ir degvielas sastavs un 1pasibas. Dizelmotora
termodinamiskais aprékins balstits uz metodiku, kas aprobéta vairakos
promocijas darbos (Zihmane-Ritina, 2008; Smigins, 2010), papildus izveidojot
analitiskas sakaribas atliku gazu molaras siltumietilpibas noteikSanai, kas
nodroS$ina nepartrauktu model&Sanas procesu.

Tresa modula analogs atrodams promocijas darba ,,Bioetanola izmantoSana
ottomotoros” (Pirs, 2011). Lai gan Seit modeléta benzinmotora darbiba,
algoritms izmantojams ar1 dize|lmotoriem, precizgjot raksturliknu konstruésanai
izmantojamos koeficientus.
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1.1. Degyvielas sastava noteikSana spekratu ekspluatacijai pie dazadam
apkartgjas vides temperatiiram

Lai nodro$inatu degvielas siiknu darbibu un degvielas plismu barosanas
sistéma, degvielas kinematiska viskozitate nedrikst parsniegt 500 — 1000 mm’*s™
(Fuel Oils — Viscosities, S.a.). Modeli ka kritiska pienemta $1 intervala zemaka
vertiba, lai biitu neliela drosibas rezerve spekratu ekspluatacijai ziema.

Lai noteiktu degvielas kinematisko viskozitati atkariba no apkartgjas vides
temperatiiras, izmantota sakariba (Azian et al., 2001):

B C
n(v=A+ 21 C (1.1)
n(v) +T+T2

kur  v-—degvielas kinematiska viskozitate, mm? s'l;
T — apkartgjas vides temperatiira, K;
A, B un C - koeficienti, kas atkarigi no izmantojamas degvielas.

Koeficientu noteikSanai izmantoti Spanija veiktie eksperimentalie p&tijumi,
kuros testeta fosila dizeldegviela, rapSa, saulespuku, sojas pupinu, palmu u.c.
ellas (Esteban et al., 2012). Koeficienti fosilajai dizeldegvielai (DD) un rapsa
ellai (RE) iegiiti, izmantojot regresijas analizi (sk. 1.2. att.).

6 T

5 y =951274.7% - 2724.3x + 2.53

R? = 0.99997 /
4 /
’ / o

Degvielas kinematiskas viskozitates

S
=
w
£
£ ®m RE
S
S 2 r/
=
= —
w1
=
0 |, g y = 373853.6x" - 499.6x - 1.22
R*=0.99995

-1 1 |
0.0024 0.0026 0.0028 0.003 0.0032 0.0034 0.0036
Apkartéjas vides temperatiiras apgriezta vertiba T K'

1.2. att. Degvielas kinematiskas viskozitates aprekinasanai nepiecieSamo
koeficientu noteikSana

Péc iegitas sakaribas aprékinatas vértibas salidzinatas ari ar citiem
petijumiem, piem&ram, Vacija noteikto rapSa ellas kinematisko viskozitati
temperatiiru diapazona 260...325 K (-13...+52°C) (Kerschbaum and Rinke,
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2004). ST pétijuma kinematiskas viskozitates eksperimentalas vértibas atbilst ar
analitiskajam metod&m ieglitajam, tapec modeli ievaditas sakaribas:
B G
A+ +
V=e (t+273) (t+273) (12)

1 >

kur v —i-tas degvielas kinematiska viskozitate, mm?’ s'l;
t — apkartgjas vides temperatiira, °C;
A, B un C; — i-tas degvielas koeficienti.
Mainoties degvielas saturam, tiek aprékinata degvielu maisjjuma vidgja
sverta kinematiska viskozitate. Degvielas kinematiskas viskozitates noteikSanas
modela bloki paraditi 1.3. attgla.

-1.220%
a

B—~ dd —
Ohald )
ApkanEas vides A dizeldeguiela Wisk_DD
temperatia o
L ay=fix1p
g -0 = 108978 24216024

= 1= afl3lea o B—0H dd —&
- hald = Dizeldegvielas wishkozitate
= B dizeldegviela
= 3 Temp 373953.59 visk rmais
- a B—0C_dd - -
= Wisk_DD ——a |y=fideZ

Ohald Tem i = I78 TA033609
2 |%h Rapia efjas saturs - deeLdeog\riela " Visk RE —a

maisfum3 RE_saturs —& Deguielas maisjuma

& 6315 9 .
100 ] o B—2a e — wiskozitate
—a|[[60 || -
‘ = Ohold

Arspia sl JViSk_RE

L |y=fix)

= 4587 318677270

RE_saturs -§724.34
u] B B_re

i1}
Oheld
- B rapZa ella
L v a51274.72

o B——0C e —

= Rapia &|jas viskozitdte
—&

Chold Temp —
C rapia ella

1.3. att. Degvielas kinematiskas viskozitates aprekinasanas bloki

Ja zinams degvielu maisijuma procentualais sastavs, oglekla (C), tdenraza
(H) un skabekla (O) saturs degviela masas dalas aprékinams péc sakaribam:

Z Qat—i -m z Hsal—i -m Z Qat—i -m
C= i=1 5 H — =l 5 OZ i=1 5 (13)

>m 2m 2m

i=l i=1 i=1

kur  m — maisijuma i-tas degvielas saturs, masas %;
Csati— oglekla saturs i-taja degviela, masas dalas;

Hsati — Tidenraza saturs i-taja degviela, masas dalas;
Osati — skabekla saturs i-taja degviela, masas dalas.
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Aprekinatas C, H un O vértibas tiek izvaditas uz modela otro moduli
,Dizelmotora termodinamiskais aprekins™ (sk. 1.4. att.).

027

o B——Csat_DD
Oheld |—E| w=fixd
RE_saturs —=

C saturs dize|degvield

ol b Csat RE

Ohold
C saturs rapia efl3

Izeja uz 2. moduli

C

=0a

_r

C saturs maisjuma

0126
=)

Izeja uz 2. moduli

B——Hsat_ DD H
166 Hhald —LE' LRl "J:n.ms

H =aturs dizeldegviela

Oheld
H saturs rapZa efla

RE_saturs —a

o HANL B——Hs=at RE —I—g

H saturs maisjuma

Izeja uz 2. moduli
|0 ;o4

B——~0sat_DD 8]
tiheld = 3‘=f(‘3"f

=D.0616
0 zaturs dize|degwield RE_saturs —a

o A I:—Osat_RE4|_EI

0 =aturs maisjuma

Ohold
0 saturs rapEa afd

1.4. att. Degvielu maisijuma sastava noteikSanas bloki

Pirmaja modelpétijumu soli noteikts maksimali pielaujamais rapSa ellas
procentualais saturs darbmaisijuma pie dazadam apkartgjas vides temperattiram
ar noteikumu, lai degvielas kinematiska viskozitate neparsniegtu 500 mm? s

Lai atvieglotu simulaciju, modela pirmaja modult veiktas vairakas izmainas
(sk. 1.5. att.): bidnis apkartgjas vides temperatiiras mainai (sk. 1.3. att.) aizstats
ar skaitlu generatoru, kas temperatiiru maina robezas no -30...+20 °C ar soli 1 °C;
pievienots bloks aktuala darbmaisijuma viskozitates Iiknes konstrusanai
atkariba no apkartgjas vides temperatiiras; pievienots MultiSim Plotterbloks, kas
dod iespgju grafiski apliikot pedgjo Cetru simulaciju viskozitates liknes.

12702
o B dd —
Dihald Wisk_DD
A dzelequiet
oo e [y=fl B 4. 1761644394024
Apkartéja vides e B dd = 4. 1761644994024 —
- - " - a
tempe‘raturas iZmainu = = Dizeldegvielas viskoaitite =
generators B izeldeguisd
quiela . .
Temp 173353 59 Visk_mais
Step “alue
[ 9 v Visk_DD —a|v=fid)eZ
d o B _ Sl = 4,176 1644904024
= R Sl Visk_RE —=
Modesloe"ssanas . Fpletdjas _ Chold Termp RE_saturs —2 Deguielas maisjuma
vides temperatira C dize|deguicla viskozitate
RapZ i 5318 — — - —
. zwr:f::;;};sa o B—~A_re — Aktuala darbmaisijuma viskozitates
o Chald ) lkne atkariba no temperatiiras
o = ’T_ B Ampiaela Wisk_RE
= -1724.34 Wisk_mais —EI}‘
o 8=t "l: 4753872790313 Ternpd o e "s
= RE_saturs = p——>bre — o =
. Oheld & Rapta els viskozitdte P&d&jo 4 simulaciju viskozitates
B rapta ella = =
- 051274.72 lknes atkariha no temperatiiras
p.0 Visk
] isk_mais —g
o B—C_re — y/q::“
Tihold Temp
C rapza ela

1.5. att. Modela pielagoSana maksimali pielaujama rapsa ellas procentuala
satura noteikSanai darbmaisijuma
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Simulaciju rezultatu apkopojums paradits 1.6. attela.
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1.6. att. Darbmaisijuma viskozitate atkariba no apkartejas

vides temperatiiras

Noskaidrots, ka, lai nodroSinatu degvielas siiknu darbibu un degvielas
plusmu baroSanas sisteéma, ar tiru rapsa e]lu spekratus var ekspluatét 11dz -14 °C,
ar maisjjumu RE80 — Iidz -17 °C utt. Ja apkartgjas vides temperatlira samazinas
zem -30 °C, var lietot maistjumdegvielas ar rapsa ellas saturu mazaku par 30%
vai dizeldegvielu. Lai iegiitu analitisku sakaribu, modela pirmaja modult vélreiz
veiktas izmainas: bidnis RE satura mainai degmaisijuma (sk. 1.3. att.) aizstats ar

kritisko degmaisjjuma viskozitati,

pievienots logiska operatora bloks (sk. 1.7. att.).
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- 8 Dizejdequiclas =
2 =p Bhold I j‘
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ITEEET.E0 [ |m
= Termp a p—C_dd - Wik DD —a[y=f(x)
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= Chold Temp = RE_saturs2
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~h LT A
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Kiitisk3 degy. mais . viskoz d o B B 47 ssrrannsrar f
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viskozitite B rap3a ela RS Maksimalais RE saturs
gara.Ta darbmaisfjuma
o B—~C_re -
Bihold Temp
C rapiaefa

bet RE maksimala satura noteikSanai

1.7. att. Modela pielagoSana, degmaisijuma sastavu nosakot

péc kritiskas viskozitates
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Simulaciju rezultatu apkopojums paradits 1.8. attéla.
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t,°C
1.8. att. RE maksimalais saturs degmaisijuma atkariba no apkartejas
vides temperatiiras

Tadgjadi noteikta sakariba, ar kuras palidzibu var noskaidrot, kadas RE un
DD proporcijas jalieto, lai nodroSinatu degvielas siiknu darbibu un degvielas
plismu baroSanas sistema.

1.2. Dizelmotora termodinamiskais aprekins

Dizelmotora termodinamiskais aprékins balstits uz klasiskajam sakaribam,
kas dotas dazados informacijas avotos (Heywood, 1988; Pulkrabek, 2003;
I'aBpuioB u ap., 2003; Internal Combustion Engine Handbook, 2004; Zihmane-
Ritina, 2008; Komuun n Jlemumos, 2008; Jlykanun u Ilatpos, 2010; Smigins,
2010; Xin, 2011). Vairakos no tiem atliku gazu molaras siltumietilpibas
noteikSana atkariba no temperatiiras un gaisa paruma koeficienta pamatojas uz
interpolacijas metodes izmantoSanu p&c empirisku datu nolasiSanas no tabulas.
Tas nenodro$ina nepartrauktu model€Sanas procesu, jo noteiktos modela solos
vairaki parametri jaievada manuali. Tap&c minéto parametru iegtSanai
veidojamaja modelt izveidotas analitiskas sakaribas.

Konstrugjot atliku gazu temperatiiras un molaras siltumietilpibas korelacijas
diagrammas pie dazadiem paruma koeficientiem, noteikti S§is sakaribas
raksturojosie regresijas vienadojumi un determinacijas koeficienti.

Tomér tieSa veida §is sakaribas modeli ievadit nav lietderigi, jo tad
jaizmanto logiskie operatori, kas atkariba no paruma koeficienta piemekle
atbilstoSo formulu. Bez tam netiktu nodrosinati korekti aprékini pie paruma
koeficientu starpvertibam, pieméram, 1.23, 1.56 u.tml.

Tapec veikta v@l viena regresijas analize ar merki noskaidrot, vai pastav
sakariba atliku gazu molaras siltumietilpibas samazinajumam, palielinoties gaisa
paruma koeficientam.
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Pie katras gaisa paruma koeficienta vertibas « veikti aprekini p&c sakaribas:

2

K (1.4)

samaz

kur  Q; — atliku gazu molara siltumietilpiba pie konstantas temperatiiras
un gaisa paruma koeficienta 1, kJ (kmol K)™';
Qi — atliku gazu molara siltumietilpiba pie tas pasas temperatiiras
un gaisa paruma koeficienta o, kJ (kmol K)'';
n— dazado konstanto temperattru skaits, kuras tika veikti aprékini
(n=21, t=400...2400 °C, solis 100 °C).

Atliku gazu molaras siltumietilpibas samazinajuma un gaisa paruma
koeficienta korelacijas diagramma dota 1.9. attela.

1 ]
0.99 \ y =0.03235x - 0.15427x + 1.12055 |
0.98 R?=0.998

0.97 \\
0.96 \\
0.95 \

0.94 S

Ksamaz

0.93

1 1.2 1.4 1.6 1.8 2 2.2
a

1.9. att. Atliku gazu molaras siltumietilpibas samazinajuma un gaisa
paruma Koeficienta korelacijas diagramma

Modeli ievadama sakariba izveidota, izmatojot atliku gazu temperatiiras un
molaras siltumietilpibas korelacijas diagrammas regresijas vienadojumu pie
gaisa paruma koeficienta = 1, reizinot to ar atliku gazu molaras siltumietilpibas
samazinajuma un gaisa paruma koeficienta korelacijas diagrammas regresijas
vienadojumu:

Qui=(At+Bt+C)(D-a’ +E-a+F), (1.5)

kur  Qmont— atliku gazu molara siltumietilpiba pie temperatiiras t un
gaisa paruma koeficienta ¢, kJ (kmol K)';
A, B, C, D, E un F— no regresijas vienadojumiem iegiitie
koeficienti.
Ta ka analttiska sakariba iegiita no tabulas, kas atbilst tikai fosilas
dizeldegvielas izmanto$anai, modeli ieviesti divi korekcijas koeficienti K; un K,,
kas ievérte modell izmantoto degvielu zemakas siltumsp&jas un molmasas
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izmainas, salidzinot ar dizeldegvielu. Sakariba (1.5) modeli izmantota arT siltuma
bilances vienadojuma, lai aprékinatu sadedzes produktu beigu temperatiiru.

Izejas parametri no dizelmotora termodinamiska aprékina modula ir motora
maksimala efektiva jauda Nen.x (kW) pie motora klokvarpstas rotacijas
frekvences N (min'), kad péc spekratu raotaja datiem tiek sasniegta
maksimala jauda, degvielas patérin$ stunda Gr (kg h™) un griezes moments Mg
(N m) pie motora klokvarpstas rotacijas frekvences Nyy.

1.3. Dizelmotora jaudas un griezes momenta raksturliknu konstruésana

Zinot maksimalo motora efektivo jaudu Nen.x un motora klokvarpstas
rotacijas frekvenci N, pic kuras §1 jauda tiek attistita, var noteikt motora jaudas
liknes aptuveno formu p&c empiriskas sakaribas (Pommers un Liberts, 1985;

Berjoza, 2008):
2 3
NG: Nemax' X- ne +Y( ne J —Z( ne J s (16)
n n

max max

max

kur  Ng— motora efektiva jauda pie klokvarpstas rotacijas frekvences ne,
kW;
n.—motora klokvarpstas rotacijas frekvence nosakamajam
punktam, min™;
X, Y, Z-motora tipu raksturojoSi empiriskie koeficienti
X+Y-2=1).

Empirisko koeficientu veértibas dizelmotoriem pé&c literatiras datiem:
X=0.53, Y=1.56 un Z=1.09. Tomér ar sadiem koeficientiem iegiitas jaudas
liknes raksturs var bitiski atSkirties no faktiskas atkariba no motora
konstrukcijas, pieméram, ar turboplti vai bez tas, ar tieSo degvielas
iesmidzinasanu vai ar priekSkameru u.tml. Tap&c nepiecieSama koeficientu X, Y
un Z korekcija.

Analitiska koeficientu aprékinasana ir Joti sarezgita, jo jaatrisina divu
vienadojumu sist€éma, kura ir tris nezinamie. Tap&c viena no metodém ir
koeficientu piemekl€Sana ar pakapenisko tuvinajumu metodi, veicot ieprieks
zinamu jaudas ltknu izpé&ti (Aboltins, Berjoza and Pirs, 2010). Ta ka LLU TF
Spekratu institlita Alternativo degvielu zinatniskaja laboratorija uz jaudas stenda
Mustang MD-175oteikti daudz dazadu spekratu dinamiskie parametri, tad §1
metode izmantota koeficientu X, Y un Z korekcijai.

Nemot véra, ka eksperimentalajos pétijjumos darbinasanai ar augu ellu
paredzets pielagot automobili ar netieSo iesmidzinasanu un turbopiti, tad
analizei izveleti sp€krati ar lidzigiem parametriem, bet dazadiem darba
tilpumiem — Opel Astra-G 1.7TDMitsubishi Space Wagon 2.0D Turl®MW
525 TDQ Mercedez Benz E290D Turbo

Analizes rezultata iegiti dizelmotoru jaudas raksturliknu empiriskie
koeficienti: X= 0.4, Y=2.2 un Z= 1.6, kas ievaditi atbilstosajos modela blokos.
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Zinot maksimalas jaudas vertibas visa motora klokvarpstas rotacijas
frekvencu diapazona, var aprékinat ar1 griezes momentu pie jebkuras n vertibas:

Me=9549~&~ (1.7)
n
Ta ka maksimalais griezes moments tiek sasniegts pie atSkirigiem
apgriezieniem neka maksimala jauda, modeli ievietots bloks, kas maksimalo
griezes momenta vertibu izvada, parbaudot p&c sakaribas (1.7) ieglitos rezultatus
visa motora klokvarpstas rotacijas frekvencu diapazona. Jaudas un griezes
momenta raksturliknu konstruésanas bloki paraditi 1.10. attela.

53.411377428039 Aktudlas simulacijas jaudas un griezes
momenta raksturliknes
’_ p Step “walue -
# - =Y
ks, ef. 4 b s
jauda —e &
Me_mayx
- __/_‘——
g1 [=fix) B—
£l B - ) o
n_max = FEdéjo 4 simuldciju jaudas
raksturliknes
Empirisko koef.
vertihas = v __,f/:
al8F
FE&d&jo 4 simulaciju griezes
Ofald momenta raksturliknes
Kot ¥
W Lo max
o) g SN B | 140 40701405705
Ohald [ 1m
Koef, ¥ ~
16 hiax griezes moments
O |44 = B—
Ohiald
Koet. &

1.10. att. Jaudas un griezes momenta raksturliknu konstruésanas bloki

Modelpetijumos jauda un griezes moments noteikti sp&kratiem, kuriem
analogiski mérfjumi veikti eksperimentalajos pétfjumos, t.i., automobilim
VW Golf 11l 1.9TDun traktoram MTZ-8Q

Lai atvieglotu mainigo parametru ievadi un simulacijas rezultatu
aplikosanu, izveidots atseviSks panelis jeb logs, kura ,klon&ti” butiskakie
modela elementi. 1.11. attela paradits ta piemers automobila VW Golf IIl 1.9TD
motora modeléSana.

Modelésana noskaidrots, ka automobila VW Golf lll 1.9TD motora
maksimala jauda tiek sasniegta pie 4200 min"'. Lietojot dizeldegvielu, ta ir
56.25kW, rapsa ellu— 53.35kW. Maksimala jaudas starpiba— 5.15%.
Maksimalo griezes momentu motors attista pie 2900 min: lietojot
dizeldegvielu — 147.9 N m, rap$a ellu — 140.3 N m.
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1.11. att. Mainigo parametru ievades un simulacijas rezultatu
apluko$anas logs (VW Golf |1l 1.9TD)

Traktora MTZ-80 motors maksimalo jaudu sasniedz pie 2200 min". Ja
izmanto dizeldegvielu, tad ta ir 55.59 kW, rapsa ellu — 52.62 kW. Maksimala
jaudas starpiba— 5.35%. Maksimalais griezes moments tiek attistits pie
1500 min™"; ar dizeldegvielu —279 N m, ar rapsa ellu — 264 N m.

Automobila VW Golf Il 1.9TD un traktora MTZ-80 motoru jaudas un
griezes momenta samazindgjumam ir linears raksturs— katri 10% RE
darbmaisijuma samazina efektivo jaudu un maksimalo griezes momentu par
aptuveni 0.5%.

Salidzinot modelésana ieglitas jauda un griezes momenta vertibas ar
spekratu razotaju datiem, kas doti, darbinot sp&kratus ar fosilo dizeldegvielu,
neviena no modeléSanas scenarijiem at$kiribas neparsniedz 2.3%, ta¢u S$ada
veida pétjjumos tas ir pielaujams un netraucé noteikt atSkiribas spekratu
ekspluatacijas parametru salidzinasanai, lietojot dazadas degvielas.
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2. EKSPERIMENTALIE PETIJUMI

Eksperimentalo p&tijumu mérkis ir noteikt ar rapsa ellu darbinamu spekratu
galvenos ekspluatacijas parametrus. Lai to veiktu, vispirms izstradata p&tijumu
vispariga metodika, kura aptver dazadas alternativas rapSa ellas degvielas
izmanto$ana — spékratu pielagoSanu ar vienas degvielas tvertnes sistemu,
pielagosanu ar divu degvielas tvertnu sisttmu un rapSa ellas lietoSanu bez
spekratu pielagosanas (sk. 2.1. att.).

Rapsa ellas degvielas eksperimentalie pétijumi

,—I

Nepilna pétijumu programma: eksperimentos izmantoti sadarbibas
partneru parbuiveti spekrati; pielagota vienas tvertnes sisteémas
izmantoSanai izstradata speciala metodika; atgazu sastava noteikSana.
Eksperimentos izmantotas degvielas: rapsa ella, dizeldegviela.

v ]
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Pilna pétijumu programma: spekratu parbive; specialas metodikas izstrade; degvielas patérina, |
jaudas, griezes momenta, atgazu sastava noteikSana. ]
Eksperimentos izmantotas degvielas: rapsa ella, dizeldegviela, biodizeldegviela. E
P&tiSana dabiskajos apstaklos: vasara, ziema. i

2.1. att. Eksperimentalo pétijjumu blokshéma

Izmantojot firmas ELSBET Tparbiives komplektu, pirmo reizi Latvija veikta
spekratu pielagoSana darbinasanai ar rapSa ellu un vienas tvertnes sist€mu.
Bitiskakas parbtives komplekta sastavdalas ir paSattirosas ellas sprauslas, kuru
darba spiediens, salidzinot ar automobila originalajam sprauslam, ir palielinats
par aptuveni 3.5%, bet izsmidzinasanas lenkis ir par 13° mazaks.

Laika posma no 2009. gada februara Iidz 2012. gada februarim ar pielagoto
automobili VW Golf 1.9TD darbinot to ar rapSa ellu, nobraukti 38 000 km.
Ekspluatacijas laika automobila bojajumi vai atteikumi nav konstateti.
Automobila VW Golf Il 1.9TD pielagosana izmaksa 500 LVL un to viens
cilveks var veikt aptuveni 10 stundas.
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2.1. Specialas eksperimentu metodikas izstrade

Izstradata speciala eksperimentu metodika automobilu testéSanai uz jaudas
stenda. Ta izmantota ne tikai Saja darba, bet aprob&ta vairakos citos dazadu
spekratu ekspluatacijas parametru petjjumos. Test€Sanas vispariga struktirshéma
paradita 2.2. attgla..

Viegla automobila

testéSana
|1
I ]
Degv1glas Pt Testi laboratorija
dabiskajos apstak]os
‘ Jaudas tests

Pilseta || ] Jaudas un griezes momenta

(aptuveni 2.36 km) raksturliknes
Konstantu brauksanas atrumu imitacija
Kombingtais marsruts |  Degvielas patérins un izpliides gazes

(aptuveni 176 km) | 50, 90, 110 km ' un brivgaita

Realo cela apstaklu imitacija
—  Degvielas paterins un izpliides gazes
dazados brauksanas ciklos

Standartiz&tais izpludes
L gazu tests
Absorbcijas koeficients

2.2. att. Automobila testéSanas struktiirshéma

Lai konstantu braukSanas atrumu un realo cela apstaklu imitacija vienlaikus
noteiktu degvielas pat€rinu un izpliides gazu sastavu, Tpasa veériba pieversta $o
parametru mérisanas iericu izvélei.

Eksperimentiem izveletas sadas pamatiekartas:

e laboratorijas jaudas stends Mustang MD-1750ar datoriz&tu vadibas

platformu MDSP-7000

e  degvielas paterina meritajs AVL KMA Mobile

e  daudzkomponentu izpliides gazu merisanas sisttma AVL SESAM FTIR

e izpludes gazu analizators OPUS 40

Specialas eksperimentu metodikas ietvaros izstradata braukSanas cikla
izveides procedira (sk. 2.3.att.), kas ietver redlo celizmégindgjumu datu
uzkraSanu, paSizveidota cikla programmésanu un pievienosanu jaudas stenda
Mustang MD-1750vadibas sist€émas programmattirai. Ar izstradato metodi var
atri izveidot jebkura celizméginajuma brauciena imitaciju (modeli), lai iegiitu
precizus un realajai situacijai atbilstoSus datus par automobila degvielas patérinu
un atgazu kaitigo izmeSu daudzumu.
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2.3. att. BraukSanas cikla izstrades procediira

Eksperimentalie pétjjumi veikti Jelgava un tas apkartng, tapéc, lai
nodro§inatu laboratorijas un celizmégindjumu mérijumu rezultatu salidzinamibu,
tiesi Sai pilsetai izstradata realas braukSanas imitacija jeb modelis, kas nosaukts
par ,Jelgavas ciklu” (Dukulis and Pirs, 2009).

Korelacija starp modela un realo braucienu atrumu Iikném ir aptuveni 97%.
Nosakot modela kvalitati, konstatets, ka nobraukta attaluma atSkiriba pilséta un
uz stenda neparsniedz 1.3%, vidgja atruma atSkiriba — 0.5%, degvielas paterina
atskirtba uz 100 km — 0.9%.

2.2. Rapsa ellas degvielas izmantoSanas pétijumi, izmantojot vienas
tvertnes sistemu

Automobilis VW Golf 1.9TDtika testéts pirms parbives darbinasanai ar
rap$a e]lu un péc tas. Lai gan tieSais petijuma mérkis bija novertet rapsa ellas
degvielas izmantosanu, nosakot jaudu, griezes momentu, degvielas patérinu un
atgazu sastavu salidzinajuma ar fosilo dizeldegvielu, rezultatu reprezentabilitates
paplasinasanai petijumos tika izmantota arT biodizeldegviela.

Saskana ar izstradato metodiku, Jelgavas pils€tas centra 2.36 km marSruta
veikti 15 atkartojumi ar katru degvielas veidu, no kuriem atlasiti trTs braucieni ar
visaugstako savstarp&jo atruma Itknu korelaciju. Savukart 176 km kombingtaja
marsruta Jelgava — Tukums — Engure — Rindzele — Engure — Tukums — Jelgava
ar katru degvielas veidu veikti 3 atkartojumi. Degvielas patérina salidzinajums
§ajos izm&ginajumos paradits 2.4. attéla.
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2.4. att. Degvielas patérina salidzinajums celizméginajumos

Vidgjais degvielas patéring Q celizméginajumos (1 100km™) noteikts péc
sakaribas:

1 100t
Q(I»lOOkm") 2[3600 ZQ (1 ' mor) jl (2.1)

i=1

kur  n- atkartojumu skaits;
s— atkartojuma laika nobrauktais attalums, km;
t — viena atkartojuma laiks, s;
— . . ey -1
s i mor) momentanais degvielas paterigs, 1 h™.

Celizm&ginajumos rap$a ellas patérin§ péc spekratu parbaves aptuveni par
1% parsniedz fosilas dizeldegvielas pat€rinu pirms parbiives, bet ir par aptuveni
6% mazaks neka biodizeldegvielai. Test€jot automobili péc parbives,
dizeldegvielas un biodizeldegvielas patérins samazingjies, tacu saglabajas
degvielas patérina tendence, t.i., salidzinot ar fosilo dizeldegvielu, rapsa ellas
degvielas patérins ir par 1.3% lielaks, bet, salidzinot ar biodizeldegvielu, par
2.5% mazaks.

Lai gan atkartojumu rezultatu izkliede celizméginajumos bija salidzino$i
neliela (ta neparsniedza 3%), nemot vera nelielas degvielas patérina atSkiribas ar
dazadiem degvielu veidiem, Sos rezultatus nevar noverteét ka neapstridamus.
Tapec iegito rezultatu ticamiba tika parbaudita laboratorijas testos, merot
degvielas patérinu pie tris dazadiem konstantiem braukSanas atrumiem (50, 90
un 110 km h™) un divu brauksanas ciklu (IM-240un Jelgavas cikla”) imitacijas.

Vidgjais degvielas patérin$ Q laboratorijas testos, braucot ciklus, noteikts
tapat ka celizméginajumos, t.i., péc sakaribas (2.1).
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Vidgjais degvielas patérind (I 100km™) konstanta atruma rezima noteikts
pec sakaribas:

n = i

1 (100 ¢
Q(|.100km*‘) = Z(ﬁ ) ZQ(lh‘,mon'Dji ’ (2.2)
kur v - kustibas atrums, km h.

Degvielas patérina salidzinajums $ajos izméginajumos paradits 2.5. attéla.
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2.5. att. Degvielas paterina salidzinajums laboratorijas testos

Veicot merfjumu datu apstradi, neviena atseviska atkartojuma datu
variacijas koeficients neparsniedza 0.3%, savukart atSkiribas starp atkartojumu
vid&jam verttbam neviena no parbaudes rezimiem nebija lielaka par 1.5%. Tapéc
degvielas patérina rezultatus ar varbiitibu 95% var veértet ka ticamus.

Ja verte rapsa ellas degvielas paterinu pielagotam automobilim ar degvielas
patériniem pirms parbives, tad, salidzinot ar fosilo dizeldegvielu, tas ir lielaks
vidgji par 1.3%, bet, salidzinot ar biodize]degvielu, mazaks vidgji par 6.2%.

Ta ka automobili pec parbiives drikst darbinat ne tikai ar rapsa ellu, bet art
ar abiem pargjiem degvielu veidiem, tad Saja gadijuma rapsa ellas degvielas
patérins vidgji par 2.3% parsniedz fosilas dizeldegvielas patérinu, bet, salidzinot
ar biodizeldegvielu, tas ir mazaks vidgji par 2.5%.

P&éc parbuves paraléli degvielas patérina mérfjjumiem tika veikta atgazu
sastava analize, izmantojot AVL SESAM FTIRekartu.
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Katras pétamas atgazu komponentes relativais daudzums (ppm vai %) visos
izméginajuma reZimos noteikts péc sakaribas:

n 1 t
Q( ppmvai %) Z[ Z Q ( ppmvai%, mom) j > (2.3)

=1 i=1

kur momentanais atgdzu komponentes relativais

Q( ppmvai%,mom)
daudzums, ppm vai %.

Ka piemers 2.6. attela paradits vidgjais NO, daudzums atgazges brivgaita, pie
konstantiem braukSanas atrumiem un ciklu veik$anas laika.
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2.6. att. NO, saturs atgazes pec automobila parbiives

Lietojot rapsa ellas degvielu, NO, samazinajums, salidzinot ar fosilo
dizeldegvielu, vidgji bija 10.3%, bet, salidzinot ar biodize]degvielu — 19.1%. SO,
daudzums atgazgs, salidzinot ar abiem pargjiem degvielu veidiem rapsa ellai ari
bija vismazakais — vidgji par 59.2% mazaks neka fosilajai dizeldegvielai un par
66.8% mazaks neka biodizeldegvielai.

CO, HC, CO, un mehanisko dalinu daudzums atgazes, izmantojot rapSa
ellas degvielu, salidzinot ar abiem pargjiem degvielu veidiem, bija vislielakais.
CO, daudzums, salidzinot ar fosilo dizeldegvielu, pieauga vidgji par 5.6%, bet,
salidzinot ar biodizeldegvielu, par 3.1%. Mechanisko dalinu daudzums atgazes,
salidzinot ar fosilo dizeldegvielu, palielinajas gandriz 3 reizes, bet, salidzinot ar
biodize]degvielu — gandriz 3.5 reizes. CO palielingjums bija attiecigi 1.2 un 2.4
reizes, bet HC palielinajums attiecigi 1.8 un 2.9 reizes.
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Citu pétnicku publikacijas noradits (Bao and He, 2006), ka, lictojot augu
ellas degvielu, pilnigakas sadegSanas nodroSinasanai var buit lietderigi mainit
iesmidzinasanas momentu. Lidz §im degvielas pat€ripa un atgazu sastava
noteikSanas eksperimentos mingtais parametrs tika saglabats, ka noradits
automobila tehniskajos noteikumos, t.i., 10.5° pirms virzulis sasniedz augsgjo
mainas punktu (AMP).

Eksperimentos iesmidzinasanas moments tika mainits robezas no 10.5°
(automobila tehniskajos noteikumos noteiktais optimalais parametrs darba ar
fosilo dizeldegvielu un originalajam sprauslam) Iidz 21.0°.

No pétjjuma rezultatiem izriet, ka optimalais iesmidzinaSanas moments,
darbinot automobili VW Golf 1.9TDar rapsa ellas degvielu, ir 18.5°, jo tad tiek
sasniegts jaudas un griezes momenta maksimums, ir minimalais CO saturs
atgaz@s (salidzinot ar 10.5° iesmidzinaSanas momentu samazinajies par 35%),
jitami samazinajies nesadegu$o ogludenrazu (par 66%), metana (par 59%) un
mehanisko piemaisjumu saturs (par 68%). Vel agraka iesmidzinaSana nav
velama, jo, sakot ar 19.5° jiitami palielinas SO, un CO daudzums atgazgs. Bez
tam, jo agraka iesmidzinasana, jo lielaks ir NO, saturs.

Jaudas un griezes momenta raksturliknu analize parada, ka iesmidzinasanas
momenta maina, darbinot automobili ar rap$a ellu un specialajam sprauslam, lidz
pat 3200 min™ Jauj nodroginat lidzvértigu griezes momentu un jaudu, ka darbinot
ar fosilo dizeldegvielu un biodizeldegvielu pie pétamajam automobilim
tehniskajos noteikumos noteikta iemidzinasanas momenta.

Veicot atgazu mérfjjumus ar ickartu OPUS 40 konstatéts, ka absorbcijas
koeficienta prasibas konkréta gada izlaiduma automobilim, lai sekmigi izietu
tehnisko apskati (3%), ir izpilditas ar visiem degvielu veidiem gan pirms, gan
pec parbuves. Vislabakie rezultati absorbcijas koeficienta testa ir
biodizeldegvielai, tad seko rapsa ella un, visbeidzot, fosila dizeldegviela.

2.3. Rapsa ellas degvielas izmantoSanas pétijumi ziema

Lai noskaidrotu, kada temperattira automobili var ekspluatét ar tiru rapsa
ellu, 2012. gada janvari un februarl tika veikti automobila iedarbinasanas
eksperimenti pie zemam gaisa temperatiram. Automobilis tika turts atklata
stavlaukuma un vismaz reizi diena iedarbinats. Augstaka temperatiira Saja laika
perioda iedarbinasanas laika bija +6 °C 12. janvara vakara un -27 °C 4. februara
vakara. Lai parliecinatos, vai kada no baroSanas sisttmas komponentem
neaizsalst braukSanas laika, katra no iedarbinaSanas reizém tika veikts
kontrolbrauciens pa marsrutu, kura garums ir 11.0 km.

Eksperimentali noteikts, ka kritiska temperatiira automobila ekspluatacijai
ar tiru rapsa ellas degvielu ir -13+2 °C. Sie rezultati apstiprinaja ari 2009. —
2011. gada veiktos noverojumus un teorétisko p&tijumu rezultatus.

Lai nodroSinatu dizelmotora iedarbinaSanu un normalu darbibu pie
zemakam temperattram, veido rapsa ellas un ziemas dizeldegvielas maistjumus.
Sados apstaklos degvielas pielietosana ir atkariga no diviem galvenajiem
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parametriem: viskozitates un CFPP (Cold Filter Plugging Point jeb zemakas
temperatiiras, pie kuras ztd filtra caurlaides spgja.

Tapec veikts petijums, kura izveidoti 5, 10, 25, 50% rapsa ellas un arktiskas
dizeldegvielas maistjumi, izmantojot 0. un 2. arktiskas klases dizeldegvielas, un
noteikta maisTjumu viskozitate pie dazadam temperatiiram, ka arT sastingSanas un
CFPP temperatiiras.

Merfjumu rezultata izveidota diagramma, ar kuras palidzibu var noteikt,
kads maisTjums jaizmanto atkariba no gaisa temperatiras (sk. 2.7. att.).
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2.7. att. Rapsa ellas un arktiskas dizeldegvielas maisijumu
viskozitates salidzinajums

Eksperimentali noteikts, ka ,,vienas tvertnes sisttma” vélams izmantot rapsa
ellu, kuras kinematiska viskozitate neparsniedz 1000 mm’s”, jo pie $adas
viskozitates rapsa ella brivi tek pa 8 mm degvielas vadu (firmas ELSBETT
ieteikums).
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Noteikts, ka tira rapsa ella robezviskozitati sasniedz pie -12 °C, un, lai
darbinatu ar vienas tvertnes sisttmu pielagotu dizelmotoru pie zemakam
temperatiram, nepiecieSams veidot rapSa ellas un fosilas dizeldegvielas
maistjumus. Pievienojot rapsa ellai 5% arktiskas dizeldegvielas, tiek nodro§inata
dizelmotora darbiba Iidz -15 °C. 10% maisjjumi robezviskozitati sasniedz pie
-20 °C, 25% maistjumi — pie -24 °C, bet 50% maistjumi — pie -30 °C. 2. klases
arktiska dizeldegviela efektivak samazina rapSa ellas viskozitati neka 0. klases
arktiska dizeldegviela. Vertgjot pec CFPP temperatiiras, bez filtra apsildes 50%
rap$a ellas maisTjumu ar 2. klases arktisko dizeldegvielu var izmantot Iidz -20 °C,
bet 50% maistjumu ar 0. klases arktisko dizeldegvielu — I1dz -10 °C temperatiirai.

Veicot CFPP noteiksanu, tika novérots, ka CFPP temperattiru ietekm€ ne tik
daudz kristalu veidosanas, bet gan rapsa ellas liela viskozitate, kura traucé
degvielas filtracijas procesam. Tatad, lai nodroSinatu dizelmotora darbibu
jebkuros Latvijas klimatiskajos apstaklos, rapsa ellas un dizeldegvielas
maisTjumu sildiSana pirms filtracijas ir ne tikai v€lama, bet nepiecieSama, jo tikai
sildiSanas rezultata var panakt rapsa ellas vai maisfjumu viskozitates strauju
samazinasanos.

2.4. Ar divu tvertnu sistemu aprikotu spekratu atgazu sastava pétijumi

So pétijumu mérkis bija noskaidrot, vai atgazu sastava izmainu tendences,
lietojot vienas tvertnes un divu tvertnu sistému, fosilajai dizeldegvielai un rapsa
ellai ir Ilidzigas. Eksperimenta objekts — ar divu tvertnu sisttmu aprikots
2000. gada izlaiduma kravas automobilis MAN 19.464

Veicot pétljumus rapsa ellas degvielas izmantoSana, izmantojot divu
degvielas tvertnu sistému, noskaidrots, ka, salidzinot ar vienas tvertnes sist€ému,
atgazu komponentu izmainu tendences ir lidzigas:

e NO, saturs, izmantojot rapsa ellas degvielu un divu tvertpu sisteému,
salidzinot ar fosilo dizeldegvielu, samazinas par 19.6%;

SO, saturs samazinas par 43.0%;

CO, saturs palielinas par 1.7%;

CO saturs palielinas 1.6 reizes;

mehanisko dalinu saturs palielinas 1.4 reizes;

vieniga komponente, kuras satura izmainas bitiski atSkiras, ir
nesadeguSie oglidenrazi. Ja vienas tvertnes sistémas izmantoS$anas
gadijuma rapsa ellas degvielai bija vérojams palielinajums — salidzinot
ar fosilo dizeldegvielu 1.8 reizes, tad, izmantojot divu tvertpu sist€ému,
§1s komponentes saturs atgaz€s samazinajas par 46.9%.

2.5. Nepielagotu spékratu pétijumi, tos darbinot ar rapsa ellu

2011. gada tika veikta traktora T-40AM apsekoSana. Tas tika ckspluatéts
vasaras sezona Tukuma novada Zentenes pagasta z/s ,Rubeni” un pirms
darbinaSanas ar rapsa ellu netika Sai degvielai pielagots. Traktors tika izmantots
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lauku darbos tapat, ka ieprieks¢jas sezonas. Traktora ipasnicks nekadas izmainas,
salidzinot ar fosilas dizeldegvielas izmantoSanu, nenoveéroja. Ar1 bojajumi, kurus
vartu attiecinat uz rapsa ellas degvielas izmantoSanu, netika konstatéti. Ta ka
traktora ekspluatacijas parametri darba laika netika meériti, veikti darbinaSanai ar
rapS$a ellu nepielagota traktora MTZ-80 pétijumi, nosakot ta jaudu, griezes
momentu un 1patngjo degvielas paterinu.

Eksperimentos izmantots degvielas patérina méritajs AVL KMA Mobileun
jaudas stends MAHA ZW-500ar kuru traktora jauda tiek noteikta no juigvarpstas.

Veicot pétijumus ar rapsa ellas degvielas izmantoSanai nepielagotu traktoru
MTZ-8Q noskaidrots:

e Tpatngjais degvielas paterins rapsa ellas degvielai dazados slogosanas
rezZimos ir vidgji par 6.4% lielaks neka fosilajai dizeldegvielai.
Salidzinot ar biodizeldegvielu, 1patngjais degvielas paterins ir vidgji
par 4.0% mazaks;

e jauda un griezes moments, izmantojot rapsa ellas degvielu, samazinas
attiectba pret abam pargjam test€tajam degvielam. Salidzinot ar
biodizeldegvielu, vid&jais jaudas un griezes momenta samazinajums ir
2.3%. Tuvojoties klokvarpstas nominalo apgriezienu frekvencei
(2200 min), abu mingto parametru samazindjums ir batiskaks —
aptuveni 5.5%. Jaudas un griezes momenta samazinajums, salidzinot ar
fosilo dizeldegvielu ir vél lielaks — vid&ji 5.9%, bet 1700 — 2200 min™
klokvarpstas apgriezienu diapazona — pat 7.0 — 10.0%.

Darbinot motoru ar neuzsilditu rapsa ellu, 5 sekunzu izturé$ana slogosanas
punkta ir problematiska — ella ar griittbam piepilda degvielas filtru un motors
darbojas nevienmérigi, Tapeéc motora pielagosana darbinasanai ar rapsa ellu
traktoram MTZ-80 ir nepiecieSama, tacu, ka rada ar rapsa ellu nepielagota
traktora T-40AM apsekoSana vasaras sezona, atseviSki spékratu modeli var tikt
ekspluateti arT bez parbiives.

3. RAPSA ELLAS DEGVIELAS IZMANTOSANAS
EKONOMISKAIS NOVERTEJUMS

Analiz€jot modelésanas rikus, rap$a ellas logistikas sistémas modelé$anai
izveleta programma AnyLogic Lai novertetu rapsa ellas degvielas izmantoSanas
ekonomisko efektivitati, identificéti rapsa ellas degvielas apgades (logistikas)
k&zu varianti Latvija.

Izmantojot citas valstis veikto pétijumu pieredzi (Baquero et al., 2010,
2011a, 2011b; Fore et al., 2011) un, piem&rojot to Latvijas apstakliem, rapsa
ellas degvielas izmanto$anas ekonomiska efektivitate novertéta decentralizStaja
razoSana.

Programmas AnyLogic Advanced 6.2ddg izveidoti 3 dazadi modeli, kas
lauj novertét jebkuras markas automobila vai traktora ekspluatacijas izmaksas,
darbinot spekratus ar dazadam degvielam, un noteikt veiktas parbives
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atmaksasanas laiku, ka arT aprékinat rapsa ellas ieglisanas paSizmaksu, audzgjot
ziemas un vasaras rapsi uz dazadam platibam un ar atskirigam rapSa razibam.
Modelésanas mainigos ievada programmas AnyLogicsimulacijas parametru
dialoga loga Simulation- Simulation ExperimenParametru ievadiSanas piemérs
automobila VW Golf Il 1.9TD pielagosanas ekonomiskajai novértésanai dots

3.1. attéla.

=l Propetties &2 | Bl consale ¥ =0

@ simulation - Simulation Experiment

Genenal Mame:| Simulation Plein a;ta':: (Dr';]:tc)t Main | Cgnore

Advanced

Model Time Random number generation:

Presentation (O Random seed (unigue experiments)

Windaw () Fixed seed (reproducible experiments) Seed Yalue: |1

Parameters

Description FieldgnEanas_komplekts* 490
Caurulvadi_tvertnes* o
Paligmaterisli* 15
Mont&Za o
Tal_materisli* 20.18
TAZ _material* Z8.57
Tal_darbietilpiba o.5
TAZ _darbietilpiba* 1.9
TA_1h_jizcenojums* 15
Degvielas_paterins_uz_100km_RE* 6.29
Degvielas_1litra_rena_RE* 0.75
Degvielas_patSrips_uz_100km_DD* 6.19
Degvielas_1litra_cena_DD* 0.93
TAZ _periodiskums 30000
TAl_periodiskums_0D 15000
Tal_periodiskums_RE brd={ulu]
Ekspluatacijas_laiks G
Fl&notais_gada_nobraukums 15000

3.1. att. Parametru ievadiSanas piemérs automobila VW Golf |11 1.9TD
pielagosanas ekonomiskajai noveértesanai

Pielagosanas komplekts uzmontets uz lietota automobila, kura pienemtais
ekspluatacijas periods Iidz ta norakstiSanai vai pardosanai ir 90000 km.
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Pienemot, ka vidgjais automobila gada nobraukums ir 15000 km, tad 90000 km
nobraukums tiks sasniegts 6 gados.
Model&sanas rezultati ar $adiem parametriem paraditi 3.2. attela.
Pielagoianas_lomplekts 6
29 -~
Caurulvadi_tvertnes (%

TAL materiali
Pal'gmateuall @-
o —@—_ 15
— T Montaza 6
/ TAI _shaits RE O- = . Plelagosanas izmaksas ()
Rt - 50 LY
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145725 - /O O

NG TAI eriodiskums_RE I AN
/ n\’\ A TR \
——@ TAL skaits:0D / ™ N\
J/‘fd i - / \ ‘\\
¢ TAlﬂ_aJellodrsh_l oo/ Izmaksas _TA_ar REO A

6 TA” materiali e ‘ Y
. \

,./'

TP.” _skaits
6 T.E\Etraaellodlsh_lms

\

\ \ |\ e |
Isn_lh _izcenojums | |
Deg\rlelasyateuljs uz_100km_RE 6 |
Deg\rlelas 1litra_cena_RE G A\ | ,"

\, Y

\ A\ _De vielas_izmaksas_| RE /

\ Deg\ﬂelas izmaksas_DD () \\ - sgs =0 || /
M,

[ ”" — @ Automoblla nobraukums I I

\\ \ \ L (3 Planotals _gada_nobraukums |
N, AN 15,000 / f

Y VNN O Elspluatacijas_lails { /
N \ 6 Delg\rlelas;.\ata in5_uz_100km_DD \
\\\ "\\ G Deg\rlelas 1litra_cena_pD .*': /
. | Eksg:luatacuas izmaksas_ar_DD \

\
~— El@fluatacuas |zmaksas _ar RE,, y /

= -—a:__'-g D--"'_ i ﬁelta - O /

\
Ekspluatacijas_izmaksu_starpiba
amens e e <

— 0~

Pielagofanas_atmaksasanas_laiks
6.233

3.2. att. ModeleSanas piemeérs automobila VW Golf 111 1.9TD pielago$anas
ekonomiskajai noveértésanai

Modelésana noskaidrots, ka viegla automobila VW Golf Il 1.9TD
pielagosana darbinasanai ar rap$a ellu, izmantojot riipnieciski razotu parbiives
komplektu, un ekspluatacija ar centralizétajas Latvijas razotnés pirktu rapsa ellu
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nav ekonomiski izdeviga, jo parblive atmaksasies tikai péc 6.2 gadiem, kad
konkrétais automobilis var biit jau norakstits.

Modelgjot ar riipnieciski razotu parbiives komplektu pielagota traktora
Massey Ferguson 8480 T2 un ar paSparbiivéta traktora MTZ-80 pirktas rapSa
ellas degvielas izmantoS$anas ekonomisko novértéjumu, var secinat, ka parbive
zemnieku saimnieciba var atmaksaties tikai gadijuma, ja saimnieciba neizmanto
bezakcizes dizeldegvielu.

Rapsa ellas degvielas logistikas sistémas modell rap$a ellas paSizmaksas
noteikSanai aprekinatas fiksetas un mainigas izmaksas. Modela atseviskos blokos
izmaksu aprékini veikti uz 1 ha. Rapsa ellas iegiiSanas izmaksu model&Sanas

piemers ellas ieguve no ziemas rapSa zemnieku saimnieciba dots 3.3. attela.
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3.3. att. Rapsa e]las iegliSanas izmaksu modeléSanas piemérs ellas ieguvé no

ziemas rap$a zemnieku saimnieciba
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Pienemot, ka rapsis tiek audzets 10 ha platiba, rapSa rausi tiek realiz&ti, un
zemnieks sanem visus pieejamos ES tieSos atbalsta maksajumus, rapsa ellas
paSizmaksa no ziemas rapsa pie razibas 3.5 t ha™! ir 0.24 LVL I, bet no vasaras
rap$a pie razibas 2.5 tha’ —0.31 LVL 1.

Rap3a ellas iegiSanas izmaksas citos modeleSanas scenarijos (mainigie
parametri — rap$a raziba un platiba) apkopotas 3.1. tabula.

3.1. tabula. Rapsa ellas iegiiSanas izmaksu modeléSanas rezultati

Scenarija Rapsis Platiba, | Raziba, Rapsa ellas Iegiita ella,
Nr. ha tha paSizmaksa, LVL I'! 1
1 1.5 0.75 2554
2 5 2.0 0.51 3405
3 2.5 0.36 4257
4 1.5 0.65 5108
5 Vasaras 10 2.0 0.43 6811
6 2.5 0.31 8513
7 1.5 0.60 10216
8 20 2.0 0.40 13621
9 2.5 0.28 17027
10 2.5 0.48 4257
11 5 3.0 0.36 5108
12 3.5 0.28 5959
13 2.5 0.42 8513
14 Ziemas 10 3.0 0.31 10216
15 3.5 0.24 11918
16 2.5 0.39 17027
17 20 3.0 0.29 20432
18 3.5 0.22 23838

Veicot modelpétijumus, var simulét dazadus rapsa ellas logistikas sistémas
scenarijus. Piem@ram, tehniskie pakalpojumi (arSana, mésloSana, migloSana,
razas novakSana, transportéSana utt.) var tikt veikti ar pasa zemnieka tehniku vai
modeléti ka argji pakalpojumi. Lidzigus scenarijus var izveidot saistiba ar seklu
tirisanu, kaltéSanu un ellas izspieSanu. Var iegadaties citu— jaudigaku spiedi,
tadgjadi mainot vértibas modela ellas spieSanas izmaksu un amortizacijas blokos.
Iesp@jami arT dazadi méslosanas un augu aizsardzibas plani.

Lai atlasitu piemerotakos scenarijus, janoskaidro, vai iegttais ellas
daudzums ir pietickams saimnieciba esoSo sp&kratu darbinasanai, tapec
3.1. tabulas rezultati salidzinati ar datiem, kas ieglistami no sp&kratu
ekspluatacijas izmaksu modeliem.

Pienemts, ka saimnieciba Iidztekus traktoram Massey Ferguson 8480 ¥ai
MTZ-80tiek ekspluatéts automobilis VW Golf 11l 1.9TD

Parasti pienem, ka traktoriem ar divu tvertnu sisttmu kopgja degvielas
patérina struktira 90% ir rapsa ella, bet 10% — fosila dizeldegviela. Tikpat
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dizeldegvielas paredzets izmantot arl vieglaja automobill— ziemas méneSos
piejauksSanai rapSa ellai vai Tpasi auksta laika tira veida.

Lai noteiktu, kuri no scenarijiem ekonomiski izdevigaki, janem véra, ka
rapsi augseka nerekomend@ audzet atkartoti viena lauka biezak ka péc 4 gadiem,
tatad kop&ja saimniecibas lauksaimniecibas kultiru strukttra ta Tipatsvars
nedrikst parsniegt 20 —25%. Tapat janoverte, vai ar modeléSana izmantoto
traktoru planotajas motorstundas var apstradat aprékinato platibu.

Pieméram, saimnieciba, kura izmanto traktoru Massey Ferguson 8480 T2
1000 motorstundas gada, kop&ja kultiraugu platiba varétu bit 160 — 200 ha.
40 ha platiba varétu audzet ziemas rapsi. Lai nodrosinatu traktoru un automobili
ar rap3a ellas degvielu, pietiktu ar 20 ha (razibai jabat vismaz 3 tha™). No
pargjas platibas iegiito rapsa seéklu vartu pardot. Veicot traktora ekspluatacijas
izmaksu modelpétijumus, noskaidrots, ka $ada scenarija traktora pielagoSana
atmaksatos 0.3 gados. Audzgjot vasaras rapsi ar razibu 2tha' 3aja pasa
saimnieciba degvielas nodroSinasanai biitu nepiecieSami 30 ha, bet traktora
pielagos$ana atmaksatos 0.5 gados.

Ekonomiski izdevigdko scenariju spekratu ekspluatacijas izmaksu
mode]pé&tijumu rezultati doti 3.2. tabula.

3.2. tabula. Ekonomiski izdevigakie rapS$a e]las izmantoSanas scenariji

% s _g < _g_: = m.g < wlg
d22 | QEE|EZ|EE |ebilziiuZi5e
S = 13 N E,.. = = o— -« o Soan . S s,
2223 STES | RS 2d s | RES [ S8 4| 228 4
EEEE | 458 | g2 | 555 | S5 |§028| Eass
s S 2 ER 2 2 2 Y LIRS | S8 w8
= &% s | 5| Fe E5 |2 E Z2E

g KB | go | g*= 25 2R

MTO%?)SH?}ITZ 3ZO 20 20 160 —200 0.3 0.9
Mzgg’igl-rz 2V0 20 0 80— 100 0.7 1.1
';’gg%;ig 320 10 10 80— 100 0.1 0.9
“gg()z;:l? ZVO 10 10 80— 100 0.1 1.2

Saimnieciba, kura izmanto traktoru MTZ-80 1000 motorstundas gada,
visizdevigakais scenarijs ir, ja kopg&ja kultiraugu platiba 80 — 100 ha un ziemas
rapsis tiek audzets 20 ha platiba. Traktora un automobila nodroSinasanai ar rapsa
ellas degvielu no tas izmantoti 10 ha. Traktora pielagoSanas atmaksasanas laiks
0.1 gads, bet automobila — 0.9 gadi.

Atskiriba no pirktas ellas, zemnieku saimnieciba ieglitu rapsa ellas degvielu
var izmantot ari citos saimnickoSanas scenarijos, tacu pielagoSana atmaksajas
ilgaka laika perioda.
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SECINAJUMI

Programmas ExtendSim Suitevidé izveidots originals matematiskais
modelis, kas piemérots ar dizelmotoriem darbinamu spéekratu galveno
ekspluatacijas parametru noteikSanai, izmantojot rapSa ellu un tas
maistjumdegvielas ar fosilo dizeldegvielu. Izveidotas analitiskas sakaribas
atliku gazu molaras siltumietilpibas noteiksanai, ka arT precizeti dizelmotoru
jaudas raksturliknu konstrué$anai izmantojamie empiriskie koeficienti.

Model&sana noskaidrots:

e ar tiru rapSa ellu spekratus var ekspluatét Iidz -14 °C, ar maisjjumu
RE80 — 11dz -17 °C utt. Ja apkartgjas vides temperatiira samazinas zem
-30 °C, var lietot maistjumdegvielas ar rap3a ellas saturu ne lielaku par
30%;

e nepielagota automobila VW Golf Il 1.9TDun traktora MTZ-80motoru
jaudas un griezes momenta samazinajumam ir linears raksturs — katri
pievienotie 10% rapSa ellas maisijumdegviela samazina maksimalo
efektivo jaudu un maksimalo griezes momentu par aptuveni 0.5%. Ar
tiru rapsa ellu samazinajums ir aptuveni 5%.

Izstradata p&tijumu metodika, kas lauj parbaudit dazadas alternativas rapsa
el]las degvielas izmantoSana — spekratu pielagoSanu, izmantojot vienas un
divu degvielas tvertnu sist€mas, un rapsa ellas lietoSanu bez sp&kratu
pielagosanas.
Izmantojot firmas ELSBET Tparbiives komplektu, pirmo reizi Latvija veikta
spekratu pielagoSana darbinasanai ar rap$a ellu un vienas degvielas tvertnes
sisttmu. Laika posma no 2009. gada februara lidz 2012. gada februarim ar
pielagoto automobili VW Golf 1.9TD darbinot to ar rap$a ellu, nobraukti
38 000 km. Automobila ekspluatacijas laika nekadi bojajumi vai atteikumi
nav konstatgti.
Izstradata speciala eksperimentu metodika automobilu test€Sanai uz jaudas
stenda Mustang MD-1750 ar mérki noteikt galvenos ekspluatacijas
parametrus un salidzinat tos ar modeléSana un celizmEgindjumos
konstatetajiem. Metodikas ietvaros izstradata braukSanas cikla izveides
procediira, kas ietver realo celizméginagjumu datu uzkrasanu, paSizveidota
cikla programméSanu un pievienoSanu jaudas stenda vadibas sist€mas
programmatiirai.

Veicot atgazu sastava pétljumus rapsa ellas izmantoSana spekratiem, kas

pielagoti ar vienas un divu degvielas tvertnu sisttmam, konstatéts, ka

lielakajai dalai atgazu komponentu izmainu tendences, salidzinot ar fosilo
dizeldegvielu un biodizeldegvielu ir Iidzigas — samazinas NO, un SO,, bet
pieaug CO, CO,, nesadeguso ogliidenrazu un mehanisko dalinu saturs.

Eksperimentos ar dazadiem sp&kratiem laboratorijas un dabiskajos

apstaklos noskaidrots, ka rapSa ellas paterinS piecaug par 1.0...6.4%,
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salidzinot ar fosilo dizeldegvielu, bet samazinas par 2.5...6.0%, salidzinot
ar biodizeldegvielu.

Laboratorijas testos konstatéts, ka, aprikojot automobili ar specialam
sprauslam un mainot iesmidzinasanas momentu no razotaja ieteiktajiem
10.5° uz 18.5°, darbinot automobili ar rapsa ellu, var nodro$inat lidzvertigu
griezes momentu un jaudu, ka darbinot to ar fosilo dizeldegvielu pie
razotaja ieteikta iesmidzinaSanas momenta.

Eksperimentos noskaidrots, ka jauda un griezes moments, izmantojot rapsa
ellas degvielu, nepielagotam traktoram MTZ-80attieciba pret abam pargjam
test€tajam degvielam samazinas. Salidzinot ar biodizeldegvielu, vidgjais
jaudas un griezes momenta samazinajums ir 2.3...5.5%, bet, salidzinot ar
fosilo dizeldegvielu — lidz pat 7.0...10.0%.

Eksperimentali p&tot rapsa ellas degvielas izmantoSanu ziema, noskaidrots,
ka kritiska temperattira spekratu ekspluatacijai ar tiru rapsa ellas degvielu ir
-13£2 °C. Lai darbinatu dizelmotoru pie zemakam temperatiiram,
nepieciesams veidot rapsa ellas un fosilas dizeldegvielas maistjumus.
Teoretisko un eksperimentalo p&tijumu rezultatu salidzinajums liecina, ka
izstradatais teor€tiskais modelis ir izmantojams, nosakot maksimali
pielaujamo rapsa ellas saturu darbmaisijuma pie dazadam apkartgjas vides
temperatiiram, ka ari, prognozgjot spekratu jaudas un griezes momenta
izmainas, ja spekratus darbina ar fosilo dizeldegvielu, rapsa ellu vai
maistjumdegvielam. Teorétiski un eksperimentali ieglito rezultatu sakritiba
ir augsta.

Programmas AnyLogicvidé izveidoti tris dazadi modeli, kas lauj novertét
jebkuras markas automobila vai traktora ekspluatacijas izmaksas, darbinot
spekratus ar dazadam degvielam, un noteikt veiktas parbiives atmaksasanas
laiku, ka arT aprékinat rapsa ellas iegliSanas pasizmaksu, audzg&jot ziemas un
vasaras rapsi dazadas platibas un ar atSkirigam rapsSa razibam.

Modelé$ana noskaidrots, ka viegla automobila VW Golf IIl 1.9TD
pielagosana darbinaSanai ar rapSa ellu, lietojot riipnieciski razotu parbiives
komplektu, un ta ekspluatacija ar centralizetajas Latvijas razotn€s pirktu
rapsa ellu nav ekonomiski izdeviga, jo $ada parblive atmaksasies tikai péc
6.2 gadiem.

Lai rapsa ellas degvielas izmantoSana konkréta saimnieciba biitu
ekonomiski izdeviga, ir jasaskanpo visi saistitie parametri, t.i., spekratu
jauda, planotais darbu apjoms, nepiecieSamais degvielas daudzums,
prognozgjama kultiraugu raziba un platiba, kas jaapsgj, lai iegltu
pietickami daudz rapSa ellas degvielas saimnieciba eso$as tehnikas
darbinasanai.

Modelesana noskaidroti izdevigakie scenariji traktora Massey Ferguson
8480 T2vai MTZ-80 un automobila VW Golf Il 1.9 nodro$inasanai ar
saimnieciba razotu rapsa ellas degvielu. Optimala rapsa s€jumu platiba ir
20...40 ha, spekratu pielago$anas atmaksasanas laiks — 0.9 gadi.
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TOPICALITY OF THE RESEARCH

Statistical analysis of the data shows that the growth of production and use
of biofuels in transport sector of the EU and Latvia is not satisfactory. That’s
why researches to promote the implementation of biofuels in our country are
actual.

New — second, third and fourth generation biofuels are under investigation
around the world, however, about ten next years first-generation biofuel,
including rapeseed oil, will not lose its actuality as the next generation fuels
disadvantage is a complex and expensive manufacturing technology, that
requires heavy investments in large centralized plant building (Aatola et al.,
2008; Carere et al., 2008; Scragg, 2009; Gong et al., 2010; Sims et al., 2010;
Simagek et al., 2010; Third and Fourth Generation ..., 2010; Arvidsson et al.,
2011; Carriquiry et al., 2011; Demirbas A, 2011; Demirbas M.F., 2011; Lapuerta
et al.,, 2011; Nigam and Singh, 2011; Singh et al., 2011). In addition, most
European and US scientists consider that the statement that food price directly
depends on the production of biofuels from edible materials, is not valid (Baka
and Roland-Hols, 2009; Ajanovic, 2011; Armabh et al., 2011).

The results of biofuels logistics system simulation show that until about the
year 2020 the lowest prices supply chain status will remain to pure vegetable oil
fuel and oil plants as a raw material for the production of biofuels from energy
point of view, will not lose its relevance. Rapeseed oil fuel energy consumption
and CO, balance is highly positive, even in cases when oil production and
pressing by-products are not used (Bugge, 2000; Wakker et al., 2005; Ajanovic
and Haas, 2010; Jessup, 2011).

The topicality of vegetable oil use in the next years confirms also the fact
that scientists from all continents are still investigating different types of
vegetable oil as a diesel fuel substitute. For example, soybean oil is tested and
used in the US, rapeseed and sunflower oils in Europe, palm oil in Southeast
Asia (Malaysia, Thailand and Indonesia), coconut oil in Philippines and cotton
seed oil in West Africa, Greece and Turkey (Sidibe et al., 2010; No, 2011).

The analysis of publications shows that the results of the power, fuel
consumption and exhaust gas composition changes using rapeseed oil fuel (pure
and blended) in comparison with fossil diesel fuel are very different (Altin et al.,
2001; Labeckas and Slavinskas, 2006, 2009a; Thuneke, 2006; Wang et al., 2006;
Chiaramonti and Prussi, 2009; Hazar and Aydin, 2010; Baquero et al., 2011a).
The main differences are caused by diverse oil quality, testing conditions,
measuring devices, and engine types used in experiments. This raises the
research actuality in each country, including Latvia, based exactly on the region
climatic conditions and produced oil, as well as on the typical vehicle and engine
types (Sidibe et al., 2010).

Most of the studies investigating the use of rapeseed oil fuel are realized
testing engines on the benches (Nwafor, 2004; Bao and He, 2006; KynmanakoB u
Cemenos, 2007; Labeckas and Slavinskas, 2006, 2009a, 2009b; Soltic et al.,
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2009; Hazar and Aydin, 2010; Paulsen et al., 2011), but rarely — the car or tractor
in general (Chiaramonti and Prussi, 2009; Kleinova et al., 2011; Thuneke, 2006).

Until now vegetable oil fuel in Latvia is used only adapting vehicles with
two fuel tank system. This system is inconvenient for use in cars, but one tank
system has not been studied in our country. Usually rapeseed oil fuel studies are
short-term, but some investigations have shown that long-term use of this fuel
can cause engine performance and durability problems (Babu and Devaradjane,
2003). Therefore it’s important to analyze how application of rapeseed oil fuel
works for several years, including the winter months. Similarly, studies on
rapeseed oil and fossil diesel fuel blends and optimum proportions in different
climatic conditions are inconsistent (Jones et al., 2001; Sidibe et al., 2010).

Rapeseed oil fuel usage profitability is affected by the general
characteristics of each farm, such as the technology used for rapeseed
cultivation, harvesting, storage and processing, as well as a scale of production.
That’s why it is necessary to carry out a more detailed assessment of the costs
specifying the fuel supply schemes, the production technologies, scale etc.
(Thuijl et al., 2003; Baquero et al., 2010, 2011b; Fore et al., 2011).

THE OBJECT, HYPOTHESIS, AIM AND TASKS
OF THE RESEARCH

Research object — rapeseed oil fuel supply or logistics chain.

Research hypothesis — rapeseed oil fuel is suitable for use in various types
of diesel powered vehicles in Latvia, regardless of the ambient temperature.

The aim of the promotion work is to evaluate theoretically and
experimentally the possibilities of using rapeseed oil fuel in diesel engines in
Latvia, thus creating an opportunity to promote wider use of renewable resources
in the country.

In order to reach the aim, the following tasks are set:

e to develop a mathematical model for determination of diesel engine
powered vehicle operating parameters using pure rapeseed oil and its
blends with fossil diesel fuel, as well as to evaluate the effectiveness of
this model;

e to determine theoretically and experimentally the appropriate rapeseed
oil and fossil diesel fuel blend ratio to operate vehicles at different,
especially at low, ambient temperatures;

e to develop a rapeseed oil-powered vehicle testing methodology;

e to study experimentally and estimate the use of rapeseed oil feasibility
and engine operating parameters, adapting for this purpose a variety of
motor vehicles (car, truck and tractor), using one and two fuel tank
systems;

e to develop a model to determine the costs in rapeseed oil fuel logistics
system and carry out investigation of the model to evaluate the
economical efficiency of rapeseed oil fuel usage.
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RESEARCH METHODS

Analysis, synthesis, modelling, prediction, experimentation (under natural
and in laboratory conditions), statistical and economic evaluation research
methods are used in the research.

THESES FOR DEFENCE

1. Developed mathematical model enables to predict diesel engine operating
parameters running them on different fuels and at different ambient
temperatures.

2. Using rapeseed oil fuel (pure or blended with fossil diesel) motor vehicle
can be operated also during winter months.

3. Motor vehicle adaptation to run it on rapeseed oil as a fuel, using one or two
fuel tank systems, is essential for the safe operation of the motor vehicle for
a long-term period.

4. Developed driving cycle creation procedure allows convert any real driving
data into the driving cycle and add it to the chassis dynamometer
management system software.

5. Created rapeseed oil fuel logistic models allow assessment of rapeseed oil
fuel economic efficiency.

APPROBATION OF THE RESEARCH

Generally recognized reviewed scientific publications

1. Birkavs A., Birzietis G.,, Dukulis I. (2012) Evaluation of Emissions
Operating Diesel Engine with Rapeseed Oil and Fossil Diesel Fuel Blends.

In: 11" International Scientific Conference ,Engineering for Rural
Development”: Proceedings, Volume,1May 24 —25, 2012. Jelgava:
LUA, p. 338 —342. ISSN 1691-3043.

2. Birkavs A., Dukulis I. (2011) Development of Experimental Equipment for
Vegetable Oil Fuel Research. In: Proceedings of the ¥7International
Scientific Conference ,Research for Rural Development”, Volupdadly
18 —20,2011. Jelgava: LUA, p. 173 — 178. ISSN 1691-4031.

3. Baks V., Dukulis I., Birkavs A. (2011) Emission and Fuel Consumption
Studies Using Separated at Low Temperatures Pure Rapeseed Oil. In: 10"
International Scientific Conference ,Engineering for Rural Development”:
Proceedings, Volume 1®May 26 — 27, 2011. Jelgava: LUA, p. 239 — 243.
ISSN 1691-3043.
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Rapeseed Oil and Diesel Fuel Blends in Winter Conditions. In: Agricultural
Engineering: Proceedings of the International Scientific Conference
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Participation in the dissertation-related projects

Year 2009 — researcher in the project Nr. 09.1470 “Studies on options of
biofuels extended use in internal combustion engines in Latvia”.

Years 2010 — 2012 — researcher in the project Nr. 09.1602 “Investigations
of biofuel and biomass technologies”.

SCIENTIFIC NOVELTY AND PRACTICAL APPLICATION
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OF THE RESEARCH

An original mathematical model suitable to predict diesel engine operating
parameters running them on rapeseed oil and its blends with fossil diesel
fuel is developed.

A methodology that allows testing a variety of alternatives of rapeseed oil
use — vehicle adaptation using one fuel tank system, adaptation using two
tank system and the application of the oil in the vehicle without adaptation,
is worked out.

Experimental methodology for testing cars on the chassis dynamometer is
developed. The driving cycle creation procedure that allows converting any
real driving data into the cycle is worked out and approbated.

The rapeseed oil powered vehicle fuel consumption, power, torque and
exhaust components changes are compared with the analogue parameters
running the same vehicles on fossil diesel and biodiesel.

Theoretically and experimentally a critical temperature for operation of
motor vehicles on pure rapeseed oil fuel is found, as well as rapeseed oil
and fossil diesel fuel blend ratios to operate vehicles at ambient
temperatures below the critical.

Experiments proved that the adaptation of motor vehicles to use rapeseed
oil as a fuel is essential for safe engine operation. It was found that the
engine that is equipped with special nozzles and with changed injection
timing (injecting fuel in cylinders earlier) in comparison with the value
recommended by the manufacturer provides a similar power and torque than
running the engine with fossil diesel.

Developed mathematical models allow evaluating exploitation costs of cars
and tractors, running motor vehicles on rapeseed oil fuel, and calculate the
investment payback time as well as the rapeseed oil production costs.



1. THEORETICAL RESEARCH

The aim of the theoretical research is to develop a mathematical model to
determine the main diesel engine operating parameters running them on rapeseed
oil and its blends with fossil diesel, as well as to establish suitable rapeseed oil
and fossil diesel fuel blend ratios, operating motor vehicles at different ambient
temperatures, including ones that meet Latvian winter conditions.

Analyzing simulation tools suitable for modelling of motor vehicle
operating parameters the ExtendSimSuitgoftware is selected. The developed
model consists of three parts or modules (see Fig. 1.1.).

Ambient temperature l Fuel viscosity

The fuel content determination for motor vehicle

1" module operation at different ambient temperatures

Fuel content

2" module Diesel engine operation thermodynamic calculation

Engine effective power N,,
effective torque M,

3" module Construction of diesel engine power and torque curves

l N(n), M(n)

Fig. 1.1. Model’s block diagram

The first module depending on the ambient temperature determines if motor
vehicles can be operated on pure rapeseed oil, or oil should be mixed with fossil
diesel. The most important rapeseed oil fuel usage limiting factor at low
temperatures is the fuel viscosity.

Input parameter of the second module is the fuel content and properties.
Diesel engine operation thermodynamic calculation is based on the methodology
approved at several doctoral theses (Zihmane-Ritina, 2008; Smigins, 2010), in
addition creating analytical relationship to determine residual gas molar calorific
value that provides a continuous modelling process.

An analogue of the third module is found in the thesis “Application of
bioethanol in otto engines” (Pirs, 2011). While there the petrol powered engine
operation is modelled, the algorithm is suitable also for diesel engines specifying
the coefficients for constructing of engine effective power and torque curves.
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1.1.  The fuel content determination for motor vehicle operation at
different ambient temperatures

To ensure the fuel pump operation and the fuel flow in the fuel supply
system, fuel kinematic viscosity should not exceed 500 — 1000 mm’s” (Fuel
Oils — Viscosities, S.a.). In the model as a critical the lowest value is assumed to
have a small margin of safety operation of motor vehicle during the winter time.

To determine the kinematic viscosity of fuel depending on the ambient
temperature, the following formula is used (Azian et al., 2001):

B C
n(v=A+ 21 C (1.1)
n(v) +T+T2

where Vv — kinematic viscosity of the fuel, mm’ s'l;
T — ambient temperature, K;
A, B and C — coefficients that depend on the used fuel.

To determine these coefficients the experimental studies performed in Spain
are used. Fossil diesel, rapeseed, sunflower, soybean, palm and other oils
(Esteban et al., 2012) are tested. Coefficients for fossil diesel fuel (DF) and
rapeseed oil (RO) are obtained using regression analysis (see Fig. 1.2.).

6 1

5 y = 951274.7% - 2724.3x + 2.53

R =0.99997 /./'
4

S / *DF

E 3 |
z / = RO

2

»n

S /

0 M.e—-*""' y =373853.6X - 499.6x-1.22___|
R*=0.99995

1 : 1 1
0.0024 00026 00028 0003 00032 00034  0.0036

Natural logarithm of the fuel kinematic

The ambient temperatue inverse value T K"

Fig. 1.2. Determination of coefficients for calculating of fuel
kinematic viscosity

Values calculated using obtained formula are compared with other studies,
for example, with the measurement of the kinematic viscosity of rapeseed oil at
temperature range 260..325K (-13..+52°C) carried out in Germany
(Kerschbaum and Rinke, 2004). Kinematic viscosity of this study corresponds to
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the values obtained by analytical methods, so the following relationships are
used in the model:

B G
A+ +
V=e (t+273) (t+273) (12)

1 >

where V; — iy-fuels kinematic viscosity, mm? s'l;
t — ambient temperature, °C;
A, B and C; — iy,-fuels coefficients.

Depending on the fuel content the weighted average kinematic viscosity of
the fuel blend is calculated. The model blocks for determination of the fuel
kinematic viscosity are shown in Fig. 1.3.
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Fig. 1.3. The model blocks for calculation of the fuel kinematic viscosity

If the fuel blend percentage is known, content of carbon (C), hydrogen (H)
and oxygen (O) content in fuel blend in fuel mass fractions can be calculated
from the relationships:

n - n H n i
ngcm_. mo gt 2 Qom
2m >m m
i=1 i=1 i=1

where m — iy-fuels content in blend, mass %;
Csati — content of carbon in iy-fuel, mass parts;
Hsati— content of hydrogen in iy,-fuel, mass parts;
Osati— content of oxygen in iy,-fuel, mass parts.
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Calculated C, H and O values serves as outputs to the second module of the
model “Diesel engine operation thermodynamic calculation” (see Fig. 1.4.).
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Fig. 1.4. The fuel blend content determination blocks

At the first step of the model studies the maximum percentage of rapeseed
oil in the fuel blend at different ambient temperatures is estimated, providing that
the fuel kinematic viscosity does not exceed 500 mm?” s™.

In order to make easier the simulation, several changes are made in the first
module of the model (see Fig. 1.5.): ambient temperature slider (see Fig. 1.3.) is
replaced by a number generator that changes the temperature in range of
-30...+20 °C in increments of 1 °C; block for creating the current blend viscosity
curve depending on the ambient temperature is added, as well as MultiSim
Plotter block that allows graphical overview of the last four simulation graphs.
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Fig. 1.5. Model adjustment to estimate the maximum percentage of rapeseed
oil in fuel blend at different ambient temperatures
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Summary of simulations is shown in Fig. 1.6.
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Fig. 1.6. The fuel blend viscosity depending on the ambient temperature

It is established that to provide fuel pump operation and the fuel flow in the
fuel supply system with pure rapeseed oil vehicle can be operated up to -14 °C,
with a blend RE80 — up to -17 °C and so on. If the ambient temperature drops
below -30 °C, blends with rapeseed oil content of less than 30% or pure diesel
fuel can be used. In order to obtain an analytical correlation the first module of
the model is changed again: rapeseed oil content slider (see Fig. 1.3.) is replaced
by critical viscosity of a blend, and logical operator unit is added (see Fig. 1.7.).
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Fig. 1.7. Model adjustment to determine fuel blend content at a constant
ambient temperature and with a critical viscosity
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Summary of simulations is shown in Fig. 1.8.
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Fig. 1.8. Maximum rapeseed oil content in the blend depending on
the ambient temperature

Thus, the correlation to determine maximum rapeseed content in the fuel
blend if the temperature drops below -14 °C is found.

1.2. Diesel engine operation thermodynamic calculation

The thermodynamic calculation of diesel engine operation is based on the
classic relationships, given in the various sources of information (Heywood,
1988; Pulkrabek, 2003; I'aBpmoB u ap., 2003; Internal Combustion Engine
Handbook, 2004; Zihmane-Ritina, 2008; Komaun u Jemunos, 2008; JlykanuHa u
IIatpos, 2010; Smigins, 2010; Xin, 2011). In some of them residual gas molar
heat capacity calculation depending on the temperature and air-fuel ratio is based
on interpolation method after empirical data are read from the table. It does not
provide a continuous modelling process, as at certain modelling steps a number
of parameters have to be entered manually. Therefore, to get residual gas molar
calorific value analytical relationship is worked out.

Designing of residual gas temperature and molar calorific value correlation
diagrams at different air-fuel ratios, regression equations and coefficients of
determination are found.

However, a direct introduction of these equations in the model is not
appropriate, because it leads to the use of number of logical operators. Besides
the calculation would be incorrect in the case of the air-fuel ratios intermediate
values such as 1.23, 1.56, etc.

Therefore, another regression analysis to determine whether there is a
correlation between residual gas molar calorific value decrease with increasing
the air-fuel ratio is performed.
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At each air-fuel ratio calculations were made using the formula:

2

decrease™

K , (1.4)

n

where Q; — residual gas molar calorific value at constant temperature and
air-fuel ratio 1, kJ (kmol K)™';
Q; — residual gas molar calorific value at the same temperature and
air-fuel ratio ¢, kJ (kmol K)';
Nn— number of different constant temperatures, where the
calculations were made (n= 21, t = 400...2400 °C, step 100 °C).

The correlation diagram of molar residual gas calorific value reduction
depending on air-fuel ratio is given in Fig. 1.9.
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Fig. 1.9. The correlation diagram of residual gas molar calorific value
reduction depending on air-fuel ratio

The final relationship introduced into the model is obtained combining both
regression analyses: three coefficients are taken from the correlation diagram of
residual gas molar calorific value at different temperatures and air-fuel ratio 1,
another three coefficients — from the correlation diagram of residual gas molar
calorific value reduction depending on air-fuel ratio:

QmH:(A-ter B~t+C)-(D~a2+E~a+F), (1.5)

where Qmop.t— residual gas molar calorific value at temperature t and air-
fuel ratio ¢, kJ (kmol K)™;
A, B, C, D, E and F — coefficients obtained from the regression
equations.
Since the analytical relationship is derived from the table, that represents
only fossil diesel use, two correction factors K; and K, are introduced in the
model. They take into consideration the fuel blend changes in fuel heating value
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and molecular weight compared to diesel fuel. The equation (1.5) in the model is
used also in the heat balance equation to calculate the final temperature of the
combustion products.

The output parameters from the diesel engine thermodynamic calculation
module are: a maximum effective power Ngn.x (KW) at engine crankshaft
rotational frequency N, (min') when the maximum power is reached, the fuel
consumption per hour Gr (kg h™"), and a effective torque Me (N m) at the same
crankshaft rotational frequency Npy.

1.3. Constructing of diesel engine effective power and torque curves

If a maximum effective engine power Ngy.x and engine crankshaft rotational
frequency Ny, at which this power is developed are known, the approximate
shape of the engine effective power curve can be determined according the
empirical relationship (Pommers un Liberts, 1985; Berjoza, 2008):

2 3
NG:Nemax'[x' ne +Y( ne J —Z( ne J }5 (16)
anlﬂX nmax anlﬂX

where Ne—engine effective power at engine crankshaft rotational
frequency ng, kW;
Ne—engine crankshaft rotational frequency at the point to be
determined, min’l;
X, Y, Z-the empirical coefficients describing the engine type
X+Y-2=1).

Empirical coefficient values for diesel engines from the literature data are:
X=0.53, Y=156 and Z=1.09. However, using them, the nature of the
constructed power curve may differ from actual depending on the engine type,
such as turbo charged or not, with direct fuel injection or with pre-chamber etc.
That’s why it is necessary to correct X, Y and Z values.

Analytical calculation of the coefficients is very difficult to resolve because
there are two equations with three unknowns. One of the methods is using step-
by-step approximation analyzing existing experimental power curves (Aboltins,
Berjoza and Pirs, 2010). Since at the Research Laboratory of Alternative Fuels
(Latvia University of Agriculture, Faculty of Engineering) a lot of different
vehicles are tested on the chassis dynamometer Mustang MD-1750this method
is used to find coefficient X, Y and Z values.

As a car with indirect injection and turbo charging is adapted to run on
rapeseed oil fuel in the experimental studies, cars with similar characteristics, but
different working volumes are selected for analysis— Opel Astra-G 1.7TD
Mitsubishi Space Wagon 2.0D TurbBMW 525 TD Mercedez Benz E290D
Turbo

The following power curves empirical coefficients are obtained from
analysis and entered in the appropriate model blocks: X=0.4, Y=2.2un Z=1.6.
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If the value of the maximum engine power in the full crankshaft rotational
frequency range is known, the torque can be calculated at any value of n:

Me=9549~&- (1.7)
n
Since the maximum torque is achieved at different crankshaft rotational
frequency than the maximum power, the additional block is placed in the model.
This block outputs the maximum torque value checking the formula (1.7) results
in the full crankshaft rotational frequency range. The model blocks for
constructing of diesel engine power and torque curves are shown in Fig. 1.10.
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Fig. 1.10. The model blocks for constructing of diesel engine power
and torque curves

Engine power and torque modelling studies are carried out for the same
vehicles, that are used in experimental studies, i.e., car VW Golf Il 1.9TDand
tractor MTZ-8Q

In order to facilitate the input of variables and viewing the simulation
results, a separate panel or window is set up. The essential elements of the model
are “cloned” in this window. Figure 1.11. shows an example of the car
VW Golf 11l 1.9TDengine modelling.

Simulation results show, that car VW Golf Il 1.9TD engine maximum
power is reached at 4200 min™'. Using diesel fuel it is 56.25 kW, using rapeseed
oil — 53.35kW. The maximum torque this engine develops at 2900 min™":
running on diesel fuel — 147.9 N m, on rapeseed oil — 140.3 N m. Maximum
power and torque difference — 5.15%.
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Fig. 1.11. Example of the window for variables input and viewing of the
simulation results (VW Golf |I] 1.9TD)

The maximum engine power of the tractor MTZ-80in modelling studies is
reached at 2200 min"'. Using diesel fuel it is 55.59 kW, using rapeseed oil —
52.62 kW. The maximum torque this engine develops at 1500 min™: running on
diesel fuel — 279 N m, on rapeseed oil — 264 N m. Maximum power and torque
difference — 5.35%.

The power and torque reduction for the car VW Golf Il 1.9TD and the
tractor MTZ-80engines is linear — each 10% of rapeseed oil in fuel blend reduces
maximum power and torque of around 0.5%.

Comparing acquired engine power and torque modelling values with the
data given by motor vehicle manufacturers operating the vehicle with fossil
diesel, differences in any of the modelling scenarios do not exceed 2.3%. Such
cutoff is permissible and does not disturb to identify differences operating motor
vehicles with various fuels.
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2. EXPERIMENTAL RESEARCH

The aim of the experimental research is to determine the main diesel engine
powered vehicle operating parameters using rapeseed oil fuel. To realize this,
initially the general methodology of research is developed, that covers a variety
of alternatives using rapeseed oil fuel — motor vehicle adaptation with a single
fuel tank system, adaptation with two fuel tank system and the use of rapeseed
oil in the vehicle without adaptation (see Fig. 2.1.).

Rapeseed oil fuel experimental studies

|—|

With motor
vehicle adaptation

Without motor
vehicle adaptation

In laboratory
conditions

Whith one fuel
tank system

Whith two fuel
tank system

Partial research program:
adapted methodic developed using
one tank system;

fuel, power, torque measurement.
Fuels used in the experiments:
rapeseed oil, diesel fuel, biodiesel.

Under natural
conditions

In laboratory
conditions

In laboratory
conditions

Partial research program: experiments using partners converted
vehicle, adapted methodic developed using one tank system;
exhaust gas composition measurement.

Fuels used in the experiments: rapeseed oil, diesel fuel.

i
)
Full research program: motor vehicle adaptation; development of special methodics; H
fuel, power, torque, exhaust gas composition measurement. H
Fuels used in the experiments: rapeseed oil, diesel fuel, biodiesel. i
Experiments under natural conditions: summer, winter. H

Fig. 2.1. Experimental research block diagram

Using companies ELSBET Tconversion kit for the first time in Latvia the
car adaptation to run it on rapeseed oil using a one fuel tank system is realized.
The most significant components of the kit are self-cleaning oil nozzles with an
increased operating pressure by about 3.5% compared to vehicle original fuel
nozzles, and with the 13° less spray angle than for original ones.

During the period from February 2009 to February 2012 with a converted
car VW Golf 1.9TD running it with rapeseed oil fuel, approximately 38 000 km
has been driven. During operation damage of the car or operation rejection have
not been detected. Car’s VW Golf Il 1.9TDconversion cost is around 500 LVL
and the one person can do rebuilding in about 10 hours.
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2.1. Development of automobile testing methodology

The special experimental methodology for testing automobiles on the
chassis dynamometer is developed. It is used not only in this work, but is
approbated also at several other vehicle operating parameters studies. The flow
chart of the procedure for automobile testing is shown in Fig. 2.2.

Testing of Automobile

Il
[ ]

Fuel Consumption in
Real Driving Tests

Laboratory Tests

- — Power Curve
City Driving Route — Power and Torque
(aprox. 2.36 km) Characteristics

Vehicle Simulation Test
Combined Driving Route — Fuel Consumption and Exhaust Gases
(aprox. 176 km) at 50, 90, 110 km b and idling

Drivers Trace
— Fuel Consumption and Exhaust Gases
IM-240 and Jelgava cycles

Standartized Test
L of Exhaust Gases
Absorption coefficient

Fig. 2.2. Flow chart of the procedure for automobile testing

To achieve simultaneous measurement of fuel consumption and exhaust gas
content performing constant running speed tests and real road simulations,
special attention is paid to the choice of measurement devices.

The following basic equipment is chosen for the experiments:

e Mustang MD-1750laboratory chassis dynamometer with control

platform MDSP-7000

e AVL KMA Mobilefuel consumption meter;

e AVL SESAM FTIRFourier Transform Infrared Spectroscopy) multi-

component exhaust gas measurement system;

e  OPUS 4Qexhaust gas analyzer.

Within the special experimental methodology framework the driving cycle
creation procedure is worked out (see Fig. 2.3.). It includes real road driving data
collection, cycle development, programming and adding to the software of
chassis dynamometer’s Mustang MD-1750management system. Using the
developed method any real driving data can be converted into the cycle or model
in order to obtain accurate and relevant data to the real situation on the car’s fuel
consumption and exhaust emission content.
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Fig. 2.3. Flow chart of the procedure for cycle development

As the experimental studies are carried out in Jelgava and its area, in order
to ensure the comparability of laboratory and road test measurement results,
exactly for this city the real driving simulation or model is developed, named
“Jelgava cycle”. (Dukulis and Pirs, 2009). The characteristics of the cycle match
the overall summary characteristics of the data up to 97%. Determining the
model quality it was found that the difference in the distance covered in the city
and on the chassis dynamometer does not exceed 1.3%, the average speed
difference — 0.5%, difference in fuel consumption per 100 km — 0.9%.

2.2. Investigation of rapeseed oil fuel application using
a one fuel tank system

The car VW Golf 1.9TDwas tested before and after the conversion to run it
on rapeseed oil. Although the immediate aim of the study was to evaluate the use
of rapeseed oil fuel, comparing the engine power, torque, fuel consumption and
exhaust gas content with the fossil diesel, to increase results representability the
third one fuel — biodiesel — was used.

Performing real driving tests fuel consumption was estimated in two
different routes — in intensive traffic conditions in Jelgava city and outside the
urban area. In the first selected route (2.36 km) 15 drive repetitions using each
fuel were made. Three trips with the highest speed curves correlations were
selected for comparison. The second route includes driving in the cities (Jelgava
and Tukums), non-urban area, as well as driving through small villages. As the
total route distance was large (approximately 176 km), it was covered three times
with each type of fuel. The comparison of fuel consumption in these experiments
is summarized in Fig. 2.4.
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Fig. 2.4. Fuel consumption comparison during real driving tests

An average fuel consumption Q (I 100km™) in real driving tests was
calculated by formula:

1 & 100-t
I100km _H ;[3600 Zthl mom] ’ 2.1
where N — number of repetitions;
s— distance covered during the repetition, km;
t — one repetition time, s;
. -1
s i mor) momentary fuel consumption, | h™.

Consumption of rapeseed oil in real driving tests after motor vehicle
adaptation is about 1% higher than fossil diesel consumption before the
conversion, but about 6% lower than biodiesel consumption. When testing the
car after the adaptation, diesel and biodiesel consumption has decreased, but the
fuel consumption trends remain, i.e., compared to fossil diesel fuel, rapeseed oil
fuel consumption is 1.3% higher, but compared to biodiesel — 2.5% less.

Although the dispersion of the results of individual repetitions performing
real driving tests was relatively small (it did not exceed 3%) taking into account
the small fuel consumption differences between the various fuels, these results
can not be as indisputable. Therefore, the reliability of the results was verified in
laboratory tests, measuring fuel consumption at three different constant driving
speeds (50, 90 and 110 kmh™) and two driving cycles (standardized cycle
IM-240 and “Jelgava cycle”) simulations.

An average fuel consumption Q (1 100km™) driving cycles was estimated by
the same formula (2.1) as in real driving tests.
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An average fuel consumption Q (1 100km™) at constant driving speeds was
calculated by formula:

1 &(100 <
IlOOkm’l = E Z( .t ZQ lhl momj (22)
i=1 i=1 i

where v — driving speed, km h™'.

The comparison of fuel consumption in these experiments is summarized in
Fig. 2.5.
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Fig. 2.5. Fuel consumption comparison during laboratory tests

For each measurement repetition at constant speed the variation coefficient
was calculated. As it was usually less than 0.3%, the measurement accuracy is
classified as very high. The differences between the mean values of individual
repetitions did not exceed 1.5%. Therefore, fuel consumption results with a
probability of 95% can be considered as reliable.

Comparing rapeseed oil fuel consumption for the adapted car with
consumption before the conversion, then compared to fossil diesel, it is larger in
average by 1.3%, compared with biodiesel — in average less by 6.2%.

Since the car after the conversion can be operated not only with rapeseed
oil, but also with the other two types of fuel, then in this case, rapeseed oil fuel
consumption is in average by 2.3% higher than fossil diesel fuel consumption,
but compared to biodiesel, it is in average less by 2.5%.

After conversion simultaneously with fuel consumption measurement, an
exhaust gas composition was analysed using AVL SESAM FTIRquipment.
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The relative amount of each exhaust gas component (ppm or %) in all test
modes was calculated by formula:

I &1 ¢
Q(ppmor%) :_‘Z[?ZQ( ppmor%,mom)j ’ (2.3)
i=1 i

n o

where Q momentary relative amount of exhaust gas

ppmor%, mom)

component, ppm or %.

As an example the average content of NOy in exhaust gases idling, driving
at constant speeds and cycles is shown in Fig. 2.6.

300
=
0O Rapeseed oil ~
S «a
B Diesel fuel 4 3

@ Biodiesel fuel

108

Idling 50kmh” 90kmh'' 110kmh™ IM-240 Jelgava cycle
Fig. 2.6. Content of NO, in exhaust gases after vehicle conversion

In comparison with fossil diesel, running on rapeseed oil fuel the average
reduction of NO, was 10.3%, but compared with biodiesel — 19.1%. The amount
of SO, in exhaust gases was also lower — in average by 59.2% lower than using
fossil diesel and 66.8% lower than using biodiesel. The CO, HC, CO, and
mechanical particle (MP) emissions were higher with pure rapeseed oil fuel,
comparing with fossil diesel and biodiesel fuel.

The amount of CO, compared with fossil diesel, increased in average by
5.6%, but compared with the biodiesel by 3.1%. Mechanical particles in the
exhaust gases compared to fossil diesel fuel, increased almost 3 times, but
compared to biodiesel — almost 3.5 times. CO increased correspondingly 1.2 and
2.4 times, while HC — 1.8 and 2.9 times.

In the publications of other researchers it is mentioned that using vegetable
oil fuels more complete combustion can be reached by increasing injection
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timing (Bao and He, 2006). Till now the injection timing in tests was set as it is
required by the vehicle specification, i.e., 10.5° before the piston reaches top
dead centre (TDC).

Injection timing was changed in the range from 10.5° to 21.0°, when, based
on the dynamometer readings, the power and torque reduction was observable.

Investigation results show that the optimal injection timing, running the car
VW Golf 1.9TDon rapeseed oil fuel, is 18.5°, because there is the engine power
and torque peak, is the minimum CO content in exhaust gases (reduced about
35% comparing with the 10.5° injection timing), significantly reduced unburned
hydrocarbon (about 66%), methane (59%) and mechanical particles (68%)
content. Further increase of the injection timing is not desirable because, starting
with a 19.5°, significantly increases the amount of CO and SO,, moreover, the
more is increased the injection timing, the greater is the NO, content. The
analyses of engine power and torque curves show that the change of fuel
injection timing running car on rapeseed oil and using special nozzles allows to
provide up to 3200 min" approximately the same power and torque, as using
fossil diesel and injection timing as it is specified by the vehicle manufacturer.

Performing smoke analyses using OPUS 40exhaust gas analyzer the best
results were obtained using biodiesel fuel. Pure rapeseed oil was slightly behind,
but at the same time, ahead of the fossil diesel fuel. Regardless of it, all of the
used fuels satisfy the absorption coefficient norms (3%) for the car to
successfully pass the roadworthiness tests.

2.3. Investigation of rapeseed oil fuel application in winter

In order to determine the lowest temperature at which the car can be
operated with pure rapeseed oil on January and February, 2012 the car’s starting
experiments at low temperatures were carried out. The car was kept in an open
parking place, and at least once a day was started. The highest temperature
during this period was +6 °C on the 12" of January, but the lowest one -27 °C in
the evening of February 4™ In order to ascertain whether any of the fuel system
components are not frost over during operation, each engine starting was
supplemented by a control driving of 11.0 km route.

It was experimentally determined that the critical temperature operating the
car with pure rapeseed oil fuel is -13+2 °C. These results were confirmed also by
the observations made during years 2009 — 2011 and in the theoretical studies.

In order to ensure a diesel engine start-up and normal operation at low
temperatures, rapeseed oil and fossil fuel blends have to be used. In such
circumstances, the use of fuel depends on two key parameters: viscosity and
CFPP (Cold Filter Plugging Poink or the lowest temperature at which fuel still
passes through a fuel filter.

The blends with 5%, 10%, 25% and 50% fossil diesel fuel (O1h and 2™ arctic
classes) admixture were tested. Besides kinematic viscosity the freezing
temperature and cold filter plugging point of each blend was determined.
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Kinematic viscosity graphs of different content rapeseed oil and diesel fuel
blends depending on ambient temperature are shown in Fig. 2.7.
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Fig. 2.7. Viscosity graphs of rapeseed oil and diesel fuel blends

Experimentally was established that the kinematic viscosity of rapeseed oil
have to be less than 1000 mm®s™', because such viscosity allows rapeseed oil
freely flow through the fuel pipe with diameter 8 mm as it’s recommended by
ELSBET T(rapeseed oil conversion kit producer) for using a one tank system.

During viscosity measurements it was determined that a pure rapeseed oil
reaches the viscosity of 1000 mm” s at -12°C, and, to operate a diesel engine at
lower temperatures, it is necessary to make rapeseed oil and fossil diesel fuel
blends. Adding 5% of arctic diesel fuel to rapeseed oil, the limit of viscosity was
reached at -15°C. Critical temperature operating the engine with blend RO90
(90% rapeseed oil and 10% fossil diesel) is -20°C and for 25% blend — -24°C.

Measurements of blends with 50% arctic diesel fuel content convincingly
proved that the 2™ arctic class diesel fuel more effectively reduces the viscosity
of rapeseed oil and the engine operation is possible up to -30°C.
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Analyzing the CFPP measurement data the difference for blends with
different arctic diesel fuel classes is significant. If the 50% blend with 2™ class
arctic diesel fuel without a filter heating could be used up to -20°, then a 50%
blend with 0" class arctic diesel — only up to -10°C.

During CFPP determination it was observed that the CFPP temperature is
not so much affected by crystal formation process, but by the rapeseed oil large
viscosity, that hampers the fuel filtration process. So, to ensure the smooth
operation of diesel engine under Latvian climatic conditions, the heating of
rapeseed oil and diesel fuel blends before filtration is necessary, because only by
the heating a rapid reduction in viscosity can be achieved.

2.4. Investigation of exhaust emission content using rapeseed oil fuel and
a two fuel tank system

The purpose of the study was to determine whether the trends of exhaust
gas changes using fossil diesel and rapeseed oil and adapting vehicles with one
tank and two tank systems are similar. Truck MAN 19.464(year of production
2000, rebuilt to run on rapeseed oil with a two tank system) was used as the
study object in these experiments.

Comparing the obtained data with the one tank system investigations, it can
be concluded that the trends of exhaust component changes in the average are
similar:

e NO, content, using rapeseed oil fuel and the two fuel tank system
compared to fossil diesel fuel, is reduced by 19.6%;

SO, content decreases by 43.0%;

CO, content increases by 1.7%;

CO content increases 1.6 times;

mechanical particle content increases 1.4 times;

the only exhaust gas component, that changes differently, is unburned
hydrocarbons. If using one tank system and rapeseed oil an increase of
1.8 times compared with fossil diesel was observed, then with two tank
system the content of the unburned hydrocarbons was reduced by
46.9%.

2.5. Investigation of the rapeseed oil fuel use in the vehicle
without adaptation

In 2011 inspection of the tractor T-40AM was performed. It was operated
using rapeseed oil without any adaptation during the summer season at the farm
“Rubeni” (Tukums region, Zentenes small rural district). The tractor was used
for farm work the same way as in previous seasons. Compared to fossil diesel
fuel use, owner of the tractor didn’t observe any changes. The damages that
could be related to rapeseed oil fuel usage were not stated. As the tractor’s
operating parameters during operation time were not measured, investigation of
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another unadapted tractor MTZ-80was carried out determining the engine power,
torque and specific fuel consumption.

AVL KMA Mobilefuel consumption meter and power take-off dynamometer
MAHA ZW-500were used during these experiments.

Performing research of the unadapted for rapeseed oil fuel usage tractor
MTZ-8Q it is established:

e specific fuel consumption of rapeseed oil fuel in different loading
modes is in average 6.4% higher than for fossil diesel. Compared with
biodiesel, specific fuel consumption in average is by 4.0% lower;

e engine power and torque using rapeseed oil fuel decreases relative to
the other two tested fuels. Compared with biodiesel, the average power
and torque reduction is 2.3%. Towards the nominal crankshaft rotation
frequency (2200 min™"), the reduction is more significant — about 5.5%.
The engine power and torque reduction compared to fossil diesel fuel
is even higher — in average by 5.9%, but from 1700 to 2200 min’’
engine speed range — 7.0 to 10.0%.

Running engine with not preheated rapeseed oil, five seconds holding in a
loading point is problematic — oil is filling the fuel filter with difficulties and the
engine runs unevenly, so adapting of engine to run on rapeseed oil for the tractor
MTZ-80 is necessary, but, as can be seen from the tractor’s T-40AM survey
during the summer season, some motor vehicle models can be operated without
rebuilding.

3. ECONOMIC EVALUATION OF THE USE OF
RAPESEED OIL FUEL

Analyzing simulation tools suitable for modelling of rapeseed oil fuel
logistic system the AnyLogic software is selected. To evaluate economic
efficiency of investigated fuel usage, rapeseed oil fuel supply (logistics) chain
versions in Latvia are identified.

Basing on the experience of studies carried out in other countries (Baquero
et al.,, 2010, 2011a, 2011b; Fore et al., 2011) and adapting it to Latvian
peculiarities, rapeseed oil fuel economic efficiency assessment is carried out for
decentralized production.

Three different models are developed in AnyLogicsoftware environment to
evaluate any brand of car or tractor operating costs running the vehicles on a
variety of fuels, as well to establish the vehicle adaptation payback time and to
calculate the extraction cost of rapeseed oil, cultivating the winter and summer
rapeseed cultures on different areas and with different yields.

Modelling variables are entered in the AnyLogic program simulation
parameters dialog window Simulation- Simulation ExperimentAn example of
entering simulation parameters for the car VW Golf Il 1.9TD economic
evaluation is given in Fig. 3.1.
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= Properties &2 & Console ¥ =0
@ simulation - Simulation Experiment
Main active object -
Geneesl Mame: | Simulation class {root): Ll v | Cligrare
Advanced
Model Time Random rnumber generation:
Prasentation () Random seed (Unique experiments)
Window '@ Fixed seed {reproducible experiments) Seed Value: |1
Parameters
Descripkion

Adaptation kit

Pipelines, tanks

Auxiliary materials

Mounting

Materials for maintanence No. 1
Materials for maintanence No. 2
Labour-consuming for maint. No. 1
Labour-consuming for maint. No, 2
Maintanance rate

RO consumption per 100 km

RO 1 liter price

DF consumption per 100 km

DF 1 liter price

Periodicity of maintanence No. 2
Periodicity of maintanence No. 1 {DF)
Periodicity of maintanence No. 1{R0)
Exploitation time

Estimated annual mileage (km)

490

15

Z20.18

26.57

6.29

75

.93

30000

15000

7500

15000

Fig. 3.1. Example of entering simulation parameters for the car
VW Golf 111 1.9TD economic evaluation

Conversion kit is mounted on a used car with the forecasted remaining
mileage 90000 km before the retirement or sale. Assuming that the average

annual mileage of car is about 15000 km, a
6 years.

90000 km mileage will be reached in
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The simulation results with the mentioned parameters are shown in Fig. 3.2.
gigela'goéanas_homplekts 6
Eaurul\fadi tvertnes (& -
Pal’gmateuall &-
- i 15
o T Montaza 6

Adaptation
costs
\\

TAL_materigli

/ TAI _shaits RE Q- Plelagosanas izmaksas ()
b . 50 LN
TA materiali_DDO AN O TA_materisli_RE ™
14625 o

SR / @Tm eriodshums RE ¢ 7 pia) kN
o I} . < \
// ™ . [ D\P\ | \\\ \
4 AN =10 Ial leaits>0D S
¢ <19’ | N\ \
Oelzsgglgsas_TA_al'_DD x, [ TAlﬁa::euodlsku oo/ Izmaksas _TA_ar REO N\
rd \I ’( \

/ A -' | @ T#\” materidli /~" \"-. \
/ \\ / .-"I / \\\ \\ . L NS \ ‘\,_

TA darbs_DD O S Y — e O'E\B_darbs_RE Y

O—-

/4 TA” skalts /“;‘T \
6] TAEUa:ellodlsku ,/’I,’ ! \ \
, f Maintanance \ \
’ __.(3. / costs \
i TAI _darl bletllp‘ba / \ l
- | |
— 6 / \ [
'lm” _darbictilpiba |
e A— Fuel consumption and [

TA 1h_izcenojums costs
Deg\rlelasyateuljs uz_100km_RE 6 |
Deg\rlelas tlitra_cena_RE G A f /

, Wy

\ h,

\ _ Degvielas_izmaksas_RE {
N\ o 1g\tlelas jzmaksas_DD () \\ - 5%3 =0 ( /
"\

N '“‘“ — O Autogmblla nobraukums {
\\ || \\\ A (3 PIaUnDotals _gada_nobraukums /
%, \ | /

\ VNN 6 Ekspluatacijas_laiks "-._‘ / f
\\ \ \ 6 Degvielas_pat&ring_uz_100km_DD /

\ 6.1 \ ! /
\\ \\ 6 Deg\rlelas 1litra_cena_pD / /

“'\\_ | Eks;luatacnas izmaksas_ar_DD /

El@fluatau]as |zmaksas _ar RE‘. y /
— /
15elta o

Total exploitation costs

\
Ekspluatacijas_izmaksu_starpiba
436!31531 jas_i _starpi iy

— . 0*

Eigl3§3go§anas_atmaksé§anés_laiks Adaptation payback

Fig. 3.2. Modelling example of car VW Golf 111 1.9TD economic evaluation

Simulations show that car VW Golf Il 1.9TD adaptation to run on rapeseed
oil using a factory-built conversion kit, and running the vehicle on oil that is
bought in centralized Latvian rapeseed oil plants is not economically profitable,
as the adaptation can pay back only after 6.2 years when the particular vehicle
may be already written off.
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Modelling economic assessment of rapeseed oil fuel usage in tractor Massey
Ferguson 8480 T2 (adapted using a factory-built conversion kit) and MTZ-80
(self adapted at farm without any conversion kit) buying the rapeseed oil fuel can

be profitable only if the farm does not use duty-free diesel fuel.
Modelling rapeseed oil production at farm the fixed and variable costs are

estimated. All cost calculations in the individual model blocks are related to 1 ha.
Modelling example of rapeseed oil production from winter rapeseed at farm is

shown Fig. 3.3.
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Fig. 3.3. Modelling example of rapeseed oil production from
winter rapeseed at farm

Assuming that rape is growing on 10 ha area, rape cakes are realized, and
the farmer receives all available EU direct payments, the rapeseed oil prime cost
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from winter rape is 0.24 LVL I"" if rapeseed yield is 3.5 t ha', but from summer
rape — 0.31 LVL I"" if rapeseed yield is 2.5 t ha™.

Rapeseed oil prime cost in other modelling scenarios (variables — rapeseed
yield and cultivation area) is summarized in Table 3.1.

Table 3.1. Rapeseed oil production simulation results

Scenario Rape Area, Yield, Rapeseed oil prime Volume of
Nr. ha t ha™ cost, LVL I'! oil, 1
1 1.5 0.75 2554
2 5 2.0 0.51 3405
3 2.5 0.36 4257
4 1.5 0.65 5108
5 Summer 10 2.0 0.43 6811
6 2.5 0.31 8513
7 1.5 0.60 10216
8 20 2.0 0.40 13621
9 2.5 0.28 17027
10 2.5 0.48 4257
11 5 3.0 0.36 5108
12 3.5 0.28 5959
13 2.5 0.42 8513
14 Winter 10 3.0 0.31 10216
15 3.5 0.24 11918
16 2.5 0.39 17027
17 20 3.0 0.29 20432
18 3.5 0.22 23838

In the modelling studies a variety of rapeseed oil logistics system scenarios
can be simulated. For example, technical services (ploughing, fertilizing,
spraying, harvesting, transportation, etc.) can be made with the farm machinery
or modelled as external services.

Similar scenarios can be created in relation to seed cleaning, drying and oil
extraction. A more powerful press can be bought, thereby changing the value of
the model oil press costs and depreciation blocks. As well a variety of fertilizing
and plant protection plans are possible.

To select the most appropriate scenarios, determination whether the
resulting oil volume is sufficient for the motor vehicle operation at farm have to
be carried out. For that reason the data from Table 3.1. is compared with the data
obtained from motor vehicle operating cost models.

It is assumed that at farm a tractor Massey Ferguson 8480 T2 MTZ-80
and a car VW Golf Il 1.9TDis operated.

Usually for the tractor adapted using a two tank system the structure of the
fuel consumption is 90% rapeseed oil and 10% fossil diesel fuel. The same
proportion is predicted for use in a car to make blends with rapeseed oil or to use
own in especially cold weather.
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To determine which of the scenarios are economically most profitable and
considering that it is not recommended to grow rape again on the same field
earlier than after 4 years, the rape in the total farm crop structure have not to
exceed 20 —25%. It is also necessary to assess whether the calculated area using
particular tractor can be cultivated.

For example, at a farm in which a tractor Massey Ferguson 8480 Tused
1000 hours per year, the total crop area could be 160 — 200 ha. On 40 ha winter
rape could be grown. To ensure the tractor and car with rapeseed oil fuel, 20 ha
are sufficient (yield have to be at least 3 t ha™). The rest of the rapeseed could be
sold. In such scenario tractor adaptation payback time could be 0.3 years.
Growing summer rape with the yield of 2 t ha™ at the same farm fuel provision
would require 30 ha, but tractor adaptation will pay back in 0.5 years.

The most cost-effective scenarios of rapeseed oil fuel use are summarized in
Table 3.2.

Table 3.2. Most cost-effective scenarios of rapeseed oil fuel use

year
Rape
years
years

<| (Winter/Sumer) and
Total cultivated

Tractor, scheduled
motor hours per
minimal yield, t ha™
Rape cultivation
area for fuel, ha
Rape cultivation
area for fuel sale, ha
plant area, ha
Adaptation payback
time for tractor,
Adaptation payback
time for car,

MF 8480 T2
1000 mh
MF 8480 T2
600 mh
MTZ-8Q
1000 mh
MTZ-8Q

600 mh 2.0

o
W
e
o

20

[\
(=]

160 —200

>
o

20 0 80—-100 1.1

e
<

[\
i'om

10 10 80—-100 0.9

e
—

|98
(=)

w |-

10 10 80—-100 0.1 1.2

For the farm, that uses a tractor MTZ-80 1000 hours per year, the most
profitable scenario is if the total cultivated area is 80 — 100 ha and winter rape is
grown on 20 hectares of land. For tractor and car supply with the fuel 10 ha are
required. Tractor adaptation could pay back in 0.1 years, but the car — 0.9 years.

Rapeseed oil fuel can be used on a farm also in other scenarios, but the
adaptation payback will take a longer period.
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CONCLUSIONS

An original mathematical model suitable to predict diesel engine operating
parameters running them on rapeseed oil and its blends with fossil diesel
fuel is developed using ExtendSim Suit@oftware. The relationship that
allows to calculate residual gas molar calorific value depending on
temperature and air-fuel ratio is established, as well as empirical
coefficients for constructing of diesel engine effective power and torque
curves.

Modelling results show:

e using pure rapeseed oil vehicles can be operated up to -14 °C, with a
blend RO80 (80% rapeseed oil and 20% fossil diesel fuel) — up to
-17°C and so on. If the ambient temperature drops below -30 °C,
blends with rapeseed oil content of less than 30% or pure diesel fuel
have to be used;

e the reduction of engine power and torque for unadapted car VW
Golf Il 1.9TD and tractor MTZ-80 engines is linear — each 10% of
rapeseed oil in fuel blend reduces maximum power and torque of
around 0.5%. Using pure rapeseed oil the decrease is about 5%.

A developed general methodology of research allows to test a variety of
alternatives of rapeseed oil use — vehicle adaptation using one fuel tank
system, adaptation using two fuel tank system and the application of the oil
in the vehicle without adaptation.
Using companies ELSBET Tconversion kit for the first time in Latvia the
car adaptation to run it on rapeseed oil using a one fuel tank system is
realized. During the period from February 2009 to February 2012 with a
converted car VW Golf 1.9TD running it with rapeseed oil fuel,
approximately 38 000 km has been driven. During operation damage of the
car or operation rejection have not been detected.
The special experimental methodology for testing automobiles on the
chassis dynamometer Mustang MD-1750s developed. In order to ensure
the comparability of laboratory and road test measurement results the
driving cycle creation procedure is worked out. It includes real road driving
data collection, cycle development, programming and adding to the
software of chassis dynamometer management system.
Analyzing the exhaust gas content of vehicles adapted with one and two
fuel tank systems for running with rapeseed oil fuel, it is concluded that the
trends of exhaust component changes comparing to the operation with fossil
diesel and biodiesel in the average are similar — NO, and SO, content, using
rapeseed oil fuel, decreases, but the content of CO, CO,, unburned
hydrocarbons and mechanical particles increases.

Experiments with a variety of vehicles within the laboratory and under

natural conditions show that rapeseed oil fuel consumption compared to
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fossil diesel grows in average by 1.0...6.4%, but compared to biodiesel
reduces by 2.5...6.0%.

Laboratory tests show that equipping a car with special nozzles and
changing injection timing to 18.5° i.e., injecting fuel in cylinders earlier,
using rapeseed oil fuel it is possible to provide a similar engine power and
torque than running the engine with fossil diesel and injecting fuel at the
manufacturer’s recommended 10.5° before the piston reaches top dead
centre.

Performing research of the unadapted for rapeseed oil fuel usage tractor
MTZ-8Q it is established that engine power and torque using rapeseed oil
fuel decreases relative to the other two tested fuels. Compared with
biodiesel, the average power and torque reduction is 2.3..5.5%, but
compared to fossil diesel fuel — 7.0...10.0%.

It was experimentally determined that the critical temperature operating the
car with pure rapeseed oil fuel is -13+£2 °C. In order to ensure a diesel
engine start-up and normal operation at lower temperatures, rapeseed oil
and fossil fuel blends have to be used.

Comparison of the theoretical and experimental results shows that the
theoretical model can be used to determine the maximum rapeseed oil
content in fuel blends at different ambient temperatures, as well as to
predict engine power and torque changes operating vehicles with different
fuels. Coincidence of theoretical and experimental results is high.

Using AnyLogicsoftware three different models are developed. They allow
to evaluate any brand of car or tractor operating costs running the vehicles
on a variety of fuels, as well to establish the vehicle adaptation payback
time and to calculate the extraction cost of rapeseed oil, cultivating the
winter and summer rapeseed cultures on different areas and with different
yields.

Simulations show that car VW Golf Il 1.9TDadaptation to run on rapeseed
oil using a factory-built conversion kit, and running the vehicle on oil that is
bought in centralized Latvian rapeseed oil plants is not economically
profitable, as the adaptation can pay back only after 6.2 years.

Rapeseed oil fuel in a particular farm can be economically profitable, if all
related parameters, i.e., engine power, planned scope of work, required
amount of fuel, expected crop yields and areas sown to produce enough
rapeseed oil fuel, have to be harmonized.

Simulations have cleared the most profitable scenarios to provide operation
of tractor Massey Ferguson 8480 T& MTZ-80 and car VW Golf Il 1.9
with rapeseed oil fuel. Optimum rape cultivation area is 20...40 ha and
adaptation payback time for tractor and car — 0.9 years.

71



10.

11.

12.

72

KOPSAVILKUMA NORADES IZMANTOTIE
INFORMACIJAS AVOTI

REFERENCES USED IN SUMMARY

Aatola H., Larmi M., Sarjovaara T., Mikkonen S. (2008) Hydrotreated
Vegetable Oil (HVO) as a Renewable Diesel Fuel: Trade-off between NO,,
Particulate Emission, and Fuel Consumption of a Heavy Duty Engine. SAE
Technical Paper 2008-01-2500, 12 p.

Aboltins A., Berjoza D., Pirs V. (2010) Theoretical Model of Exploitation
of Automobiles operated with Bioethanol-Gasoline Mixture Fuels. In: g
International Scientific Conference ,Engineering for Rural Development”:
Proceedings, Volume $ay 27 — 28, 2010. Jelgava: LUA, p. 133. — 138.
Ajanovic A. (2011) Biofuels versus food production: Does biofuels
production increase food prices? Energy No. 36, p. 2070 — 2076.

Ajanovic A., Haas R. (2010) Economic challenges for the future relevance

of biofuels in transport in EU countries. Energy No. 35, p. 3340 — 3348.

Altin R., Cetinkaya S., Serdar H.Y. (2001) The potential of using vegetable

oil fuels as fuel for diesel engines. Energy Conversion and Management
No. 42, p. 529 — 538.

Armah P., Archer A., Phillips G.C. (2011) Drivers Leading to Higher Food
Prices: Biofuels are not the Main Factor. In: Biofuels. Global Impact on
Renewable Energy, Production Agriculture, and Technological
Advancement£ditors D. Tomes, P. Lakshmanan, D. Songstad. New York:
Springer Science+Business Media, LLC, p. 19 — 36.

Arvidsson R., Persson S., Froling M., Svanstrom M. (2011) Life cycle
assessment of hydrotreated vegetable oil from rape, oil palm and Jatropha.
Journal of Cleaner ProductigiNo. 19, p. 129 — 137.

Azian M.N., Kamal A.A.M., Panau F., Ten W.K. (2001) Viscosity
estimation of triacylglycerols and of some vegetable oils, based on their
triacylglycerol composition. Journal of the American chemical society
No. 78, p. 1001 — 1005.

Babu A.K., Devaradjane G. (2003) Vegetable Oils And Their Derivatives As
Fuels For Cl EnginesSAE Technical Paper No. 2003-01-0767.

Baka J, Roland-Hols D. (2009) Food or fuel? What European farmers can
contribute to Europe’s transport energy requirements and the Doha Round.
Energy PolicyNo. 37, p. 2505 — 2513.

Bao Y.D., He Y. (2006) Study on noise of rapeseed oil blends in a single-
cylinder diesel engine. Renewable Energ\Wo. 31, p. 1789 — 1798.

Baquero G., Esteban B., RibaJ.-R., PuigR., Rius A. (2011a) Use of
Rapeseed Straight Vegetable Oil as Fuel Produced in Small-Scale
Exploitations. In: Biofuel's Engineering Process Technologlditors



13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Aurélio M., Bernardes D.S., D. Songstad. Rijeka, Croatia: InTech,
p- 85-102.

Baquero G., Esteban B., Riba J.-R., Rius A., Puig R. (2011b) An evaluation
of the life cycle cost of rapeseed oil as a straight vegetable oil fuel to
replace petroleum diesel in agriculture. Biomass and BioenergWo. 35,
p- 3687 —3697.

Baquero G., Esteban B., Rius A., Riba J.-R., Puig R. (2010) Small-scale
production of straight vegetable oil from rapeseed and its use as biofuel in
the Spanish territory. Energy PolicyNo. 38, p. 189 — 196.

Berjoza D. (2008) Automobiu teorija Jelgava: LLU, 200 Ipp.

Bugge J. (2000) Rape seed oil for transport: Energy balance and, ©@
lance Danish Center for Plant Oil Technology [online] [cited 03.08.2009].
Available: http://www.folkecenter.dk/plant-oil/publications/energy co2_balance.htm
Carere C.R., Sparling R., Cicek N., Levin D.B. (2008) Third Generation
Biofuels via Direct Cellulose Fermentation. International Journal of
Molecular ScienceNo. 9, p. 1342 — 1360.

Carriquiry M.A., Du X., Timilsina G.R. (2011) Second generation biofuels:
Economics and policies. Energy PolicyNo. 39, p. 4222 — 4234,
Chiaramonti D., Prussi M. (2009) Pure vegetable oil for energy and
transport. International Journal of Qil, Gas and Coal Technolp§l. 2,
No. 2, p. 186 —198.

Demirbas A. (2011) Competitive liquid biofuels from biomass. Applied
Energy No. 88, p. 17 —28.

Demirbas M.F. (2011) Biofuels from algae for sustainable development.
Applied EnergyNo. 88, p. 3473 — 3480.

Dukulis I., Pirs V. (2009) Development of Driving Cycles for
Dynamometer Control Software Corresponding to Peculiarities of Latvia.
In: Proceedings of the 15International Scientific Conference ,Research
for Rural Development™May 20 — 22, 2009. Jelgava: LUA, p. 95 — 102.
Esteban B., Riba J.R., Baquero G., Rius A., Pui R. (2012) Temperature
dependence of density and viscosity of vegetable oils. Biomass and
BioenergyNo. 42, p. 164 — 171.

Fore S.R., Lazarus W., Porter P., Jordan N. (2011) Economics of small-
scale on-farm use of canola and soybean for biodiesel and straight vegetable
oil biofuels. Biomass and Bioenergio. 35, p. 193 —202.

Fuel Oils — Viscosities(S.a.). [online] [cited 13.12.2012]. Available:
http://www.engineeringtoolbox.com/viscosity-fuel-oils-d_1143.html

Gong Y., KaarioO., TilliA., LarmiM., Tanner F.X. (2010) A
Computational Investigation of Hydrotreated Vegetable Oil Sprays Using
RANS and a Modified Version of the RNG k — ¢ Model in OpenFOAM.
SAE Technical Paper 2010-01-0739, 16 p.

Hazar H., Aydin H. (2010) Performance and emission evaluation of a CI
engine fueled with preheated raw rapeseed oil (RRO) — diesel blends.
Applied EnergyNo. 26, p. 786 — 790.

73



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

74

Heywood J.B. (1988) Internal Combustion Engine Fundament&Graw-
Hill, 930 p.

Internal Combustion Engine Handbook: Basics, Components, Systems and

Perspectives(2004). Ed. by R. van Basshuysen and F. Scéfer. SAE
International, 874 p.

Jessup R.W. (2011) Development and Status of Dedicated Energy Crops in
the United States. In: Biofuels. Global Impact on Renewable Energy,
Production Agriculture, and Technological Advancemeniditors
D. Tomes, P.Lakshmanan, D. Songstad. New  York: Springer
Science+Business Media, LLC, p. 97 — 112.

Jones S.T., Peterson C.L., Thompson J.C. (2001) Used Vegetable Oil Fuel
Blend Comparisons Using Injector Coking in a DI Diesel Engine. In: ASAE
Annual International Meeting Proceedingsacramento, California, USA,
July 30 —August 1, 2001. ASAE Paper No. 01-6051.

Kerschbaum S., Rinke G. (2004) Measurement of the temperature
dependent viscosity of biodiesel fuels. Fuel No. 83, p. 287 — 291.

Kleinova A., Vailing 1., Labaj J., Mikulec J., Cvengros J. (2011) Vegetable
oils and animal fats as alternative fuels for diesel engines with dual fuel
operation. Fuel Processing Technologho. 92, p. 1980 — 1986.

Labeckas G., Slavinskas S. (2006) Performance of direct-injection off-road
diesel engine on rapeseed oil. Renewable Energio. 31, p. 849 — 863.
Labeckas G., Slavinskas S. (2009a) Comparative performance of direct
injection diesel engine operating on ethanol, petrol and rapeseed oil blends.
Energy Conversion and Managemexi. 50, p. 792 — 801.

Labeckas G., Slavinskas S. (2009b) Performance and emission
characteristics of off-road diesel engine operating on rapeseed oil and petrol
blends. In: 8th International Scientific Conference ,Engineering for Rural
Development”. Proceedings, May 28 - 29, 2009. Jelgava: LUA,
p. 135 —140.

Lapuerta M., Villajos M., Agudelo J.R., Boehman A.L. (2011) Key
properties and blending strategies of hydrotreated vegetable oil as biofuel
for diesel engines. Fuel Processing Technologho. 92, p. 2406 — 2411.
Nigam P.S., Singh A. (2011) Production of liquid biofuels from renewable
resources. Progress in Energy and Combustion Sciemae 37, p. 52 — 68.
No C.-Y. (2011) Inedible vegetable oils and their derivatives for alternative
diesel fuels in CI engines: A review. Renewable and Sustainable Energy
ReviewsNo. 15, p. 131 — 149.

Nwafor O.M.I. (2004) Emission characteristics of diesel engine running on
vegetable oil with elevated fuel inlet temperature. Biomass and Bioenergy
No. 27, p. 507 — 511.

Paulsen H.M., Wichmann V., Schuemann U., Richter B. (2011) Use of
straight vegetable oil mixtures of rape and camelina as on farm fuels in
agriculture. Biomass and Bioenergio. 35, p. 4015 — 4024,



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Pirs V. (2011) Bioetanola izmantoSana ottomotoropromocijas darbs
inzenierzinatnu doktora (Dr.sc.ing.) zinatniska grada iegtiSanai. Jelgava:
Latvijas Lauksaimniecibas universitate, 190 Ipp.

Pommers J., Liberts G. (1985) Automobja teorija Riga: Zvaigzne, 245 Ipp.
Pulkrabek W.W. (2003) Engineering Fundamentals of the Internal
Combustion Engin@nd ed. University of Wisconsine, 426 p.

Scragg A.H. (2009) Biofuels Production, Application and Development
Cambridge: Cambridge University Press, 250 p.

Sidibe S.S., BlinJ., Vaitilingom G., Azoumah Y. (2010) Use of crude
filtered vegetable oil as a fuel in diesel engines state of the art: Literature
review. Renewable and Sustainable Energy Reviewéo. 14,

p. 2748 — 2759.

Sims R.E.H., Mabee W., Saddler J.N., Taylor M. (2010) An overview of
second generation biofuel technologies. Bioresource Technologo. 101,

p- 503 — 523.

Singh A., Nigam P.S., Murphy J.D. (2011) Renewable fuels from algae: An
answer to debatable land based fuels. Bioresource Technologyo. 102,

p- 10— 16.

Soltic P., Edenhauser D., Thurnheer T., Schreiber D., Sankowski A. (2009)
Experimental investigation of mineral diesel fuel, GTL fuel, RME and neat
soybean and rapeseed oil combustion in a heavy duty on-road engine with
exhaust gas aftertreatment. Fuel No. 8, p. 1 — 8.

Simadek P., Kubi¢ka D., Sebora G., Pospisil M. (2010) Fuel properties of
hydroprocessed rapeseed oil. Fuel, No. 89, p. 611 —615.

Smigins R. (2010) Biodizgdegvielas ietekme uz motora darba parametriem
promocijas darbs inzenierzinatnu doktora (Dr.sc.ing.) zinatniska grada
iegtsanai. Jelgava: Latvijas Lauksaimniecibas universitate, 159 lpp.

Third and Fourth Generation Biofuels: Technologies, Markets and
Economics Through 2018010) [online] [cited 09.06.2011]. Available:
http://www.gtmresearch.com/report/third-and-fourth-generation-biofuels

Thuijl E. van, Ree R. van, Lange T.J de. (2003) Biofuel production chains
Background document for modelling the EU biofuel market using the BIO-
TRANS model [online]. Energiconderzoek Centrum Nedeland, ECN-C--03-
088. 40 p. [cited 26.07.2008].

Available: http://www.ecn.nl/publicaties/default.aspx?nr=ECN-C--03-088
Thuneke K. (2006) Rapeseed Oil Fuel — Production, Quality Demands and
Use Experience [online]. In: Biomass for Energy — Challenges for
Agriculture September 25 — 26, 2006, Bruges, Belgium [cited 10.04.2009.].
Available: http://www.northseabioenergy.org/files/17397/Klaus_Thuneke.pdf.
Wakker A., Egging R., Van Thuijl E., Van Tilburg X., Deurwaarder E.P.,
De Lange T.J., Berndes G., HanssonJ. (2005) Biofuel and bioenergy
implementation scenarioBinal report of VIEWLS WPS5 modelling studies.
Energieonderzoek Centrum Nedeland, 2005. ECN-RX--05-141, 104 p.

75



56.

57.

58.

59.

60.

61.

62.

76

Wang Y.D., Al-Shemmeri T., Eames P., McMullan J., Hewitt N. (2006) An
experimental investigation of the performance and gaseous exhaust
emissions of a diesel engine using blends of a vegetable oil. Applied
Thermal EngineeringNo. 26, p. 1684 — 1694.

Xin Q. (2011) Diesel engine system desigMoodhead Publishing Limited,
1088 p.

Zihmane-Ritina K. (2008) Fosilo un augu gu maigjumi dizgmotoriem, to
izpete un nowrtglums promocijas darbs inZenierzinatypu doktora
(Dr.sc.ing.) zinatniska grada iegti$anai. Jelgava: Latvijas Lauksaimniecibas
universitate, 151 lpp.

IappunoB A.A., UrnatoB M.C., Ddpoc B.B. (2003) Pacuem yuxios
nopuinesvix O0gucamenei: YdeOHoe mocobue. Bmamgmm. Troc. yH-T.,
Biagumup, 124 c.

Komaua A.M. JemumoB B.II. (2008) Pacuem aemomobunvhvix u
mpaxmopHuix 0gueameneii. YdaebHoe nocooue. 4-e u3n. MockBa: Bricmmast
mkoia, 496 c.

Kynmanaxos C.I1., Cemenos P.C. (2007) OcobenHoctr padbodero mporecca
JIM3EJbHOTO JIBUTATENsl MPU HCIOIb30BAaHHK CMeEceil parcoBOro macia u
JIU3eJIbHOro TomuBa. [lonzynoeckutl gecmuuk. No. 4, p. 55— 58.

Jlykanun B.H., IllatpoB M. (2010) Jsucamenu emympennezo ccopanusi:
Teopus pabouux npoyeccos. 3-e u3a. Mocksa: Bricmas mkoia, 480 c.



	Mg.sc.ing., Mg.paed. Ilmārs Dukulis. Rapša eļļas degvielas izmantošana dīzeļmotoros un loģistika = Rapeseed Oil Fuel Application in Diesel Engines and Logistics : promocijas darba kopsavilkums Dr.sc.ing. zinātniskā grāda iegūšanai = Promotion paper summary for acquaring the scientific degree Dr.sc.ing. Jelgava: Latvia University of Agriculture, 2013. 76 p.
	SATURS / TABLE OF CONTENTS
	DARBA AKTUALITĀTE
	PĒTĪJUMU OBJEKTS, HIPOTĒZE, MĒRĶIS UN UZDEVUMI
	PĒTĪJUMU METODES
	AIZSTĀVĒŠANAI IZVIRZĪTĀS TĒZES
	PROMOCIJAS DARBA APROBĀCIJA
	DARBA ZINĀTNISKĀ NOVITĀTE UN PRAKTISKĀS IZMANTOŠANAS IESPĒJAS
	1. TEORĒTISKIE PĒTĪJUMI
	1.1. Degvielas sastāva noteikšana spēkratu ekspluatācijai pie dažādām apkārtējās vides temperatūrām
	1.2. Dīzeļmotora termodinamiskais aprēķins
	1.3. Dīzeļmotora jaudas un griezes momenta raksturlīkņu konstruēšana

	2. EKSPERIMENTĀLIE PĒTĪJUMI
	2.1. Speciālās eksperimentu metodikas izstrāde
	2.2. Rapša eļļas degvielas izmantošanas pētījumi, izmantojot vienas tvertnes sistēmu
	2.3. Rapša eļļas degvielas izmantošanas pētījumi ziemā
	2.4. Ar divu tvertņu sistēmu aprīkotu spēkratu atgāzu sastāva pētījumi
	2.5. Nepielāgotu spēkratu pētījumi, tos darbinot ar rapša eļļu

	3. RAPŠA EĻĻAS DEGVIELAS IZMANTOŠANASEKONOMISKAIS NOVĒRTĒJUMS
	SECINĀJUMI
	TOPICALITY OF THE RESEARCH
	THE OBJECT, HYPOTHESIS, AIM AND TASKS OF THE RESEARCH
	RESEARCH METHODS
	THESES FOR DEFENCE
	APPROBATION OF THE RESEARCH
	SCIENTIFIC NOVELTY AND PRACTICAL APPLICATION OF THE RESEARCH
	1. THEORETICAL RESEARCH
	1.1. The fuel content determination for motor vehicle operation at different ambient temperatures
	1.2. Diesel engine operation thermodynamic calculation
	1.3. Constructing of diesel engine effective power and torque curves

	2. EXPERIMENTAL RESEARCH
	2.1. Development of automobile testing methodology
	2.2. Investigation of rapeseed oil fuel application using a one fuel tank system
	2.3. Investigation of rapeseed oil fuel application in winter
	2.4. Investigation of exhaust emission content using rapeseed oil fuel and a two fuel tank system
	2.5. Investigation of the rapeseed oil fuel use in the vehicle without adaptation

	3. ECONOMIC EVALUATION OF THE USE OF RAPESEED OIL FUEL
	CONCLUSIONS
	REFERENCES USED IN SUMMARY

