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DARBA AKTUALITATE

Pasaulé fosilo degvielu krajumi izsikst. Pe&dgjo 20 gadu laika degvielas
cenas ir pieaugusas vairakkartigi. Art spekratu izpliides gazu raditais piesarnojums
pieaug, veicinot negativu ietekmi uz klimata parmainam. Arvien aktualaks klast
jautdjums, ka aizstat izsikstoSos fosilas degvielas krajumus un ka samazinat
transporta radito negativo ietekmi uz apkartgjo vidi. Lai risinatu Sos jautajumus,
pasaule tiek veikti daudz pétjjumu, tostarp dazadu alternativo degvielu —
biodizeldegvielas, rapsa ellas, bioetanola, biotidenraza iegliSanas un izmanto$anas
petijumi, ka ari elektroenergijas un hibridtehnologiju izmanto$anas pé&tjjumi
spckratos. Nemot véra, milzigo automobilu skaitu, kuri paredzeti darbinasanai ar
fosilo degvielu, ir jamekle risinajumi So automobilu pielagosanai ar kadu no
alternativo degvielu veidiem. Viens no perspektivakajiem alternativas degvielas
veidiem, izmantoSanai automobilos, kas aprikoti ar ottomotoriem, ir bioetanols.
Bioetanolam ka motordegvielai ir vairakas prieksrocibas salidzinot ar benzinu. To
var sarazot valstl uz vietas, parstradajot biologiskas izcelsmes produktus vai
atkritumus. Aizstajot fosilo degvielu ar bioetanolu, tiek iegtta lielaka neatkariba no
fosilas degvielas piegadatajiem, ka arT samazinata negativa ietekme uz apkartajo
vidi. Latvija ir daudz brivas un neapstradatas zemes platibas, kuras iesp&jams
izmantot biodegvielu izejmaterialu razoSanai, tadgjadi veicinot lauksaimniecibai
izmantojamo zemju iekopSanu, briva darbaspeéka nodarbinaSanu un
tautsaimniecibas attistibu.

Ar1 Eiropas Savieniba pieverS lielu uzmanibu biodegvielu tpatsvara
palielinasanai. Ir izveidota un sekmigi darbojas Eiropas biodegvielu tehnologijas
komisija (European Biofuels Technology Platform), kuras darba grupa analize
visus jautajumus sakot ar izejvielu ieguvi un degvielas razoSanas tehnologijam un
beidzot ar biodegvielu attistibu veicinosu likumdosanu. Ir izvirziti konkréti merki,
no kuriem dala ir kluvusi par direktivam un tatad bitu obligati jaizpilda visam
dalibvalstim (Kampars, 2008). Eiropas direktivas paredz noteiktu biodegvielu
Ipatsvaru transporta degviela. Ta, pieméram, Direktiva 2003/30/EC nosaka, ka lidz
2005. gada 31. decembrim biodegvielu ipatsvaram jabiit vismaz 2.0%, bet Iidz
2010. gada 31. decembrim — 5.75% no visa transporta vajadzibam izlaista benzina
un dizeldegvielas kopgjas energoietilpibas (Directive 2003/30/EC ...). Tomer
noteiktais mérkis saistiba ar biodegvielu Tpatsvaru transporta degviela Latvija nav
sasniegts. 2008. gada biodegviela sastadija tikai 0.17% no kopgja degvielas
patrina valsti, bet 2009. gada — 0.48%.

Bitiskakie faktori, kas kavé bioetanola un arT citu biodegvielu plasaku
pielietosanu, ir sabiedribas ierobezota informétiba par bioetanola izmantoSanas
iespgjam spekratos, to priekSrocibam un trikumiem, ka arT salidzinos$i nelielais
valsts atbalsts biodegvielu izmantoSanas veicinaSanai. Objektivas informacijas
pieejamiba ir cieSi saistita ar veiktajiem pétfjumiem biodegvielu izp€tes joma.
Pieejamo informacijas avotu un zinatnisko pé&tfjumu analize liecina par biezi vien
atSkirigiem un pat pretrunigiem rezultatiem. Vairums bioetanola izmantoS$anas
pétijumi veikti rezimos, kuri maz saistiti ar realiem automobila ekspluatacijas
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apstakliem. Iepriek§miné&tie argumenti pamato objektivu bioetanola izmanto$anas
pétijumu nepiecieSamibu rezimos un apstaklos, kuri tuvinati realiem automobila
ekspluatacijas apstakliem. Lietderigi izveidot arT teorétisku modeli, kur$ analttiski
aprékina automobila baroSanas sistémas piemerotibu bioetanola un benzina
maisijumu  degvielu izmantoSanai un nosaka nozimigakos automobila
ekspluatacijas raditajus.

Bioetanola izmantoSanas analitiska un eksperimentala izp€te ciesi saistita ar
pasa bioetanola 1pasibu izpé&ti. Apkopojot zinatniskos p&tijumos iegiito informaciju
noteiktas bioetanola pozitivas un negativas Ipasibas. Bioetanola kimiskaja formula
(C,HsOH) ietilpst skabekla atoms, kas veicina §1s degvielas pilnigaku un tiraku
sadegSanu motoros (Gulbis, 2008). Bioetanolam ir par 10 — 15 vienibam augstaks
oktanskaitlis, kas pie atbilstoSa motora izveidojuma un regul&juma paaugstina
motora efektivo lietderibas koeficientu un dod iesp€ju attistit lielaku motora jaudu
un griezes momentu (Hammond, Kallu and McManus, 2008; Yiicesu at al., 2006).
Turpreti bioetanola zemaka siltumspgja 26.8 MJ kg’ izsauc nepieciesamibu
palielinat motora iesmidzinatas degvielas daudzumu par ~ 30 — 40% (Kog at al.,
2009). Bioetanola agresiva ietekme uz atseviskiem automobila baroSanas sisteémas
materialiem (aluminiju, misinu, gumijas materialiem), izsauc nepiecieSamibu veikt
$o materialu nomainu, pielagojot automobili bioetanola izmantoSanai (Yiiksel and
Yiiksel, 2004). Salidzinosi zemais bioetanola piesatinato tvaiku spiediens
pasliktina automobila iedarbinaSanas iesp&jas pie zemam apkartgjas vides
temperatiram. ST iemesla dé] misu klimatiskajos apstaklos netiek izmantots tirs
bioetanols, bet gan to maisTjumi ar fosilo benzinu (Gulbis, 2008).

Informacijas avotu izpétes rezultata, ka vienkarSakais un piemérotakais
veids automobila pieclagosanai darbam ar degvielu E85 noteikts — pieclagosanas
komplektu izmanto$ana. Neskatoties uz to, ka $adi pielagosanas komplekti plasi
pieejami gan ASV, gan arT Eiropas valstis, zinatnisku pétfjumu par to izmantoSanas
iespgjam un efektivitati nav pieejami. Tas pamato nepiecieSamibu veikt $adu
pielagosanas komplektu darbibas izpéti.

PETIJUMA MERKIS UN UZDEVUMI
Petijuma merkis

Zinatniski pamatot bioetanola izmantoSanas iesp&jas modernajos
ottomotoros un analiz&t to ietekmi uz automobilu ekspluatacijas parametriem, lai
sekmétu atjaunojamo energoresursu plasaku izmantoSanu spekratu darbinasanai.

Pétijuma uzdevumi

1. Izstradat un aprob&t matematisko modeli spekratu ekspluatacijas parametru
noteikSanai, izmantojot bioetanola un benzina maisijumu degvielas, ka ar1
novertét §T1 modela darbibu, veicot eksperimentalos pétijumus ar automobili.

2. lzstradat ar biodegvielam darbinamu automobilu izm&ginajumu metodiku.



Izpétit un novertét bioetanola izmantosanas iesp&jas nepielagota ottomotora
automobill.

Eksperimentali novertet biodegvielas pielagosanas komplektu izmanto$anas
iespgjas un efektivitati automobi]os.

Defingét galvenos krit€rijus, kas nosaka maksimali pielaujamo bioetanola
saturu biodegvielas izmanto$anai nepielagota automobila motora.

Novertet degvielas E85 izmantosSanas prieksrocibas un trikumus vadoties no
ekonomiska un ekologiska aspekta.

DARBA ZINATNISKA NOVITATE

Izstradats matematiskais modelis datorprogramma ExtendSim ar bioetanola
un benzina maistjumu degvielam darbinamu automobilu motora argjo
raksturlielumu noteikSanai, kuru iesp&ams izmantot, modelgjot ar
elektronisko iesmidzinaSanas sistému aprikota automobila darbibu.
Izstradata ar biodegvielam darbinamu automobilu izméginajumu metodika.
Izméginagjumu metodikas ietvaros izstradats automobila braukSanas
simulacijas cikls — Jelgavas cikls, kur§ piem@rots izmantoSanai uz veltgu
tipa jaudas stenda Mustang MD-1750 un kur§ imit€ realus automobila
brauksanas reZimus pa Jelgavas pils€tas centru.

Eksperimentali noteikta degvielu EO — E85 izmantoSanas ietekme uz
biodegvielam nepielagota automobila VW Passat jaudu, griezes momentu,
degvielas paterinu, izpliides gazu sastavu u.c. motora darbibu raksturojosiem
parametriem. Noteikts, ka $ada automobill iespgjams izmantot bioetanola
benzina maistijumu degvielu ar bioetanola saturu Iidz pat 50%.
Eksperimentali parbauditas pielagoSanas komplekta Etanizer izmantoSanas
iespg€jas un efektivitate automobila darbinasanai ar degvielu E85.

Novértéta degvielas E85 izmantoSana no ekonomiskd un ekologiska
viedokla. Pamatots E85 degvielas izmanto$anas ekonomiskais neizdevigums
pie pastavosam degvielas cenam un valsts atbalsta.
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1. TEORETISKIE PETIJUMI

Pirmaja nodala aprakstitas bioetanola izmantoSanas iespgjas nenoliedzami
parada perspektivas §1 degvielas veida izmanto$ana. Atseviskas bioetanola fizikali
ktmiskas 1pasibas butiski atSkiras no benzina ipasibam, tade] specifiska kliist art
bioetanola ka motordegvielas izmantoSana, ka arT mainas daudzi motora un visa
automobila darba parametri: motora jauda, griezes moments, degvielas pat€rins,
dazadi automobila vilces un ieskrieSanas laika raditaji un citi parametri.

Sis nodalas galvenais uzdevums ir teorgtisko aprékinu cela paradit, kadas
izmainas notiks, lietojot vienu vai citu degvielas veidu ottomotoros.

Teorgtisko pétjjumu nodala ir iedalita vairakas apak$nodalas. Pirmaja
apaks$nodala aprakstiti darba izmantotie modelésanas riki un to ipasibas. Otraja
apaks$nodala izstradats teorétiskais modelis ExtendSim programma automobila
maksimalas jaudas, griezes momenta, maksimala degvielas patérina un citu ar
motora baroSanas sist€mu saistitu elementu 1pasibu noteiksanai.

1.1. Teoretiska modela matematiska algoritma pamatstruktiira

Izstradataja teorétiskaja modeli, ar bioetanolu darbinamu automobilu
ietekmes noteikSanai uz dazadiem motora darbibas raditajiem izmantotas vairakas
sakaribas. Saja apak$nodala apskatitas batiskakas pamat sakaribas, kas tiek
izmantotas modela algoritmam.



Pirmaja soli tiek noteikts motora patcréta gaisa daudzums péc sekojosSas
sakaribas (Aboltins, Berjoza and Pirs, 2010):
Vg on,cp,
& 5007 , (1.1)
kur  Q,— patéréta gaisa daudzums laika vieniba, kg min’';

V, — motora darba tilpums, jeb litraza, 1;

N4 — maksimala motora klokvarpstas rotacijas frekvence, min’’;

7 — motora taktu skaits ;

n, — pildijuma koeficients;

P — gaisa blivums, kg m>.

Zinot pateréta gaisa daudzumu laika vieniba un konkrétads izmantotas
degvielas stehiometrisko gaisa un degvielas attiecibu 4, iesp&jams noteikt teoretiski
nepiecieSamo degvielas daudzumu péc sakaribas (Aboltins, Berjoza and Pirs,
2010):

2V A1 P (1.2)
0, = ’
T A Py
kur  Q,,— maksimalais degvielas patérins, 1 min™;

Ay — konkrétas (x-tas) degvielas 1 kg sadedzinaSanai nepiecieSama gaisa

daudzuma proporcija.

Sakariba (1.2.) aprekinata vertiba ir bitiska dazadu citu automobila
raksturlielumu aprékinam. Pieméram, péc ieglita parametra vertibas iesp&jams
noteikt automobila nepiecieSsama degvielas siikna un sprauslu raZigumu.
Bioetanola maisijumu degvielu izmantoSanas gadijuma, sprauslu razigums
jaizvélas lielaks, neka fosila benzina izmantos$anas gadijuma. Salidzinot aprékinato
maksimalo degvielas paterinu ar automobila sprauslu kop&jo razigumu pie
konkrétas izmantotas degvielas, iesp&jams noteikt arT iesmidzinasanas sprauslas
noslogojumu un tas atbilstibu izmantotajam degvielas veidam.

Ja ir zinama degvielas siltumsp&ja un laika vieniba patéréta degviela,
ievertejot energijas zudumus, iesp&jams noteikt motora maksimalo efektivo jaudu:

60
N) - . . -n,
e,max 36 Qz,s Qd,m 77¢

kur N, . — maksimala motora efektiva jauda, kW;

Q. — degvielas zemaka siltumspgja, MJ kg™;

n. — motora efektivais lietderibas koeficients.

Zinot maksimalo motora efektivo jaudu un motora klokvarpstas rotacijas
frekvenci pie kuras §1 jauda tiek attistita, iesp&jams noteikt motora jaudas Iiknes
aptuveno formu péc empiriskas sakaribas:

2 3
N,=N, | @ e +b( e j —c( e ]
n max n max n max
s (1.4)

kur N, — motora efektiva jauda pie mekl&jamas klokvarpstas rotacijas
frekvences n., kW;

: (13)
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n, — motora klokvarpstas rotacijas frekvence mekl&jamam punktam, min™;

a, b, c — motora tipu raksturojosi empiriski koeficienti (Pommers un Liberts

1985; Aboltins, Berjoza and Pirs, 2010).

Izmantojot sakaribas 1.1. — 1.4., to izvedumus, ka arT izmantojot citas
promocijas darba dotas un empiriska cela izvestas sakaribas, izveidots teorétiskais
modelis.

1.2. Teorétiska modela uzbiive un funkcionalas iespéjas

Teorétiska modela (sk. 1. att.) struktiira izveidoti vairaki ievades parametru
un aprékinu bloki. Automobila motora vispargjo parametru bloka (1) ietilpst tadi
parametri, ka motora litraza V), maksimalie klokvarpstas apgriezieni #,,,, pildijuma
koeficients 7,, motora efektivais lietderibas koeficients #, u.c. Motora baroSanas
sistémas parametru bloka (2) ietilpst sprauslu skaits, sprauslu tehniskie dati no
razotaju tabulam un degvielas sist€mas spiediens p,. Modelt izveidota degvielas
sisteémas spiediena mainas iesp&ja robezas no 1 lidz 6 bar. Tapat izveidots atsevisks
bloks (3) bioetanola satura mainai degvielu maistjuma. Degvielas parametru bloka
(4) ietilpst tadi parametri, ka degvielas blivums p, un degvielas zemaka siltumspé&ja
Q.. Motora maksimalas jaudas un griezes momenta raksturliknu konstrugsSanai
izveidots empirisko koeficientu ievades parametru bloks (5).

Modelgjot motora darbibu ar degvielam E0 (A95) — E85, iesp&jams noteikt:

e motora maksimalo jaudu un griezes momentu, ka ari jaudas un griezes
momenta argjas raksturliknes visa klokvarpstas rotacijas frekvences
diapazona;

e maksimali iesp&jamo degvielas patérinu;

e iesmidzinasanas sprauslu noslogojumu pie jebkuras no modelétajam
degvielam;

e maksimali pielaujamo bioetanola saturu degvielu maisijuma, kadu iespgjams
izmantot, lietojot konkrétu degvielas veidu;

e degvielas sisttmas spiediena ietekmi uz maksimali pielaujamo bioetanola
saturu izmantojamaja degvielu maisfjuma;

e nepiecieSamo sprauslu razigumu konkréta bioetanola un benzina maisjjuma
izmanto$anas gadijuma.
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1.1. att. Bioetanola un benzina maisijumu degvielu izmantoSanas
teorétiskais modelis ar ievades parametru blokiem:
1 — automobila motora vispargjie parametri; 2 — motora baroSanas sistémas
parametri; 3 — bioetanola saturs degvielu maisijuma; 4 — degvielas parametri;

5 — empirisko koeficientu vertibas.

1.3. ModeléSanas rezultati

Veicot modeléSanu ar ievades parametriem, kas atbilst eksperimentalajos
pétijumos izmantotd automobila VW Passat parametriem, iegiiti sekojosi rezultati.
Maksimalais bioetanola saturs kadu teor@tiski iesp&jams izmantot izveletaja
automobilt ir 74% jeb degviela E74. Pie §ada bioetanola piejaukuma maksimalas
slodzes rezima automobila sprauslas tiks noslogotas par 100%. Optimalais
bioetanola saturs pétljumos analiz&ta automobila degvielu maisijuma ir 36%.
Stehiometriska degmaisijuma gadijuma pie $ada bioetanola satura degvielu
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maisijuma, sprauslas tiks noslogotas par 85%. Sads sprauslu noslogojums tiek
rekomendgéts, automobilim darbojoties pilnas slodzes rezima.

Viens no panémieniem, ka panakt nepiecieSsama degvielas daudzuma
iesmidzinasanu motora, automobilim darbojoties ar E85 degvielu, ir degvielas
spiediena paaugstina$ana (sk. 1.2. att.). Saja gadijuma degvielas spiediens
japaaugstina no riipnicas noteiktajiem 3.8 bar Iidz 4.3 bar. Pie spiediena 4.3 bar
automobila degvielas sprauslas sp€s iesmidzinat tadu degvielas daudzumu, kas
pilnas slodzes rezima nodrosinas stehiometrisku degmaistjumu.

110

El00

—
=
[}

w

[mm]
=
&
n
2|

a0

70 2

B0 =

Pielaujamais bioetanola daudzums, %

L]

40 g
5 32 3.4 38 3.8 4 42 4.4 4.6 4.8

i ___________________'____'____‘I]D

Degyvielas spiediens, bar

1.2. att. Degvielas spiediena ietekme uz maksimali pielaujamo bioetanola
saturu degvielu maisijuma.

Lai biodegvielu izmantoS$anai nepielagotu automobili varétu darbinat ar
degvielu E85, nemainot degvielas spiedienu, vai citus parametrus, eso$o sprauslu
vietd ar razigumu 149.8 cm® min™ nepieciesams izvélgties sprauslas, kuru razigums
nav mazaks par 182 cm® min™.

Ja motora tiek nodroSinats stehiometrisks degmaisijums, tad maksimala
jauda un griezes moments mainas nebiitiski. Maksimala jauda model&jot motora
darbibu ar degvielu EO ir 82.4 kW, bet ar degvielu E75 — 81.8 kW. Tatad
maksimalas jaudas vertibu izmainas Saja izmantoto degvielu diapazona
neparsniedz 1%. Paaugstinot bioetanola saturu degvielu maisijuma, samazinas
degvielas siltumsp&ja un lidz ar to arT degvielai piemito§a energija, kas jakompensé
ar degvielas padeves daudzuma palielinasanu. Lietojot degvielu E85, motora
maksimala jauda samazinasies par 5.6%, bet degvielas E100 izmantoSanas
gadijuma, jauda samazinasies par 13%. STs jaudas samazinajums veidojas tadél, ka
iesmidzinasanas sprauslu razigums ir nepietiekoss, lai ievaditu cilindros
nepieciesamo degvielas daudzumu. Motora maksimala jauda lietojot degvielu E85
bus 77.8 kW, bet degvielu E100 — 71.6 kW.

13



2. EKSPERIMENTALIE PETIJUMI

Eksperimentalie petfjumi veikti Latvijas Lauksaimniecibas universitates
Alternativo  degvielu zinatniska laboratorija. Promocijas darba veiktos
eksperimentalos pétjumus var iedalit vairakas dalas. Vispirms izstradata
izméginajumu metodika ar biodegvielam darbinamu automobilu izp&tei. Noteiktas
atseviskas eksperimentos izmantoto degvielu fizikalas ipasibas, ka arT veikti
nepielagota automobila p&tfjumi, lietojot degvielas EQ — E85, ka arT veikti motoru
pielagosanas komplektu p&tijumi darba ar degvielu E85. Eksperimentalo p&tijumu
nodalas beigas veikts teorétisko un eksperimentalo rezultatu salidzinajums.

Eksperimentalie petfjumi veikti izmantojot modernu Alternativas degvielas
zinatniskas laboratorijas tehnisko aprikojumu. Lai ieglitu augstu merfjumu
atkartojumu precizitati, lielaka dala eksperimentu veikti uz veltpu tipa jaudas
stenda Mustang MD-1750 imitgjot realus automobila kustibas reZzimus.

2.1. Eksperimentos izmantotas iekartas un materiali

Eksperimentalie p&tijumi veikti vienlaicigi izmantojot vairakas meérisanas
ickartas. Mérisanas procesa izmantoto iekartu piesléguma shéma dota 2.1. attgla.

AVL SESAMFTIR
-

2.1. att. Meriekartu sleguma shéma nepielagota automobila eksperimentiem:

1 — ecksperimentalais automobilis VW Passat; 2 — testa ciklu simulacijas
sekundarais monitors; 3 — jaudas stends Mustang MD-1750, 4 — slogo$anas motors;
5 — jaudas stenda kontroles bloks; 6 — dzes€Sanas ventilators; 7 — atgazu analitiska
sisttma AVL SESAM FTIR; 8 — apsildams filtrs; 9 — apsildama atgazu caurule;
10 — AVL SESAM FTIR datu parraides kabelis; 11 — atgazu analitiskas sisteémas
vadibas dators ar specialu programmatiiru; 12 — jaudas stenda vadibas dators ar
programmatiiru; 13 — jaudas stenda datu parraides kabelis; 14 — jaudas stenda
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vadibas kabelis; 15 — sekundara monitora kabelis; 16 — atgazu nosiik§anas caurule;
17 — atgazu temperatiiras datu parraides kabelis; 18 — degvielas patérina mériekarta
AVL KMA Mobile; 19 — degvielas paterina meriekartas vadibas dators ar specialu
programmatiiru; 20 — degvielas caurulvadi; 21 — degvielas patérina mériekartas
datu parraides kabelis; 22 — digitala gaisa un degvielas attiecibas merierice LM-1.

Pirms mérfjumu uzsaksanas automobilis tiek nostiprinats uz veltpu tipa
jaudas stenda Mustang MD-1750 (3) (sk. 2.1. att.). Starp automobila degvielas
tvertni un degvielas magistrali, tiek pieslégta degvielas patérina mériekarta AVL
KMA Mobile (18) un izpludes sist€mas gala — pievienota atgazu analitiska sistéma
AVL SESAM FTIR (7). Mérfjjumu datu nolasi§anu un registraciju veic $o iekartu
vadibas sist€mas datori ar specialam programmatiram (11, 12, 19). Automobila
motora vadibas blokam paraléli pieslégts arit BOSCH KTS 570 sistemtesteris, kas
nodrosina iesp&ju mérisanas laika sekot Iidzi motora vadibas sist€émas darbibai.

2.2. Automobilu izméginajumu metodika

Veicot fosilas degvielas, bioetanola un ari citu biodegvielu izpéti, radas
nepiecieSamiba p&c vienotas izmégindgjumu metodikas izstrades. Gatavas un
standartiz€tas izm&ginajumu metodikas, kas atbilstu gan pieejamam tehniskam
nodroginajumam, gan ari ieplanotajiem izpétes mérkiem, nav pieejamas. Sada
izmégindgjumu metodika nepiecieSama, lai bitu iesp&jams salidzinat dazadu
eksperimentalo testu rezultatus, kas iegiiti dazados laika periodos, izmantojot
atSkirigas degvielas un atSkirigus motora regul&jumus, vai pat veicot eksperimentus
ar dazadiem automobiliem. Sadarbiba ar LLU Tehniskas fakultates doktorantu
I. Dukuli izstradata ar biodegvielam darbinamu automobilu izméginajumu
metodika. ST metodika paredz dazadu automobilu testéSanu, lietojot LLU
Alternativo degvielu zinatniskas laboratorijas tehnisko aprikojumu un par degvielu
izmantojot gan fosilas degvielas — benzinu un dizeldegvielu, gan ar1 biodegvielas —
bioetanolu, rap$a ellu un biodizeldegvielu. Izstradata metodika paredz un pamato
nepiecieSamo testu veidus, testu ilgumus un atkartojumu skaitu.

Izstradata izméginajumu metodika (sk. 2.2. att.)) ietver sekojoSus testu
veidus — jaudas testu, brivgaitas testu, konstantas kustibas atruma testus (50 km h™',
90 km h™ un 110 km h™"), ka ar cela simulacijas testus (/M-240 un Jelgavas ciklu).
Konstantas kustibas atruma rezimi atspogulo tipiskakos Latvijas vienmérigas
kustibas atruma reZimus gan pils€tas, gan ar1 arpuspilsétas apstaklos. Cikls /M-240
ir standartizéts cikls, kas atspogulo automobila kustibu gan pilsétas, gan
arpuspilsetas rezimos, bet Jelgavas cikls ir §T promocijas darba autora V. Pira un
doktoranta 1. Dukula kopgji izstradats cikls, kas imit€ automobila brauksanas
rezimu atbilstosu Jelgavas pilsétas centram. Sads reZims var tikt attiecinats arf uz
citam Latvijas pilsétam.
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Ar biodegvielam darbinamu
automobilu izméginajumu programma
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2.2. att. Izméginajumu programma.

Izstradata Jelgavas cikla kustibas atruma raksturlikne ar fiks€tiem

parnesumu parslégsanas momentiem attélota 2.3. attela.
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2.3. att. Kustibas atrums un parnesumu parslég§anas momenti Jelgavas

cikla.
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2.3. Bioetanola un benzina maisijumu degvielu izmantoSanas pétijumi
nepielagotos motoros

Eksperimentalie petijumi realizéti ar degvielam EO (A95), E10, E20, E30,
E40, E50 un E85 biodegvielu darbinasanai nepielagota automobilt VW Passat.
Petfjumu rezultati liecina par to, ka automobilis ir sp&jigs darboties ar visam
izméginatajam degvielam, tom&r nav ieteicams $ada automobili izmantot
bioetanola un benzina maisTjumu degvielas ar bioetanola saturu virs 50%, jo pie
zemas klokvarpstas rotacijas frekvences pilnas slodzes rezZima veidojas parmerigi
liess degmaisijums (sk. 2.4. att.).
125

1.20

115

N
B3
2105
£ D \
B SN =
[M—
095 j — El
090 ———
0385 [—A%  E10 —E20 —E30 —E40 —E50 —E85 [

0.0 ! !
1500 2000 2500 3000 3500 4000 4500 5000 5500
Klokvarpstas roticijas frekvence, min™

2.4. att. Degvielas veida ietekme uz degmaisijuma sastavu.

Parmérigi liess degmaisijums (A = 1.18), eksperimentos izmantojot degvielu
E8S, ir par iemeslu, kadg] pie zemas klokvarpstas rotacijas frekvences (piem. 2000
min"), par 16% samazinas automobila jauda un par 15% samazinas griezes
moments. Jaudas izmainas pie vidgjiem un lieliem klokvarpstas apgriezieniem ir
nebiitiskas (sk. 2.5. att.). Labakie jaudas un griezes momenta raditaji pilnas slodzes
rezZima pie zemas klokvarpstas rotacijas frekvences iegiiti, izmantojot degvielas
E10 un E20. Degvielas E20 izmanto$anas gadijuma, pie 2000 min" automobila
jauda palielinas par 11%, bet griezes moments — par 12%. Kopgja degmaisijuma
veidoSanas tendences liecina par to, ka motoru darbinot pilnas slodzes rezima, un
palielinot bioetanola saturu degvielu maisijuma, degmaistijums klast liesaks, bet
pargjos kustibas rezimos automobila elektroniskais vadibas bloks nodrosina
stehiometrisku degmaisijumu, pie visam eksperimentétajam degvielam. Izplides
gazu temperatiiras mérfjumi motora pilnas slodzes reZima liecina par izpliides gazu
temperatiiras paaugstinasanos, lietojot bioetanola un benzina maisijumu degyvielas,
tomér $ads temperatiiras pieaugums neatstaj negativu ietekmi uz motora darbibu
vai ilgmiizibu.
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2.5. att. Degvielas veida ietekme uz eksperimentala automobila VW
Passat jaudu.
Degvielas patérinpa mérjjumi dazados kustibas rezimos, liecina par to, ka
palielinot bioetanola saturu degvielu maisijuma, pakapeniski picaug ari degvielas
patérins (sk. 2.6. att.).
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2.6. att. Degvielas patérina izmainas atkariba no degvielas veida un kustibas
reZima.

2.6. attéla redzams, ka degvielas patSrina picaugums visos testa reZimos ir
lidzigs. Bioetanola saturu palielinot par katriem 10%, degvielas patérin$ vidgji
palielinas par 3 — 6%. Apkopojot visos testa reZimos iegiitas videjas degvielas
patrina vertibas, noteikts procentualais degvielas patérina pieaugums attieciba pret
degvielas paterinu, izmantojot fosilo benzinu (sk. 2.7. att.).
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2.7. att. Degvielas patérina procentualais pieaugums.

Paraléli iepriek§ aprakstitajiem parametriem noteikts ar eksperimentala
automobila izpliides gazu sastavs. Mérjjumi veikti ar AVL SESAM FTIR atgazu
analitisko sistemu, kas vienlaicigi spgj noteikt Iidz pat 25 atgazu komponentem.
Analizgjot toksiskas izplides gazu komponentes (CO, HC un NO,), kuras sastada
salidzino$i nozimigu ipatsvaru no kopg&ja izmesu daudzuma, secinats, ka palielinot
bioetanola saturu degvielu maisljuma, samazinas CO izmeSu daudzums, HC
izmeSu daudzums paliek nemainigs, bet NO, izmeSu daudzums pieaug. Bitisks
NO, izme$u daudzuma pieaugums ir degvielu maisljumiem, kuros bioetanola
piejaukums ir lielaks par 50%. Tas izskaidrojams ar to, ka NO, komponente
pastiprinati veidojas pie liesaka degmaisijuma un augstakas sadegSanas
temperatiiras, kas raksturiga nepielagotam motoram darbojoties ar bioetanola un
benzina maisijumu degvielam ar augstu bioetanola piejaukumu. Neskatoties uz to,
ka CO, komponente nav toksiska, tomér ta ir siltumnicas efektu veicinosa gaze, un
CO, izmeSu daudzumu pasaulé cenSas samazinat ar dazadiem panémieniem.
Bioetanola izmantoSanas gadijuma, CO, izmeSu daudzums izpliides gazes
samazinas (sk. 2.8. att.).
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2.8. att. Izmantotas degvielas veida ietekme uz CO; izmeSu daudzumu.
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2.4. Bioetanola un benzina maisijumu degvielas pielagoSanas
komplekta izmantoSanas pétijums

Viens no vienkarsakajiem veidiem, ka pielagot standarta automobili darbam
ar E85 degvielu ir specialu pielagosanas komplektu izmanto$ana. Sadu komplektu
uzstadi$ana plasi tiek reklam@ta un izmantota ASV, pamazam §is tehnologijas tiek
ieviestas ar1 Eiropa. Lai noskaidrotu, ka §T ierice darbojas, un vai ta pilda uzdotas
funkcijas, eksperimentu nolika iegadats pielagosanas komplekts Etanizer.

Ierices pamata ir elektroniska mikroshéma un elektrisko vadu starpgabals ar
specialiem spraudniem. Elektroniska mikroshéma tiek ieslégta elektroinstalacijas
k&de starp automobila elektronisko vadibas bloku un iesmidzinaSanas sprauslam
(sk. 2.9. att. a.) (FFI Platinum ..., 2007).
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2.9. att. Pielago$anas komplekta piesléeguma shéma motoram un darbibas
princips:
a — piesleguma shéma;, b — iesmidzinaSanas signala korigéSana;
1 — kontaktspraudni; 2 — motora elektroniskais vadibas bloks; 3 — sprauslas;
4 — masas vads; 5 — akumulatoru baterija; 6 — pielagoSanas komplekta mikroshéma
7 — nekorigéts iesmidzinasanas signals; 8 — korigéts iesmidzinasanas signals.

Pielagosanas komplektu darbibas pamata ir iesmidzinaSanas sprauslas
papildus ,masas” impulsa generéSana (sk. 2.9. att. b), nodroSinot papildus
degvielas devas iesmidzinaSanu. Papildus generéta impulsa ilgums atkarigs no
pamatiesmidzinasanas impulsa ilguma un pielagoSanas komplekta reguléSanas
reostata stavok]a (sk. 2.10. att).

P&c pielagosanas komplekta uzstadiSanas uz eksperimentala automobila VW
Passat, veikta testu sérija, kas nedaudz atSkiriga no ieprieks izstradatas automobilu
izmégindjumu metodikas. Lai detalizétak izpétitu pielagosanas komplekta
piemérotibu un efektivitati automobila darbinasanai ar degvielu E85, veikti
izméginajumi motoram darbojoties gan brivgaita, gan pilnas slodzes rezima, pie
dazadiem pielagosanas komplekta reostata stavokliem. Pie tam motors tika
darbinats gan ar atgriezenisko vadibas saiti gan bez tas, t.i. ar pieslégtu un atslégtu
skabekla deveju.
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2.10. att. Reostata pozicijas maina:
a — Etanizer pielagoSanas komplekts; b — reostats iesmidzinaSanas signala ilguma
koriggsanai.

Eksperimenti sakti ar auksta motora iedarbinasanas testu. Eksperimentu
rezultata noskaidrots, ka pielagosanas komplekts atvieglo auksta motora
iedarbinasanu, bagatinot degmaisijumu 8 — 10 s no automobila iedarbinasanas
(,,starteSanas”) briza. Izmantojot degvielu E85, aukstu motoru bez pielagosanas
komplekta nav iesp&jams iedarbinat.

2.11. attela dotas degvielas iesmidzinaSanas signala oscilogrammas pie
dazadam reostata pozicijam, motoram darbojoties brivgaita ar atgriezenisko
vadibas saiti.
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2.11. att. IesmidzinaSanas signala oscilogramma pie daZzadam reostata
pozicijam, motoram darbojoties ar atgriezenisko vadibas saiti:

a—0poz., b—"poz., c— " poz,d—%,e—1poz; 1 —spriegums elektriskaja kede
no elektroniska vadibas bloka uz Efanizer pielagosanas komplektu; 2 — spriegums
elektriskaja ke&de no Etanizer pielagosanas komplekta uz sprauslam.
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No 2.11. attEla redzams, ka, griezot reostatu no pozicijas 0 uz 1, papildus
generéta iesmidzinasanas signala ilgums palielinas, tomér kop€jais iesmidzinasanas
signala ilgums paliek nemainigs. Tas izskaidrojams ar to, ka automobila vadibas
bloks, izmantojot skabekla devgja signalu, uztur stehiometrisku degmaisijumu. Jo
papildus generétais iesmidzinaSanas signals bus ilgaks, jo vadibas bloks vairak
korigés pamatiesmidzinasanas signalu, samazinot ta ilgumu. Lidz ar to var secinat,
ka $ada veida motoram konkrétajos darbibas rezimos nav nekada nozime izmantot
pielagosanas komplektu.

Analizg€jot degvielas paterinu un izplides gazu izmeSu sastavu, motoram
darbojoties ar atgriezenisko vadibas saiti, secinats, ka pielagoSanas komplekta
darbiba pie jebkuras no reostata pozicijam, neatstaj nekadu ietekmi uz automobila
degvielas patérinu un izpliides gazu sastavu. Atskiriga situacija veidojas motoram
darbojoties bez atgriezeniskas vadibas saites. Sada reima zemdkais brivgaitas
degvielas patérins iegiits pie pielagoSanas komplekta reostata pozicijas Y2 (Q = 1.30
+0.02 1 h™"), savukart, pie reostata pozicijas 0 degvielas patérins ir 1.43 +0.02 1h™.
Brivgaitas degvielas paterins pie dazadam pielagosanas komplekta reostata
pozicijam, motoram darbojoties gan ar atgriezenisko vadibas saiti, gan bez tas, dots
2.12. attela.
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2.12. att. PielagoSanas komplekta reostata pozicijas stavokla mainas ietekme
uz automobila brivgaitas degvielas paterinu:
a — motora darbiba ar atgriezenisko vadibas saiti; b — motora darbiba bez
atgriezeniskas vadibas saites.

Degvielas patérina palielinaSanas, motoram darbojoties bez atgriezeniskas
saites, vairakkartigi palielina nesadeguSo ogliidenrazu (HC) daudzumu izplades
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gazes, ka ari CO izmeSu daudzumu, turpreti CO, un NO, izmeSu daudzums
samazinas.

Augstakie automobila jaudas un griezes momenta raditaji visa motora
klokvarpstas rotacijas frekvences diapazona iegiti motoram darbojoties pie
piclagosanas komplekta reostata pozicijas — 0, jeb bridi, kad piclagosanas
komplekts nekorigé degmaisijumu (sk. 2.13. att.). Pie citam reostata pozicijam
dalgjas un pilnas slodzes rezZima motors darbojas ar partraukumiem (raustas).
Automobila ekspluatacija §ada reZima nav pielaujama, jo pastav lielaka varbiitiba
motora atteikuma iestasanai.
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2.13. att. Jaudas, griezes momenta un degmaisijuma sastava izmainas pie
dazadiem Etanizer reostata reguléjumiem.
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3. DEGVIELAS E85 IZMANTOSANAS EKONOMISKAIS
NOVERTEJUMS

St darba teorétiskajos un eksperimentalajos pé&tijumos, analizétas bioetanola
izmanto$anas iesp&jas automobilos, kas paredzeti darbinasanai ar fosilo degvielu —
benzinu A95. Petijumi pierada, ka, veicot noteiktas izmainas automobila baroSanas
sisteéma, ir iesp&ams Sos automobilus darbinat arT ar bioetanola un benzina
maistjumu degvielam, tai skaita arT degvielu E85. Saja nodala veikts pétfjumos
izmantota automobila ekspluatacijas izmaksu novertgjums, automobili ekspluatgjot
gan ar fosilo benzinu A95, gan ar1 degvielu E85.

Ekonomiskajos aprékinos izmantotas tikai tas izmaksu pozicijas, kuras
atkarigas no izmantota degvielas veida. Pie §Tm izmaksam pieskaitamas sekojoSas
izmaksu pozicijas: automobila pielagoSanas izmaksas, tehnisko apkopju izmaksas
un degvielas izmaksas. Skaitliskas vertibas, kuras ieglitas veicot ekonomisko
izveért€jumu uz planoto ekspluatacijas periodu jeb 100000 km, dotas 1. tabula.

1. tabula. Automobila VW Passat mainigo ekspluatacijas izmaksu aprékins uz
planoto ekspluatacijas periodu jeb 100000 km

Parametra nosaukums Apzim. | Merv. Vertiba

A95 E85
Kopgjas automobila pielagoSanas izmaksas Ip LVL - 160.01
Pielagosanas komplekta iegades izmaksas Ipg LVL - 90
Degvielas caurulvadu izmaksas Ipc LVL - 17.01
Paligmaterialu izmaksas Ipy LVL - 8
UzstadiSanas izmaksas Iy LVL - 45
Kopgjas TA izmaksas Iy LVL 277.29 510.32
Kopéjas TA darbu izmaksas Ir4p LVL 120 190
TA-1 darbietilpiba Trag cilv.h. 0.5 0.5
TA-2 darbietilpiba Tr4s cilv.h. 1.5 1.5
TA-1 skaits izvéletaja laika perioda g - 3 10
TA-2 skaits izveletaja laika perioda NT42 - 3 3
Vidgjais vienas cilv.h. izcenojums autoservisa L LVL 20 20
Kopéjas TA materialu izmaksas Irym LVL 157.29 320.32
TA-1 nepiecieSamo materialu izmaksas Trgm LVL 23.29 23.29
TA-2 nepiecie$amo materialu izmaksas Iriom LVL 29.14 29.14
Kopéjas degvielas izmaksas Ip LVL 7603.2 7923.5
Degvielas paterin$ kombingétaja cikla IM240 Op |1100km™ 8.8 11.5
Automobila nobraukums S km 100000 | 100000
Viena litra degvielas cena D¢ LVL 0.864 0.689
Kopéjas ekspluatacijas izmaksas I LVL 7880.49 | 8593.83

Objektivakai ekspluatacijas izmaksu salidzinaSanai jaaprékina gada
ekspluatacijas izmaksas. Pienemot, ka vid€jais automobilu gada nobraukums ir
14000 -15000 km, 100000 km nobraukums tiks sasniegts 7. gados.
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Konkrétas kop€jo izmaksu poziciju (sk. 1. tab.) izdalot uz planoto
ekspluatacijas periodu T, iegiistam izmaksas gada (sk. 2. tab.).

1. tabula. Automobila VW Passat mainigas ekspluatacijas izmaksas gada

Parametra nosaukums Apzim. Merv. Vertiba

A95 E85
Aqtorp(zbila pielagosanas izmaksas, kas Irg LVL ) 2786
attiecinatas uz gadu ’
Tehnisko apkopju izmaksas gada Irig LVL 39.61 72.90
Degvielas izmaksas gada Ipg LVL 1086.17 1131.93
Kopéjas ekspluatacijas izmaksas gada e LVL 1125.78 1227.69

Ka redzams 2. tabula un 3.1. att€la, kopgjas automobila mainigas
ekspluatacijas izmaksas gada, to ekspluatgjot ar degvielu E85, palielinas par 9%
jeb 101.91 LVL, salidzingjuma ar automobila mainigajam gada izmaksam,
izmantojot degvielu A95. Izdevumu palielindjumu veido gan automobila
pielagosanas izdevumi, kas attiecinati uz gadu (22.86 LVL), gan ar1 par 84% jeb
33.29 LVL palielinatas automobila gada TA izmaksas, gan arT par 4% jeb 45.15
LVL palielinatas degvielas izmaksas.

LVL 22.86
LVL 1 400+ .
LVL 1 200
LVL 1 000 | -
LVL 8001
LVL 600 | -
LVL 400 | -
LVL 2001
LVL 0/

A95 E85

‘l Degvielas izmaksas B TA izmaksas B PielagoSanas izmaksas |

3.1. att. Eksperimentala automobila VW Passat mainigas ekspluatacijas
izmaksas gada.

Ekonomiskais izvert€jums pamato pastavoso situaciju valstt degvielas E85
pieprasijuma un izmantoSanas joma. Kamér vien izdevumi, automobili ekspluat&jot
ar degvielu E85, parsniegs izdevumus, automobili ekspluatgjot ar degvielu A95,
degvielas E85 pieprasijums Latvijas tirgll biis zems.
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4. DEGVIELAS E85 IZMANTOSANAS EKOLOGISKAIS
NOVERTEJUMS

Lai noveértétu un salidzinatu degvielas E85 izmantoSanas ekologisko efektu,
jeb ietekmi uz apkartgjo vidi, ir noteikts kaitigo izpliides gazu izmeSu daudzums un
tas salidzinats ar izmeSu daudzumu fosila benzina izmantoSanas gadijuma.
Automobila izpludes gazu izmeSu komponentes, kuras biitiski iespaido apkartgjo
vidi, ir NO,, NH;, CO, un CO. Sis komponentes sastada nozimigu Ipatsvaru no
kopgjam izpludes gazem. Lidzigi ka ekonomiskaja aprékina, ari Saja aprékina
izmeSu procentualais daudzums izpliides gaz€s panemts no eksperimentalajiem
petijumiem. Apréekinos izmantots izpliides gazu procentualais daudzums, kas iegiits
automobili ekspluatgjot gan ar A95 degvielu, gan ar E85 degvielu IM-240 cikla
laika. Lidzigi ka ekonomiskaja aprékina, ari ekologiskais efekts tiks noteikts uz
ekspluatacijas gadu, pienemot, ka vid€jais automobila gada nobraukums ir ~ 15000
km. Izpliides gazu izmeSu daudzums masas vienibas aprékinats izejot no teorétiski
aprékinata patéréta degmaisijuma daudzuma gada un eksperimentali noteiktajam
izpludes gazu komponensu procentualajam attiecibam. legitie rezultati doti
sekojosa attela.

35+ 318 mA95 mESB5

304

25+

204

15+

Qatg kormp., kg
CO2 (1109, NHz ¢#10™)

104

NO, CO2 co NH;

lzpludes gazu komponentes
4.1. att. Izmantota degvielas veida ietekme uz automobila izpliides gazu izmeSu
daudzumu gada.

Ka redzams 4.1. attela, ekspluatgjot pielagotu automobili ar degvielu ES8S5,
par 500 kg gada samazinas CO, emisija, par 15.4 kg samazinas CO emisija un par
11 kg — NH; emisija, turpreti, NO, emisija palielinas par 25.5 kg.

Péc iegiitajiem kontrolskaitliem, nepiecieSamibas gadijuma, var noteikt
viena automobila radito izpliides gazu izmeSu daudzumu gramos uz kilometru
(g km™), ka tas tiek deklaréts Eiropas normativos.
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SECINAJUMI

Izstradatais aprékinu algoritms un teorétiskais modelis ExtendSim programma
piem@rojams ar bioetanola un benzina maistjumu degvielam darbinamu
automobilu motoru darba parametru: maksimalas jaudas, griezes momenta,
degvielas paterina, iesmidzinasanas sprauslu noslogojuma utt. noteikSanai.

Modelésanas rezultati parada, ka maksimali pielaujamo Dbioetanola
piejaukumu benzinam ietekm& automobila iesmidzinasanas sprauslu
razigums, degvielas sistémas spiediens, degvielas TpaSibas, ka ariT motora
konstruktivie parametri. Modelé$anai izmantojot viegla automobila
VW Passat tehniska raksturojuma datus, Sim automobilim maksimali
pielaujamais bioetanola piejaukums benzinam nedrikst parsniegt 74%, bet
optimalais piejaukums — 36%. Lai eksperimentalaja automobill var€tu
izmantot E85 degvielu, nepiecieSams palielinat degvielas spiedienu no
ripnicas noteiktiem 3.8 bar Iidz 4.3 bar, vai arl izmantot iesmidzinaSanas
sprauslas ar augstaku razigumu no 149.8 cm® min™ uz 182 cm® min™.

Izstradata universala, ar biodegvielam darbinamu automobilu izméginajumu
metodika, izmantojama vieglo automobilu izm&ginasanai, lietojot ne tikai
fosilas degvielas — benzinu un dizeldegvielu, bet arT biodegvielas —
bioetanolu, biodizeldegvielu un rapsa ellu.

Biodegvielam nepielagota automobila VW Passat eksperimentalie pétijumi
darba ar degvielam — A95, E10, E20, E30, E40, E50, E85 liecina par
sekojoso:

4.1. automobilis var darboties ar visam izméginatajam degvielam, tomer nav
ieteicams §ada automobill izmantot bioetanola un benzina maistjumu
degvielas ar bioetanola saturu virs 50%, jo tas sekmé parmeérigi liesa
degmaisijuma veidosanos pilnas slodzes rezZima pie zemas klokvarpstas
rotacijas frekvences;

4.2. maksimalas jaudas izmainas pie visam eksperimentu degvielam ir
nebiitiskas un neparsniedz 3%. Izmantojot degvielas E10 un E20, pie
zemas klokvarpstas rotacijas frekvences (2000 min') iegiits jaudas
picaugums par 11% un griezes momenta picaugums par 12%, bet,
izmantojot degvielu E85, jauda samazinas par 16%;

4.3. palielinot bioetanola saturu degvielu maisijuma, degvielas paterins picaug
visos testa rezimos. Ja bioetanola saturs paliclinas par 10%, degvielas
paterins vidgji palielinas par 3 — 6%;

4.4. palielinot bioetanola saturu degvielu maisijuma, samazinas CO, CO; un
NH; izmeSu daudzums izplides gazézs, HC izmeSu izmainas ir
nenozimigas, bet NO, Ipatsvars pieaug (ipasSi E50 un E85 degvielas
izmantoSanas gadijuma).
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Pielagojot vieglo automobili VW Passat darbinasanai ar degvielu E85, t.i. §im
nolikam izmantojot speciali razoto pielagosanas komplektu Etanizer,
konstatéts sekojosais:

5.1. ja netiek izmantots specials pielagoSanas komplekts, pat pie apkartgjas
vides temperatiiras 18°C nav iesp&jams iedarbinat aukstu motoru;

5.2. motoram stradajot brivgaitas reZima ar motora vadibas atgriezenisko saiti,
E85 degvielas pielagosanas komplekta darbiba neatstaj nekadu ietekmi
uz automobila degvielas paterinu un izpliides gazu sastavu;

5.3. motora pielagosanas komplekta Etanizer uzstadiSana uz automobila
atvieglo auksta motora iedarbinasanu, bet padara nestabilu motora
darbibu slodzes rezimos.

Galvenie kriteriji, kas nosaka maksimali pielaujamo bioetanola saturu
biodegvielam nepielagota automobili, ir: degvielas iesmidzinaSanas sprauslu
un degvielas stikpa razigums, motora elektroniska vadibas bloka riipnicas
iestatfjumi un darbibas specifika, ka arT specialo pielagosanas komplektu
izmantoSanas iespgjas un saderiba ar automobila elektronisko vadibas bloku.

Veicot degvielas E85 izmantoSanas ekonomisko izvértgjumu, kopgjie
mainigie ekspluatacijas izdevumi gada palielinas par 9% jeb 101.91 LVL,
salidzinot ar izdevumiem, automobili ekspluatgjot ar fosilo benzinu.

Ja degvielas E85 izmantoSana netiks papildus subsid@ta vai atbalstita ar citiem
ekonomiskiem pan€mieniem, ta izmantoSana autotransporta nozaré nav
ekonomiski izdeviga.

Ja benzina vieta izmanto E85 degvielu, tad gada CO, izmeSu daudzums
samazinas par 16%, CO izmeSu daudzums — par 99% un NH; izmeSi — par
100%, savukart, NO, daudzums izpliides gazgs palielinas 11 reizes.



TOPICALITY OF THE RESEARCH

The resources of the world’s fossil fuels are running out. Over the last 20
years fuel costs have increased several times. The pollution created by the exhaust
gases from power vehicles is also increasing, thus contributing to the negative
impact on the planet’s climate. The question of replacing the disappearing sources
of fossil fuels and decreasing the negative impact of transport on the environment
is becoming more topical. In order to solve these questions, a lot of research is
being carried out in the world, including research on obtaining and using different
alternative fuels, such as biodiesel fuel, rapeseed oil, bioethanol and biohydrogen.
The research on the use of electric energy and hybridtechnology in vehicles is also
being carried out. Taking into account the huge number of automobiles which are
intended to be run on fossil fuel, solutions should be found for adapting these
vehicles to a type of alternative fuel. One of the most perspective types of
alternative fuel for automobiles, which are equipped with Otto engines, is
bioethanol. Bioethanol as an engine fuel has several advantages over gasoline. It
can be produced locally by processing products of biological origin or by
processing waste. By replacing fossil fuels with bioethanol, greater independence
from fossil fuel suppliers is gained and the negative impact on the environment is
reduced. In Latvia there are lots of uncultivated free territories which can be used
for the production of biofuel raw material, thus promoting the tending and
cultivation of agricultural lands, providing jobs and developing the economy of the
country.

In the European Union great attention is paid to the increase in the share of
use of biofuel. A biofuel technological commission has been set up (European
Biofuels Technology Platform) in Europe which is successfully functioning and its
working group analyses a wide range of questions starting with the obtaining of
raw material and fuel production technologies and ending with the legislation
promoting the development of biofuel. Definite targets have been set and a part of
them have become directives, and they should be manadatory to all the member
states (Kampars, 2008). The European directives stipulate the share of biofuels in
the transport fuel. Thus, for instance, according to the Directive 2003/30/EC the
share of biofuel shall be at least 2 % by December 31 st of 2005, but by the 31st
December of 2010 the biofuel share was envisaged to be 5.75% from the total
energy capacity of the produced gasoline and diesel fuel for transport needs.
(Directive 2003/30/EC ...). However, in Latvia the target with regard to the share
of biofuel in transport has not been achieved. In 2008 the biofuel made up only
0.17% from the total fuel consumption in the state, but in the year 2009 it was
0.48% per year.

The most essential factors preventing wider use of bioethanol and other
types of biofuels are society’s limited amount of information on the use of
bioethanol in vehicles, its advantages and disadvantages and a comparatively low
level of state support in promoting the use of bioethanol. The access to objective
information is closely connected with the research carried out in the field of
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biofuels. The analysis of the available sources of information and scientific
research testify that the results are often different and contradicting. Most of the
research on the use of bioethanol has been carried out under the conditions which
are not closely related to the real conditions of automobile exploitation. The
arguments mentioned above justify the necessity of carrying out objective research
on the use of bioethanol under the conditions which are approximated to real
automobile exploitation conditions. It is also useful to make a theoretical model
which analytically calculates the adaptability of an automobile’s fuel system to the
use of a bioethanol and gasoline mixture as a fuel and which determines the most
significant parameters of automobile exploitation.

The analytical and experimental research of the use of bioethanol is closely
connected with the research on the properties of bioethanol itself. Summarizing the
information gathered from the scientific research the positive and negative
characteristics of bioethanol have been determined. The chemical formula of
bioethanol (C,HsOH) includes an atom of oxygen, which provides a more
complete and cleaner combustion of this fuel in engines (Gulbis, 2008). Bioethanol
has a 10 — 15 units higher octane number, which at the appropriate type and
adjustment of the engine, increases the efficiency coefficient of the engine and
enables it to develop a higher power and torque (Hammond, Kallu and McManus,
2008; Yiicesu at al., 2006). However, the low thermal capacity of bioethanol 26.8
MIJ kg is the reason why the amount of fuel injected into the engine should be
increased by ~ 30 — 40% (Kog at al., 2009). The aggressive influence of bioethanol
on the separate automobile fuel system materials (aluminium, brass, rubber
materials), creates the necessity to replace these materials, adjusting the automobile
for the use of bioethanol (Yiiksel and Yiiksel, 2004). The comparatively low
pressure of bioethanol saturated fumes worsens the possibility of starting an
automobile at lower environmental temperatures. Due to this reason pure ethanol is
not used in our climatic conditions. The mixtures with fossil gasoline are used
instead (Gulbis, 2008).

As a result of the studies of information sources, the simplest and most
suitable type of automobile conversion for the fuel type E85 — the use of a
conversion kit was determined. Despite the fact that such conversion kits are
widely available both in the USA and European countries, the scientific research
on the possibilities of their use and effectiveness are not available. That justifies
the necessity to carry out research on the operation of these kits.

THE AIM OF THE RESEARCH AND TASKS

The aim of the research

Scientifically justify the possibilities of using bioethanol on modern Otto
engines and to analyse their affect on the operational characteristics of automobiles
to promote the greater application of renewable energy resources for vehicles.
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The tasks of the research

1. to develop and approbate a mathematical model of motor vehicle operating
parameters, using a mixture of bioethanol and gasoline fuels, and to evaluate
the operation of this model by experimental studies of an automobile;

2. to develop a methodology for testing biofuel-powered automobiles;

3. to investigate and evaluate the possibilities of using bioethanol on an Otto
engine automobile unadapted to biofuel;

4. to determine experimentally the possibilities and efficiency of exploiting
equipment for adaptation of automobiles to biofuel;

5. to define the main criteria determining the maximum content of bioethanol
in fuel mixtures used on an automobile unadapted to biofuel,

6. to evaluate the advantages and disadvantages of using flex-fuel E85 from
economic and environmental aspects.

SCIENTIFIC NOVELTY OF THE RESEARCH

1. A mathematical model in computer programme ExtendSim has been
developed for determining the external parameters of automobile engines
which operate on bioethanol and gasoline mixture fuels, which are possible
to use by modelling the operation of automobiles equipped with an
electronic injection system.

2. The testing methodology for automobiles operating on biofuels has been
developed.

3.  Within the framework of testing methodology a simulation of automobile
driving cycle — the Jelgava cycle has been developed. This cycle is suitable
for the use on a chassis dynamometer Mustang MD-1750 and it imitates real
automobile driving conditions around the city centre of Jelgava.

4. The impact of the use of EO — E85 on the automobile VW Passat - which is
not adapted for biofuels — power, torsional moment, fuel consumption,
composition of exhaust gases, and other parameters characterising the
operation of the engine has been experimentally determined. It has been
discovered that in such an automobile it is possible to use a mixture of
bioethanol gasoline fuel with the content of bioethanol of up to even 50%.

5. The possibilities of using the conversion kit Etanizer and the effectiveness
of operating the car with the fuel E85 have been experimentally tested.

6. The use of fuel E85 has been evaluated from the environmental and
economical viewpoints. The economical disadvantage of the use of E85 has
been justified at the existing fuel prices and state support policy.

APPROBATION OF THE RESEARCH

The research was carried out over the period from 2007 to 2011. The results
obtained have been summarised in 13 scientific publications, which correspond to
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the requirements of scientific publications set by the Latvian Council of Science.
The approbation of the results of the thesis was carried out by participation and
giving presentations in international scientific conferences in Latvia, Lithuania,
Estonia, and the Czech republic.
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1. THEORETICAL RESEARCH

The possibilities of using bioethanol, described in Chapter I undoubtedly
show that this fuel has a good perspective. Certain physical-chemical properties of
bioethanol differ substantially from those of gasoline, therefore the issue of using
bioethanol as an engine fuel is a specific issue. Many operational parameters of the
entire automibile and engine change: engine power, torque, consumption of fuel,
different parameters of traction and take off speed, etc.

The main task of this chapter is to show by means of theoretical calculations
what changes will happen when using one or another kind of fuel in Otto engines.

The theoretical research chapter is divided into several subchapters. The
first subchapter deals with the modelling tools used in the research and their
characteristics. The second subchapter presents the developed theoretical model in
ExtendSim programme for determining an automobile’s maximum power, torque,
maximum fuel consumption and other characteristics of the elements with regard
to engine’s fuel systems.
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1.1. Basic structure of the mathematical algorithm of theoretical
model

In the developed theoretical model of determining the influence of
bioethanol operated automobiles on different parameters of engine operation,
several equations were used. This subchapter deals with the significant basic
equations which are used for the algorithm of the model.

In the first step the amount of air consumed by the engine is determined by
means of the following equation (Aboltins, Berjoza and Pirs, 2010):

Vi on, P,
£ 5007 , (1.1)
where O, — amount of air consumed per unit of time, kg min™;
V,— capacity of engine - or volume in litres, I;
Hmax — Maximum frequency of engine’s crankshaft rotation, min™;
7— number of engine strokes ;
n, — filling coefficient;
pg — air density, kg m>.

Knowing the amount of the consumed air per unit of time and the
stoichiometric air and fuel proportion 4, it is possible to determine the theoretical
amount of fuel according to the equation (Aboltins, Berjoza and Pirs, 2010):
:2.V;.nmax.77v'pg’ (1.2)

T4 Py
Where (Q,, — maximum consumption of fuel, 1 min’;

Ay — the required proportion of the amount of air for burning 1 kg of
definite (x) fuel.

In the equation (1.2) the calculated value is significant for calculating
different other automobile’s parameters. For example, according to the value of the
obtained parameter it is possible to determine the productivity of the necessary fuel
pump and injectors. When using the bioethanol mixture the productivity of the
injectors should be chosen higher than in the case of using fossil gasoline.
Comparing the calculated maximum consumption of fuel with the total
productivity of the automobile’s injectors at the definite fuel consumed. It is also
possible to determine the loading of the injector and its suitability to the type of
fuel.

If the thermal capacity and the fuel consumed per time unit are known, it is
possible to determine the maximum effective power of the engine, evaluating the
energy loss:

d,v

60
N =0 - .
e,max 3 6 QL 5 Q:tm ne

where N, — maximum effective power of the engine, kW;
0., — lowest thermal capacity of fuel, MJ kg™;
n.— engine’s efficiency coefficient.

(1.3)
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Knowing the maximum engine’s effective power and the engine’s
crankshaft rotation frequency at which this power is developed, it is possible to
determine the approximate shape of the engine’s power according to the following

equation:
2 3
n n n
N,=N, x| @ — +b( £ j —c( £ ]
n max n max n max
(1.4)

where N, — engine’s effective power at the required crankshaft rotation
frequency n., kW;
n, — engine’s crankshaft rotation frequency for the required point, min™;
a, b, ¢ — empirical coefficients characterising the engine’s type (Pommers
un Liberts 1985; Aboltins, Berjoza and Pirs, 2010).
Basing on the the equations 1.1. — 1.4., their expansions, as well as other
equations presented in the thesis and those obtained in the empirical way, a
theoretical model has been developed.

1.2. The structure and functional possibilities of the theoretical model

In the structure of the theoretical model (Fig.1) several units of input
parameters and calculations have been made. In the general automobile engine’s
unit, the following parameters are included: the capacity of the engine V),
maximum crankshaft revolutions n,,,, filling coefficient #,, engine’s efficiency
coefficient 7, and others. The parameter unit (2) of engine’s fuel system includes
the number of injectors, technical data about the injectors from the technical
specification lists of the manufacturers and the pressure of the fuel system p,. The
model provides the possibility for the fuel system pressure changes within the
limits of 1 to 6 bar. There is also a separate unit (3) for the change of bioethanol
content in the fuel mixture. In the fuel parameters unit (4) there are such
parameters as fuel density p, and the lowest thermal capacity of fuel Q.,.For
constructing the parameter curves of the engine’s maximum power and torque an
input unit (5) for the input of the empirical coefficients has been created.

Modelling the operation of the engine with the fuels E0 (A95) — E8S5, it is
possible to determine:

e the engine’s maximum power and torque, as well as external parameter
curves of power and torque over the entire range of crankshaft rotation
frequency;

e maximum possible fuel consumption
loading of injector at any of the modelled fuels;
maximum allowable content of bioethanol in the fuel mixture which is
possible to consume using a definite type of fuel;

e the impact of the fuel system pressure on the maximum allowable content of
bioethanol in the fuel mixture;
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e the necessary productivity of the injectors in case of the use of bioethanol

and gasoline mixture is used.
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Fig. 1.1. Theoretical model of the use of bioethanol and gasoline mixture
fuel with input parameter units:
1 — general parameters of the automobile engine; 2 — engine fuel system
parameters; 3 — content of bioethanol in fuel mixture; 4 — fuel parameters;
5 — values of empirical coefficients.

1.3. Modelling results

Carrying out modelling with input parameters which correspond to those of
the automobile VW Passat, which was used in the experimental research, the
following results were obtained. Maximum content of bioethanol, which is
theoretically possible to use in the chosen automobile, is 74% or fuel E74. With
that percentage of bioethanol under a maximum load regime, the injectors will be
100% loaded. The optimum content of bioethanol in the fuel mixture for the
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automobile analysed in the research is 36%. In the case of stoichiometric air-fuel
mixture at this content of bioethanol in the fuel mixture the injectors will be 85%
loaded. That type of injector loading is recommended when the automobile
operates under a full load regime.

One of the techniques to obtain the injection of the necessary amount of fuel
in the engine, when the automobile operates on E85 fuel, is to increase the fuel
pressure (Fig.1.2). In this case the fuel pressure has to be increased from 3.8 bar
required by the manufacturer to 4.3 bar. At the pressure of 4.3 bar the fuel injectors
of the car will be able to inject the amount of fuel, that will ensure stoichiometric
air-fuel mixture under the full load regime.
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Fig. 1.2. Impact of fuel pressure on maximum allowable content of bioethanol
in the fuel mixture.

In order to operate an automobile, non adapted for biofuel, with E85 fuel,
without changing the fuel pressure or other parameters, it is necessary instead of
using the injectors with the productivity of 149.8 cm® min™ to choose the injectors
whose productivity is no less than 182 ¢cm® min™.

If stoichiometric air-fuel mixture is ensured in the engine, the maximum
power and torque change insignificantly. Modelling the engine’s operation with
EO fuel, the maximum power is 82.4 kW, but with E75 fuel it is 81.8 kW. Thus,
the changes in maximum power values within the range of the used fuel do not
exceeed 1%. Increasing the content of bioethanol in fuel mixture, the thermal
capacity of fuel decreases and thus also the energy which the fuel has. That should
be compensated with an increase in the injected amount of fuel. Using E85 fuel,
the engine’s maximum power will decrease by 5.6%, but in the case of using E100
fuel, the power will decrease by 13%. The decrease in power is due to the fact that
the productivity of injectors is insufficient for injecting the necessary amount of
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fuel in the cylinders. The maximum power of the engine when E85 fuel is used,
will be 77.8 kW, but for fuel E100 — 71.6 kW.

2. EXPERIMENTAL RESEARCH

The experimental research was carried out in the Scientific Laboratory of
Alternative Fuels of the Latvia University of Agriculture. The experimental
research carried out in the thesis can be divided into several parts. First, the test
methodology was developed for researching automobiles operating on biofuels.
Certain physical properties of the fuels used in the experiments were determined,
and research was carried out on non adapted automobiles, using fuel types EO —
E85. Engine conversion kits were researched operating on the fuel type E85. At the
end of the experimental research chapter a comparison of theoretical and
experimental research was carried out.

The experimental research was carried out using modern technical
equipment of the Scientific Laboratory of Alternative fuels. In order to achieve
high accuracy of repetition of measurements, most of the experiments were
performed on a chassis dynamometer Mustang MD-1750 imitating real automobile
driving conditions.

2.1. Equipment and materials used in the experiments

The experimental research was carried out using several pieces of measuring
equipment simultaneously. The connection scheme of the equipment used in the
measuring process is shown in Fig.2.1.

AVL SESAMFTIR
-

Fig. 2.1. Measuring equipment attachment scheme for non adapted
automobile experiments:
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1 — experimental automobile VW Passat; 2 — secondary monitor of test cycle
simulation; 3 — chassis dynamometer Mustang MD-1750, 4 — power absorber unit
engine; 5 — control unit; 6 — cooling fan; 7 — multicomponent exhaust gas
measurement system - AVL SESAM FTIR; 8 — heated filter ; 9 — heated gas line ;
10 — AVL SESAM FTIR data communication cable; 11 — exhaust analytical
system’s monitoring computer with special software; 12 — chassis dynamometer
control computer with software; 13 — dynometer data communication cable;
14 — dynamometer control cable; 15 — secondary monitor cable; 16 — exhaust
extraction pipe; 17 — EGT sensor cable; 18 — fuel consumption measurement
equipment AVL KMA Mobile; 19 — fuel consumption measurement equipment
control PC with special software; 20 — fuel lines; 21 — fuel consumption
measurement equipment data communication cable; 22 — digital air /fuel ratio
measuring device LM-1.

Prior to starting the measurements, the automobile is secured on a chassis
dynamometer Mustang MD-1750 (3) (Fig.2.1). Between the automobile’s fuel tank
and fuel main the fuel consumption measuring equipment A VL KMA Mobile (18) is
connected, and at the end of the exhaust system the exhaust gas analytical system
AVL SESAM FTIR (7) is attached. The computers read and register the
measerments by means of special software (11, 12, 19). Parallel to the
automobile’s control unit the BOSCH KTS 570 system tester is connected, which
ensures the possibility of following the operation of the engine’s controlling
system during the measuring stage.

2.2. Automobile testing methodology

The research on fossil fuels, bioethanol and other biofuels lead to the
necessity for developing a uniform testing methodology. Ready-made and
standardized testing methodology which would comply both with the available
technical provision and the envisaged aims of the research are not available. Such
testing methodology is required to make it possible to compare the results of
different experimental tests, which are obtained in different periods of time, using
different fuel types and different engine adjustments, or even experimenting with
different automobiles. In cooperation with the doctoral student of the Engineering
Faculty of the LUA 1. Dukulis, a methodology has been developed for testing
automobiles which operate on biofuels. This methodology envisages the testing of
different automobiles, using the equipment of the Scientific Laboratory of
Alternative Fuels of the LUA and using both fossil fuels — gasoline and diesel and
also biofuels — bioethanol, rapeseed oil and biodiesel. This methodology envisages
and substantiates the necessary types, duration and the number of repetitions of
tests.

The developed testing methodology (Fig.2.2) includes the following types of
tests — power test, idle running test, constant running speed tests (50 km h™', 90 km
h™' and 110 km h™"), as well as road simulation tests (IM-240 and the Jelgava
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cycle). The constant running speed regimes reflect the most typical uniform
Latvian running speed regimes both under city conditions and on the outskirts. The
cycle IM-240 is a standardised cycle, which reflects the automobile’s travel both
under city and outskirts regimes, but the Jelgava cycle is a cycle developed jointly
by the author of the thesis V. Pirs and doctoral student I. Dukulis. This cycle
imitates an automobile’s driving regime, suitable to Jelgava’s city centre. Such a
regime can also be attributed to other cities in Latvia.

Program for testing automobiles
running on biofuels

Getting ready for &

testing -}l Power tests |

->| Idle running tests |

> Constzlmt speed
running tests

50 km h”! |

90 km ' |

110 km h*! |

Road simulation tests |

IM-240 cycle |

Jelgava cycle |

Automobile dynamic
> tests

Fig. 2.2. Testing programme.

The developed Jelgava cyle running speed curve - with fixed gear switching
moments is shown in Fig 2.3.
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Fig. 2.3. Running speed and gear switching moments in the Jelgava
cycle.

2.3. Research on the use of the bioethanol and gasoline fuel mixtures in
non adapted engines

The experimental research was carried out with fuel types EO (A95), E10,
E20, E30, E40, E50 and ES85 in the automobile VW Passat which was not adapted
for operating on biofuels. The results of the research show that the automobile is
capable of operating on all the tested fuel types. However it is not reccommend to
use the bioethanol and gasoline mixture fuels with bioethanol content higher than
50% ,since at a low crankshaft rotation frequency under the full load regime, an
excessively lean air-fuel mixture is created (Fig. 2.4 ).
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Fig. 2.4. The impact of fuel type on the content of air-fuel mixture.
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An excessively lean air-fuel mixture (A = 1.18) in the experiments using fuel
type E8S5 is the reason why at a low crankshaft rotation frequency (e.g. 2000 rpm),
the power of the automobile decreases by 16% and the torque decreases by 15%.
The changes in power are insignificant at medium and high crankshaft revolutions
(Fig. 2.5). The best parameters of power and torque under low crankshaft rotation
frequency were obtained using the fuel types E10 and E20. Using E20, the power
of the automobile increases by 11% at 2000 rpm, and the torque increases by 12%.
The total air-fuel formation tendencies indicate that operating the engine under the
full load regime and increasing the content of bioethanol in the fuel mixture, the
air-fuel mixture becomes leaner, but under other operating regimes the electronic
control unit of the automobile provides the proper stoichiometric air-fuel mixture
by all the tested fuels. The measurements of the exhaust gas temperatures under the
regime of the full load of engine indicate the increase in the temperature of the
exhaust gases, using bioethanol and gasoline mixture fuels, however such an
increase in temperature does not have a negative impact on the engine’s operation

or service time.
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Fig. 2.5. The impact of fuel type on the power of the experimental
automobile VW Passat.
The measurements of fuel consumption under different operating regimes
indicate that with the increase of bioethanol content in the fuel mixture the fuel
consumption also increases gradually (Fig. 2.6).
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Fig. 2.6. Changes in fuel consumption depending on the type of fuel and
driving regime.

Fig. 2.6 shows that the increase in the consumption of fuel in all the testing
regimes is similar. Increasing the content of bioethanol by 10% increments, the
consumption of fuel increases on average by 3 — 6%. Summarising the average fuel
consumption values obtained from all the test regimes, the percentage of the
increase in the fuel consumption has been determined in relation to fuel

consumption using fossil gasoline (Fig. 2.7).
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Along with the parameters described above the composition of automobile
exhaust gases has also been determined. The measurements were carried out with
AVL SESAM FTIR exhaust gas measurement analytical system, which can
simultaneously determine up to 25 components of exhaust gases. Analysing the
toxic components (CO, HC un NO,) of the exhaust gases which make up a
comparatively significant proportion of the total amount of emissions, it has been
concluded that by increasing the content of bioethanol in the fuel mixture, the
amount of CO emissions decreases, the emission of HC remains unchanged,
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whereas the amount of NO, emissions increases. A significant increase in the
amount of emissions is in those fuel mixtures where the admixture of bioethanol is
higher than 50%. It can be explained by the fact that the NO, component forms
more intensely at a leaner air-fuel mixture and higher combustion temperature
which is typical of a non adapted engine operating on bioethanol and gasoline
mixture fuels with high admixture of bioethanol. Despite the fact that the CO,
component is not toxic it still is a gas that contributes to the greenhouse effect and
there is a general trend in the world of reducing the amount of CO, emissions by
different techniques and measures. With regard to the use of bioethanol, it should
be noted that there is a downward trend concerning the amount of CO, in exhaust
gases (Fig. 2.8).
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Fig. 2.8. The impact of the used fuel on the amount of CO, emissions.

2.4. Research on the use of bioethanol and gasoline fuel mixture
conversion kit

One of the simplest ways to adapt a standard automobile for operating on
fuel type 85 is to use a special conversion kit. The installing of these kits has been
widely advertised and used in the USA. These technologies are being introduced in
Europe as well. To understand how the device works and whether it fulfils its
functions, a conversion kit Etanize was purchased. It is based on an electronic
microscheme and and electric wiring with special plugs. The electronic
microscheme is enclosed in the electroinstallation circuit between the automobile’s
electronic control unit and injectors (Fig. 2.9. a.) (FFI Platinum ..., 2007).
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Fig. 2.9. Conversion kit connection scheme to the engine and its operation
principle:
a — connection scheme; b — adjusting of injection signal; 1 — contact plugs;
2 — engine’s electronic control unit; 3 — injectors; 4 — ground cable; 5 — battery;
6 — conversion kit microscheme 7 — standard injection signal; 8 — adjusted injection
signal.

At the basis of the of conversion kit operation there is the generation of an
additional ground impulse of the injector (Fig. 2.9.b), thus providing injection of an
additional amount of fuel. The duration of the additionaly generated impulse
depends on the duration of the initial injection impulse and on the condition of the
conversion kit’s adjustment of the rheostat (Fig. 2.10).

After installing the conversion kit onto the experimental automobile VW
Passat, a series of tests were carried out, which were slightly different from the
previously developed automobile testing methodology. In order to study the
suitability and effectiveness of the conversion kit to the operation of the car with
fuel type E85, the tests were conducted with the engine running idle and at full
load regime at different conversion kit rheostat’s conditions. In addition, the engine
was operated both with the reverse control and without it, i. e. with a connected
and disconnected oxygen sensor.

Fig. 2.10. Rheostat position change:
a — Etanizer conversion kit; b — rheostat for adjusting the injection signal duration.
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The experiments started with a cold engine’s starting test. It was found that
the conversion kit makes the starting of a cold engine easier, enriching the air-fuel
mixture for 8- 10 s from the automobile’s starting moment. Using the fue type E8S5,
it is not possible to start a cold engine without the conversion kit.

Figure 2.11 shows the fuel injection signal oscilograms at different positions
of rheostat, while the engine is running idle with the closed loop control.
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Fig. 2.11. Injecting signal oscilogram at different rheostat positions, when the
engine operates with a closed loop control:

a — 0 posit., b — % posit.., c — %2 posit., d — %, e — 1 posit.; 1 — voltage in the electric
circuit from the electronic control wunit on Etanizer conversion Kit;
2 —voltage in the electric circuit for the Etanizer conversion kit on injectors.

As can be seen in Fig. 2.11 — turning the rheostat from position 0 to position
1, the duration of additionally generated injection signal increases, however, the
total duration of additionally generated injection signal remains unchanged. It can
be explained by the fact that the automobile control unit, using the oxygen sensor
signal, sustains the stoichiometric air-fuel mixture. The longer the additionally
generated injection signal, the more adjustments will be made to the initial
injection signal by the control unit reducing its duration. Thus it should be
concluded that there is no use to apply a conversion kit to this type of engine in
certain operation regimes.

Analysing the consumption of fuel and the composition of exhaust
emissions, when the engine operates with the closed loop control, it has been
concluded that the operation of the conversion kit at any of the positions of rheostat
does not have any impact on the amount of fuel consumption and composition of
exhaust gases. A different situation is observed when the engine operates with the
open loop control. The lowest idle-run fuel consumption under this regime has
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been obtained at the conversion kit’s rheostat position % (Q = 1.30 £ 0.02 1 h™),
whereas at the position 0 the fuel consumption is 1.43 + 0.02 1 h”". The idle-run
fuel consumption at different conversion kit rheostat positions, when the engine

operates both with the closed loop control and without it, is presented in Fig.2.12.
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Fig. 2.12. The impact of the conversion kit’s rheostat position changes on the
automobile’s idle running fuel consumption:
a — engine operation with the closed loop control; b — engine operation without
closed loop control.

The increase in fuel consumption when the engine operates without the
closed-loop control, leads to increase by several times in the amount of non-
combusted hydrocarbons (HC) in exhaust gases as well as the amount of CO
emissions, whereas the amount of CO, and NO, emissions decreases.

The highest parameters of automobile power and torque over the entire
range of the engine’s crankshaft rotation frequency have been obtained when the
engine was operating at the conversion kit’s rheostat position — 0, or at the moment
when the conversion kit is not adjusting the air-fuel mixture (Fig. 2.13). At other
rheostat positions under the part-time and full-time regimes the engine operates
with jerking breaks. The exploitation of the automobile in such a regime is not
permissible, since there is a higher probability of engine failure.
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adjustments of the Etanizer rheostat.

3. ECONOMIC EVALUATION OF THE USE OF FUEL
TYPE E85

In the theoretical and experimental research of the thesis, the possibilities of
the use of bioethanol in automobiles designed to operate on fossil fuel — gasoline
A95 have been analysed. The research proves that by making certain changes in
the fuel system, it is possible to operate those automobiles also on bioethanole and
gasoline mixtures, including fuel type E85. This chapter deals with the evaluation
of the exploitation costs of the automobile used in the reserach, operating the
automobile both on fossil gasoline A95 and on fuel type E85.

Only those cost positions were used in the economic calculations which
depended on the type of the fuel used. These costs included: the automobile’s
conversion costs, maintenance costs and fuel costs. The nummerical values
obtained as a result of economic evaluation for the estimated exploitation period or
100000 km are presented in Table 1.

49



Table 1. Calculation of Automobile’s VW Passat variable exploitation costs for
the estimated exploitation period or 100000 km

Parameter Descript. | Measur. Value

unit A95 E85
Total automobile conversion costs Ip LVL - 160.01
Conversion kit purchasing costs Ipx LVL - 90
Fuel lines costs Ipc LVL - 17.01
Costs of auxiliary materials Ipy LVL - 8
Installing costs Iy LVL - 45
Total maintenance costs 174 LVL 277.29 510.32
Total maintenance costs Iryp LVL 120 190
M-1 labour capacity Tra; cilv.h. 0.5 0.5
M-2 labour capacity Tris cilv.h. 1.5 1.5
M-1 number at the chosen period of time Ny - 3 10
M-2 number at the chosen period of time N7y - 3 3
Average costs of man-hour in a service station Ly LVL 20 20
Total maintenance material costs Tram LVL 157.29 320.32
M-1 costs of necessary materials Traim LVL 23.29 23.29
M-2 costs of necessary materials Iriom LVL 29.14 29.14
Total fuel costs Ip LVL 7603.2 7923.5
Fuel consumption in combined cycle IM240 Op 1 100km’! 8.8 11.5
Automobile’s mileage S km 100000 | 100000
Price of 11 of fuel D¢ LVL 0.864 0.689
Total exploitation costs I LVL 7880.49 | 8593.83

For a more objective comparison of exploitation costs, a yearly exploitation
costs should be calculated. Assuming that the average automobile’s yearly mileage
is 14000 -15000 km, a 100000 km mileage will be reached in 7 years.

The yearly costs (Table 2) are obtained by dividing the concrete position of
total costs (Table 1) by the estimated exploitation period T.

Table 2. Automobile’s VW Passat yearly variable maintenance costs

Parameter Descript. | Measur. Value

unit A95 E85
Automobile’s conversion costs attributed Ing LVL ) 2786
to a year '
Yearly maintenance costs Irig LVL 39.61 72.90
Yearly fuel costs Ipg LVL 1086.17 1131.93
Total yearly maintenance costs Igg LVL 1125.78 1227.69

As can be seen from Table 2. Fig.3.1, the automobile’s total yearly variable
maintenance costs, operating on fuel type E85, increase by 9% or 101.91 LVL,
compared with the automobile’s yearly variable costs, operating on fuel type A95.
The increase in costs are due to the conversion costs, attributed to a year (22.86
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LVL), and also due to the increase of 84% in or 33.29 LVL in yearly maintenance
costs and also due to the increase of 4% or 45.15 LVL in fuel costs.
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LVL 600 1
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Fig. 3.1. Experimental automobile’s VW Passat yearly variable maintenance
costs (per year).

The economic evaluation substantiates the existing situation in the country
concerning the demand for the fuel E85 and its use. As long as the expenses for
operating the automobile fuel type E85, exceeds the expenses operating it on fuel
type A95, the demand for fuel type E85 will be low in Latvia’s market.

4. ECOLOGICAL EVALUATION OF THE USE OF FUEL
TYPE E85

In order to evaluate and compare the ecological effect or the impact on the
environment of the use of fuel type E85, the amount of harmful exhaust emissions
has been determined. It is compared with the amount of emissions in fossil
gasoline. The components of automobile exhaust emissions, which have a
significant impact on the environment are NO,, NH; CO, and CO. These
components make a substantial proportion of the total exhaust gases. Like in the
economic calculation the percentage of emissions in exhaust gases has been taken
from the experimental research. The percentage that has been obtained from the
exploitation of the automobile both on fuel type A95 degvielu, and E85 during the
IM-240 cycle has been used in calculations. In the same way as in the economic
calculations, the ecological effect will be determined for the year of exploitation,
assuming that the average mileage of the automobile is ~ 15000 km The amount
of emissions from exhaust gases in mass units has been calculated basing on the
theoretically calculated used air-fuel mixture amount per year and from
experimentally determined percentage ratios of components of emissions of
exhaust gases. The results are shown in the fololowing diagram.
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Fig. 4.1. The impact of the used fuel type on the amount of automobile’s

exhaust gas emissions per year.
As can be seen from Fig. 4.1, operating on fuel type E85, the emissions of

CO, decrease by 500 kg per year, CO emissions decrease by 15.4 kg and NH;
emissions decrease by 11 kg , whereas NO, emissions increase by 25.5 kg.

Basing on the obtained control figures, if needed, it is possible to determine

the amount of exhaust emission generated by one automobile in grams per km(g
km™), as it is declared in European standards.
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CONCLUSIONS

The developed calculations algorithm and theoretical model in the ExtendSim
programme is adapted to determine the the following operating parameters of
automobile engines operating on bioethanol and gasoline mixture fuels:
maximum power, torque, fuel consumption, loading of injectors, etc.

The modelling results show that the maximum allowable admixture of
bioethanol to gasoline is influenced by the productivity of injectors, pressure
of fuel system, fuel properties, as well as engine design parameters. Using the
technical specifications of the VW Passat for modelling purposes, the
maximum allowable admixture of bioethanol to gasoline for this automobile
must not exceed 74%, but the optimum admixture — 36 %. In order to use fuel
type E83, it is necessary to increase the fuel pressure from 3.8 bar as specified
by the manufacturers to 4.3 bar. or to use injectors with - from 149.8 cm® min-
"to 182 cm® min™.

The developed universal, methodology for automobiles which operate on
biofuels is for automobile testing not only on fossil fuels — gasoline and
diesel, but also biofuels — bioethanol, biodiesel and rapeseed oil.



The experimental tests with biofuel non adapted automobile VW Passat for
operation on fuel types - A95, E10, E20, E30, E40, ES0, E85 indicate the
following:

4.1. the automobile can operate on all the tested fuels, although it is not
advisable to use bioethanol and gasoline mixture fuels with the content of
bioethanol higher than 50%, because it causes the formation of an
excessively lean air-fuel mixture under a full load regime at a low
crankshaft rotation frequency;

4.2. the changes in maximum power with all the experiment’s fuel types are
insignificant, they do not exceed 3%. Using E10 un E20, at low
crankshaft rotation frequency (2000 min™') an increase in power by 11%
was obtained, and an increase in torque was by 12% ., but using fuel type
ES85, the power decreased by 16%;

4.3. the higher the content of bioethanol in the fuel mixture the higher the
consumption of fuel in all the testing regimes was observed. If the
content of bioethanol increases by 10%, the consumption of fuel
increases by 3 — 6% on average;

4.4. inceasing the conten of bioethanol in the fuel mixture, the amount of CO,
CO, and NH; in exhaust emissions decreases. The changes in HC
emissions are insignificant, but the proportion of NO, increases
(especially in the case of ES0 and E85 fuel types).

Adapting an automobile VW Passat for operation on fuel type ES8S, i.e., using
a special conversion kit Etanizer, the following has been stated:

5.1.1if a special conversion kit is not used, even though the surrounding
temperature is plus 18°C, it is not possible to start a cold engine;

5.2. when the engine works at the idle running mode with the closed loop
control, the fuel type E85 conversion kit operation does not have any
impact on the automobile’s fuel consumption and composition of exhaust
gases;

5.3. installation of engine conversion kit Etanizer facilitates the starting of
cold engine, but under full load regimes it makes the engine operation
unstable.

The main criteria stating the maximum allowable bioetanol content in
bioethanol non-converted cars are the following: the productivity of injectors
and pump, manufacturers specifications for the engine’s electronic control
unit and specifics of operation, as well as the possibilities of using the special
conversion kit and compliance with the the electronic control unit of the
automobile.
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Carrying out the economic evaluation of the use of fuel type E85, the total
yearly variable exploitation costs increase by 9% or by 101.91 LVL,
compared to the expenses required for operation on fossil gasoline.

If the use of fuel type E85 is not additionally subsidised or supported by other
economic measures, its use in the automobile transport sector is not
economically advantageous.

If fuel type E85 is used instead of gasoline, the annual amount of CO,
emissions decreases by 16%, the amount of CO decreases by 99% and NH;
emissions by 100%, whereas the amount of NO, in exhaust gases increases 11
times.
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