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PETIJUMA AKTUALITATE

Klimata parmainas ir viens no cilvéces pastavéSanas lielakajiem
apdraudéjumiem. Eiropas ekonomiskas zonas valstim saistosa ir Eiropas
Parlamenta un padomes direktiva 2009/28/EK par atjaunojamo energoresursu
izmantoSanas veicinasanu. Taja definéts, ka biodegvielas ir Sobrid vissvarigakais
alternativo degvielu vieds, kas var sekm&t CO» kop&jo izmeSu samazinajumu.
Lidz 2020. gadam katrai ES dalibvalstij ir japanak vismaz 10 % biodegvielas
Tpatsvars transporta degvielu patérina (Eiropas Padome, 2009).

Ekonomikas ministrijas aprékinu prognoze rada, ka ar $a briza regulgjumu
degvielas tirgh ir iesp&jamas sasniegt aptuveni 4 % no atjaunojamo energoresursu
patsvara transporta Latvija (Ministru kabinets, 2017).

Autotransporta radita kopéja siltumnicefekta gazu (SEG) emisija Latvija kop$
Kioto protokola pienemsanas nav samazinajusies, ta vieta ir vérojams emisiju
daudzuma pieaugums par 22 %. Samazinat SEG emisiju ir iesp&jams, lietojot
alternativus energijas veidus, kuri iegiti ilgtspéjiga veida.

Latvija pieejamas biodegvielu razoSanas jaudas parsniedz pieprasijumu. Lai
palielinatu biodegvielu dalu kopgja transportam paredzetas degvielas daudzuma,
ir javeic pieprasjjuma veicinaSanas pasakumi. Bioetanols ir viena no
alternativajam degvielam, ar kuru dal&ji vai pilniba aizstajot fosilas izcelsmes
benzinu, ir iesp&jams samazinat siltumnicefekta gazu emisiju un atsevisku kaitigo
izmeSu daudzumu (Ekonomikas ministrija, 2013).

Automobilus, kas paredz&ti darbam ar benzinu, var pielagot darbinasanai ar
augsta bioetanola satura degvielu. Vairums ES tirgii piedavato degvielas
pielagosanas iekartu paredzgtas tikai degmaisijuma sastava korekcijai, aizdedzes
apsteidzes lenka korekcija netiek veikta (Gailis, Pirs, 2013).

ES direktiva 2016/2284/EK ieklauta dalibvalstu apnemsanas samazinat
noteiktu izmeSu daudzumu, attieciba uz 2005. gada aprékinato daudzumu.
Vertgjot pieejamos datus, apnemsSanos 2020. gada sasniegt 32 % NOy izmeSu
daudzuma samazindjumu, iesp&jams, Latvija neizdosies sasniegt, ja netiks
istenoti papildu pasakumi (European Environment Agency, 2019; European
Parliament and the Council of the European Union, 2016).

Dzirkstelaizdedzes motora notiekoSa sadedzes procesa efektivos un
ekologiskos parametrus ietekmé degmaisTjuma parametri un sadedzes norises
sadalijums motora darba cikla.

Apkopojot iepriek§ veikto p&tfjumu par benzina aizvietoSanu ar bioetanolu,
konstatgti vairaki neskaidri jautajumi. Aizdedzes apsteidzes lenka atskiribas starp
benzina un augsta bioetanola satura degmaisijumu, lai sasniegtu maksimalo
griezes momentu (MGM), nav pietiekami izpétita t€ma, un lidz§ingjo petjjumu
rezultati ir neskaidri un dazkart pretrunigi.

Teorétiski pamatots ir CO; izmeSu daudzuma samazinajums, palielinot
bioetanola daudzumu degviela. Salidzinot rezultatus, kurus ieguvus$i dazadi
pétnieki, redzams, ka tie ir atSkirigi, un dazkart pretrunigi.



Aizvietojot benzinu ar augsta bioetanola satura degvielu, sagaidams NOx
izmeSu Tpatngja daudzuma samazindjums. Nav pietickami izpé&tits degvielas
veidam atbilstoSa aizdedzes apsteidzes lenka ietekmes relativais nozimigums
attiectba uz NOy izmeSu daudzumu.

P&c ieprieks veikto petljumu rezultatu analizes izvirziti promocijas darba
hipotéze, mérkis un uzdevumi.

PETIJUMU OBJEKTS, HIPOTEZE, MERKIS UN
UZDEVUMI

PetTjumu objekts ir augsta bioetanola satura degmaisijuma sadedzes process
dzirkstelaizdedzes motora.

Darba hipotéze: Aizvietojot benzinu ar augsta bioetanola satura degvielu, un
koriggjot aizdedzes apsteidzi atbilstosi degvielas veidam, iesp&jams butiski
samazinat kaitigo izme$u daudzumu.

Petljumu merkis ir izp&tit benzina aizvietoSanas ar augsta bioetanola satura
degvielu ietekmi uz sadedzes procesa efektivajiem un ekologiskajiem
parametriem ieksdedzes motora.

Pétijumu uzdevumi:

1) izstradat matematisko modeli un algoritmu aizdedzes apsteidzes lenka
korekcijas  vertibu  noteikSanai, benzina lietoSanai  paredzgtam
dzirkstelaizdedzes motoram, kas pielagots darbam ar augsta bioetanola satura
degvielu;

2) izstradat un aprobét specializétu iekartu, datu apstrades sistému un algoritmu
sadedzes procesa pétijumiem ar augsta bioetanola satura degvielu darbinama
dzirkstelaizdedzes motora;

3) noskaidrot augsta bioetanola satura degvielas lietosanas motora ietekmi uz
termisko lietderigumu un dabai nevélamo izmesu daudzumu;

4) novertét augsta bioetanola satura degvielas konkurétsp&ju transporta degvielu
tirgli Latvija un izstradat ieteikumus §is konkurétsp&jas paaugstinasanai.

PETIJUMU METODES

Darba lietotas eksperimentalas, analitiskas un datorimitacijas pé&tniecibas
metodes. Darba gaita izstradata originala metodika, apvienojot to ar motoru
pétniecibas nozare atzitu citu p&tnieku izstradatu metodiku.

Darba teoretiskaja dala modeléts gazu maisijuma saspiedes process un
liesmas attistiba turbulenta vide.

Darba eksperimentalaja dala veikti sadedzes procesa pé&tijjumi, analizgjot
spiediena izmainas motora cilindra, degvielas paterinu un izplides gazu sastavu.



AIZSTAVESANAI IZVIRZITAS TEZES

1. Aizvietojot benzinu ar augsta bioetanola satura degvielu, iesp&jams bitiski
samazinat siltumnicefekta gazu izmesu daudzumu.

2. Ja dzirkstelaizdedzes motoru pielago darbam ar augsta bioetanola satura
degvielu, ka arT veic degvielas veidam atbilstosu aizdedzes apsteidzes lenka
korekciju, tad butiski samazinas dabai kaitigo vielu daudzums motora
izpliides gazes.

3. Zinot benzinam piemérotas aizdedzes apsteidzes lenka vértibas un
atseviS$kus motora parametrus, iesp&jams noteikt augsta bioetanola satura
degvielai vélamo aizdedzes apsteidzes lenki.

ZINATNISKA NOVITATE

Izstradats matematiskais modelis un algoritms aizdedzes apsteidzes lenka
korekcijas vertibu noteikSanai, pielagojot dzirkstelaizdedzes motoru darbam
ar bioetanolu saturosu degvielu.

Izveidota un aprobéta specializéta iekarta, datu apstrades sistéma un algoritms
sadedzes procesa pétijumiem ickSdedzes motora cilindra.

Noskaidrota aizdedzes apsteidzes lenka korekcijas ietekme uz kaitigo izmesu
daudzumu, pielagojot benzina lieto$anai paredzétu motoru darbam ar augsta
bioetanola satura degvielu.

ZINATNISKA UN TAUTSAIMNIECISKA NOZIME

Identificéti gazveida izmesu veidi, kuru emisiju daudzums parsniedz Latvijas
normativos pielaujamas vértibas un kurus rada autotransporta darbiba.
Identificétas butiskakas gaisa piesarnojuma komponentes Latvija, kuru
koncentracija gaisa ir tuvu veselibu apdraudosam slieksnim.

Nozimigi paplasinatas LLU Alternativo degvielu zinatniskas laboratorijas
aprikojuma izmantoSanas iesp&jas, laujot noteikt degvielas paterinu un
motora izpludes gazu sastavu masas doména, ka ar1 veikt sadedzes norises
analizi augsta izSkirtsp&ja.

Noskaidroti nozimigakie izme$u veidi, un to daudzuma samazinajums, kuru
var sasniegt, aizvietojot benzinu ar augsta bioetanola satura degvielu un
koriggjot aizdedzes apsteidzes lenki atbilstosi degvielas veidam.

Noskaidrota  augsta  bioetanola  satura  degvielas  konkurétspgja
mazumtirdznieciba un izstradati ieteikumi tas paaugstinasanai Latvija.
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1. SADEDZES SAKOTNEJAS FAZES NORISES ATSKIRIBAS STARP
AUGSTA BIOETANOLA SATURA DEGVIELU UN BENZINU

Darba teoretiskaja dala pe&tamo jautajumu loks ietver atkiribas starp augsta
bioetanola satura degvielas un benzina homogéna degmaisijuma
termodinamiskajiem un fizikalajiem parametriem, ka ar liesmas izplatibas
atrumu turbulenta vide.

Izstradats algoritms aizdedzes apsteidzes lenka korekcijas vertibas
noteik8anai, ja nemainot motora geometriskos, un darba rezZima parametrus,
benzins tiek aizvietots ar augsta bioetanola satura degvielu. Probléma risinata,
pienemot, ka motors tiek pielagots darbam ar augsta bioetanola satura degvielu,
un maksimalajam griezes momentam atbilsto$s aizdedzes apsteidzes lenkis
darbam ar benzinu ir jau ieprieks noteikts. Risinajums sadalits vairakas dalas:

e piemérotas aizvietojosas degvielas sastava izvele;

e degmaisijumu veidojoso komponensu masas un molaro dalu aprékins;
mainigo termodinamisko apstaklu aprékins saspiedes procesa;
siltuma parneses ievertésana;
sadedzes procesa sakotngjas fazes ilguma noteiksana;
augsta bioetanola satura degvielai atbilstosa aizdedzes apsteidzes lenka
noteikSana.

Saja darba izstradats O-dimensijas modelis temperatiiras un spiediena
izmainam motora cilindra saspiedes procesa, ievertgjot degmaisijuma sastava un
siltumapmainas ietekmi. Modelis veidots skaitloSanas vidé Matlab. Sadedzes
process modelt nosactti sadalits divas dalas — liesmas attistibas un atras degSanas
fazes. Liesmas attistibas fazes norise modeléta, pamatojoties uz ASV pétnieku
izstradato panémienu, kura ieverte aerodinamisko un kimisko procesu ietekmi uz
sadedzes procesu motora degkamera (Hires et al., 1978).

1.1. Modela darbibas robezas
Modelis ietver divus motora darba cikla procesus — saspiedi un sadedzes
sakumu. Pienemts, ka degmaisijums ir ieprieks§ sagatavots, tas ir gazveida, un
homoggns. Aizvietojosas degviela benzina imitacijai ir toluola standarta degviela
(TRF) un augsta bioetanola satura degvielas gadijuma tirs etanols (E100).
1.2. Modela algoritms un matematiskais pamatojums

Modela algoritms paradits 1.1. attela.
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1.1. att. Modela algoritms

Aprakstot degmaisjumu ka no noteiktam vielam veidotu gazveida
maistjumu, katra aprékinu soli koriggtas siltumietilpibas vértibas. Spiediena
izmainas aprékinatas, lietojot sekojosu vienadojumu:
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dp _dQy-1 dvVy
dp do V doV

kur p — spiediens cilindra, Pa;
@ — klokvarpstas pagrieziena lenkis, gradi;
Q — parnestais siltums starp gazi un degkameras virsmu, J;
V — cilindra tilpums, m3;
y — siltumietilpibu konstanta spiediena un tilpuma attieciba.

L1

Temperattiras izmainas aprékinatas sekojosi:

dT 1dv 1dp
— = ——+——T 12)
dp (Vde pde

kur T — temperatiira cilindra, K.

Veidojot modeli, pienemts, ka degmaisijuma sakotngja temperatiira ir tuva
iepliides kolektora esosa gaisa temperatiirai. Siltumietilpibu attiecibas y vértiba
noteikta, zinot degmaisijuma sastavu un temperatiru un lietojot datubazi
REFPROP (Lemmon et al., 2018). Siltuma parneses koeficients pie jebkura KPL
saspiedes procesa aprekinats, lietojot vacu pétniecka Woschni izstradato
panémienu (Woschni, 1967).

Parametru vertibas aprékinatas ar soli 0.1° KPL. Spiediena un temperatiiras
momentanas vertibas pie katra KPL aprékinatas, kumulativi summgéjot vertibu
saspiedies procesa sakuma un aprékinatas izmainas.

Laminaras liesmas atruma aprekins veikts, pamatojoties uz Metghalchi un
Keck izstradato vienadojumu (Metghalchi, Keck, 1982). Aprékinu koeficienti un
vienadojuma uzlabojumi iegiiti no Marshall et al. (Marshall et al., 2011).

Liesmas attistibas lenkis aprékinats, lietojot panémienu, kas balstits uz
turbulenta lauka teoriju (Hires et al., 1978). Saja darba izvirzits piengmums, ka
turbulences intensitates atSkiribas starp benzinu un augsta bioetanola satura
degvielu ir nelielas. Atras deg3anas fazes norises atkiribas starp Siem degvielu
veidiem aprakstitas ar empiriski ieglitu vienadojumu, kurs§ ir piemérojams pétitaja
temperatiiras un spiediena diapazona. levertgjot liesmas attisttbas un atras
degsanas fazes ilguma atskiribas starp TRF un E100, noteikta nepiecieSama
aizdedzes apsteidzes lenka korekcija.

1.3. Modeleésanas rezultati un to novertéjums

Spiediena izmainas degkamera paraditas 1.2. att€la. Diagramma paradits
eksperimentali iegiitu (brivgrieSsana, POS98 un E96) un modelésanas (TRF un
E100) vertibu salidzinajums saspiedes procesa. Brivgriesanas rezZima degkamera
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saspiests gaiss, ka rezultata spiediena pieaugums notiek straujak, jo gaisam ir
zemaka siltumietilpiba, neka degmaisijumam.

. 10
[+
e} .
4 g BrivgrieSana
c
2 ====P0S98
2 g TRF
o
n - = =E9%
7 E100

-40.00 -35.00 -30.00 -25.00 -20.00
KPL, gradi

1.2. att. Degvielas veida ietekme uz spiedienu degkamera
Eksperimentalo un modelésanas rezultatu salidzinjums. Motora klokvarpstas apgriezienil500 min-
spiediens iepliides kolektora 70 kPa, stehiometrisks degmaisijums; POS98 — benzina degmaisijums,

eksperimentali dati; TRF — toluola standarta degviela, model&sanas dati;
E96 — tideni saturos$s bioetanols, eksperimentali dati; E100 — tirs etanols, modelé$anas dati

Degmaistjuma spiediena liknes rada augstu sakritibu starp eksperimentali un
model&Sanas procesa iegiitajiem datiem.

Petitajos apstaklos E100 degmaisijuma laminaras liesmas atrums ir lielaks par
TRF degmaisijuma liesmas atrumu. levérojama ietekme ir motora klokvarpstas
apgriezieniem, jo pieaugot apgriezieniem, palielinas MGM aizdedzes apsteidzes
lenkis, un attiecigi samazinas spiediens un temperatiira degkamera aizdedzes
bridi. Pieaugot motora klokvarpstas apgriezieniem, atskiriba starp abu pétito
degmaisijumu laminaras liesmas atrumu samazinas.

Lai aprékinatu liesmas attistibas un atras degsanas fazu ilgumu benzina un
augsta bioetanola satura degmaisijumiem, nepiecieSamie parametri noteikti pie
iepriek§ zinama klokvarpstas pagrieziena lenka, kas atbilst p&tama motora
benzina degvielai piemérota MGM aizdedzes apsteidzes lenkim.

Modelésanas procesa iegiita sadedzes fazu ilguma salidzinajums ar
eksperimentalajiem rezultatiem paradits 1.3. att€la. Aprékinu rezultati sakrit ar
eksperimentalajiem 95 % ticamibas robezas.
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1.3. att. Sadedzes fazu ilgums E96 un E100 degvielai ar MGM atbilstoSu

aizdedzes apsteidzi
Motora klokvarpstas apgriezieni 1500 min; stehiometrisks degmaistjums, degvielai atbilstoss
MGM aizdedzes apsteidzes lenkis

. 45
el
) 2000 mint APOS98 AE9 E100
= 40 A 405 1500 min! mPOS98 MEYS E100
M
35 35.4 = 35.0 A 350
30 W 305 307. 305 A 305
28.1 A 285
278 m 27.0 9k 27.0
2 W 240 24.90 255
20 197 195 M 195
17.97 180
15
30 40 50 60 70 80

Spiediens iepludes kolektora, kPa

1.4. att. Eksperimentala un aprékinata aizdedzes apsteidzes lenka
salidzinajums
POS98 un E96 — eksperimentali iegiiti dati; E100 — aprekinati dati
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Eksperimentali ieglitas un aprékinatas MGM aizdedzes apsteidzes lenka
vertibas paraditas 1.4. attela. Treknraksta paraditas aprékinatas veértibas augsta
bioetanola satura degmaisijumam.

2. AUGSTA BIOETANOLA SATURA DEGVIELAS SADEDZES
PROCESA EKSPERIMENTALIE PETIJUMI

Pétijumos eksperimentali noskaidrota augsta bioetanola ietekme uz sadedzes
norisi, motora degvielas parveidos$anas termisko lietderigumu un izplades gazu
sastavu. Eksperimentalie pétfjumi veikti laboratorijas apstaklos, izmantojot
automobili ar pielagotu motora baro$anas un kontroles sistému. Gazu spiediena
cilindra izmainu mériSanai motora cilindra LabVIEW vidé izstradata jauna
kontroles un datu registréSanas sisteéma.

Digitalais signals
Analogais un logiskais signals

Degvielas pliisma
Izpliides gazu plisma

2.1. att. Iekartu izvietojuma un piesléguma visparéja shéma
1 — dzes@Sanas ventilators; 2 — degvielas tvertne; 3 — jaudas stenda displejs; 4 — motora kontrolleris
VEMS 3.6; 5 — izmégindjumu automobilis Renault Twingo; 6 — izpliides gazu novadisanas caurule;
7 — motora kontroles dators ar VemsTUNE programmatiru; 8 — jaudas stenda virpulstravas bremze;
9 — jaudas stenda MD 1750 veltnis; 10 — degvielas pat€rina mérisanas sistéma AVL KMA Mobile;
11 - indicESanas sistémas datu ieguves iekarta; 12 — jaudas stenda kontroles dators ar
programmatiru Powerdyne PC; 13 — izpldes gazu analizes sistéma AVL SESAM FTIR 4
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Ar dazadam iekartam vienlaicigi registréto datu apstradei Matlab vide
izveidota jauna datu apstrades rezultatu aprékinu sistema. P&tijumi veikti LLU
Alternativo degvielu zinatniskaja laboratorija, Jelgava, Paula Lejina iela 2.

2.1. Eksperimentos izmantotie materiali un lietotas iekartas

Degviclas sadedzes pétijumi veikti, izmantojot tris degvielas paraugus -
benzinu (POS98), bioetanola - benzina maisijumu (E85) un bioetanolu ar etanola
saturu 96.2 % no tilpuma (E96).

Izm&ginajuma automobilis Renault Twingo aprikots ar ¢etru rinda izvietotu
cilindru motoru. Tas darbojas Cetru taktu cikla ar atmosferisku gaisa padevi un
dzirkstelaizdedzi, motora kopgjais darba tilpums ir 1149 cm® un kompresijas
pakape 9.65.

a
P —
b N[ E
Lo L
N 10

2.2. att. Spiediena indicé$anas sistémas elementu shéma
1 —dators ar LabVIEW programmatitiru; 2 — NI 9222 modulis; 3 — Kistler 5018A signala
parveidotajs; 4 — iepludes kolektora spiediena devgjs; 5 — Kistler 6118 aizdedzes svece ar spiediena
devgju; 6 — sadales varpstas stavokla devgjs; 7 — Kistler 2613B klokvarpstas pagrieziena lenka
devgjs; 8 — NI 9752 modulis; 9 — NI cRIO 9068 kontrolleris; 10 — NI 9214 modulis;
11 — temperatiiras devgjs; a — digitalais signals; b — analogais un logiskais signals

Motora izméginajumi laboratorija veikti, tam, atrodoties automobili, un
slogoSanai izmantojot veltnu jaudas stendu Mustang MD-1750. Motora darbiba
kontrol&ta, lietojot brivi konfiguréjamo, motora vadibas moduli VEMS 3.6.
Iekartu sleguma shéma paradita 2.1. attéla. Degvielas patérina mérijumi veikti,
lietojot tilpuma plasmas méritaju AVL KMA Mobile. Motora izpludes gazu
sastavs noteikts ar iekartu AVL SESAM FTIR 4. Klokvarpstas pagrieziena lenkis
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noteikts ar kodesanas ierici Kistler 2613B. Motora cilindra spiediena mérfjumi
veikti ar aizdedzes svec€ iestradatu pjezoelektrisko spiediena devéju Kistler
6118BFD16 un signala parveidotaju Kistler 5018A. Gazes temperatiira motora
ieplides uz izplades kolektoros, ka arT degvielas temperatiira mérita ar K veida
termopariem. Klokvarpstas pagrieziena lenkis, cilindra spiediens, degvielas un
kolektoru temperatira registréta ar programméjamo modularo kontrolleri
National Instruments NI cRIO 9068 un vairakiem specializ&tiem datu iegianas
moduliem. Cilindra spiediena indic€$anas iekartu shema paradita 2.2. attéla.

2.2. Eksperimentu metodika

Eksperimentalais automobilis novietots un nostiprinats uz jaudas stenda.
Degvielas tvertné iepildita izm&ginajumu degviela. leslégta izpludes gazu
novadiSanas iekarta un visas izm&ginajumu meériekartas. Eksperimentalais
dzirkstelaizdedzes motors darbinats meérenas slodzes rezima. Merfjjumi sakti,
motoram un degvielai sasniedzot darba temperatiiru.

Izméginajumu laika jaudas stends lietots kontroléta braukSanas atruma
reZzima. Motora apgriezieni kontrol&ti ar jaudas stenda programmatiiru, regul&jot
brauksanas atrumu. Visos izm&ginajuma rezZimos automobila transmisija ieslégta
ceturtaja parnesuma.

2.1. tabula

Motora darba rezZima parametri degvielas sadegSanas procesa

izmeéginajumos
Motora klokvarpstas rotacijas Spiediens iepliides Indicétais vidgjais
atrums, min?t kolektora, kPa efektivais spiediens, bar
40 3.3
50 4.4
1500 60 57
70 6.7
40 3.3
50 4.4
2000 60 57
70 6.7

Eksperimentala motora slodze reguléta ar gaisa spiediena kontroli iepliides
kolektora. Droselvarsta stavoklis iestatits ar sviras atbalsta skrivi. Motors
darbinats slégta reguléSanas cikla ar lietotaja izveletu relativo gaisa — degvielas
attiectbu un aizdedzes apsteidzes lenka veértibu.
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Gazu spiediena indic€Sanas sisttma ar kontrolleri NI cRIO 9068 un
specializétajiem moduliem vienlaikus registréts laiks, klokvarpstas pagrieziena
lenkis ar soli 0.1 KPL grads, sadales varpstas stavoklis attieciba pret klokvarpstu,
absoliitais spiediens iepludes kolektora un relativais spiediens cilindra. Gazu
spiediens cilindra registréts, kad atbilsto§i motora slogo$anas metodikai,
sasniegts un stabilizEts planotais darba rezims.

‘Automobila un mériekartu
sagatavoSana un iesildiSana

y

7 )

Slodzes iestatiSana un
parbaude

\ J

y

r ™
Izm&ginajums ar benzinam
atbilstoSu MGM AAL

\ J

v

r )

Izméginajums ar degvielai

atbilstoSu MGM AAL

\ J

r * )
Izméginajums

brivgriesanas rezima

A

Vajadzigais atkartojumu
skaits sasniegts?

Rezultatu aprekins un
novertgjums

/

2.3. att. Eksperimentu algoritms
Eksperimentu pirmaja fazé visos 2.1. tabula paraditajos darba reZimos
noteikts degvielas veidam atbilsto§s maksimala griezes momenta (MGM)
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aizdedzes apsteidzes lenkis. Ka MGM kriterijs lietota 50 % no relativa skietama
siltuma daudzuma lenka veértiba, 10 gradi péc augstaka mainas punkta. Ja
izméginajuma MGM nav sasniegts, veikta aizdedzes apsteidzes lenka korekcija
un izméginajums atkartots.

Eksperimentalo pétjumu galvenaja dala, atbilstosi 2.3. att. paraditajam
algoritmam, vienmeérigas slodzes un motora apgriezienu rezZima vienlaicigi
registréti apkartéjas vides temperatiira, mitrums, gaisa spiediens, izpliides gazu
sastavs, degvielas temperatira un tilpuma plisma, temperatiira un spiediens
motora ieplides kolektora, temperatiira izpliides kolektora, ka art klokvarpstas
pagrieziena lenkis un gazu spiediens motora cilindra.

Eksperimentiem izvEléti astoni motora darbibas rezimi — divi atSkirigi
klokvarpstas rotacijas atruma rezimi un Cetri atSkirigi slodzes rezimi, kuru
galvenie parametri ir apkopoti 2.1. tabula.

Degvielas sadedzes pétijumi veikti, motoru darbinot ar katram degvielas
veidam atbilstoSu MGM aizdedzes apsteidzes lenki (AAL). Atseviskos
izm&gindjuma reZimos motors darbinats ar augsta bioetanola satura degvielam
E96 un E85, lietojot benzinam POS98 atbilstosu MGM aizdedzes apsteidzes
lenki, un $ajos rezimos iegiitie rezultati apzZiméti ar indeksu B, pieméram E96B,
E85B.

Atgazu paraugi analiz€ti nepartrauktd rezZima, ipasi izveidota piesléguma
vieta motora izpliides kolektora izejas dala. Pirms izm&ginajumu saksanas veikta
iekartas paskalibracija un noteikta CO» koncentracija apkartgja vide.

Visos izmgginajuma rezimos veikti pieci mérjjumu atkartojumi. P&tijumi
sakti, lietojot E85 degvielu un 1500 min? apgriezienu reZimu. Starp
atkartojumiem augosa seciba mainita motora slodze. Kad visos slodzes rezimos
iegilits nepiecie$amais atkartojumu skaits, apgriezieni mainiti uz 2000 min'* un
veikti izméginajumu atkartojumi, starp tiem mainot slodzi. Kad pétijjumu plans
ar E85 degvielu izpildits, degviela nomainita uz POS98 un iegiti dati planam
atbilsto$ajos reZimos un ar nepiecieSamo atkartojumu skaitu. Nosléguma
analogiska pétijumu sérija izpildita, lietojot E96 degvielu.

Datu apstrade veikta skaitlosanas vidé Matlab, atseviski apstradajot ar
dazadam iekartam iegiitos mérijumu datus, tad apvienojot rezultatus kopgja datu
masiva un veicot to statistisko apstradi un ticamibas novért&jumu. Pamatojoties
uz ar gazu analizatoru noteikto vielu koncentraciju izpliides gazes, aprékinats
COy, CO, slapekla oksidu (NOy), metana (CHa), kopgjais dazadu ogluadenrazu
(HC), acetaldehida (MeCHO), formaldehida (HCHO) un etanola (EtOH)
ipatngjais izmeSu daudzums. Aprékinu pan€miens veidots, pamatojoties uz
EK/ANO 49. regulu un oglekla lidzsvara panémienu.

Relativais spiediens motora cilindra parékinats absolitaja, pamatojoties uz
spiediena mérfjumiem iepludes kolektora. Virzula augstaka mainas punkta un
klokvarpstas pagrieziena stavoklis salagots, pamatojoties uz gazu spiediena
liknes simetrijas analizes panémienu (Nilsson, Eriksson, 2004). Vidgjais
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efektivais spiediens, ta variacija, indicéta jauda un Tpatngjais degvielas paterins
aprekinats, pamatojoties uz Heywood metodiku (Heywood, 2018).

Siltuma izdali§anas intensitate aprékinata, pamatojoties uz modificétu
Gatowski et al. metodiku, ievertgjot siltuma zudumus, kas noteikti brivgrieSanas
rezima (Gatowski et al., 1984).

2.3. Eksperimentali iegiitie rezultati

Degvielas veidam atbilstosas maksimala griezes momenta aizdedzes
apsteidzes lenka vertibas paraditas 2.4. att€la. Visos izmEgindjuma rezimos,
lietojot augsta bioetanola satura degvielu, MGM aizdedzes apsteidzes lenka
veértibas bija noteiktas mazakas, neka, lietojot POS98 degvielu. Izvéletajos
izméginajuma reZimos netika noveérota degmaisijuma pasaizdegsanas.

45
405 ® 1500 min?

40 365

35.0 ' 35.0 = 2000 mint
35

30.5
30 27. 275 275
27.0 25.5 255 27.0

Aizdedzes apsteidzes lenkis, gradi

Spiediens iepliides kolektora, kPa

2.4. att. Degvielas veidam atbilstoSas maksimala griezes momenta (MGM)

aizdedzes apsteidzes lenka vertibas
Visi izmégindjuma rezZimi un degvielu veidi, stehiometrisks degmaisijuma sastavs

Gazu spiediena izmainas cilindra, izméginajuma rezima ar klokvarpstas

rotacijas atrumu 2000 min, un spiedienu iepliides kolektora 40 kPa, ir paraditas
2.5. attela.
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2.5. att. Gazu spiediens cilindra atkariba no izmantotas degvielas un

aizdedzes apsteidzes lenka
Motora klokvarpstas rotacijas atrums 2000 min, spiediens iepliides kolektora 40 kPa

Lietojot termodinamisko modeli, aprékinata siltuma izdali$anas intensitate
motora darba cikla. Aprekins veikts motora darba cikla dala, kura nenotiek strauja
masas apmaina ar apkartgjo vidi — saspiedes, deg$anas un izpletes procesos, kad
ieplides un izpliides varsti ir aizverti.

Skietama siltuma izdaliSanas
intensitate, J grads

O P N W A~ O O N

-1
-40 -30 -20 -10 0O 10 20 30 40
KPL, gradi

2.6. att. Skietama siltuma izdali§anas intensitate atkariba no izmantotas

degvielas un aizdedzes apsteidzes lenka
Spiediens iepliides kolektora 40 kPa; motora klokvarpstas rotacijas atrums 1500 min;
S — aizdedzes dzirkstelizlades bridis
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Skietamas siltuma izdalianas intensitates raksturliknes visos izmé&ginajumu
slodzes rezimos ar motora klokvarpstas rotacijas atrumu 1500 min paraditas 2.6.
attéla. Salidzino$i Iidzenas raksturliknes liecina par pietiekami kvalitativi
veiktajiem mérjjumiem un datu apstrades tehnologiju. Izméginajumu reZimos,
kuros lietots benzinam atbilstoss aizdedzes apsteidzes lenkis, siltuma izdaliSanas
intensitates liknes apzimétas POS98, E96B un E85B. Galvenas atskiribas ir
noverojamas sadedzes procesa sakuma, un siltuma izdaliSanas intensitatei
sasniedzot maksimalo vertibu. Bioetanola degmaisijuma liesmas attistiba notiek
straujak. So novérojumu var pamatot ar to, ka sadedzes sakotngja faze, kamer
liesmas frontes virsmas laukums ir neliels, relativi lielaka nozime ir degvielas
laminaras liesmas degSanas atrumam.

Izmainot aizdedzes apsteidzes lenki, lai tas atbilstu augsta bioetanola satura
degmaisijuma MGM lenkim, attiecigi nobidas visa sadedzes procesa norise, bet
ietekme uz attistitas liesmas siltuma izdaliSanas intensitati un tas maksimalo
vertibu ir nenozimiga.

Relativa kumulativa siltuma izdaliSanas (RKSI) daudzuma raksturliknes
visos izm&ginajumu slodzes reZimos pie motora klokvarpstas rotacijas atruma
1500 min'? ir paraditas 2.7. attela. Lietojot gan benzinam, gan augsta bioetanola
satura degvielai atbilstoSu MGM aizdedzes apsteidzes lenki, E85 un E96
sadedzes procesa sakotngja faze, lidz 50 % no siltuma daudzuma sasniegSanai
norisinas savstarp&ji lidzigi.
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2.7. att. Relativais kumulativais siltuma izdalisanas daudzums atkariba no

izmantotas degvielas un aizdedzes apsteidzes lenka
Spiediens kolektora 40 kPa; motora klokvarpstas rotacijas atrums 1500 min
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Ipatnéja indicéta degvielas patérina relativais pieaugums attieciba pret POS98
ir paradits 2.8. attéla. Pielagojot motoru E85 degvielas lietoSanai POS98 vieta,
IDP relativais palielinajums bija 33-35 % robezas. E96 degvielas gadijuma IDP
relativais palielinajums bija 50-54 % robezas. AtSkiribas starp izm&ginajumu
degvielu siltumsp&ju ir lielakas, neka atkiribas starp IDP. ST efekta pamata
var€tu bt pilnigaks un efektivaks augsta bioetanola satura degvielas sadegS$anas
process, salidzinot ar benzinu. Indiceta lietderibas koeficienta rezultati paraditi
2.9. att. Lietderibas koeficients visu degvielu gadijuma palielinajas, pieaugot
motora slodzei un klokvarpstas rotacijas frekvencei. So efektu var pamatot ar
siltumapmainas relativas nozimes samazinasanos Salidzinot izmé&ginajumu
degvielas, visaugstakais ILK noveérots, lietojot E96 degvielu.
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2.8. att. Ipatngja indiceta degvielas patérina relativa atikiriba
Visi izmégindjuma rezimi ar MGM aizdedzes apsteidzi;
izmainas attieciba pret POS98

Indicéta lietderibas koeficienta pieaugumu lidz ar bioetanola daudzuma
picaugumu degviela var izskaidrot ar etanolam raksturigu lielaku laminaras
liesmas atrumu, un augstaku iztvaikosSanas entalpiju, kas samazina siltuma
zudumus motora degkamera.
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2.9. att. Degvielas veida ietekme uz indicgto lietderibas koeficientu
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Visi izméginajuma rezZimi ar MGM aizdedzes apsteidzi

CO; indicéta izmeSu daudzuma (lID) samazindjums, lietojot augsta
bioetanola satura degvielas attieciba pret POS98, ir paradits 2.10. att€la. Noverots
CO; IID samazinajums aptuveni 7...10 % apméra, lietojot E96, un aptuveni
10...12 % apmeéra lietojot E85, salidzinot ar benzina lietoSanu. CO; I1D atskiribas
starp izméginajumu degvielu veidiem galvenokart nosaka sakaribas starp
Tpatngjo degvielas patérinu, motora lietderibas koeficientu un H/C attiecibu

degviela.
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2.10. att. Oglekla dioksida izmeSu relativais samazinajums pret POS98

Spiediens iepliides kolektora, kPa
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Visi izmé&ginajuma rezimi ar MGM aizdedzes apsteidzi
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Lietojot E85 un E96 degvielu, iegiits oglekla oksida (CO) IID samazinajums
attieciba pret POS98 aptuveni 15...33 % apmera 1500 min! apgriezienu rezima,
un 20...25 % apméra 2000 min apgriezienu reZima.

Ipatngjais slapekla oksidu daudzuma relativais samazindjums attieciba pret
POS98, lietojot E96 un E85 degvielas, ir paradits 2.11. attéla. Visos
izméginajuma rezimos ar augsta bioetanola satura degvielam noverots statistiski
nozimigs un ievérojams NOy izmeSu samazinajums, salidzinot ar benzina
lietoSanu. Degmaisijuma sagatavoSanas procesa, iepliides kolektora iztvaikojot
Skidrajai degvielai, degmaistjums tiek atdzesgets, un So procesu ietekme degvielas
daudzums un iztvaikosanas entalpija. Augsta bioetanola satura degvielas, Tpasi
E96 lietoSanas ietekme uz NOy izmeSu samazinajumu ir skaidrojama ar etanola
augsto iztvaikoSanas entalpiju un atskirigo stehiometrisko attiecibu, salidzinot ar
benzinu. E96 degvielas sastava esoSais Udens samazina temperatiiru
degmaisTjuma sagatavosanas laika un sadeg8anas kamera.
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2.11. att. Slapekla oksidu izmeSu relativais samazinajums pret POS98
Visi izméginajuma reZimi ar MGM aizdedzes apsteidzi

Lietojot E85 degvielu, NOyx IID samazinajums attieciba pret POS98 bija
aptuveni 16...29 %, savukart E96 degvielas gadijuma 19...44 % apmeéra.
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2.12. att. Slapekla oksidu izmesu relativais samazinajums, lietojot MGM

aizdedzes apsteidzi
Visi izméginajuma rezZimi ar MGM aizdedzes apsteidzi

Aizdedzes apsteidzes lenka ietekme uz NOyx izmeSu daudzumu ir paradita
2.12. attela. Uzstadot augsta bioetanola satura degvielai atbilsto$u aizdedzes
apsteidzes lenki, lielakaja dala izm&ginajumu reZimu novérots nozimigs NOx
izmeSu samazinajums, salidzinot ar benzinam piemérotu aizdedzes apsteidzes
lenki. Lietojot E85 degvielu 2000 min apgriezienu reZima, ar tai atbilstosu
MGM aizdedzes apsteidzi, NOy IID samazinajums attieciba pret reZzimu ar
benzinam atbilstoSu MGM aizdedzes apsteidzi iegiits aptuveni 6...18 %,
savukart E96 degvielas gadijuma 5...23 % apméra.

Eksperimentali noteiktais ipatngjais etanola (EtOH) izme$u daudzums ir
paradits 2.13. attcla.
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2.13. att. Ipatn@jais etanola izmeSu daudzums atkariba no degvielas veida

un aizdedzes apsteidzes lenka
Motora klokvarpstas rotacijas atrums 1500 min’, visi izmg&ginajuma reZimi
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EtOH izmesu daudzumu ietekmgja gan izméginajumu degvielas veids, gan
aizdedzes apsteidzes lenkis. IzmeSu daudzums palielingjas, pieaugot etanola
daudzumam degviela. Augsta bioetanola satura degvielai piem&rota MGM
aizdedzes lenka ietekme uz etanola izmeSu daudzumu ir paradita 2.14. attela.

Uzstadot augsta bioetanola satura degvielai atbilstosu aizdedzes apsteidzes
lenki, lielakaja dala izm&gindgjumu reZimu novérots nozimigs EtOH izmeSu
samazinajums, salidzinot ar POS98 piemérotu aizdedzes apsteidzes lenki. Efekta
atSkiribas starp E96 un E85 degvielam nebija statistiski nozimigas.
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2.14. att. Etanola izmeSu relativas izmainas, lietojot MGM aizdedzes
apsteidzi

Acetaldehida (MeCHO) izmesi izpludes gazu sastava noveroti, lietojot visas

tris izméginajumu degvielas. Acetaldehida izmeSu pieauguma attieciba, lietojot
E96 un E8S5 attieciba pret POS98 degvielu, ir paradita 2.15. attela.
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2.15. att. Acetaldehida izmeSu daudzuma relativas izmainas pret POS98
Visi izméginajuma reZimi ar MGM aizdedzes apsteidzi
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Salidzinot ar benzina lietoSanu, ieglts acetaldehida izmesSu palielinajums
6...8 reizes E96 degvielas gadijuma un 4...5 reizes E85 degvielas gadijuma.

Formaldehida izme$u ipatngjais daudzums ir lidzigs visu izméginajumu
degvielu gadijuma, un batiski neatSkiras starp izm&ginajuma rezimiem.

3. AUGSTA BIOETANOLA SATURA DEGVIELAS LIETOSANAS
EKOLOGISKUMA UN KONKURETSPEJAS NOVERTEJUMS

Latvija, iesp&jams, bus grati sasniegt NOx un metanu nesaturo$o gaistos$o
organisko savienojumu (NMVOC) izme$u samazinajumu vajadzigaja apjoma.
Benzina pakapeniska aizstasana ar augsta bioetanola satura degvielu var palidz&t
samazinat NOx izme$u daudzumu. Saja darba eksperimentali noskaidrots, ka
benzina aizvieto$ana ar E85 degvielu un MGM atbilstosa aizdedzes apsteidzes
lenka korekcija samazingja ipatn&jo NOy izmesu daudzumu par aptuveni 22 %.
Sie dati iegiiti, analizgjot motora izplides gazes, un izputéja katalitiska
parveidotaja darbiba var mainit atikiribu starp NOy izmeSiem. ST darba autora
cita petijuma noskaidrots, ka NOy izmesu koncentracijas samazinajums, aizstajot
benzinu ar E85, péc katalitiska parveidotaja, izputéja izeja saglabajas (Gailis,
Pirs, 2014).

NMVOC izmesi ietver organisku vielu grupu, no kuram atseviskas ir kaitigas
dziviem organismiem un augiem, Un veicina ozona veido$anas saules gaismas
ietekme, atmosferas zemakajos slanos. Dazadam vielam ir atSkirTgs fotokimiskais
ozona veidoSanas potencials (FOVP).

Eksperimentalo pétijjumu rezultata ieglits, ka augsta bioetanola satura
degvielas E8S5 lietosana palielina NMVOC izmesSu ozona veidoSanas potencialu
par aptuveni 17 % un E96 degvielas gadijuma par aptuveni 31 %, salidzinot ar
bioetanolu nesaturosu benzinu POS98. Rezultati lauj secinat, ka bioetanola
lietoSana bitiski maina NMVOC izmesu sastavu, bet nesamazina, un iesp&jams,
palielina fotokTmisko ozona veidoSanas potencialu.

Aprekinatais SEG emisiju samazindjums attieciba pret benzina lietosanu visa
degvielas aprites cikla paradits 3.1. attéla. E96 degvielas gadijuma SEG emisiju
samazinajums ir aptuveni 58 %, lietojot tradicionala veida no kvieSu graudiem
iegitu bioetanolu, un 90...95 %, lietojot no celulozes izejvielam iegitu
bioetanolu. E85 degvielas gadijuma SEG emisiju samazinajums ir aptuveni 45 %
kviesu bioetanola gadijuma un aptuveni 80 % celulozes bioetanola gadijuma.
Degvielas aprites cikla SEG emisijas rezultatu atSkirtba starp dazadi iegutu
bioetanolu ir ievérojama, un norada, ka nakotng jaattista bioetanola ieguve ar
modernam metodém. VElams iegit izejvielas bioetanola razoSanai, $im merkim
neveicot augsnes mésloSanu vai apstradi.

2019. gada E85 degvielu Latvija pardod divas degvielas uzpildes stacijas.
Mazumtirdzniecibas cenas ir noteiktas tilpuma vienibas. Faktisko degvielas
vertibu lietotajam nosaka tas sadegSanas siltums un motora lietderiba. Ievertgjot
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tikai energgtisko vertibu, izdevigakais ickSdedzes motoru degvielas veids ir
saspiesta dabas gaze (SDG), tad seko saSkidrinata naftas gaze (SNG),
dizeldegviela, biodizeldegviela, benzins un E85.
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3.1. att. SEG emisijas relativais samazinajums attieciba pret benzinu

Transportda izmantojamu energijas avotu cenu salidzinagjums paradits
3.2. attela. Pasreiz E85 degviela ir lietotajam finansiali visneizdevigakais
autotransporta degvielas veids Latvija.
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3.2. att. Energijas avotu cena par energijas vienibu
Cenas ar nodokliem mazumtirdznieciba Latvija, 2019. gada augusta

Minimalo akcizes nodokla likmi katram degvielas veidam nosaka ES
likumdosana. Degvielas nodoklu likmes, kas ir zemakas par minimalo, ES
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dalibvalstim ir japamato un jasanem Eiropas Komisijas piekriSana to
piemérosanai.

Iespgjamais scenarijs akcizes nodokla apjoma noteikSanai E85 gadijuma ir
iezZiméts akcizes likuma labojuma likumprojekta, neludzot Eiropas Komisijai
(EK) piekriSanu samazinatas nodoklu likmes piemérosana, bet izveloties fiks&tu
zemako atlauto akcizes nodokla likmi. Alternativais scenarijs biitu aprékinat
nepiecieSamo nodoklu likmi, lai E85 izmaksas lietotajam biitu konkurétspgjigas
tirgdi, un ligt EK saskanojumu. ST darba turpinajuma veikts abu %o scenariju
novert&jums 2020. gadam.

Aprekina lietotas degvielas pamata komponensu vid&jas cenas Roterdamas
pre¢u birza, 2019. gada pirmajos 8 ménesos un 2020. gada paredzétas akcizes
nodokla likmes. Bazes scenarijs ir benzina POS95 lietoSana. Scenarijs, kura E85
pardoSanas un energijas vienibas cena aprékinata, pamatojoties uz likuma par
akcizes nodokla labojumu projektu, apziméts ka E85 SC1. Alternativais scenarijs
balstits uz akcizes nodokla likmes samazinajuma aprékinu. Aprékinu rezultati ir
apkopoti 3.1. tabula.

Lai E85 un POS95 izmaksas lietotajam biitu savstarpgji lidzigas, ieteicamajai
akcizes nodokla likmei E85 degvielai 2020. gada jabiit 18.4 % apméra no benzina
akcizes nodokla likmes. Scenarija E85 SC1, kur§ piedavats akcizes nodokla
labojumu likumprojekta, E85 klust par paterétajam finansiali vél neizdevigaku
degvielu, neka 2019. gada. Ta pardoSanas cena praktiski sakrit ar POS95 cenu.
Scenarija E85 SC2, kura E85 cena ir konkurgtspg&jiga attieciba pret benzina cenu,
cenu savstarpgja attieciba ir apméram 0.7.

3.1. tabula
Degvielas cenu novertéjums

Parameters, mervieniba POS95 E85 SC1 E85 SC2
Benzins RBOB, EUR 0.380 0.060 0.060
Bioetanols T2, EUR 0.029 0.493 0.493
Degvielas maisfjuma izmaksas, EUR 0.409 0.553 0.553
Akcizes nodoklis, EUR 0.509 0.360 0.094
Pardosanas cena ar nodokliem, EUR 1.323 1315 0.938
Energijas vienibas cena, EUR GJ-1 41.016 57.428 40.960
Pardoganas cenu attieciba - 0.994 0.709
Energijas vienibas cenu attieciba - 1.400 0.999
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SECINAJUMI UN PRIEKSLIKUMI

. Autotransporta lietoSana ir nozimigs siltumnicefekta gazu, oglekla dioksida
(CO2), ka arT slapekla oksidu (NOy), gaistosu organisko savienojumu
(NMVOQC), ka arT citu nevélamu gazu avots emisijas Latvija.

. Slapekla dioksida (NO2) un benzola koncentracija Latvijas pilsétas ir augsta,
un tuvojas PVO noteiktajam cilvéka veselibai bistamajam slieksnim.

. Ar pasreiz€jo tirgus reguléjumu biodegvielu Ipatsvara prognoze 2020. gada
Latvijas transporta degvielu patérina ir 4 %, kas liedz sasniegt ES direktiva
2009/28/EK nosprausto merki.

. Izstradatais algoritms un matematiskais modelis lauj aprékinat aizdedzes
apsteidzes lenka korekciju, kas japieméro benzinam atbilstosa aizdedzes
apsteidzes lenka noteik8anai, pielagojot motoru darbam ar augsta bioetanola
satura degvielu.

. Darba izstrades gaita izveidota gazu spiediena mériSanas iekarta, datu
apstrades sisttma un algoritms lauj motora cilindra ieglit ar motora
klokvarpstas pagrieziena lenki sinhronizgtus spiediena datus ar izSkirtsp&ju
0.1 KPL grads, un aprekinat indic€tos, siltuma izdali$anas un patngja izmesu
daudzuma parametrus.

. Eksperimentali iegiitais augsta bioetanola satura degvielai atbilstosais
maksimala griezes momenta aizdedzes apsteidzes lenkis ir par 1.0...4.5 gradu
velaks, neka noteikts benzinam. Lielakas atskiribas novérotas pie zemakas
slodzes un augstakiem motora apgriezieniem.

. Salidzinot ar benzinu, augsta bioetanola satura degvielas izmantoS$anas
termiskais lietderigums ir augstaks, jo indic€tais lietderibas koeficients
pieauga par 2.3...3.5 %, lietojot bioetanola un benzina maisijumu E85, un par
3.5...4.8 %, lietojot tideni saturosu bioetanolu E96.

. Eksperimentali noskaidrots, ka, aizvietojot benzinu ar augsta bioetanola
satura degvielu novérots sekojoSu nevélamo izmeSu daudzuma
samazinajums:

a. CO; aptuveni par 7...10 %, lietojot E96 degvielu;

b. COzaptuveni par 10...12 %, lietojot E85 degvielu;

c. CO aptuveni par 15...33 % apméra 1500 min? rezima, un 20...25 %
apméra 2000 min rezima;

NOy aptuveni par 19...44 %, lietojot E96 degvielu;

NOy aptuveni par 16...29 %, lietojot E85 degvielu;

HC aptuveni par 34...43 %, lietojot E96 degvielu;

HC aptuveni par 40...55 %, lietojot E85 degvielu.

Q =0 o
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9. Darba izvirzita hipotéze ir apstiprinata, jo darbinot motoru ar augsta
bioetanola satura degvielu un koriggjot aizdedzes apsteidzes lenki atbilstosi
degvielas veidam, novérots sckojosu izme$u daudzuma samazinajums,
salidzinot ar benzinam atbilstoSu aizdedzes apsteidzes lenki:

a. NOxno 1 % lidz 23 %;
b. etanols no 0 % lidz 12 %.

10. Pasreiz augsta bioetanola satura degvielas E85 konkurétsp&ja Latvijas
degvielu tirgl ir zema, jo ta ir lietotdjam finansiali visneizdevigaka
autotransporta degviela Latvija, un tas cena par energijas vienibu ir par 31 %
augstaka, neka POS95 benzinam.

11. Lai paaugstinatu biodegvielu konkurétspgju, ieteicams akcizes nodokla likmi
noteikt tada apmeéra, lai degvielas cena par energijas vienibu bitu lidziga
fosilas izcelsmes degvielai, kuru ta aizvieto. leteicamajai akcizes nodokla
likmei E85 degvielai 2020. gada biitu jabut ne vairak ka 18.4 % apméra no
benzina akcizes nodokla likmes.

31



TOPICALITY OF THE RESEARCH

Climate change is one of the greatest threats to mankind’s existence. Directive
2009/28/EC the European Parliament and of the Council on the promotion of the
use of renewable energy resources is binding on the countries of the European
Economic Area. It defines biofuels as the most important alternative fuels, which
can contribute to the overall reduction of CO, emissions. By 2020, each EU
Member State should achieve a minimum of 10 % share of biofuels in transport
fuel consumption (Eiropas Padome, 2009).

The forecast of calculations by the Ministry of Economy shows that, with the
current regulation, it is possible to reach up to 4 % of the share of renewable
energy resources in transport in Latvia (Ministru kabinets, 2017).

Total greenhouse gas (GHG) emissions by automotive transport in Latvia
have not decreased since the adoption of the Kyoto Protocol, instead there is an
increase in emissions. Reduction of GHG emissions can be achieved by using
alternative forms of energy produced in a sustainable way. The capacity available
in Latvia to produce biofuels exceeds demand. In order to increase the share of
biofuels in the total quantity of fuel intended for transport, measures should be
taken to boost demand. Bio-ethanol is one of the alternative fuels by which it is
possible to reduce greenhouse gas and harmful emissions by partly or entirely
replacing gasoline from fossil sources (Ekonomikas ministrija, 2013).

Gasoline-fuelled motor vehicles can be adapted for the use of high bio-
bioethanol blend fuel. Most fuel adapters offered on the EU market are correcting
the air-fuel ratio, no adjustment is made to the spark angle (Gailis, Pirs, 2013).

Directive 2016/2284/EC contains a commitment by Member States to reduce
certain emissions, compared to quantities calculated in 2005. Assessing available
data, the commitment to achieve a 32 % reduction in NOx emissions in 2020 may
not be achieved in Latvia if additional measures are not implemented (European
Environment Agency, 2019; European Parliament and the Council of the
European Union, 2016).

Directive 2014/94/EU on the introduction of alternative fuel infrastructure
defines a system of measures for the introduction of alternative fuels in order to
minimise the oil dependency of transport and to reduce the environmental impact.
Fuels replacing gasoline are discussed separately. Alcohol fuels can be mixed
with gasoline and used with current vehicle technologies or with minor
adaptations (Eiropas Padome, 2014).

The efficiency and ecological performance of the combustion process in the
spark-ignition engine is affected by the air/fuel mixture parameters and the
phasing of the combustion during the engine operating cycle.

A number of unclear issues have been identified assessing results of the
research on the substitution gasoline with bio-ethanol.
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The difference in spark angle between gasoline and bio-ethanol to achieve
maximum torque (MBT) has not been sufficiently studied, and the results of the
studies have been uncertain and sometimes contradictory.

In theory, a reduction in CO, emissions by increasing the amount of bio-
ethanol in fuel is reasonable. Comparing the results obtained by different
researchers shows that they are dissimilar and sometimes contradictory.

Replacement of gasoline with bio-ethanol is expected to result in a reduction
in the specific amount of NOx emissions. The relative significance of the impact
of the spark angle corresponding to the type of fuel with regard to NOx emissions
has not been sufficiently studied.

Following an analysis of the results of the previous studies, the hypothesis,
aim and objectives of the dissertation have been formulated.

THE OBJECT, HYPOTHESIS, AIM AND TASKS

The object of the studies is the combustion process of bio-ethanol in a spark-
ignition engine.

Working hypothesis: replacing gasoline with high bio-ethanol content fuel
and adjusting the spark angle according to the type of fuel can significantly
reduce the amount of harmful emissions.

The aim of the research is to study the effects of substitution of gasoline with
high bio-ethanol content fuel on the combustion in a spark-ignition internal
combustion engine and its efficiency and emissions.

The tasks of the research:

1) To develop an algorithm and mathematical model for determining the amount
of correction for the spark angle in order to adapt a gasoline-fuelled spark-
ignition engine to a high bio-ethanol content fuel.

2) To develop and validate a specialised data acquisition and processing system
and algorithm for combustion studies of high bio-ethanol content fuel in a
spark-ignition engine.

3) To assess the effects of the adaptation of the engine for the use of high bio-
ethanol content fuel on thermal efficiency and the emissions of greenhouse
and harmful gases.

4) To assess the competitiveness of high bio-ethanol blend fuel in Latvia and to
develop recommendations to improve its competitiveness.

RESEARCH METHODS

Experimental, analytical and computer modelling research methods have
been applied. An original methodology was developed, combined with a
methodology developed by the recognised researchers of internal combustion.

Modelling of the compression of the gas mixture and the flame development
in turbulent environment was performed in the theoretical part of the research.
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In the experimental part of the work, studies were performed on the
combustion process, analysing pressure changes in the engine cylinder, fuel
consumption and exhaust gas composition.

THESES SET FOR THE DEFENSE

1. Replacing gasoline with high bio-ethanol content fuel could lead to a
significant reduction in greenhouse gas emissions.

2. When adapting a spark-ignition engine to high bio-ethanol content fuel, the
correction of the spark angle corresponding to the fuel type significantly
reduces the amount of harmful engine exhaust emissions.

3. If the spark angle for the gasoline use and the parameters of the engine are
known, it is possible to determine the appropriate spark angle for the high bio-
ethanol content fuel.

SCIENTIFIC NOVELTY OF THE RESEARCH

¢ An algorithm and mathematical model has been developed for determining
the spark angle correction, applicable for the conversion of the spark-ignition
engine for the use of the high bio-ethanol content fuel.

e Data acquisition device, data processing system and an algorithm for
combustion research in the cylinder of an internal combustion engine has been
developed and validated.

e The importance of the spark angle correction while adapting gasoline-fuelled
engines for high bio-ethanol content fuel use has been clarified.

SCIENTIFIC AND ECONOMIC IMPORTANCE

e The types of gaseous emissions in Latvia, and the amount of which exceeds
the regulatory limits and are caused by road transport activities have been
identified

e Air pollution components that have concentration in the air close to a health-
threatening threshold have been identified in Latvia.

e Functionality of the equipment for the LLU Alternative Fuels Scientific
Laboratory is significantly expanded, allowing for fuel consumption
measurement and the engine exhaust gas analysis in the mass domain, as well
as the cylinder pressure analysis at high resolution.

e The types of emissions and their respective reduction that can be achieved by
replacing gasoline with high bio-ethanol content fuel and by adjusting the
spark angle to the fuel type have been found.

e The competitiveness of high bio-ethanol blend fuel in Latvia has been
investigated and recommendations for improvement have been provided.

34



APPROBATION

The findings, theses and the results of the research have been published in the

peer-reviewed scientific journals and the proceedings of the international
scientific conferences. The results have been presented and discussed in the
international scientific conferences.
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Gailis M., Dukulis 1., Pirs V., Birzietis G. (2018). Practical methodology for
calculation of specific gaseous emissions. In Engineering for Rural
Development (Vol. 17, pp. 2141-2146). Jelgava: Latvia University of Life
Sciences and Technologies. DOI: 10.22616/ERDev2018.17.N508

Gailis M., Pirs V. (2017). Experimental analysis of combustion process in SI
engine using ethanol and ethanol-gasoline blend. Agronomy Research,
15(Special Issue 1).

Gailis M., Pirs V. (2015). Assessment of compatibility of fuel supply system
polymeric parts with bioethanol/ gasoline blend E85. In Engineering for
Rural Development (Vol. 14, pp. 307-312). Jelgava: Latvia University of Life
Sciences and Technologies.

Pirs V., Gailis M. (2014). Regulated emissions from spark ignition engine
adapted for use of E85 fuel. In Engineering for Rural Development (Vol. 13,
pp. 241-246). Jelgava: Latvia University of Life Sciences and Technologies.
Gailis M., Pirs V. (2014). Effect of ignition timing on emissions of spark
ignition engine using E85 fuel. In Research for Rural Development (Vol. 1,
pp. 212-218). Jelgava: Latvia University of Life Sciences and Technologies.
Gailis M., Pirs V. (2013b). Experimental study in gasoline engine injector
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Latvia University of Life Sciences and Technologies.

Gailis M., Pirs V. (2013a). Experimental investigation of fuel conversion
adapter using bioethanol and gasoline blends. In Research for Rural
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1. DIFFERENCES IN THE EARLY PHASE OF COMBUSTION
BETWEEN HIGH BIO-ETHANOL CONTENT FUEL AND
GASOLINE

In the theoretical part of the work, the range of topics includes differences
between thermodynamic and physical parameters and the flame speed in
turbulent environments of high bio-ethanol content fuel and gasoline
homogeneous air/fuel mixture. An algorithm is developed for determining the
spark angle correction, if the gasoline is replaced with high bio-ethanol content
fuel but geometrical and operating conditions of the engine are not changed.

The problem is solved by assuming that the engine is being adapted to high
bio-ethanol content fuel and that the MBT spark angle for gasoline is already
defined. The solution is divided into several parts:

e Selection of suitable surrogate fuel;

e Calculation of the mass and molar parts of the air/fuel mixture;

e Calculation of thermodynamic properties of the air/fuel mixture in the

compression process;

o Assessment of heat transfer;

e Calculation of the duration of the flame development phase;

o Determination of the spark angle for the high bio-ethanol content fuel.

A 0-dimensional thermodynamic model has been developed. The model
allows to calculate changes in temperature and pressure in the compression
process based on the properties of the engine, fuel mix composition and effects
of the heat transfer. The model is developed in a numerical environment Matlab.
The model consists of a main script and six user-created functions. Heat transfer
modelled on the basis of a study by Woschni (Woschni, 1967). The combustion
process in the model is divided into two parts, the flame development and the
rapid burning phases. The duration of the flame development phase is modelled
on a method developed by US researchers by taking account to the effects of
aerodynamic and chemical processes (Hires et al., 1978).

1.1. Limitation of the model

The model includes two engine cycle processes — compression and start of
combustion. It is assumed that the fuel mixture has been prepared in advance, is
gaseous and homogenous. Surrogate for gasoline imitation is toluene reference
fuel (TRF) and for imitation of high bio-ethanol content fuel pure ethanol (E100)
is used.

1.2. Algorithm and mathematical basis of the model

The algorithm of the model is shown in Fig. 1.1.
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Fig. 1.1. Algorithm of the model

For the calculation of thermodynamic and heat transfer parameters, the values
of combustion chamber volume and surface area at any CAD were calculated.
Pressure change was calculated using the following equation:
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dp _dQy-1 dvVy
dp do V doV

where p — cylinder pressure, Pa;
¢ — crank angle, degrees;
Q — transferred heat between cylinder surface and the gas, J;
V — cylinder volume, m?;
y — ratio of heat capacities.

L1

The temperature change was calculated using the following equation:

dT 1dv 1dp
— = ——+——T 12)
dp (Vde pde

where T — cylinder gas temperature, K.

The initial temperature of the air/fuel mixture is assumed to be close to the
temperature of the air in the intake manifold. Ratio of heat capacities is
determined by knowing the composition and temperature of the air/fuel mixture
and using REFPROP database (Lemmon et al., 2018). The heat transfer
coefficient at any CAD in the compression process was calculated using the
technique developed by the German researcher Woschni (Woschni, 1967).

The parameter values are calculated at fixed step 0.1 CAD. The instantaneous
values of the pressure and temperature at each step are calculated by cumulatively
summing the value into the beginning of the process and the calculated changes.

The calculation of the laminar flame speed was performed based on the
equation developed by Metghalchi and Keck (Metghalchi, Keck, 1982).
Calculation factors and improvements to the equation are derived from Marshall
et al.(Marshall et al., 2011).

Flame development angle calculated using a technique based on turbulent
field theory (Hires et al., 1978). Assumption is proposed that the differences in
the intensity of turbulence between gasoline and high bio-ethanol content fuel are
minor. The differences in the rapid burning phase between these types of fuels
are described by the empirically obtained equation, which is applicable in the
temperature and pressure range studied. Assessing the difference in the duration
of the flame development and the rapid burning phase between TRF and E100
sets out the necessary adjustment for the spark angle.
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1.3. Modelling results and their assessment

The pressure changes in the combustion chamber are shown in Fig. 1.2. The
chart shows a comparison of experimental (motoring, RON98 and E96) and
calculated (TRF and E100) values in the compression process.

10
B
s 9 Motoring
5 - === RON98
[7¢]
L 8 TRF
o

- = =FE96

7 E100

6

5

4

-40.00 -35.00 -30.00 -25.00 -20.00

Crank angle, degrees

Fig 1.2. Effect of fuel type on the pressure rise in the cylinder
Comparison of experimental and modelling results. Engine speed 1500 min‘%; pressure in intake
manifold 70 kPa, stoichiometric air/fuel mixture; RON98 - gasoline, experimental data;
TRF - toluene reference fuel, calculated results; E96 - hydrous bioethanol, experimental data;
E100 - anhydrous ethanol, calculated results

Compression pressure curves show a high conformity of experimental and
modelling data

Under the conditions studied, the laminar flame speed of the E100 air/fuel
mixture is greater than the laminar flame speed of TRF. The engine speed has a
significant effect, as with the speed increases the MBT spark angle advance, and
consequently the pressure and temperature of the combustion chamber at the time
of ignition decreases. As the engine speed rises, the difference between laminar
flame speeds of the two fuel types being studied decreases.

For the calculation of the duration of flame development and rapid burning
phases for gasoline and high bio-ethanol content fuels, the required parameters
are determined at CAD corresponding to the MBT spark angle for the gasoline.

A comparison of the duration of the combustion phases obtained by modelling
with the experimental results is shown in Fig. 1.3. The calculated results agree
with the experimental within 95 % confidence level.
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Engine speed 1500 min; stoichiometric air/fuel mixture
The experimental and calculated values for the spark angle at MBT timing are
shown in Fig. 1.4. Calculated values for the high bio-ethanol content fuel are
presented in bold.
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Fig. 1.4. Comparison of calculated and experimental spark angle
RON98 and E96 — experimental data; E100 — calculated result
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2. EXPERIMENTAL RESEARCH ON HIGH BIO-ETHANOL
CONTENT FUEL COMBUSTION

The effects of high bio-ethanol content fuel on the combustion process, the
thermal efficiency of the engine and the composition of the exhaust gases were
studied. The research has been carried out in laboratory conditions using an
automobile with a customized engine control system. A new control, data
acquisition and processing system has been developed in the LabVIEW and
Matlab. Studies have been performed at the LLU Alternative Fuel Scientific
Laboratory, Jelgava, 2 Paula Lejina street.

2.1. Materials for the research

Experimental setup is shown in Fig. 2.1.
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Exhaust gas flow — Analogoue and digital signal

Fig. 2.1. Experimental setup
1 - Cooling fan; 2 — Fuel tank; 3 — Chassis dyno display; 4 — Engine controller VEMS 3.6;

5 — Automobile Renault Twingo; 6 — Exhaust gas extracting pipe; 7 — PC for the engine control;
8 — Chassis dyno eddy current brake; 9 — Chassis dyno roll; 10 — Fuel flow measurement device
AVL KMA Mobile; 11 — Cylinder pressure data acquisition system; 12 — Computer for chassis dyno
control; 13 — Exhaust gas analyser AVL SESAM FTIR 4
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The combustion studies have been conducted using three fuel samples:
gasoline (RON98), bio-ethanol-gasoline blend (E85) and bio-ethanol with an
ethanol content of 96.2% by volume (E96).

The test automobile, Renault Twingo, is equipped with an in-line four cylinder
engine. It operates in a four-stroke cycle with atmospheric air supply and spark
ignition, having displacement volume of 1149 cm? and a compression ratio of
9.65.

The engine was tested within an automobile, using chassis dyno Mustang
MD-1750 for the loading. User-controllable ECU VEMS 3.6 was used for
managing engine operation.

Fuel flow was measured, using device AVL KMA Mobile. Composition of the
engine-out exhaust gases were analysed by AVL SESAM FTIR 4. Crank angle was
measured by optical encoder Kistler 2613B. Cylinder pressure measurement was
performed using spark plug with built-in piezo-electric sensor Kistler
6118BFD16 and charge amplifier Kistler 5018A. Inlet, exhaust and fuel
temperature were measured with K-type thermocouples. Crank angle degree,
cylinder and inlet manifold pressure, inlet, exhaust and fuel temperature were
recorded using modular controller National Instruments NI cRIO 9068 signal-
specific input modules. Data acquisition system layout is shown in Fig. 2.2.

Fig. 2.2. Layout of data acquisition system
1— Computer running LabVIEW; 2 — Module NI 9222; 3 — Charge amplifier Kistler 5018A;
4 — Inlet pressure sensor; 5 — Measuring spark plug Kistler 6118; 6 — Camshaft position sensor;
7 — Crankshaft position encoder Kistler 2613B; 8 — Module NI 9752; 9 — Controller NI cRIO 9068;
10 — Module NI 9214; 11 — Temperature sensor; a — Digital signal; b — Analogue and logical signal

43



2.2. Experimental methods

The automobile was positioned and secured on the chassis dyno. External fuel
tank was filled with the test fuel. Exhaust gas extractor and all test measuring
equipment was switched on. For the warmup, the engine has been operated in
moderate load mode. Measurements started with the engine and fuel reaching
working temperature.

During tests, the chassis dyno was operated in constant driving speed mode.
Engine speed was controlled by the chassis software, controlling the speed of
driving. In all test modes, the gearbox of the car was set in a fourth gear.

The engine load was controlled by setting pressure in the intake manifold.
The throttle position is set with the lever stop-bolt. The engine was operated in a
closed control cycle with a user-selected relative air-to-fuel ratio and spark angle.

Engine synchronous data of the pressure in the cylinder and inlet manifold
were recorded with step 0.1 CAD, using controller NI cRIO 9068 and specialised
signal input modules. The data were recorded when intended engine operating
mode has been set and stabilised.

In the first phase of the experiments, MBT spark angle for all the test fuels
and all operating modes shown in Table 2.1 were established. As an MBT
criterion, 10 CAD after top dead centre of 50 % heat released was used.

Table 2.1.

Engine load and speed set-points for combustion research

Engine speed, min't Inlet manifold pressure, Gross_ indicated mean
kPa effective pressure, bar

40 3.3

50 4.4

1500 o0 57

70 6.7

40 3.3

50 4.4

2000 60 57

70 6.7

In the main part of the experimental studies, ambient temperature, humidity
and air pressure, exhaust gas composition, fuel temperature and volume flow,
temperature and pressure in the engine intake manifold, the temperature in the
exhaust manifold, the crankshaft angle and pressure in the engine cylinder were
recorded simultaneously at steady engine speed and load conditions.
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Fig. 2.3. Algorithm of experimental research
One test repeat pattern, one fuel type and constant engine speed

Eight engine operating modes have been selected for testing: two different
crankshaft rotation speed modes and four different load modes, the main
parameters of which are summarised in Table 2.1.

The combustion studies have been performed by operating the engine at an
MBT spark angle for each type of fuel, according to the algorithm, shown in Fig.
2.3. In certain test modes, the engine has been operated on high bio-ethanol
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content fuels E96 and E85, using gasoline MBT spark timing, and the results
obtained in these settings are designated by index B such as E96B, E85B.

The exhaust gas composition was analysed in continuous mode, and samples
taken from the user-made connection in the engine exhaust manifold. A self-
calibration of test equipment and sampling of surrounding air were performed
before the engine testing.

Five repeated measurements have been performed in all test modes. Studies
have been started with E85 fuel and engine set at speed 1500 min. Engine load
was changed in ascending order between repetitions. When the required number
of repetitions has been obtained in all load modes, the engine speed has been
changed to 2000 min and tests at different load set-point repeated. When the test
plan with the E85 fuel has been completed, the fuel has been switched to RON98
and data has been obtained in the appropriate settings for the plan and with the
required number of receptions. In conclusion, an analogous series of studies has
been performed using E96 fuel.

Data processing has been performed in the Matlab computing environment
by separately processing data obtained with different equipment, then combining
the results into a total array of data and conducting their statistical processing and
confidence assessment. Based on the concentration of the substances determined
by the gas analyser in the exhaust gas, the specific emissions of CO,, CO,
nitrogen oxides (NOy), methane (CH,), total of various hydrocarbons (HC),
acetaldehyde (MeCHO), formaldehyde (HCHO) and ethanol have been
calculated. The calculation method is based on the EC/UN Regulation 49 and the
carbon balance method.

The pegging of relative cylinder pressure was based on the intake manifold
pressure. Cylinder pressure and cylinder volume were aligned on the basis of the
symmetry method of the cylinder pressure curve (Nilsson, Eriksson, 2004).
Indicated mean effective pressure (IMEP), its variation (COV), indicated power
and specific fuel consumption were calculated, based on mythology,
recommended by Heywood (Heywood, 2018).

Apparent heat release rate (AHRR) was calculated, based on modified
methodology by Gatowski et al., correcting the result by heat losses during
motoring (Gatowski et al., 1984).

2.3. Experimental results

The values corresponding to the type of fuel at the MBT spark timing are
shown in Fig. 2.4. In all test modes, MBT spark angle for high bio-ethanol content
fuel was less retarded, comparing to the gasoline. No self-ignition of the fuel
mixture was observed in the selected test modes.
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Fig. 2.4. Maximal brake torque (MBT) spark angle corresponding to the

fuel type
All test modes, stoichiometric air/fuel ratio

The pressure changes in the cylinder, the test mode with a engine speed
2000 min and the pressure in the intake manifold 40 kPa are shown in Fig. 2.5.
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Fig. 2.5. Cylinder pressure depending on fuel type and test conditions

Engine speed 2000 min, Pressure in the inlet manifold 40 kPa

Using a thermodynamic model, the heat release rate over the engine operating
cycle, excluding gas exchange, has been calculated. The apparent heat release
rate curves in all test load modes with an engine speed 1500 min are shown in
Fig. 2.6. The relatively smooth curves show sufficient quality of measurements
and data-processing technology.
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Fig. 2.6. Apparent heat release rate depending on fuel type and test

conditions
Inlet manifold pressure 40 kPa; Engine speed 1500 min*; S — spark discharge angle

In test modes using a gasoline-matching spark angle, heat release curves were
identified as RON98, E96B and E85B. The main differences are observed at the
beginning of the combustion process, and during heat release rate maxima. The
high bio-ethanol content fuel flame is developing more rapidly. This observation
can be based on the fact that during the initial phase of the combustion phase,
while the surface area of the flame front is small, the laminar flame speed of the
fuel is of relatively greater importance.

When the spark angle is corrected to match the MBT angle of the high bio-
ethanol content fuel, the combustion process is offset accordingly, but the effect
on the heat release rate of the developed flame and its maximum value is
insignificant.

The graph of relative cumulative heat release in all test load modes at the
engine speed 1500 min are shown in Fig. 2.7. During the initial phase, up to
50 % of heat released, the combustion of E85 and E96 takes place in a similar
manner.
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Fig. 2.7. Relative cumulative heat release depending on fuel type and spark

advance
Inlet manifold pressure 40 kPa; Engine speed 1500 min‘*

The increase in the indicated specific fuel consumption (SFC) using high bio-
ethanol content fuel relative to RON98 is shown in Fig. 2.8. When the engine was
adapted for the use of the E85 fuel as a replacement for gasoline, the relative
increase of the SFC was within 33-35%. In the case of E96, the relative increase
of SFC was within 50-54%. The difference between the calorific value of test
fuels is greater than the difference between SFC. This effect could be explained
on a more complete and efficient process of combustion of high bio-ethanol
content fuel compared to gasoline. The results of the indicated thermal efficiency
are shown in Fig. 2.9. The thermal efficiency for all fuels increased as engine
load and speed increased. This effect can be based on a decrease in the relative
importance of heat exchange. Comparing the test fuels, the highest thermal
efficiency was observed with E96 fuel.
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Fig. 2.8. Relative difference in specific fuel consumption

All test modes using MBT spark angle;
Difference relative to RON98

The increase in the indicated thermal efficiency along with an increase in the
amount of ethanol in the fuel, can be explained by ethanol-specific higher laminar
flame rates and higher enthalpy of evaporation, reducing heat losses in the
combustion chamber.
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Fig. 2.9. Indicated thermal efficiency using different test fuels

All test modes using fuel-specific MBT spark angle

The reduction of specific emissions of CO; by replacing gasoline with high
bio-ethanol content fuels is shown in Fig. 2.10. A decrease in CO, emissions of
approximately 7 ... 10 % was observed for E96 and approximately 10 ... 12 %
for E85 compared to gasoline. The differences in CO, emissions between the
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tested fuels are mainly attributed to differences in the specific fuel consumption,
the engine thermal efficiency and the H/C ratio in the fuel.
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Fig. 2.10. Reduction in CO2 specific emission comparing to RON98
All test modes using fuel-specific MBT spark angle

When replacing gasoline with E85 and E96 fuels, the reduction of specific
carbon monoxide (CO) emission was approximately 15 ... 33 % at engine speed
1500 min* and 20 ... 25 % at engine speed 2000 min™,

The specific relative decrease in the amount of nitrogen oxides relative to
RON98 for E96 and E85 fuels is shown in Fig. 2.11. A statistically significant
reduction in NOx emissions compared to gasoline was observed in all test modes
with high bio-ethanol content fuel. In the process of forming the air/fuel mixture
by evaporating the liquid fuel in the intake manifold, the air/fuel mixture is cooled
and this process is influenced by the amount of fuel and the enthalpy of
evaporation. The effect of high bio-ethanol content fuel, particularly the use of
E96, on the reduction of NOx emissions can be explained by the high evaporative
enthalpy of ethanol and the different stoichiometric ratio compared to gasoline.
The water contained in the E96 reduces the temperature during air/fuel mixture
preparation and in the combustion chamber.
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Fig. 2.11. Reduction in NOx specific emission comparing to RON98
All test modes using fuel-specific MBT spark angle

When replacing gasoline with E85, the reduction of NOx specific emissions
relative to RON98 was approximately 16 ... 29 %, while in the case of E96 fuels

the reduction was 19 ... 44 %.
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Fig. 2.12. Relative reduction of emission of nitrogen oxides using the MBT

spark angle
All test modes using fuel-specific MBT spark angle

The effect of the spark angle on NOx emissions is shown in Fig. 2.12. In most
test modes, significant reductions in NOy emissions have been observed when
setting an appropriate spark angle for the high bio-ethanol content fuel compared
to a gasoline-specific spark angle. When using the E85 fuel at the engine speed
2000 min, with its corresponding MBT spark angle, the reduction of NOx
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emissions was approximately 6 ... 18 % relative to the gasoline-matched MBT
spark angle, while in the case of E96 fuel at 5 ... 23 %.

The specific emissions of unburned ethanol (EtOH) are shown in Fig. 2.13.
Ethanol emissions were affected by type of test fuel and the spark angle.
Emissions increased as ethanol content increased in the fuel. For high bio-ethanol
content fuel, the effect of a fuel-specific MBT spark angle on ethanol emissions
is shown in Fig. 2.14.
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Fig. 2.13. Effect of test fuel on unburned ethanol emissions
Engine speed 1500 min?, all test modes

In most test modes, significant reductions of EtOH emissions have been
observed when setting a fuel-specific MBT spark angle for a high bio-ethanol
content fuel compared to gasoline-specific spark angle. The difference in
unburned ethanol emission between E96 and E85 fuels were not statistically
significant.
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Fig. 2.14. Changes in ethanol emission using the MBT spark angle
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Emissions of acetaldehyde (MeCHO) have been observed with all three test
fuels. Changes in acetaldehyde emissions using E96 and E85, comparing to
RON98 is shown in Fig. 2.15.
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Fig. 2.15. Changes in acetaldehyde emission by E85 and E96 relative to

RON98
All test modes using fuel-specific MBT spark angle

Comparing to gasoline, the increase in acetaldehyde emission was
6 ... 8 times for E96 fuel and 4 ... 5 times for E85 fuel.

The amount of formaldehyde emission was similar to all tested fuels and did
not differ significantly between the test modes.

3. ASSESSMENT OF THE ECOLOGICAL AND ECONOMICAL
ASPECTS OF HIGH BIOETHANOL CONTENT FUEL USE

In Latvia, it may be difficult to achieve the reduction of NOy and non-methane
volatile organic compound (NMVOC) emissions to the required level. The
gradual replacement of gasoline with high bio-ethanol content fuel can help
reduce NOy emissions. According to the experimental results of this research, the
replacement of gasoline with E85 fuel and the corresponding correction of the
spark angle, reduced the specific NOy emissions by approximately 22 %. These
findings arose from the engine exhaust gas analysis and the performance of the
exhaust catalytic converter may change the difference between NOx emissions.
Another study by the author of this work shows that the reduction in NOy
emissions by replacing gasoline with E85 is maintained after the catalytic
converter in the tailpipe emissions (Gailis, Pirs, 2014).

NMVOC emissions include a group of organic substances, some of which are
harmful to living organisms and plants, and contribute to the formation of ozone
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by sunlight in the lower atmospheric layers. Different substances have dissimilar
photochemical ozone-formation potential (POFP).

Experimental studies have shown that the use of high bio-ethanol blend fuel
E85 increases the POFP of NMVOC emissions by approximately 17 % and, in
the case of E96, by approximately 31 % compared to ethanol-free gasoline
RON98. The results suggest that ethanol use significantly changes the
composition of NMVOC emissions but does not decrease, and possibly increases
the photochemical ozone-formation potential.

The estimated reduction in GHG emissions relative to gasoline use over the
fuel life cycle (well to wheels) is shown in Fig. 3.1. In the case of E96 fuel, the
reduction in GHG emissions is approximately 58 % for conventionally produced
bio-ethanol from wheat grain, and 90... 95 % in case of the use of bio-ethanol,
produced from cellulose. In the case of E85 fuel, the reduction in GHG emissions
is approximately 45 % for wheat bio-ethanol and approximately 80 % for
cellulose bio-ethanol. The effects of the source of the raw materials and
production method on life-cycle GHG emissions of high bioethanol content fuel
are significant. It is desirable to obtain raw materials for the production of ethanol
without cultivation and fertilization of the soil for this purpose.

In 2019, ES85 fuel is sold in Latvia in two fuel retail stations. The actual fuel
value for the user is determined by its price relative to combustion heat and engine
efficiency. When assessing only the energy value, the most beneficial type of fuel
for internal combustion engines in Latvia is compressed natural gas (CNG),
followed by liquefied petrol gas (LPG), diesel fuel, biodiesel fuel, gasoline and

E85.
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Fig. 3.1. GHG emission reduction by bio-ethanol use comparing to gasoline
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A comparison of the prices of energy sources for transport is shown in
Fig. 3.2. Currently, E85 fuel is the most financially disadvantaged road transport
fuel type in Latvia.
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Fig. 3.2. Cost comparison of energy sources
Price with taxes in Latvia, August 2019

The minimum rate of excise duty for each type of fuel is determined by EU
legislation. Excise rate, that is below the minimal rate should be justified and
approved by the European Commission for their application.

The possible scenario for determining the amount of excise duty in the case
of E85 is highlighted in the draft amendment to the Excise Law. It proposes
application of a fixed minimum allowable excise duty rate, without asking the
European Commission for consent for the application of the reduced excise duty
rate. The alternative scenario would be to calculate the required tax rate so that
the costs of E85 are competitive on the market and ask for EC harmonisation.
This work is followed by an assessment of both scenarios for 2020.

Average prices of basic fuel components on the Rotterdam Commodity
Exchange, during the first 8 months of 2019 and the rates of excise duty for 2020
were used for the calculation. The baseline scenario is the use of gasoline RON95.
The scenario in which the unit price of E85 is calculated on the basis of a draft
amendment to the excise duty is designated as E85 SC1. The alternative scenario,
E85 SC2, is based on the calculation of the necessary reduction in the rate of
excise duty. The results of the calculation are shown in Table 3.1.

For the costs of E85 and RON95 to be alike to the user, the recommended rate
of excise duty on E85 fuel should be 18.4% of the rate of excise duty on gasoline
in 2020. In scenario E85 SC1, proposed in the amendment of the Excise Law,
E85 is becoming even more financially unfavourable fuel for the consumer than
in 2019. Its sales price practically coincides with the RON95 price. In scenario
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E85 SC2, where the price of E85 is competitive relative to the price of gasoline,
the price-to-price ratio is around 0.7.

Table 3.1
Assessment of the fuel costs
Parameter, unit RON95 E85 SC1 E85 SC2
Gasoline RBOB, EUR 0.380 0.060 0.060
Bio-ethanol T2, EUR 0.029 0.493 0.493
Cost of fuel blend, EUR 0.409 0.553 0.553
Amount of excise tax, EUR 0.509 0.360 0.094
Sales price with taxes, EUR 1.323 1.315 0.938
Price per energy unit, EUR GJ* 41.016 57.428 40.960
Ratio of sales prices - 0.994 0.709
Ratio of energy unit prices - 1.400 0.999

CONCLUSIONS AND SUGGESTIONS

1. Use of road transport is an important source of emissions of carbon dioxide
(COy), nitrogen oxides (NOy) and volatile non-methane organic compounds
(NMVOC) in Latvia.

2. Concentration of nitrogen dioxide (NO-) and benzene in Latvian cities is high
and is approaching the WHO threshold for human health.

3. With the current regulation, it is possible to reach up to 4 % of the share of
renewable energy resources in transport in Latvia, instead of the required
10 % share.

4. The developed mathematical model and algorithm allows the calculation of
spark angle correction for converting gasoline engines to work with a high
bio-ethanol content fuel.

5. The measurement equipment, data analysis system and algorithm has been
developed for the acquisition of engine synchronous cylinder pressure data at
a resolution of 0.1 CAD and for the calculation of the indicated parameters,
heat release and specific emissions.

6. The experimentally obtained MBT spark angle for high bio-ethanol content
fuel is retarded in engine cycle by 1... 4.5 degrees, compared to spark angle
corresponding gasoline use. Larger differences have been observed in lower
load and higher engine speed modes.
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7. The indicated efficiency increased by 2.3...3.5 % for bio-ethanol-gasoline
blend E85 and by 3.5...4.8 % when using hydrous bio-ethanol E96, compared
to gasoline.

8. Reduction in undesirable emissions were observed when replacing gasoline
with high bio-ethanol content fuel:

a. CO;by 7...10 %, using E96;

b. COzby 10...12 %, using E85;

c. COby 15...33 % at engine speed 1500 min and by 20...25 % at engine

speed 2000 min;

d. NOyby 19...44 %, using E96;

e. NOxby 16...29 %, using E85;

f. HC by 34...43 %, using E96;

g. HCby 40...55 %, using E85.

9. The working hypothesis has been confirmed as a subsequent reduction in
emissions was observed when operating an engine with a high bio-ethanol
content fuel and adjusting the spark angle according to the type of fuel
compared to the angle of the ignition corresponding to gasoline:

a. NOxby 1...23 %;
b. Unburned ethanol by 0...12 %.

10. Currently, bio-ethanol-gasoline blend E85 is the most financially
disadvantaged road transport fuel in Latvia, its price per unit of energy is 31 %
higher, compared to the price of gasoline RON95.

11. 1t is recommended that the rate of excise duty on biofuels be set to the extent
that the price of fuel per unit of energy is similar to the fossil fuel it replaces.
The recommended rate of excise duty on E85 fuel in 2020 must be not more
than 18.4 % of the rate of excise duty on gasoline, so that the costs of E85 and
RONO5 are similar to that of the user.
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