Latvijas Lauksaimniecibas universitate
Tehniska fakult ate
Spekratu instit iits

Latvia University of Agriculture
Faculty of Engineering
Motor Vehicle Institute

Mg.sc.ing.Aivars Birkavs

RAPSA ELLAS DEGVIELAS IZMESU SAST AVA
NORMALIZ ACIJA DIZELMOTOROS

RAPESEED OIL FUEL EMISSION
NORMALIZATION IN DIESEL ENGINES

PROMOCIJAS DARBA KOPSAVILKUMS
Dr.sc.ing. ziatniska grada iegiSanai

PROMOTION PAPER SUMMARY
for acquiring the scientific degree Dr.sc.ing.

[ | E S F
[/ IEGULDIJUMS TAVA NAKOTNE Z* *
*

EIROPAS SOCIALAIS
FONDS EIROPAS SAVIENIBA

Promocijas darba izgte dzfinangta
no Eiropas Savi@has Sodila fonda

(A. Birkavs)

Jelgava
2014


llufb
Sticky Note
©Aivars Birkavs
©Latvijas Lauksaimniecības universitāte
©Latvia University of Agriculture
Promocijas darbs ir Latvijas Lauksaimniecības universitātes un autora īpašums un tā saturs nav kopējams vai pārsūtāms serverī bez īpašnieku atļaujas.  Lietotājiem vajadzētu atsaukties uz pirmavota publicēto versiju. Īpašumtiesības attiecas arī uz visām anotācijām.
Copyright of Ph.D. Paper is the property of Latvia University of Agriculture and author. Its content may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's express permission. However, users may use for individual use. Users should refer to the original published version of the material for the full abstract. (Copyright applies to all Abstracts)
 AGROVOC DESCRIPTORS: Fuels, rapeseed oil, Nitrogen oxides, Diesel engines, Laboratory experimentation, Research, Latvia


Darbs izpildits Latvijas Lauksaimniabas universiites Tehnisks fakultites Spgkratu
institata.
Darba zinatniskais vaditajs: profesors, Dr.sc.ing. Gints Birzietis.
Darba konsultanti: profesors, Dr.sc.ing. Gars Verdins,
asoc. profesors, Dr.sc.ing. Bns Dukulis.

Oficialie recenzenti
Dr.sc.ing. Airars GalpS — Latvijas Lauksaimni@oas universiites Lauksaimnig@bas
enegpgetikas institita direktors, asogiais profesors
Dr.sc.ing. Semjons Ivanovs — Latvijas Lauksainiiies universites aenfiras
.Lauksaimnietbas tehnikas ziitniskais instifits” direktors, vadoSaisemieks
Dr.sc.ing. Gvidonas Labeckas — Aleksandra Stulginskiversiites Transportmasu
institita profesors (Lietuva)
Promocijas darba aizstiveSana notiks Latvijas Lauksaimniabas universiites
Lauksaimniethas nozares InZenierzinu apakéqozares promocijas padomesatatisEde
2014. gada 16. maij plkst. 10:00, Jelgay J.Cakstes bulv. 5, Tehniskajfakultate,
429. auditorij.
Ar promocijas darbu, pielikumu un Kkopsavilkumu var iepasties Latvijas
Lauksaimniethas universittes fundamentaja biblioteka, Jelgad, Liela iela 2.
Atsauksmes ittt promocijas padomes sel@etm, prof., Dr.sc.ing. Imantam Ziemelim,
LLU, Tehniski fakultate, J.Cakstes bulv. 5, Jelgava, LV-3001.
Padomes priekSadetajs: prof., Dr.sc.ing. Juris Priekulis.

Petijums veikts ar Eiropas Sati Fonda projekta ,Atbalsts LLU doktora studiju
istenoSanai” grkfinansjuma atbalstu.

VienoSanis Nr. 2009/0180/1DP/1.1.2.1.2/09/IPIA/VIAA/017.
The research is carried outat the Latvia University of Agriculture, Institutgf Motor
Vehicles of the Faculty of Engineering.
The scientific advisor of the researchprofessor, Dr.sc.ing. Gints Birzietis.
Consultants professor, Dr.sc.ing. Gars Verdins,

asoc. professor, Dr.sc.ing. Bns Dukulis

The official reviewers
Dr.sc.ing. Airars GalipS — director of the Institute of Agricultural Enetigs, Latvia
University of Agriculture, associate professor
Dr.sc.ing. Semjons lvanovs — director of the Agenty.atvia University of Agriculture
.Research Institute of Agriculture Machinery”, léag researcher
Dr.sc.ing. Gvidonas Labeckas — professor of thditiie of Power and Transport
Machinery Engineering, Aleksandras Stulginskis @nsity (Lithuania)
The promotion paper will be defendedn an open meeting of the Promotion Council of
the sub-branch of Engineering Sciences of the brasfc Agriculture, at the Latvia
University of Agriculture on 1% May, 2014 at 10 a.m. Venue — Jelgava, 5 J. Cakstes
blvd., Faculty of Engineering, room 429.
The promotion paper, the annex and summanare available at the Fundamental library
of the Latvia University of Agriculture located 2tiela street, Jelgava.
References should be sento the secretary of the Promotion Council, prafess
Dr.sc.ing. Imants Ziemelis. Address — Faculty ofgleering, Latvia University of
Agriculture, 5 J. Cakstes Blvd., Jelgava, LV-3001.
Head of the Council professor, Dr.sc.ing. Juris Priekulis.



SATURS

Darba aktUAIRLE ............eeeeeei et mme e et e e e e e e e e e e e e e
Promocijas darba apraija..........oooueeeeeeeeeeee e e e e
Petijuma hipotze, NErkis UN UZAEVUMI ........ovviiiiiiie e mmmmmm e
AIZSTAVAITES [BLUMA BZES ... .eviieiiieiieiireeee ettt mrmeem e
PELTUMU MELOUES ...ttt e e e e s e e e e e e ananees
Zinatniska novitate un praktisks izmantoSanas iegps
Informacija par promocijas darba strikti un apjomu
1. Teofmrtiskie EUMI ..coeeeeeeiiiiiiieee s e e
2. Slapela oksdu samaziaSanas eksperimeatie petjumi

2.1.  Atgazu Etijumi dizemotoramFORD YTR.......ooiiiiiiiiiiiieieee e
2.2. Automobia LAND ROVER FREELANDE&ksperimeraie pétjumi........ 20
2.3. Teorrtisko un eksperimesio petijumu saidzinajums..........cccoeeveveirinneeenn. 21
3. RapS3a Bas k degvielas izmantoSanas ekgkkais noertejums,
izmantojotiadens-spirta iesmidziiSanu motora Cilingr...........c.ccccoooevviviieieeeenn. 23
4. RapsSa Bas k degvielas pielietoSanas ekonomiskaisan@jums,
izmantojotadens-spirta iesmidzi#$anu motora cilindi.............

EST=Tod ¢ 110 PP URPRRN
Kopsavilkuma nardes izmantotie inforracijas avoti
Publikacijas visgratatos recengamos izdevumos

TABLE OF CONTENTS

Topicality of the research ..................
Approbation of the research
The object, hypothesis, aim and tasks of the reBea............cccoevvvviiiiiiiicciieenee 31
Theses for defence
Research methods
Scientific novelty and practical application of tlesearch

Information about structure and amount of the@Bge..........ccoovveiiiiiiiiic
1. Theoretical reSEArCH ........cocuiiiiiiiiie et
2. Nitric oxide reducing experimental reSEarCh . .. vvvvieiieeeiiiiiiiiiiiiieeeeeeeiaad 41
2.1. Exhaust gases experiments for diesel enB@BD YTR..........ccccvvveeeeennn. 43
2.2. Experimental investigation of automobile
LAND ROVER FREELANDER........ccceiiiiiiieeiiee e 46

2.3. Theoretic and experimental research compariSoN....c.ccccoevecvvvveenn.. 47
3. Ecologic evaluation of the application of rapese#@s fuel using

water-ethanol injection in engine CYIINAEN ...ccceeviviiiiiiiiiiiee e 49
4. Economic evaluation of the application of rapesaieds fuel using

water-ethanol injection in engine cylinder
CONCIUSIONS ...t creee ettt ere s et e e
References used in summary
Y o] i o 18] o] [ToF=1 1o o <P




DARBA AKTUALIT ATE

Latvija kopS 2004. gada ir Eiropas Savims dabvalsts, un tai ir saistoSi
ES likumdoSanas akti un dokumenti. ES dinek2003/30/EC ,Par biodegvielas
un citu atjaunojamo degvielu izmantoSanas va&anu transpoat teikts, ka ES
dalibvalsim janodroSina, lai to naciataja ekonomilki lidz 2010. gadam no
atjaunojamajiem energoresursiem saraZotaggaeipatsvars transpariveidotu
vismaz 5.75% (Directive 2003/30/EC, 2003), betilz 2020. gadanapat 20%
atjaunojamo energoresursdpatsvaram kofja energoparinpa un 10%
biodegvielu ipatsvaru kofja degvielas patina (Directive 2009/28/EC...,
2009).

Attistoties tehnolgijam, augu Has degviela AE100 ganrd veida, gan
maigjumos ar fosilo tzeldegvielu arvien vaiik tiek lietota K dizelmotoru
degviela lauksaimnigbas tehnik. Par to liecina 2011. gaduzzpémuma John
Deeretraktora prezeatija, kurS fiprica apfikots ar ,vienas tvertnes sistu”
darbiriSanai ar augull, ka an vairaku traktoruFendtapfkojums darbiaSanai
ar augu Hu, kas ietverts standartkomplagija. Vacu uzemums ATG lidz
2011. gadam ir afkojis darbiraSanai ar augullk vairak neka 900 traktorus un
3000 kravas automdlis. Ta sadarkbas partneri ir ne tikai dienvidu vakst bet
arn Lietuva un Nonggija, kur lauksaimnieki sekigi ekspluat spekratus, kas
pielagoti darbiraSanai ar augulli. Ar Latvija vairakas zemnieku saimni@gas
un uzmemumos tiek izmantota tehnika, kuru darbir@eimotori, izmantojot
rapSa Hu ka degvielu.

No lidzSirgjo petijumu rezulitiem var seciat, ka augu Bu, kas atbilst ES
pienem& standarta pralsam, var lietot dzelmotoros ilgstoSi, unas lietoSana
neizraisa motora vai to séshu bofjumus. Nedaudzie gijumi par augu Bas
degvielas izmeSu sasu liecina par to, ka toksisko vielu saturs ff#s gzes,
Iidzgi biodizeldegvielai, samazis saidzinajuma ar fosilo dzedegvielu. Tau
vairaku eksperimentu rezatos noadits, ka sipelda oksdu daudzums aifiges,
izmantojot augu léas degvielu, pieaug. Kliecina citi [Etijjumi par rapsa léas
degvielas AE100 izmantoSanu &gpatos, tad lauksaimnidgzas nozar 3is
degvielas lietoSanaib aktuila lidz tam brdim, kaner ta tiks aizliegta ar likumu,
jo rapSu #as raZoSana un izmantoSana pie noteiktienalepst ir ekonomiski
izdeviga, un neapdraudag ka partikas produkta nelietdegu izmantoSanu.
Izspiezot rapSa |kI, paliek @ri rapSa rausi, kas ir augstiiga lopbaiba
(Dukulis, 2013.).

Toksisko izmeSu emisijas normas tiek noteiktasika& tutotransportam,
bet ar traktortehnikai. No 2013. gada La#vgajas sggka ES regulas, kas nosaka
izplides @gzu emisijas normu traktoriem un citai lauksaimiias tehnikai.
Eiropas Parlamenta un Padomes 2011. gada 16. noaxddmekiva 2011/88/ES
teikts, ka no motora izpstoSo gzu emisijas daudzumsrjosaka tieSi pirms
izplides @zu ecapstides iefcem. Tatad probéma ir fda, ka fkorige
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degvielas sadedzes process, lai samaritoksisko izmeSu emisijas, tai skait
slapeka oksdu daudzumu, iedarbojoties tieSi uz sadedzes puodizglmotora
cilindra.

Lauksaimnietbas tehnika un autotransports, kuru izmantotakieldda
Latvijas lauksaimnieku, nav agota ar atgzu recirkuficijas sistmu EGR) vai
selekivo kataftisko at@zu atiriSanas sistmu (SCR, Iidz ar to sipeka oksdu
un citu toksisko elementu daudzumsaatg ir atkatfgs no motora reggjuma.
Izmantojot rapSals ka degvielu, nepiecieSams veikt motora pieregmhu 1
optimalai darhbai, ta&u, lietojot ,divu tverhu sisEmu” tas nav iesgams, jo
dizelmotors tiek iedarbiits ar fosilo dzedegvielu, kuras izmantoSanai ir
noteikti ripricas-izgatavajas rekomengtie parametri.

Darla ir piedavats risirajums, ka regukt slapekia oksdu daudzumu ar rapsa
€llas degvielu AE100 darkimu dizelmotoru izptides gzes. Tehnolgija versta
uz sadegSanas tempdirais samaz@sanu motora cilindr un degSanas procesa
uzlaboSanu, izmantojatdens-spirta maigimu, sg@kratiem, kas nav agkoti ar
kataftiskiem neitralizatoriem vai @tn ieficem toksisko izmeSu samazsanai.

PROMOCIJAS DARBA APROB ACIJA

9 publikacijas visfratzdtos recengamos izdevumos (ind. Scopus,

Web of Science, CAB Abstracts, EBSCO Central & EasEuropean

Academic Source).

e 8 popufirzinatniskas publilacijas (zurali ,Agrotops”, ,Saimnieks”).

e Patents LV 14648 B. Ramiens dzelmotoru izmeSu normabzijai.
Starptautisks klasifikacijas indekss: FO2B47/04.

e 9 uzsiSans starptautisis zimatniskas konferenges ar zhojumiem.

e 2 uzstSaris izsidés un semiaros.

e Daliba divos ar promocijas darbu s#is$ projektos.

PETIJUMA HIPOT EZE, MERKIS UN UZDEVUMI

Pétijuma izvirzita hipotze
Ar rapSa fu darbirimu dzelmotoru izptides gzés esoSo gpela oksda
daudzumu iesgams regudt, pievadot iepldes gaisamidens-spirta maigimu.

Petijuma nerkis ir noskaidrot ar rapSulle darbirmmu dzelmotoru atgzu
sasivu, izmesu toksiskuma ietekjpsos faktorus, un izgidat slapeda oksdu
(NO,) samaziasanas iesgju teortiskos un praktiskos risijumus.

Mérka sasniegSanai izvitzsekojoSi uzdevumi

e precizt slapela oksdu (NQ,) rasanos;

e izstradat ar rapSa Bu darbimmu dzedmotoru izmeSu toksigle
komponentes — #beKa oksda (NQ) daudzuma rege$anas
teofetiskos un praktiskos risfijumus, izmantojofidens-spirta piedevu;
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e izstradat matenatisko modeli dzemotora atgzu toksisks
komponentes NOdaudzuma progn@éZanai, izmantojotidens-spirta
piedevu;

e izveidot dzemotora stendu eksperimentu veikSanai un veikt

eksperimentus;

e pielagot automobili darbiiSanai ar rapSullel un izveidotidens-spirta
iesmidziraSanas sismu;

o veikt izmeginajumus ar pieglgoto automobili un iz&rtet iegatos
rezul&tus;

e noteikt rapSalgas degvielas pielietojumazimotoros ekolgiskos un
ekonomiskos ieguvumus, izmantojmtens-spirta piedevu.

AIZST AVAM AS PETIJUMA T EZES

1. Udens-spirta maigims motora cilindr tiek padots 1§dra faze, kur
iztvaikoSanas rezuita paeré noteiktu siltuma daudzumu, un Brocesa
rezulata samazids sadegSanas tempdirai ki an slapeda oksdu
daudzums izpides gzgs.

2. lzstradatais materatiskais modelis rada iesju noteikt sipeka oksdu
(NO,) daudzumu txdmotora izplides gzés daizdos motora dafbas
reAmos.

3. lzveidotaisudens-spirta pielietoSanas ekonomiskais modeli&lpaio\Ertet
sisEmas izmantojuma ekonomisko efektitit

PETIJUMU METODES

Darhka izmantotas anzes, modeélSanas, progn@ganas, eksperimadanas
(cda iznmeginajumu un laboratorijas), statis& un ekonomisds nowrteSanas
petjjumu metodes.

ZINATNISK A NOVIT ATE UN PRAKTISK AS
IZMANTOSANAS IESP EJAS

1. Izstradats paemiens sipela oksdu samaziaSanai @zemotoru izmesos,
izmantojotadens-spirta maigimu.

2. lzstradata inovalva udens-spirta iesmidziSanas sistma, kuras noviti
apliecina patents. Patenta numurs: LV 14648 BjeR&ns dzemotoru
izmeSu normalizcijai. Starptautisks klasifikacijas indekss: F02B47/04.

Ar izstradato NQ, daudzuma mode paidzbu iesgjams prognoat
slapeka oksdu saturu tkemotoru atgzes, izmantojot rapSalle ka degvielu.
Petijumi veikti ne tikai teogtiski, bet at eksperimerai gan laboratord, gan
cela apsiklos. Darba rezuti liecina par veikto agkinu ticambu.
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legitie rezultti ir praktiski izmantojami sgkratos, kurus darbina
dizelmotori gan transporta jain gan lauksaimnigbas tehnik ekolaggisko
faktoru uzlaboSanai. Ar izémlato metodi iespjams uzlabot ardizemotoru
efekivas jaudas parametrus.

INFORM ACIJA PAR PROMOCIJAS DARBA STRUKT URU
UN APJOMU

Darbs, RapSa Has degvielas izmeSu sas normalizcija dizemotoros”
sasiv no ¢etram noddam. Pirmaji nodda dots anatisks apskats par transporta
ietekmi uz vidi, apziati normatvie akti toksisko izmeSu ierobezoSanai,
noskaidroti @zelmotoru toksisko izmeSu veido&@niemesli un to samazsanas
tehniskie risi@jumi, apziratas metodes izmeSu daudzuma noteikSanai. Apzin
petijumi par rapSalgas degvielas izmantoSarigatribam un analiztas izplides
gazu sastva izmahas, izmantojot rapSalle ka degvielu. Nodms nosigunma
formulets pEtijjuma nerkis, ka an noteikti @tjuma uzdevumi.

Otrag nodda izstradats atdgizu veidoSafls teogtiskais pamatojums,
padzlinati veikta sipela oksdu veidoSafis izEte ar rapSu lgu darbirmmu
dizelmotoru izptides @gzes, un reguwSanas teatiskie risirgjumi. lzstadats
teortiskais modelis apeka oksdu daudzuma noteikSanaizdlmotora atgzes.
Veikts siltuma bilances agkins un konstréta indikatora diagramma
eksperimerilajam motoram.

TreSaji nodda ir izstradatas un aprak#hs atgzu sastva [Etjuma
metodikas laboratorijas apkios, veicot eksperimentus uz motorstenda un,
izmantojot automobili. ApakSnotfs apkopoti un analéti eksperimentos
iegatie dati, ka an veikts rezulitu vertejums un izstkdati secirgjumi.

Ceturtaji nodda veikts teogtisko un eksperimeaio petjumu rezulstu
saidzinajums, apraksta rap3a gas degvielas (AE100) pielietojuma efektité,
lietojot izveidoto izmeSu toksiskuma samadanas risiljumu — adens-spirta
maigjuma iesmidziaSanu dzelmotora ieplides kolektor, ka ai noteikts
ekolaggiskais un ekonomiskais ieguvums no darba rezulzmantoSanas praks

Darba,RapSa Bas degvielas izmeSu sas normalizcija dizemotoros”
apjoms ir 148 Ipp., 88 att., 19 tab., 149 bibl..n&4 pielikumi.



1. TEORETISKIE P ETIJUMI

Teofetisko Etijumu nerkis ir izstadat matenatisko modeli NQ (slapeKa
okgdu) daudzuma noteikSanaiizdmotoru atgzes, izmantojot rapSa ll@
(AE100) ka degvielu. Teorijas pamfr risinajums par noteiktas konceadijas
udens-spirta maigpima pievienoSanu iefpdes gaisam, ar kura pdibu
iesfEjams samaziit degSanas tempetiatl un uzlabot degSanas procesu motora
cilindra. Dizedmotora efelvas jaudas un asgu toksisks komponentes NO
veidoSa@s apekins ir veikts saskg ar 1.1. attla izveidoto bloksbhmu.

Tehniskie parametri

Cilindru skaits Uden;—spirta
Cilindru izvietojums maigjuma
Motora tilpums iesmidziraSana
Cilindru diametrs ieplades kolektaod

Virzula dgijiens
Kompresijas paipe
Maksimila jauda

Maksimalais griezes v
morrents
NepiecieSamm B
gaisa maiguma _ Rapsa gas
daudzuma padeve iesmidziraSana
A 4 A 4
leplades .| Saspiedes | Sadedzes | Izpletes
process g process d process d process
\ 4
NO,
daudzuma
aprkins
Motora darfibas efekivo parametru |«
aprkins
A

1.1. att.Motora efektivo parametru un atgazu komponentes
NOy aprekina blokshema
Aprekinu pamad izmantots izskdatais rapSa las K degvielas
izmantoSanas teeiskais modelis, kur$ ietver termodinamisko &mmu pie

dazidam aplkrtejas vides temperatam un ar daidiem rapSa lgas AE100 un
fosilas dizeldegvielas maigjumiem (Dukulis un Birkavs, 2013), ualik veikts
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atgazu komponentes NQapeekins, balstoties uz teoriju parapela oksdu
veidoSanosdelmotora pie augstas tempefaas.

Lai varetu raksturot tzemotora konstrukcijas pitbu, siltuma sadguma
raksturu, faktorus, kas tos ietekmun metodes siltuma izmantoSanas
uzlaboSanai motoru iz&jinot, ir noteikta siltuma bilance.iBdmotora siltuma
bilance raksturo siltuma safjamu, kas tiek izdals degvielas sadegSanas
proced motora cilindd un tiek izmantots gan lietdigi, gan tiek noteikts &
siltuma zudums (Scott, 1972; Sashse, 1975).

Siltuma bilance kopumun atsevigi pa veidiemlauj nortét motora dethu
siltumiztuibas &ditajus, apekinat dzegSanas sisiu, noteikt neizmantoto
siltumu izphides @zes, kuru izmantojot, iegpams uzlabot motora efektiati
(Cropueyc, 2001).

Dizelmotora termodinamiskais ains sgkratu ekspludicijas parametru
modeESanai datu simatijas programm ExtendSim detaliEti apraksits
promocijas darb ,RapSa fas degvielas izmantoSane@motoros un lgistika”
(Dukulis, 2013) un publitss 12. starptautigis ziratniskas konferences
-Engineering for Rural Development” rakstuajma (Dukulis un Birkavs,
2013). Ar § modda paldzibu var noteikt, pie #das apkrtgjas vides
temperairas rapSa lgai jasak pievienot fosii dizeldegviela, lai nodroSitu
degvielas sknu darbibu un degvielas pbmu baroSanas sista. Modef
izveidoti 3 modui (sk. 1.2. att.).

Apkartgjas vides

Degvielas sastava

Degvielas

Dizelmotora

temperatiira |noteikiana spekratu| sastavs Dizelmotora N, M, | jaudas un griezes |N.(n), M(n)
—— | ckspluatacijai pie »| termodinamiskais momenta >
Degvielas | dazadam apkartgjas apréekins raksturliknu

viskozitate

vides temperatiiram konstruésana

1.2. att.Modela vispar&ja blokshema

Pirmag modui nosaka, vai atk#iva no aplartgjas vides temperatas
spekratus var ekspluat ar fru rapSa Bu, vai ar javeido is maigjumi ar fosilo
dizeldegvielu.

Otraja modut ka ieejas parametrs kalpo degvielas aastunipadbas, un
tiek veikts dzelmotora termodinamiskais aiins.

TreSaji modui tiek veikta dzemotora jaudas un griezes momenta
raksturtknu konstr@Sana.

Izveidotais modelis izmantojams tisSiesmidziaSanas motoru parametru
simulacijai dizgmotoriem ar turbofti un bez is, bet prezakus apekinus
iesgjams veikt motoriem ar priek8kameru. agtkda oksdu daudzuma
aprkinaSanai, K afi citu dizgmotora daribas raksturojoSo parametru
nowerteSanai, izveidotais termodinamislapgkina modelis tika papildits ar
vairakam funkcijam:
motora apgriezienu mg (izmantojot idni vai skaitu generatoru);
spirta saturadern apgkina funkcija;
vidgjas sadedzes tempeleds noteikSana;
gazu maigjuma entalpijas apkins;



e sadedzes produktu daudzuma atbiemoteikSana;
e motora siltuma bilances &iins;
¢ slapela oksdu daudzuma noteikSana.

Izveidoti ¢etri bidni, ar kuriem iestata motora apgriezienus,agfas vides
temperairu, adens-spirta maigima attietbu un izmantojamo degvielu (sk.
1.3. att.).

5000 |=P A
- —a||[12.2| B
Apkartéjas vides temperatira
1950 Temp
=
0 =] -40 = -]

Motora apgr. @ Temperatira

100) @

Udens a0 |=p RE {10 P

- -
. -
P -
=725 |
_ -
S

Spirts s0uysp | DD ISk

Rapsa ellas saturs maisijuma, %

RE_saturs

al[[72.5 @

Udens saturs maisijuma, %
1.3. att.Pamatparametru iestatSanas idni

Sie faktori tiesi ietekm slipeka oksdu daudzumu izmes$os, jo izmaina
sadedzes procesu motora cilimdr

OgleKa (C), udegraza (H) un skbekia (O) saturs degvilmasas das
aprekinams fgc sakatbam (Smigins, 2010):

co=Z (L)
2m
i=1
n Hsat—i ‘m
- 2 , (1.2)
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ooe (1.3)

kur m — maigjumai-tas degvielas saturs, masas %;
Csati» Hsat» Osari — attie@gi oglelda, tdenraza un sikbela saturs-taja
degviek, masas das.

Slapekla okgdu daudzuma aprekins modeESanas programna

Slapela oksdu apgkins dizelmotora atgzes tiek balsts uz temperatu
izmaipu melanismu @Ec Zvonova metodikas3gonor, 1981). Pie sadedzes un
slapeKa oksdu materatiskas mode¢Sanas motardegvielas sadegSanas process
tiek iedaits divas ddas: svaig maigjuma dda un sadedzes produktu Jaa
Svaigi maigjuma dda ietilpst atlikuSo gzu un gaisa maigims, kas tiek padots
motora cilindé. Pirms sadegSanagskema % dda iepem visu motora cilindra
tilpumu, bet sadegSanas ggialielimis sadedzes produktu tilpums.

Sis metodikas galv@nipadba ir &, ka var veikt agkinus, lai noteiktu
vairaku sadedzes procesu komponenta@sark veiktu apekinu shpekia oksdu
noteikSanai, kas rodas pie augstas tempest Pilnas sadedzes produktu
temperairu noteikSanai degkantetiek izmantota formula3gonos, 1981):

ps

Pe 2A

kur r,s— sadegSanas produktuaaegmaiguma, %;
Tsm— Svaig maigjuma temperaira, K;
T, — maigjuma vicsja temperaira, K;
Hsm— Svaig maigjuma entalpija, k&kmol™®;
A un B- sadedzes produktu entalpijas vgojuma koeficienti
(kI kmol™):

\/BZ - 4A{1_rps [H sm(Tsm)_ H sm(Tv )] - ATVZ - BTV} -B
T , (1.9)

2
H,=AT, +BT+C, (1.5)
kur koeficientiA, Btiek noteikti atsevigos apekinos (1.4. att.) (Blis u.c.,
1980):

A=(155+1'38J-10‘3, (1.6)
a

0922
a

B = 8314+ 201+ 1.7
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Alfa —aly=0 g A

=0.00247

Degv .rakstur.koef._A

B

Alfa ——ay=I) B< 59 128666666667

Degv .rakstur.koef._B
1.4. att.Entalpijas koeficientu aprekina bloki

Entalpija ir termodinamigls sistmas iek8jas enegijas un tilpuma
enegijas summa. To saucigpar siltuma saturu. Entalpiju parasti apZ ar H,

mervieniba J (kJ). Entalpijas agkina bloks paadits 1.5. attla.
H —
- Lg y=tX) B<31ee6 376025022 7™ ';_: 4?6.65887833434

M_1
_ —I—EI y=f(x) B—M
= 31656.347644522

[ w2z
Eta_v — v
lek3&ja energija Sv. maisijuma entalpija
y=f(x)
Tpatn.siltumietilpiba
Tc

Pz
gy y=(x) @
Lambda [

Spiediens pirms sadedzes

e [-wk
M e W
Pc—

Tilpums pirms sadedzes

ﬁrps
Alfa ——=ay=f()

=0.56666666666667

Sadedzes produktu daja

1.5. att.Maisijuma entalpijas aprekina bloks
H=U+pV, (1.8)
kur U —iek$ja enegija, kIkg™;
P — spiediens cilindrsaspieSanas baig MPa;
V — cilindra tilpums, m
lekEjas enegijas (U), spiedienaf) un tilpuma V) apg€kinaSanai izmanto
formulas (Bivis u.c., 1980):
U=M,+M,)-c,. T, (1.9)
kur M; un M, — attie¢gi svaigis masas un atliku agu daudzums
degkamet, kmotkg™;
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c,c — darbmaigumaipatrgja siltumietilpiba, kkmol™;
T. — temperatra pirms sadedzes, K.
p=rz, (1.10)
A
kur P,— spiediens sadedzes tsigMPa, (4.5...10.5) (Blis u.c., 1980);
A — spiediena pieauguma pale, (1.4...2.0) (BVis u.c., 1980).

Lai apekinatu pilnas sadegSanas temp@rat nepiecieSams Zh
maigjuma victjo temperatru. Vidgjas temperatras apgkins iekauj sadegSanas
temperairu, temperatru pirmsadedzes puriist no iepriek8ja cikla palikuSo
sadedzes produktu tempenat, izplides beigu tempef@at, apkirtgjas vides
temperairu un temperdras pieaugumu, kurS atkgs no ieplides trakta
izveidojuma, dzeses sishas tipa, motora slodzes un citiem faktoriem.
Dizelmotoriem tas ir 5itlz 20 K (Bivis u.c., 1980).

Vidgjas temperatras apékina bloks paidits 1.6. atla.

Tz Tvid
T % — |

=833.66374819851
o 800
B
lepr —=

Ohold
No iepriek$éja cikla ’—E‘

Temp

Sadedzes vid.tempertara

T

[m] B—

Ohold
Delta T

1.6. att.Vidgjas temperafiras aprekina bloks
Kad noteikti visi nepiecieSamie dati, var @gnat maigjuma pilnas
sadedzes tempetati. Aprekina bloks paidits 1.7. attla.
Tps

= 914.76594910466

Pilnas sadedzes temperatira

o
Ey (B - 424 5180052275

o

Sv. maisTjuma entalpija

1.7. att.Pilnas sadedzes temperatas aprekina bloks
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SlapeKa oksidsaras notiek gc kedes reakcijm, kur galveas no &m ir:

0, <=> 20 (1)
N, + O<=>NO + N (2)
N+ O,<=>NO + O 3)

Noteicod ir reakcija (3), kurasatrums ir atkaigs no atorra skabela
koncentacijas.

Vispirms tiek apkinata shpekia ok3du veidoSafis pec kedes reakcijas
sadegSanas zarbet @c tam vidja NO koncenticija motora degkamar

Dizelmotora atgzes parasti satuadas galveis komponentes: O, D0,

C. CO, CQ, CHm, NO,, NO,, N, N,, NHz, HNG;, HCN, H, H, OH, H,0O. Tau
pie spiediena un tempeiiads, kas ir motora cilindr vairakas komponentes
(CHm CHWO, HNG;, C u.c.) ir nenomigas, jo to daudzums ir mazs un
neiespaido toksisko izmesSu akinu (Xamasx, 1976).

Pienem, ka sadegSanas produktu ®astetilpst sekojoSas 11 komponentes:
CO, H,0, CO, N, O, H,, OH, NO, H, O, N. & komponentes piedsl
reakcips, kas notiek pie augsh temperatram (Xomansn, 1976).

Degmaiuma elementu itlzsvara viekdojumos kdas noteiktas
komponentes daudzumu izsaka ar g#@isgn spiedieniem:

P,=Pe, +Puo+Peo+ Py, +P, + Py, +Poy +Pyo + Py + Py + Ry, (1.11)

Gazu maigjumos pardilais spiediens ir Zges moldgas reiziajums ar gzu
spiedienu (Spiediens, B.g.; Mendgva tabula):

P, =44P.. +18P, , +28P,, +28P, +32P, +2P, +17P,, +30P, +1P, +16P, +14P,

SlapeKa oksdu apekinaSanai nepiecieSams 2inslapeka oksda (ko),
molekubra slapela (ny,), atonara skabela (rp) un molekuira skabela (1o,)
koncentécijas. Lidz ar adens-spirta maipima khtbutni sadedzes procgsss
koncenticijas nedaudz tiks izmaias, jo izmaias C, H un O daudzums
degmaiguma sagtva. So izmahu apgkins ir iestédats modéa izveict un
autonatiski nosaka nepiecieSamo komponensSu kongeijur

Slapela oksda daudzums (ppm) sadegSanas produktos piéegSanas
proces pie kldvarpstas apgriezieniemtiek apekinata psc formulas 8sonoB u

Ko3snos, B.r.):
38020 r 2
(P, 2333107) ™ -r,, -ro‘ll_( J ]

Mo 1
dNC& (n) = 3365 ' ; ’

r
RT,| 1+ (ﬁ Tos  __NO
T

ps roz

(1.12)

kur P,— spiediens motora cilinglrPa;

14



Tos— temperatra sadegSanas zorK;

R — univerala gazu konstante,-(mol-K) ™

@ — klokvarpstas lekiskaisatrums, raes™;

I no—slipela oksda daudzums,-mol™;

r'vos Tnae To, Toz— Shpela oksda, molekudra slapela, atomara
skabela un molekulra skabela koncenticija.

Slapea oksdu apekina bloku sistma pa#ddita 1.8. agla. SisEmai

pievienots rakstuiknu bloks, kufi tiek saglabtas [ @dejo cetru simuficiju
raksturiknes.

Motora apgr.

k800 @ Pz
2 T 405.3937985774:
ps ~
=]
8.314 =
O B
Hhold e
: =
R NOx prognoze —
Apgriezieni W——4g Y= ) By prog
Motora apgr Apgr. rad/s 8= B 405 30370857741
2.718281828455 L———n
e ———
o B £1

Ohold r —N 0

e ’—E

INO — |—Q

N2 —M8M8M8™ NOX aprakins
r0

02—

1.8. att.Slapekla okadu daudzuma aprekina bloks

Izveidotais modelisjauj prognozt NO, izmagas tikai pamatojoties uz
temperairas izmapam degkamer un sadedzestrumu, n@emot \Era kimiskos
procesus, kas notiek, pieram, spirtam saskaroties ar rap$lu.eTapec ieditie
dati ir ar aptuvenu precizii.

2. SLAPEKIA OKSIDU SAMAZIN ASANAS
EKSPERIMENT ALIE PETIJUMI

Pirms eksperimentuakSanas izveidots 50% &p tilpuma) tdens-spirta
maigjums WESQ kuru iesgjams pielietot transportadzelu dizelmotoros visu
gadu. Motorstends tika agots ar sprauslu s&nhu WE5S0iesmidziriSanai, lai,
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veicot nerjumus, vagtu konstait pientrotako gaisaWwE50maigjumu, kas dotu
vélamo rezulitu — NQ, minimizaciju, batiski nepalielinot citu toksisko izmesu
emisiju. Motorstenda principlia slema paiidita 2.1. attla (Birkavs, Dukulis un
Birzietis, 2013).

19

oy

2.1. attMotorstenda principiala shema:

1, 8, 17 — elektriskietkni; 2 — fosiks dz€degvielas tvertne; 3, 7 — filtri; 4 — degvielas
sadaitajs; 5 — siltummainis; 6 — stikla caurtd; 9 — rapSuléas tvertne; 10 — vienvirziena
varsts; 11 — degvielas augstspiedieriknss; 12 — degvielas sprauslas; 13 —motors;
14 — ieplides kolektors; 15 WESO0 smidzirataji; 16 — WE50iesmidzirmSanas sismas
sadaitajs — regulators; 18 — preissts; 19 \WE5Otvertne

Testa rezufiti uzskaimi pamda, ka NQ (slpeka oksdi) un HCD
(nesadegusie dgdenrazi) samaziss, palielinot piedevag/E50iesmidziraSanas
daudzumu, C®daudzums ir aptuvenidzigs, bet CO un cieto tlau saturs
atgazes palieliras (sk. 2.1.tabulu). Neskatoties uz nelielo ,Ckinetina)
daudzuma palielaBanos, kojais odudegrazu saturs atgeés samaziajas lidz
véra nepemamam daudzumam.
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2.1. tabulaToksisko izme$u daudzums atiges pie 1500 mift

WES0 NOy, MECHO, CH,, HCD, CO,, Co,
piejaukums, % ppm ppm ppm ppm ppm ppm
0 105.36 29.53 4.84 204.91 27264.08 1086.P8
0.35 71.11 110.45 23.11 57.53 27344.13 | 1885.42
1.05 57.28 172.19 44.12 0 26908.79 2509.60

Pie motora apgriezieniem 2500 mireksperimenti tika veikti vaikos
WES50Opadeves r@mos. Merjjumu rezulsiti atspoguoti 2.2. tabud.

2.2. tabulaToksisko izme$u daudzums atiges pie 2500 mift

WES0 NO;, MECHO, CHa, HCD, CO,, CO,
piejaukums, % ppm ppm ppm ppm ppm ppm
0 153.46 11.41 2.74 136.64 29620.83 646.19
0.22 119.10 61.07 9.03 33.15 29428.29 1054.94
0.63 104.36 95.75 20.10 0 28801.63 | 1434.64
1.04 94.15 122.17 28.44 0 28585.84 1680.85
1.46 76.05 169.75 43.74 0 27505.30 2220.19
1.86 64.38 194.98 59.11 0 27134.32 2609.18

Toksisko izme$u daudzuma izmai tendences aigés pie 2500 mitt
konstattas fdzigas k& pie 1500 mift. NO, daudzums samazijas pat par 58%,
bet koggjais nesadeguSo bglepraZzu saturs, neskatoties uz Cfrhetina) satura
palielimSanos, samazijas fidz &ra nejemamai koncerdcijai. Tatu cieto
dalinu un CO daudzums motora augs palielirgjas vaitakas reizes, uridz ar to
merijumi pie 1.86%WVE50piejaukuma tika grtraukti.

2.1. Atgazu petijumi dizdmotoram FORD YTR

Eksperimerttlie petijjumi, izmantojot @zelmotoru FORD YTRveikti, lai
saidzinatu toksisko izmeSu daudzumu, ddob ar rap3a Bu un rapSa léu ar
adens-spirta piedevu. Papildus @g nerfjumiem tika noteiktas motora
dinamisko &ditaju izmaipas un degvielas stundas gats. MotoraFORD YTR
darba tilpums ir 2304 cinkompresijas paipe — 22.2 un jauda 49 kW. Motors
apikots ar degvielas t&ni RotoDiesel un nodroSina sprauslu atgaris
spiedienuidz 115 + 5 bar.

Eksperimeritlaja dda veikti sadedzes procesatfumi, nosakot spiedienu
degvielas sisma, indiceto spiedienu u.c., lai pitba vartu izskaidrot
dinamisko, ekonomisko un ekg@isko parametru izmaas.

Pirma eksperimenta posintika veikti Etijumi, motoram darbojoties
brivgaitas re#ma ar 900 mift un trijos jaudas r&nos — 1500 min, 2000 mir',
2500 min' pie slodzes 50 N.ali motora re#mi tika izvel&ti tapec, ka tas atbilst
dizelmotora dartbai gan pilstas, gararpuspil€tas braucienos, nodroSinot gaisa
paruma koeficienta vigjo vertibu~ 1.5.

Brivgaitas re#ma (sk. 2.2.att.), NQ daudzuma samaz®aris nav
noverojama, izmantojotidens-spirta maigimu, jo pagréta gaisa daudzums ir
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minimals, lidz ar toadens-spirta piedevas ietekme naeieyama. Palielinjums
noverojams tvana ggei (CO) un cietam ddinam (MECHO), attietgi par 51%
un 70%.

w
a
o
X

Bez piedevas
& Udens piedeva
WEDS5O0 piedeva

IzmeSu daudzums, ppm

NOx MECHO HCD CO2*100 CO*10

2.2. att.Toksisko izmeSu daudzuma izmaias dzdmotoram
FORD YTR pie 900 min*

Pie motora apgriezieniem 1500 mitNO, daudzuma izmaa, izmantojot
udens vaindens-spirta maigimu, ir izteikta un samazis attiegégi par 39% un
52%. Nesadeguso bgleprazu (HCD) daudzums samazénlidz minimumam.
Tas izskaidrojams ar to, kadens-spirta piedeva uzlabo sadedzes procesu
dizelmotora cilinda (sk. 2.3. att.).

Bez piedevas
g Udens piedeva
WESO piedeva

IzmeSu daudzums, ppm

NOx MECHO HCD CO2*100 CO*10

2.3. att.Toksisko izmeSu daudzuma izmaias dzdmotoram
FORD YTR pie slodzes 50 N un 1500 mih

Pie motora apgriezieniem 2000 minun 2500 mift NO, daudzums,
izmantojotudens vaitndens-spirta maigpimu, samaziis par 23% un 62%, ¢a
nesadeguso dgdenrazu (HCD) daudzums paliefia (sk. 2.4. un 2.5. att.).
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Tas izskaidrojams ar to, kadens-spirta piedeva rada gaisaryma
koeficienta samaz#i$anos,idz ar to visa degviela nesadeg.

g 600 -

g

- 500 1 B

4 07N

% 400 - %
el
_KE 200 %‘ ® Bez piedevas
,§ %\ 8 Udens piedeva
g 200 ~ WEDS50 piedeva
N

100 ~

i

NOx MECHO HCD CO2*100 CO*10

2.4. att.Toksisko izmeSu daudzuma izmaias dzdmotoram
FORD YTR pie slodzes 50 N un 2000 mith

£ 600
5 I WE
% 500 % %g
£ \ 8 |
[ \E \E% Bez piedevas
2 300 \% \%% g Udens piedeva
'S \z% \E% :
£ \g% \g% WESO0 piedeva
R T
N / = .
- N
0w N . =
N N
o N I

NOXx MECHO HCD C0O2*100 CO*10

2.5. att.Toksisko izmeSu daudzuma izmaias dzdmotoram
FORD YTR pie slodzes 50 N un 2500 mih

Otrais eksperimenta posms tika veikts motoram defies ar 2000 min
apgriezieniem un slodzi 100 Nad& motora reins tika izmantotsapéc, ka tas
atbilst dzelmotora dartbai arpuspil€tas refma pie konstantatruma 90 kreh™.
Ar1 Saj eksperimenta posiniegitie dati liecina paradens-spirta piedevas
ietekmi uz dzemotora izplides gzem. lzmantojotidens-spirta iesmidziSanu
NO, daudzums samazjis par 73%, HCD daudzumsdt minimumam, bet
palielingjas cieto déinu saturs un tvanaages saturs aiges. Tvana gzes satura
palielinaSaras izskaidrojama ar gaisaanpma koeficienta samazsanos, bet
cieto ddinu daudzumu var izskaidrot ar pglenisku motora atiSanos laba
degSanas procesa reatt
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2.2.  Automobila LAND ROVER FREELANDER eksperimentlie pettjumi

Automobilis LAND ROVER FREELANDERika iz\eléts eksperimentu
veikSanai, jo tam icommon raildegvielas tiefs iesmidziaSanas si§tma, un tas
ir apiikots ar turbokompresoru. Automobilim ir 4x4 rite piedzia, un tas ir
pienerots  ekspluditijai bezcéa apsiklos, &tad vaiik nodefgs
lauksaimniekiem braukSanai pa lauku terifomj Automobilis pieigots
darbiriSanai ar rapSalle, izmantojot firmasElsbett,divu tvertau sisEmu”, un
automobilim uzstdita Gdens-spirta iesmidziSanas sisma, kuru darbina
augstspiedienaiknis.

Automobilis LAND ROVER FREELANDERapikots ar autoratisko
parnesumu Erbu, &p&gc izmeginajumi tika veikti divos posmos: aigu nerisana
laboratorip un jaudas m@rjjumi cda apsiklos (sk. 2.6. att.). Jaudasemjumi
laboratorijas apaklos nav iesgjami, jo, veicot eksperimentu ar tieSarpesumu
un nospiezot akseleratora sviru ,kickdown” reZ, autonatiskas prnesumu
karbas vatbas sisma prsledz zemaku parnesumu, idz ar to nav iesgiams
predzi nonerit motora jaudu un griezes momentu.

Rapsa dlas degvielas izmeSu
petijumi automobilim
LAND ROVER FREELANDER

Laboratorijas testi Celizmeginajumi

Izplides dizu <
merisSanas testi Jaudas testi

Degvielas pagripa |
testi

2.6. att.RapSa dlas degvielas eksperimento testu stema

Atgazu sastvs automobilimLAND ROVER FREELANDERka noteikts,
tesgjot to divos braukSanas ciklos — IM-240 un Jelgasi&&a. Katra cikla tika
veikti 3 atlkartojumi.

Izmantojot Gdens-spirta maifima iesmidziaSanu, samaziis NOQ
(slapela oksdu) daudzums atges par 35% (sk. 2.3. tab.). Bezlens-spirta
maigjuma piedevas, atsei$ toksisko gzu koncenticija ir mazka. Ta,
pieneram, CO (tvana age) saturs atges ir mazks par 57%, bet PM (cieto
dalinas) saturs ir maks aptuveni sepias reizes.
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2.3. tabulaAtgazu sasfivs automobilim LAND ROVER FREELANDER

NOx, CO, COy, Cietas ddinas (PM),
ppm ppm ppm ppm
Cikls E N E L E S E X
w = | w = N ww = . ww = N
14 T < o T < @ T < @ T £
L + L + L + L +
e e e e
IM240 | 188 | 121| -35| 309 488 +57 383@9200 +2 | 65 | 420 | +546
J'f:'ﬁ’(?s"as 153 | 104| -32| 64| 143 +122960028800 -2 | 23 | 95 | +313

Degvielas patrina saidzinagjums, testjot automobili LAND ROVER
FREELANDERIivos brauk3anas ciklos, pdrts 2.4. tabul.

2.4. tabulaDegvielas patripa saidzinajums

Cikis RE, . RE+WE507,1 WES50, . RE
| (100 km) | (100 km) | (100 km) RE+WE50
IM-240 9.72 8.83 0.85 -9%
Jelgavas cikls 10.65 9.78 1.02 -8%

Gan IM-240 braukSanas cilklgan ar 2.35 km brauciena pa Jelgavas centru
imitacija tika konstadts, ka pielietojotadens-spirta iesmidziSanu iepides
kolektor, rapSa Bas patrinS samazifijas par 8 — 9% (sk. 2.4. tab.), hetens-
spirta maiguma WES5O0 paerins Jelgavas braukSanas aikt par 16% lielks,
neka IM-240 braukSanas cikl Tas izskaidrojams ar to, ka Jelgavas braukSanas
cikla ir vairak apstSaris un ieskrieSas reZmu, lidz ar to, turtnas darba
rezultéita, lielaks spiediens un gaisa daudzums iriidpk kolektad, un attietgi
vairak tiek padotdidens-spirta maigms.

2.3.

Teortiski apekinata NO, daudzuma un eksperimentu testos iiag
vértibas dzegmotoram FORD YTR bez piedevas iesmidz®anas paditas
2.7. atéla. Uzskaimi redzams, ka mod&anas procasiegita diagramma
Skerso eksperimeato rezultitu izkliedes laukus.

Vislielaka amplifida noérota pie 1500 min, tasu kadu apekins, kur
variaciju koeficients ir 7.9%, liecina par testu reatut vienveidgumu un rupju
merisanas Kidu izskgSanu. Maaks rezultu izkliedes lauks un vaatiju
koeficients 2.5% ir motoram darbojoties ar 2500 hiffas izskaidrojams ar
dizdmotora stabilu dafbu, jo pie &diem apgriezieniem baroSanas &ishs
trau@jumi nav gtami.

Visus eksperimeato rezulitu izkliedes laukus k&rso teogtiski iegata
diagramma, kas liecina par to, ka &gnos prognogztie rezulfiti atbilst NQ,
daudzuma pieauguma tendencei, atano motora apgriezieniem.

Teoretisko un eksperimentlo pétijjumu salidzinajums
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2.7. att.Teoretisko un eksperimentlo rezultatu safidzinajums dizgmotoram
FORD YTR bez piedevas iesmidzBanas

Butiska NQ, samazinSaras nowrojama, iesmidzinot motora ieples
kolektora tdens-spirta maipimu, jo tdens kitbatne pazemina degSanas
temperairu, bet spirta — @rina degSanas procesizgmotora cilinda.

Pielietojot tdens-spirta maipmu, sadedzes processizémotol ir
stabibks, dz ar to tecatiski iegato rezulitu un eksperimeatos testos iegfo
vertibu sakritba ir ciefka. An eksperimeriio rezulttu izkliedes lauku
robezértibu diapazons ir maks, saidzinot ar iepriekSmigtiem rezuliitu
saidzinajumiem.

Teortiski aprkinatie un eksperimealos [Etijumos iegitie rezultti,
lietojot adens-spirta 50% majsma iesmidziaSanu dzemotora iepldes
kolektor, paaditi 2.8. attla.

350 -
300
250 - 45
200 ¥ 199
150 -
100 -
50 §32
0 : :
500 1500 2500 3500 4500

NOx, ppm

Motora apgriezieni, min

—— Teorétiskais daudzums e Eksperimentalie rezultati

2.8. att.Teoretisko un eksperimentlo rezultatu safidzinajums dizdmotoram
FORD YTR ar adens-spirta maigjuma iesmidzinaSanu
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Eksperimertlo pétijumu rezulfitu Kladu apekina (Arhipova un Blina,
2003) \ertibas atspodotas 2.5. tabal

2.5. tabulaNO, daudzuma nerijumu klidu aprekina rezultati motoram
FORD YTR ar aidens-spirta maigjuma iesmidzinasanu

Parametrs 800 mint 1500 min* 2000 min* 2500 min*
Vidgja vertiba 28.68 198.96 245.35 268.87
Standartkida 2.60 3.40 1.99 2.68
Standartnovirze 5.81 7.60 4.44 6.01
Amplitada 14.96 20.00 11.28 15.10
Minimala vertiba 21.36 186.36 238.36 263.26
Maksimala vertiba 36.32 206.36 249.65 278.36
Merijumu skaits 5 5 5 5
Variaciju koeficients 20.1% 3.8% 1.8% 2.2%

Kopuma teoektiski aprkinatos un eksperimentos i@ps rezulitus var
nowertet ka pietiekoSi pretzus, lai noteiktu gpeKa oksdu daudzuma
veidoSaas tendences 1@gdmotora izplides @zes, izmantojot rapSa llas
degvielu.

3. RAPSA ELLAS KA DEGVIELAS IZMANTOSANAS
EKOLO GISKAIS NOV ERTEJUMS, IZMANTOJOT
UDENS-SPIRTA IESMIDZIN ASANU MOTORA
CILINDR A

Gaisa piesrmojums, izmantojot rapSu llas degvielu, var i@vojami
atXirties, bet kopjo transporta raib emisiju raksturo transportadkelu
izmantojums un noslogojums,a kafi ipatrgjas emisijas apjoms uz vienu
transportaidzela nobraukto kilometru.

Lietojot rapSa Bu ka degvielu, veidojas lateliga enegétiska un CQ
bilance. Pamatizejviela rapSallas razoSanai ir rapSackéas, pilnba
atjaunojamais engijas avots, tiek samazits ,siltumrnicas efekts”, rapsdla ir
netoksiska un nekaga vesabai.

Lai apekinatu transportaitizelu toksisko izmeSu daudzumu, nepiecieSams
nemt \era sekojoSus faktorus:

e transporta sadglimu pa grupm (vieglie, kravas);

e transportaidzela motoru (dzedmotors, ottomotors, motora tilpums);

e transportaitizela ekspluaicijas apstklus;

e aplartgjas vides, kur tiek eksplugt transporta idzeHi, iedZvotaju

daudzumu;

e  parvadajumu veidu.
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Vispirms paprekina automolu grupas gada nobraukums, km:

Ly =A -a; 14 Dy, 3.1)

kur A —i-tas grupas automohi skaits;

o4 — tehnisks gatawas koeficients;
lani — I-tas grupas automoh vidgjais diennakts nobraukums, km;
Dg — darba dienu skaits gad

Pec tam tiek veikts izmeSu masas &gns automolu grupai ar

noteiktu motora tilpumu ap@atas viess, t:

M, =m,-l, K, K, -10°, 3-2)

kur my —izmesu daudzums, atkiad no motora tilpuma, -§m™;

l,i — automoHdiu sumnarais nobraukums gadkm;

Ka — koeficients, kas raksturo vidi, kur notiek trpoga kustba
(apdavotas vietas teritorijas lielumu u.tml.);

Ki,m — koeficients, kas raksturo transportdzeKa tehnisko @tvokli
(izlaiduma gads, nobraukums, izmeSu normMjxapsun u Wyruu,
2004).

Saskaa ar MEET metodol@iju (Methodologies for Estimating Air
Pollutant Emissions from Transpokdpejo izmeSu apgkinos, ir uzserts af tas,
ka videja ikgactja transportidzeu veiké distance ir al§riga da#das valsts,
un jebkud gadjuma, § distance sadas daZdu veidu céu starp. Lai pielietotu
mingto metodolgiju, nepiecieSamie dati ir:

kur
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transportidzeKu skaits katt transportidzeKu kategorij;

katras transpoftizelu kategorijas veilitkopgja ikgackja distance;

8is distances proceriais sadajums starp pilstas un lauku un
atrgaitas cem;

vidgjais atrums pa katru da veidu;

izmesSu faktors — vigla atruma koreicija.

i—kategorija j—celaveids
Ek = z N 'Ii : Z pij 'ij ! (3.3)
i=1 j=1

k — identificc piesirnotaju;

i — transporidzela kategorija;

j — cda veids;

n; — transportdzelu skaitsi-taja kategorif;

l; — videja i-tas kategorijas transpotdizeKa ikgadtja distance;

p,; — ikgadtjas veikas distances proceriia dda, kadu uzj-ta cda
veida veicd-ta transportidzelu tips;

&,« — piearotaja k izmesu faktors atbilstoSi vighm atrumam uz-ta
cda veida transpoftizeu kategorijai i (Vide, Enegija un
Transports, 2003).



Analizgjot iepriekS piemiatas izmeSu akina metodikas, var saprast, ka ir
iesfEjams apekinat kopgjo transporta izmeSu daudzumu noteitdritorija. Tatu
visparigi saidzimt izmeSu daudzuma izmgis naudas izteiksnpraktiski nav
iespejams. Tapec rapSa Bas degvielas izmantoSanas ekidkais noertejums,
izmantojot adens-spirta iesmidziiSanu motora cilindr, apgkinats saidzinoSi
un noteiktasa relafvas izmanas pie vieadiemargjiem faktoriem (sk. 3.1. tab.).

3.1. tabulaToksisko komponentu relaivas izmaipas, pielietojot piedevas

Sadedzes procesa| Toksisko izmeSu relalvas izmainas, %
veids CO HC HC+NOy NO MP
Ar udens +13 26 -39 42 +36

iesmidziraSanu
Ar piedevasVES0
iesmidziraSanu

+378 - -61 -51 +609

Eksperimeritlo testu rezultti uzskaimi paada, ka NQ un HC samazis,
ja tiek iesmidziata Gdens-spirta piedevdVE5Q0 CO un MP saturs aiges
palielinas, bet offidegrazu saturs atges samaziis lidz minimumam.

4. RAPSA ELILAS KA DEGVIELAS PIELIETOSANAS
EKONOMISKAIS NOV ERTEJUMS, IZMANTOJOT
UDENS-SPIRTA IESMIDZIN ASANU MOTORA
CILINDR A

lekartas atmak&saras laika apgkins (sk. 4.1. att.) ir izveidots, izmantojot
ExtendSimprogrammu un ir vier#Si lietojams. lerakstot attiggajos lauaios
zinamo inforniciju, tas ir, @arbaves izmaksas, nobraukumu gada daik
automobja degvielas patinu, rapSa Bas un @zgdegvielas cenu, &K an
maigjuma procentélo attiedbu, var ie@t predzus datus par sagaitaam
izmakéim pla$ diapazoa. Ar § apgkina paldzibu var noteikt ne tikai igktas
atmakaSaris laiku, bet arpredzas izmaksas uz vienu km, braucot ar rapga e
dizeldegvielu vai arveidojot daZdus So degvielu majgamus, un izmantojot vai
neizmantojotidens-spirta piedevu.

Kopgjas izmaksas atspotptas formud (Priekulis un Strautnieks, 2000):

Ikop:|P+|M :Iapdr.+luztur.+|am0rr.+|DA+|deg«/,+|sp+|TAmat+|TAfD+|p’ (41)

kur IP — pasivigas izmaksas, LVL;
IM — maingas izmaksas, LVL;
lapar.— apdroSiasanas izmaksas, LVL;
lztur.— UZtuBSanas izmaksas, LVL;
lamort,.— @amortizcijas izmaksas, LVL;
Ipa — darba algas izmaksas, LVL;
lgegv— degvielas izmaksas, LVL,;
Isp.— Spirta izmaksas, LVL,;
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lta-mat— TA materilu izmaksas, LVL;

Ita.o— TA darba izmaksas, LVL;

I, — motora piglgoSanas izmaksas darbam ar rapg§u en WE5(Q
LVL.

Pienemot, ka transpoitizeHa gada noslodze na@sniedz normavo
noslodzi, automolpg amortizcijas izdevumi tiek agkinati pie patsivigagm
izmakém. Ar izmantotais degvielas veids un piedeWES5O0 tie& veida
neieteknd amortizacijas izdevumus,atle] Saf nowertgjuma S izmaksu poiija
netiek iefauta.

Safldzimajuma apekina netiek iefautas artadas izmaksas, kuras satias ar
automobja remontiem, glaSanu utt., jo artas nav atkagas no izmantas
degvielas un piedevas pielietoSanas.

Ekonomiskam sadizimjumam tiek izmantotas izmaksas, kas laekas
formula:

(4.2)

Ikopsalz'al. = Ideg/. + Isp + ITAfmaL + ITAfD + I p."

_| ExtendSim EEX

Fle Edit Test Ubrary Wodel Datshase Develop Run Window Help

wowJ o 4 @ | F O

| Natebook - Fkon_nov-3.mox
Automobila dati Pieldgosanas izmaksas il Degvielas pat|
Dize|motora filpums, | 1213 agosanas zmaksas asanal ar RE [oo0
Planatais nobraukums gaga, km  [Bo000 Udens-hioetanala sistemas Uzstadisanas lzmaksas
Dizslegvielas patérins, | uz 100 km e st
Ellas daudzums motard, | e DO_saturs -|
o
Ellas mainas intenvals, km patériga pieaus, (RE/DD)
il WSt

Degvielas cena TA dati Bl
Drzeldesielas cena, Leil Motoreljas cena, Ls/l paténiga samaz. ar WIESD
Rapaa ellas cena, Lsl Ellas fitra cena, Ls I f—wsan

TA stundas izeenajums TA, Ls ‘el
WESD cena, Lsf i B2,
DD piejaukums rapsu ellal, % E0 TA .h o5
Bitiskikie model&sanas rezultdti  lesiagrizeleat idens bioctanola sisten i ] Izmaksas,

n_ela —a}woo
TAmaterialy izmaksas gadd, Ls 542 o — -

TA darba izmaksas gada, Ls 30 8§ ———= Izl
jelas i 2 ETA—=8 |5

Deguielas izmaksas gadd, Ls {0065 Th_koel — =

WESD izmakeas gada, Ls 0

Kopjas izmaksas gadd, Ls 18537 I_stund
= stundas —a
Deguielas patéring, luz 100 km  [30.75 ATA—al
5 = pa—
1 kmdegvielas zmaksas, Ls 02383 5 Th—= ;E’

letaupliums, salfdzinotar DD, Ls 3445
T darba zmaksas gads (Ls) 1g0m5

(=),

Atrmaksaganas laiks, dienas 21186

w & wlalw | 102

4.1. att.ExtendSim modda darba panelis

Programm ExtendSinizveidotais apgkina modelis ir izveidots no seSiem
blokiem:

e automobja datu bloks;

e degvielas cenas bloks;
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TA datu bloks;

degvielas parina bloks;
izmaksu un ietaujuma apekina bloks.

pielagoSanas izmaksu bloks;

Automobia datu blok tiek ievadti zinamie dati par automobili unat
ekspluaiciju: motora tilpums, nobrauktais @tims gad, vidgjais degvielas
pagrins, dlas daudzums motoun dlas magas interdls. Hlas manas interdls
ir svafigs faktors ekonomiskajapgkina, jo, ja tiek izmantota rapsdle ka
degviela, tad, lai nodroitu motora bezatteikuma dabo, dlas manas

intervals ir divas reizes maks.

Degvielas cenu blaktiek ievadtas visu izmantoto degvielu cenas un to
proporcijas automola darbiaSanai, & an tdens-spirta maigima cena. Rapsa
ellas un fosds dzeldegvielas proporcijas parastitiskas ir automoliiem,
kuriem ir uzsidita ,divu tverhu sisema”. Savulkirt tdens-spirta pielietoSana
ietekn€ degvielas pa&tinu un idz ar to degvielas izmaksas.

Izmaksu satizinajums, izmantojot tkeldegvielu, rapSalki ka degvielu un
So degvielu maijumus ar un bezidens-spirta piedevas automobilMfOLVO
FH12, ar motora tilpumu 12130 ¢rfAutodata, 2007) dots 4.1. tabul

4.1. tabulalzmaksu saidzinajums, izmantojot dizddegvielu, rap3a #u ka
degvielu un So degvielu maifjumus ar un bezudens-spirta piedevas
automobilim VOLVO FH 12, motora tilpums 12130 cr.

Apr ekinatie rezultati Dizddegviela vell?i?‘r?z:itjsj%!r?ws eu};f\?\/SEUSO
TA materilu izmaksas gag LVL 271.00 542.00 542.00
TA darba izmaksas gadLVL 15.00 30.00 30.00
Degvielas cena, LVI? 0.95 0.60 0.60
Degvielas paring, H100 km)* 30.00 31.50 28.35
Izmantotis degvielas daudzums gadl 24 000.00 25 200.00 22 680.00
Degvielas izmaksas gad_VL 22 800.00 15 120.00 13 608.00
WES50izmaksas gaqg LVL x x 1516.25
Kopgjas izmaksas gad LVL 23 086.00 15 692.00 15 696.25
Degvielas izmaksas uz 1 km, LVL 0.29 0.19 0.17
leekonondta summa ga&l safdzinot
or dzdogyioly, LVLg x 7 394.00 7389.75
leekonongta summa gadl saldzinot 4.5
ar RE maigumiem, LVL x x :
AtmaksiSarss laiks, dienas x 99 106

Izveidotais ekonomigk apikina modelis izmantojams, lai aptuveni

noteiktu p@rbave izlietoto lidzeKu atmakaSaras laiku, un, idz ar to, ktu
iesfEjams viegik pienemt Emumu tehnikas grbavei darbiraSanai ar rapSullel,
ka an adens-spirta iesmidziSanas sisas uzstdiSanai.
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SECINAJUMI

Noskaidrots, ka ar rapS3las degvielu AE100 darkimiem dzelmotoriem
izplides g@gzes pieaug dpeka oksda (NQ) daudzums. Udens
iesmidziraSana cilinda izsauc nestabilu motora dabob un nav pielietojama
ziemas apgk|os.

SlapeKa oksda daudzuma prognezanai ar rapSa llas degvielu
darbiramiem dzelmotoriem izveidots matedtiskais modelis programmas
ExtendSim Suitevide. Modelis dod iesfju noteikt jaudas un griezes
momenta izmaias dzelmotoriem, kurus darbina ar rapSdueunadens vai
udens-spirta maigima piedegm.

Modelpetijlumu rezulta noskaidrots, ka NOdaudzums eksperimeidjiem
motoriem samaziis f[dz ar utdens vai ddens-spirta maigima
iesmidziraSanu iepides kolektox. Aprekinats, ka motoramFORD YTR
slapela oksdu daudzums, iesmidzinadeni, tiks samaziis par 24%, bet,
iesmidzinot 50%7tdens-spirta maigimu — par 52%. Jauda un griezes
moments eksperimetiajam motoranFORD YTRiesmidzinotidens-spirta
50% maigumu, palielirisies par 3.5%.

Izstradata eksperime@to petijumu metodika, pc kuras iesgiams veikt
priekSizigtes eksperimentus uranbaudt teortiski iegitos rezulitus uz
staciorara motoraFORD YTRTris fidz pieci atiértojumi kata no rezmiem
ir pietiekami, lai iegtu rezulfitu ticambu 95% robeis.

Eksperimentos konstis, ka 50% adens-spirta maigms ir efekivs
I[idzeklis, lai regutu NO, daudzumu un kap nesadeguso dadenrazu
daudzumu ar rapSdle darbirimu dzemotoru atgzes.

Eksperimeritlaja petijuma ar rapSa gu darbiimam dzemotoramFORD
YTR izmantojot 50%iudens-spirta maigimu, NQ, daudzums samazs
par 63%, bet nesadeguSolwdgrazu (HCD) daudzums pazerai lidz
minimumam. Tvanaayes (CO) palielisjums ir 51%, bet cieto diau (PM)
daudzums palieliis aptuveni sesas reizes.

Testjot automobili LAND ROVER FREELANDERiz jaudas stenda,
konstatts, ka, iesmidzinotidens-spirta maigimu, NQ, daudzums atges
samazias par 35%, bet HCD (nesadegusdadegnrazu) praktiski nav. CO
koncentacija automotia at@zes ir idziga gan darbinot to ar rapSiue gan
ar rapSu Bu un adens-spirta maigpimu — starfba daZdos reimos
neprsniedz 2%.

BraukSanas cikl IM-240 un brauciena pa Jelgavas centru aaijil
konstatts, ka, pielietojotidens-spirta iesmidzaSanu iepides kolektod,
rapSa Has patrinS samazias par 8 — 9%. Gemeginajumos konstats, ka
udens-spirta maigima iesmidziaSana tzemotora ieplides kolektox
palielina jaudu un griezes momentu pardz 110%.

Izstradata spedila eksperimentu metodika jaudas parametrids@hSanai
cdizmgginajumos, izmantojot ugEmuma TESLA ierici G-Tech/Pro un
programmairu G-Tech Pass SS



10.

11.

12.

13.

Izstradatais paemiens dzelmotora izmeSu rege$anai apstipriits ar
patentu LV14648 B (starptautik klasifikacijas indekss: F02B47/04).
Noskaidrots, kaudens-spirta iesmidziSanas tehnofgja pielietojama
visiem dzelmotoru tipiem. Tehnolgijia aprolgta dzemotoros, kas
pielagoti darbiraSanai ar auguli AE100, ar nalku samaziat slapekda
oksdu daudzumu izpldes gzes.

Teofetiski apgkinatie rezulfti liecina, ka sipeda oksdu daudzuma
noteikSanu un prognéZanu ar rapsalle darbimmu dzemotoru izplides
gazes var veikt ar praktiskai lietoSanai atbilstoSugmiati. Eksperimentos
ieguto datu ampliida, kas atsevigs reZmos ir no 101dz 50 ppm, vien@r
ieklaujas teagtiski aprekinatais NQ, daudzums.

ProgrammadgxtendSim Suiteide izveidots ekonomigkapgkina modelis,
kas dod iesgju noteikt @rbaves un ekspluatijas izmaksas,&ai izlietoto
IidzeKu atmaksSaras laiku.

Ekonomiskaj aprkina noskaidrots, ka ar rapsalie darbirimu sgkratu
ekspluaicijas izmaksas ir par 30% n#kas nek izmantojot fosilo
dizeldegvielu. Pievienojot 50%iudens-spirta piedevu, ar rapsdlue
darbirimu sggkratu ekspludicijas izmaksas irifizigas K, darbinot bez
piedevas, jo spirtam darbojotiesa kdegvielai, samazis rapSa Bas
degvielas AE100 patinS, bet pieaug izmaksas, izmantojot spirtu.
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TOPICALITY OF THE RESEARCH

Since 2004 Latvia is a member of European Union Elddegislative acts
and documents are mandatory. EU directive 200330/Bn the promotion of
the use of biofuels or other renewable fuels fangport” states, that the EU
member states have to provide energy proportiom frenewable resources for
the transport use at least 5.75% (Directive 2008/30.., 2003) in their national
economics by 2010, but energy proportion from reatdes resources for the
transport use at least 20%, and at least 10% (Die2s2009/28/EC..., 2009)
biofuels proportion from total fuel consumption 2§20.

In pure form or in blends with fossil fuel vegetaldil fuel AE100 is used
more and more in agricultural machinery due totdwhnology development. It
verifies 2011 year’'s presentation &dhn Deereractor, which is equipped with
“one fuel tank” system for running on the vegetable also severaFendt
tractors standard equipment consists of techndofgie the vegetable oil use.
German companATG until 2011 had already equipped with the vegetalile
equipment more than 900 tractors and 3000 truchsirTcollaboration partners
are not only in south located countries, but afshiihuania and Norway, where
farmers successfully operate vehicles that aretaddpr vegetable oil use. Also
in Latvia some farms and companies use machinatyishequipped with diesel
engines, operated on the vegetable oil as fuel.

Previous research results show that the vegetalblethat meets EU
standards, can be used continuously and its useoti@ause engine or other
component failures. Few studies about vegetablfiellexhaust gases show that
toxic component content in exhaust gases, similaslyfor biodiesel, decrease,
compared to the fossil fuel. Other experiment itsssthow that the nitric oxide
volume in the exhaust gases increase using vegeatdbDther research suggests
that the rapeseed oil fuel AE100 use in agricultuile be topical until it could
be banned by the law, because rapeseed oil produatid use is economically
beneficial by certain conditions and do not endaiftgaiseless use as food-stuff.
Extracting rapeseed oil rapeseed cakes are rergatihat are high quality feed
(Dukulis, 2013.).

Toxic emission gases regulations are designatedmigtfor auto transport,
but also for tractors. Since November 16, 2013 Egulations apply in Latvia,
which determine exhaust gases standards for tsa@od other agricultural
machinery.

European Parliament and Council directive from Noler 16, 2011 states,
that emission gases from the engine need to beumehbefore exhaust gases
aftertreatment equipment. So the problem is thatfdlel burning process needs
to be adjusted to reduce toxic emissions, includitfic oxide volume,
influencing directly burning process in diesel ewgcylinder.

Most agricultural machinery and motor vehicles ubgdLatvian farmers
are not equipped with the exhaust gas recirculafif®R) system or selective
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catalyst reduction system (SCR), so nitric oxidel ather toxic component

volume in exhaust gases is dependant from engipstatents. Using rapeseed
oil (RO) fuel, engine adjustment is needed for mpti operation, but with two

tank system it is not possible, because engin¢arses with fossil diesel fuel,

that use has defined factory-producer parameters.

This research gives solution how to regulate nibse@de emission amount
from diesel engines running on the rapeseed dilA&d.00. Technology is based
on burning temperature reduction in engine cylin@sd burning process
improvement using water-ethanol blend for vehidtest are not equipped with
catalytic converter or other devices for toxic esioa reduction.

APPROBATION OF THE RESEARCH

e 9 publications in well-established reviewed iss(iad. Scopus, Web
of Science, CAB Abstracts, EBSCO Central & East&uropean
Academic Source).

e 8 popular science publications (journals ,AgrotgpSaimnieks”).

e Patent LV 14648 B. Method for Normalization of Dee€Emissions.
International classification: F02B47/04.

e 9 presentations on international scientific confiess.

e 2 presentations in exhibitions and seminars.

e Participation in two projects related to dissediatiheme.

THE OBJECT, HYPOTHESIS, AIM AND TASKS
OF THE RESEARCH

Research hypothesifor diesel engines operating with rapeseed fuidlic
oxide quantity in exhaust gases can be reducednhbighing intake air with
water-ethanol blend.

The aim of the researcls to determine exhaust gases composition,
affecting factors, and also to create theoretica practical solutions for nitric
oxide (NQ) reduction running engine on rapeseed oil fuel.

To reach the aim of the work, the following taske set:

e to concretize nitric oxide (N{) forming affecting factors;

e to create theoretical and practical solutions fizsel engine exhaust
gases toxic component — nitric oxide (N®@eduction, operating with
rapeseed oil fuel and using water-ethanol additive;

e to create mathematical model for predicting engirleaust gases toxic
component NQ using water-ethanol additive;

e to create diesel engine test bench for pre-reseatphriments, and to
carry out experiments;
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e to adapt automobile for operation with rapeseedand install water-
ethanol injection system;

e to make experiments with adapted vehicle and etahgsults;

e to determine rapeseed oil fuel use ecological awh@mical benefits,
using water-ethanol additive.

THESES FOR DEFENCE

1. Water-ethanol blend in engine cylinder is injecteda liquid state, where
due to the evaporation, absorbs certain amountaf, las a result burning
temperature lowers, same as nitric oxide quamigxhaust gases.

2. Developed mathematical model allows determiningiamibxide (NQ)
amount in diesel engine exhaust gases for differpgine regimes.

3. Created economical model of water-ethanol use helpsevaluate
economical efficiency for this system.

RESEARCH METHODS

Analysis, modelling, forecasting, experiment (oadoand laboratory),
statistic and economic evaluation methods are usttds research.

SCIENTIFIC NOVELTY AND PRACTICAL APPLICATION
OF THE RESEARCH

1. Methods for the nitric oxide reduction in diesefam® exhaust gases, using
water-ethanol blend, are created.

2. Innovative water-ethanol injection system is depelh which priority
certifies patent. Patent number: LV 14648 B. MetfadNormalization of
Diesel Emissions. International classification: B@Z/04.

Using developed NOmodel, it is possible to predict nitric oxide amoin
diesel engine exhaust gases, using rapeseed ailf@es. Research is done not
only theoretically, but also experimentally in laétry and in on-road
conditions. Experimental results confirm trustwardss of carried out
calculations.

Acquired results are practically usable for imprmyiecological factors of
vehicles that are equipped with diesel enginesansportation and agriculture
machinery. Using developed method it is possiblamporove also diesel engine
effective power parameters.
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INFORMATION ABOUT STRUCTURE AND AMOUNT
OF THE RESEARCH

Dissertation “Rapeseed oil fuel emission normaiiwain diesel engines”
consists of 4 chapters. In Chapter 1 analysis aktmamisportation impact on
environment has been given, diesel engine toxicgon forming principles are
determined as well as their reduction technicaltsmhs; methods for emission
quantity determination are studied. Previous irigabns on specific character
of rapeseed oil fuel usage and exhaust gases ceampoimanges are analysed. At
the end of this chapter the aim of the researdbrisulated, and research tasks
are defined.

Chapter 2 deals with the exhaust gases formingé¢tieal reasons, a deep
research on nitric oxide formation in diesel engimxhaust gases running on
rapeseed oil was carried out, as well as their latign theoretical solutions.
Theoretical model for determination of nitric oxidgiantity in diesel engine
exhaust gases is developed. Thermal balance ctidmdafor experimental
engine have been carried out and indicator-diagsasonstructed.

In Chapter 3 a methodology for investigations ofissions is worked out
and described. It is suitable for laboratory capndi performing experiments on
power bench. Experiment results are summarizedaaadlsed in subchapters,
result assessment has been done and conclusiodslizered.

In Chapter 4 a theoretical and experimental rebeaoenparison is given,
rapeseed oil fuel use efficiency is described, gisiaveloped emission reducing
solution — water-ethanol injection into the diesshgine intake manifold,
ecological and economical benefits are determined.

Dissertation “Rapeseed oil fuel emission normaiiwain diesel engines”
consists of 148 p., 88 fig., 19 tab., 149 bibliguria sources, and 11 appendices.

33



1. THEORETICAL RESEARCH

The aim of the theoretical study is to develop reathtical model for NQ
(nitric oxide) amount determination in diesel emgiexhaust gases, using
rapeseed oil (RO) as a fuel. Theory is based ontieanl for defined
concentration water-ethanol blend injection int@ke air, which helps to reduce
burning temperature and improve burning procesgngine cylinder. Diesel
engine effective power and toxic component,N@ming calculation has been
done according to flow chart shown in Fig. 1.1.

Calculations for rapeseed oil use as fuel are basedreated theoretical
model, that includes thermodynamic calculations diferent environment
temperatures and different rapeseed oil and fdsel blends (Dukulis and
Birkavs, 2013), further NQcalculations were done based on theory aboutnitri
oxide forming in diesel engines at high temperature

Technical parameters
Number of cylinders
Cylinder layout
Engine capacity
Cylinder diameter
Piston travel
Compression degree
Maximal power

Water-ethanol
blend injection in
intake manifold

Maximal torque v
Supply of .
necessary air Rapeseed oil
volume injection
\ 4 \ 4
Intake .| Compression| [ Combustion | Exhaust
stroke v stroke i stroke i stroke
NOy
amount
calculation
Engine effective parameter <
calculation
A

Fig. 1.1.Diesel engine effective parameter and toxic componeNOy
calculation flow chart
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To describe diesel engine construction completenbsest distribution
characteristics, factors, that are influenced, emedhods for heat consumption
improvement during experiments, a heat balanceeasied.

Diesel engine heat balance describes heat distibuhat has emitted
during fuel burning process in engine cylinder a@asdconsumed useful or
determined as heat loss (Scott, 1972; Sashse,.1975)

Heat balance, in total or separately by typeswalevaluating engine parts
heat resistance parameters, to calculate coolisigisy to determine unused heat
in exhaust gases, that utilizing, it is possibleitgprove engine efficiency
(Cropueyc, 2001).

Diesel engine thermodynamic calculation for motehicle exploitation
parameter modelling in simulation progrdrtendSinis particularly described
in dissertation “Rapeseed oil fuel application ies#l engines and logistics”
(Dukulis, 2013) and published in “2international scientific conference
-Engineering for Rural Development” proceedings kDlis and Birkavs, 2013).
This model allows determining at what environmesmperature fossil fuel is
needed for adding to the rapeseed oil, to provigd pump operation and fuel
flow through the fuel supply system. 3 moduleswsed in model (Fig. 1.2.).

(;I'P:e fuel clqntefnt Diesel engine Construction of
. etermination for | Fuel content i Ne, M i i Ne (n), M(n
Ambient temperature motor vehicle operation e Me diesel engine . (), M(n)
— h : p{ termodynamic » powerand
operation at differen )
Fuel viscosity per: calculation torque curves
ambient temperaturgs

Fig. 1.2.Total flow chart of model

First module determines whether motor vehicle ddpgnfrom temperature
of the environment can be operated with pure ragaksd, or blends with fossil
fuel are needed. For second module fuel contentcduadacteristics work as
input parameters, and thermodynamic calculatiomsdfesel engine are being
done. Diesel engine power and torque charactetisicconstruction is done in
third module.

Created model is suitable for direct injection eegparameter simulation
for diesel engines with and without forced induatiobut more precise
calculations can be done for engines with precutitrusshamber. For nitric
oxide volume calculations, and also for other diesgine operating parameter
evaluation, created thermodynamic calculation meduhs complemented with
few functions:

e change of engine revolutions (using slider or nungiemerator);
function for ethanol content calculation in water;
average burning temperature determination;
gases mixture enthalpy calculation;
burning product volume ratio determination;
engine heat balance calculation;
nitric oxide amount determination.
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Four sliders are placed in model workspace to sefine revolutions,
environment temperature, water-ethanol blend ratid type of fuel (Fig. 1.3.).
These factors directly influence nitric oxide voleirm exhaust gases, because
changes burning process in engine cylinder.

5000 =@ 20 ~p
- - 12.2 —8 0122l |
- =
Apkartéjas vides temperatdra
- = II——|
1950 | Temp

=
- =
0 =] 40 |Sh

Motora apgr. - Temperattra

Udens 100 ~p RE Rapsa ellas saturs maisjuma, %
= RE_saturs
= (725 |

Spirts 50 |5k DD

£11(72.5! B
Udens saturs maisjuma, %
Fig. 1.3.Sliders for setting basic parameters

Carbon (C), hydrogen (H) and oxygen (O) volumedel fparts of mass is
calculated using formulas (Smigins, 2010):

chat—i -m
co= (L)
;rn
Har
- 21 : n (1.2)
ém
Osat—i '
o le n (1.3)

i=1
where m —i-type fuel content in fuel, mass %;
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Csat.i — carbon content intype fuel, parts of mass;
Hsai — hydrogen content intype fuel, parts of mass;
Osat.i — OXygen content intype fuel, parts of mass.

Nitric oxide amount calculation in modelling program

Calculation of nitric oxide amount in diesel exhagsses is based on
temperature change mechanism basing on Zvonov ahelthgy @sonos, 1981).
For mathematic modelling fuel burning process igddid in two parts: fresh
blend part and burning product part. Fresh blerd ipaludes remaining gases
and air blend, which is passed into engines cytinBlefore beginning of burning
this part takes whole engine cylinder volume, butirly burning, increases
burning product capacity.

The main advantage of this methodology is abilityperform calculations
for determining several burning process componemtd,to carry out calculation
for nitric oxide determination that emerges at higimperatures.

For full burning process temperature determinati@nfollowing formula is
used Bsonos, 1981):

\/BZ - 4A{1_rps [H sm(Tsm)_ H sm(Tv )] - ATVZ - BTV} -B
T , (1.9)

ps

Pe 2A

where r,s— burning product part in fuel-air mixture, %;
Tsm— fresh blend temperature, K;
T, — average blend temperature, K;
Hsm— fresh blend enthalpy, &inol™;
A and B — enthalpy equation coefficients of burning prdduc
(kJkmol™):

H,, =AT, +BT +C, (1.5)

where coefficientdA, B are determined in separate calculations (Fig) 1.4.
(Blivis et al., 1980):

A= (155+ 138} 1073, (1.6)
a
B = 8314+ 201+ 0922, (1.7)
(04
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A

Alfa ———a =0 B 10547

Degv.rakstur.koef._A

B
Alfa —ay=f(x) n—l

= 29.028666666667

Degv .rakstur.koef._B
Fig. 1.4.Enthalpy coefficient calculation blocks

Enthalpy is the sum of thermodynamic system’s irereergy and capacity
energy. It is called also heat content. Enthalpyallg is marked with letteH
and is measured in J (kJ). Enthalpy calculatioclkle shown in Fig. 1.5.

M1
_ » ;
y=f () B—M L , y:f(x)ere

=109 B~ 31656 347644522 =436.65887833434

N w2z
Eta v —'" wmismr
lek$&ja energija Sv. maisijuma entalpija
y=f(x) g———

Tpatn.siltumietilpiba
Tc

Pz
Jgg y=f(x) @
Lambda _r=

Spiediens pirms sadedzes

Te —Lg y=f(x) @

M—_ g
Pc =

Tilpums pirms sadedzes

rps
Alffa ——= y:f(X)lL

=0.56666666666667

Sadedzes produktu dala
Fig. 1.5.Enthalpy calculation block for a blend
H=U+pV, (1.8)

where U — inner energy, kidg*;
P — pressure in cylinder at the end of compres3ig;
V — cylinder volume, th

For calculation of inner energyJ), pressure ) and volume Y) the
following formulas are used (Bis et al., 1980):

U:(M1+Mr)'cvc'Tc’ (19)

where M; andM, — accordingly fresh mass and remaining gases \@iam
combustion chamber, kmbt™;
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cve — Mixture specific heat capacity, kahol™;
T. — temperature before burning, K.

P

=-Z, (1.10)
P A
where P, — pressure at the end of burning process, MPa,. (40.5) (Bivis

et al., 1980);
J — pressure increase level, (1.4...2.0¢Blet al., 1980).

To calculate full burning temperature, an averageperature for a blend is
needed. Average temperature calculation includesnithg temperature,
temperature before burning, remaining burning pebdtemperature from
previous cycle, exhaust fumes end temperature r@mwient temperature and
temperature increase, which is depending from enfzdth configuration, cooling
system type, engine load and other factors. Thigevior diesel engines is 5 to

20 K (Blivis et al., 1980).
Average temperature calculation block is shownign E.6.

Tz ’—Tvid
Tc _
V) B 533 66374810851

Sadedzes vid.tempertara

Ohold
Delta T

Fig. 1.6.Average temperature calculation block

When all necessary data is determined, full burnimgperature of the
blend can be calculated. Calculation block is showrig. 1.7.

Tps
B
A _I—a y=f(x) nj

= 914.76594910466

Pilnas sadedzes temperatdra

He -
E v =09 ';: 424.5180052275

o

Sv. maisijuma entalpija

Fig. 1.7.Full burning temperature calculation block
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Nitrogen oxidation occurs in a chain of reactiofise main of them are:

0,<=>20 1)
N, + O<=> NO + N (2)
N+ O,<=>NO + O )

The uppermost is reaction (3), that speed is depgrftbm atomic oxygen
concentration.

Initially nitric oxide forming in burning zone afteeaction is calculated, but
after it — an average NO concentration in engimatngstion chamber.

Diesel engine exhaust gases usually contain thdowfimlg main
components: O, HGC;, C. CO, CQ, CHy, NGO, NO,, N, N,, NH3, HNO;, HCN,
H, H,, OH, H,O. But due to the pressure and temperature that tise engine
cylinder few components (€.,, GH,O, HNGO;, C etc.) are inconsiderable
because of their quantity, and don’t influence ¢ogkbmponent calculations
(Xomansu, 1976).

Creating the model it is assumed that burning proadwntent holds 11
components: C® H,0, CO, N O, H,, OH, NO, H, O, N. These components
take part in reactions, that happen at high tentpeys Kamansu, 1976).

The amount of certain components in balance equat®usually expressed
by partial pressures:

P,=Pe, +Puo+Peo+ Py, +P, + Py, +Poy +Pyo + Py + Py + Ry, (1.11)

Partial pressure for gas mixtures is equal to gale finaction multiplication
by gas pressure (Pressure, S.a., Mendelejev table):

P, =44P.. +18P, , +28P,, +28P, +32P, +2P, +17P,, +30P, +1P, +16P, +14P,

To realize the nitric oxide calculation it is impemt to know nitric oxide
(rno), molecular nitrogen (p), atomic oxygen @) and molecular oxygen {J)
concentrations.

With water-ethanol blend presence in burning prectsse concentrations
will be slightly changed, because of the C, H andolume changes in fuel-air
mixture. This change calculation is incorporateé imodel creation process and
automatically determines defined component conagatr.

Nitric oxide quantity (ppm) in burning productsagnkshaft revolutiona
is calculated by equatioBfonos andKosios, S.a.):

38020 r 2
(P,- 233310°) ™ -r -r,- 1—( —NOJ

’ Mo 1

dNOx (n)= 934 3365 ; ; ,
RT, | 1+ (=) T =M

ps rOz

(1.12)

whereP, — pressure in engine cylinder, Pa;
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Tos— temperature in burning zone, K;

R — universal gase constan{ndol-K);

@ — crankshaft angular speed, &gl

I _no — hitric oxide amount,-grol™;

r'nos I Tos Fo2 — hitric oxide, molecular nitrogen, atomic oxygen
and molecular oxygen concentration.

Nitric oxide calculation block system is shown iig.F1.8. A characteristic
line construction block is added to the system,revti@st 4 simulation results are
saved.

Motora apgr.

m) -] Pz
- TpS 405.3937985774:
[ |m
8.314 =
o | -
Thold —
R NO W=7~
. X prognoze —
Apgriezieni W —aly=fx) b= — prog
Motora apgr. — Apgr. rad/s S0 B 405.30370857741
2.718281828455 e 1 |
—
m) (-] £

NOx aprékins

r02
Fig. 1.8.Nitric oxide quantity calculation block

Developed model allows predicting N€hanges based only on temperature
changes in the combustion chamber and burning speet taking into
consideration chemical processes that happen,ximmgle, for ethanol coming
in contact with rapeseed oil. Therefore obtainedada with approximate
accuracy.

2. NITRIC OXIDE REDUCING EXPERIMENTAL
RESEARCH

Before experiment a 50% (by volume) water-ethanent WES50 was
prepared, which can be used in motor vehicle diesgjines all year long.
Engine test bench was equipped with a systenWwBb0injection to find most
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suitable airWWE50proportions during experiments that would prowide desired
result — NQ decrease, substantially not increasing other temigssions. Engine
test bench principled scheme is showed in Fig. @irkavs, Dukulis and
Birzietis, 2013).

o

Fig. 2.1.Engine test bench principled scheme:

1, 8, 17 — electric pumps; 2 — tank for fossil fugl 7 — filters; 4 — fuel distributor;
5 — heat exchanger; 6 — glass tube; 9 — tank fseed oil; 10 — one-way valve; 11 — fuel
high pressure pump; 12 — fuel injectors; 13 — emgit — intake manifold; 15 WE50
injectors; 16 —WESO injection system distributor — regulator; 18 — kfmwv valve;
19 —WES5Otank.

Test results show that NO(nitric oxide) and HCD (unburned
hydrocarbons) reduce, increasing additivé$E50 injection quantity, C@
amount is approximately the same, but CO and gwdidicle amount increase
(Table 2.1). Regardless of small ¢£Kmethane) increase, total hydrocarbon
amount in exhaust gases decreases to insignifienttity.
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Table 2.1 Toxic emission quantity in exhaust gases at 1500 m

WES50 NO,, MECHO, CH,, HCD, CO,, CoO,
additive, % ppm ppm ppm ppm ppm ppm
0 105.36 29.53 4.84 204.91 27264.08 1086.98
0.35 71.11 110.45 23.11 57.53 27344.13 | 1885.42
1.05 57.28 172.19 44.12 0 26908.19 2509.60

At engine revolutions 2500 mifnexperiments were carried out in different
WESO0supply regimes. Experiment results are summaiizddble 2.2.

Table 2.2Toxic emission quantity in exhaust gases at 2500 mi

WES50 NO,, MECHO, CH,, HCD, CO,, CO,
additive, % ppm ppm ppm ppm ppm ppm
0 153.46 11.41 2.74 136.64 29620.83 646.79
0.22 119.10 61.07 9.03 33.15 29428.29 1054.94
0.63 104.36 95.75 20.10 0 28801.63 | 1434.64
1.04 94.15 122.17 28.44 0 28585.84 1680.85
1.46 76.05 169.75 43.74 0 27505.30 2220.19
1.86 64.38 194.98 59.11 0 27134.32 2609.18

Toxic emission change tendencies in exhaust gase&5@0 mift were
similar as at 1500 mih NO, amount decreased by 58%, but total unburned
hydrocarbon content, despite of ¢£Hmethane) increase, was reduced to
insignificant quantity. Since solid particle and Gnount in exhaust gases
increased several times, further experiments withremthan 1.86%WE50
additive were interrupted.

2.1. Exhaust gases experiments for diesel engiff®©ORD YTR

Experimental research using diesel engi@RD YTRwas carried out to
compare toxic emission amount, using rapeseedndilrapeseed oil with water-
ethanol blend additive. In addition to exhaust gasgeasurements, engine
dynamic parameter changes and fuel consumption determinedFORD YTR
engine capacity is 2304 éntompression ratio — 22.2 and power 49 kW. Engine
is equipped with fuel pumpotoDieseland provides injector opening pressure
up to 115 £+ 5 bar.

In pilot study burning process investigation wasried out, determining
pressure in fuel system, indicated pressure etc.fully describe dynamic,
economic and ecologic parameter changes.

Initially tests were carried out running engineidife regime at 900 mih
and three load (50 N) regimes — 1500 Tir2000 mirt, 2500 mift. These
engine regimes were chosen because they matcheselpieration in urban and
extra-urban conditions, providing excess air ratierage value 1.5.

At engine revolutions 900 min(Fig. 2.2.) NQ quantity decrease, using
water-ethanol blend, is not observed because dyaaofi consumed air is
minimal, therefore water-ethanol additives influemg not noticeable.
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Increase can be noticed for carbon monoxide (CQ) swlid particles
(MECHO), accordingly by 51% and 70%.

Without additive
8 Water additive
WES50 additive

|

Emissions, ppm

o

N
0

R

s

N=7
NOx MECHO HCD CO2*100 CO*10

Fig. 2.2.Toxic emission amount changes for diesel engine
FORD YTR at 900 min*

At engine revolutions 1500 mirNO, amount, using water or water-ethanol
blend, is considerably reduced and decreases pomdmgly by 39% and 52%.
Unburned hydrocarbon (HCD) amount reduces to mimmdhat can be
explained by fact that water-ethanol additive iny@® burning process in diesel
engine cylinder (Fig. 2.3.).

€ 600

o

o

o 500 -

s

g 400 - .
2 Without additive
W 300 - g Water additive

WES50 additive

NOx MECHO HCD CO2*100 CO*10

Fig. 2.3.Toxic emission amount changes for diesel engif€®ORD YTR
at 50 N load and 1500 mifl

At engine revolutions 2000 minand 2500 mift NO, amount, using water
or water-ethanol blend, decrease by 23% and 62%umburned hydrocarbon
(HCD) amount increases (Fig. 2.4. and 2.5.). It lbarexplained by the fact that
water-ethanol additive create excess air ratio edeser, thereby all fuel is not
burned.
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Fig. 2.4.Toxic emission amount changes for diesel engif€®©ORD YTR
at 50 N load and 2000 mif
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Fig. 2.5.Toxic emission amount changes for diesel engiff®ORD YTR
at 50 N load and 2500 mifi

Second experiment stage was carried out operatigine at 2000 minh
revolutions and 100 N load. This regime was usettabse it corresponds to
vehicle operation in extra-urban conditions at tamisspeed 90 ki,

These experiments also show water-ethanol additivdluence on diesel
engine exhaust gases. Using water-ethanol injechi@ amount was reduced
by 73%, HCD amount to minimum, but solid particledacarbon monoxide
quantity was increased.

Carbon monoxide increase can be explained withssxa# ratiodecrease,
but solid particle increase — with engine graduallganing because of good
burning process.

45



2.2. Experimental investigation of automobile
LAND ROVER FREELANDER

Automobile LAND ROVER FREELANDERvas chosen for experiments
because it has common rail direct injection fuedtegn and forced induction.
Vehicle has 4x4 wheel drive, and it is suited fepleitation in off-road, so good
for farmers driving on countryside. Automobile wadapted for running on
rapeseed oil using companyElsbett “two tank” system. A water-ethanol
injection system was also installed, operated g Ipressure pump.

Automobile LAND ROVER FREELANDERs equipped with automatic
transmission; therefore experiments were carriet ioutwo stages: exhaust
emission measurement at laboratory and power measumts in on-road
conditions (Fig 2.6.). Power measurements are mmgsiple at laboratory
conditions, because during experiments with digeetr, by pressing acceleration
lever in “kickdown” mode, automatic transmissionntol module switches
lower gear, therefore it is not possible to meapawer and torque precisely.

Emission research using rapeseed oil
fuel for automobile
LAND ROVER FREELANDER

Laboratory On-road
tests experiments

Exhaust gases
measurement - Power tests

Fuel consumption |«
measurement

Fig. 2.6.Rapeseed oil fuel experimental test’'s scheme

Exhaust gases content for automohliND ROVER FREELANDEWRas
determined testing it into two cycles — IM-240 alalgavas cycle. Every cycle
had 3 repetitions.

Using water-ethanol blend injection, N@nitric oxide) volume in exhaust
gases decreases by 35% (Table 2.3). Without wéterel additive, some toxic
gases element concentration was smaller. For exar (carbon monoxide)
content in exhaust gases is smaller by 57%, but(8dd particle) content is
smaller seven times.
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Table 2.3Exhaust gases content for automobile
LAND ROVER FREELANDER

NOx, CO, COy, Solid particles (PM),
ppm ppm ppm ppm
2 2 3 3
Cycle ai ° ai © i © i ©
O (=) (=) (=) (=)
Sl x| |83 | c|®|F|<| 8% <
@] + O + @] + @] +
x x x x
IM-240| 188 | 121 | -35| 309] 488 +57 3833®»200 +2 65 420 | +54§
Jelgaval 153 | 104 -32 64 143 +1229600 28800 -2 23 95 +313

Fuel consumption comparison results testing the lcAND ROVER
FREELANDER performing two driving cycles is shownTable 2.4.

Table 2.4Fuel consumption comparison

Cycle RO, RO+WESD, WES0, _ RO
| (100 km) | (100 km) | (100 km) RO+WE50

IM-240 9.72 8.83 0.85 -9%

Jelgava 10.65 9.78 1.02 -8%

Driving IM-240 and 2.35 km Jelgava city centre @iibn cycles, it was
concluded that using water-ethanol injection imtake manifold, rapeseed oil
consumption was reduced by 8 — 9% (Table 2.4)water-ethanol blensVES0
consumption in Jelgava’'s driving cycle is 16% higtiean in IM-240 driving
cycle.

It is explained by the fact that Jelgava drivingleyhas more braking and
acceleration regimes, therefore due to the turpierformance, higher pressure
and more air quantity is in intake manifold, andadingly more water-ethanol
blend is injected.

2.3. Theoretic and experimental research comparison

Theoretically calculated NCamount and in experiments gathered results
for diesel enginé-ORD YTRwithout additive injection are shown in Fig. 21f.
is obviously seen that the graph obtained in madglbrocess crosses the
scattering fields of experimental results.

The biggest amplitude was observed at 1500'mibut error calculation,
where variation coefficient is 7.9%, confirms tesinsistency and rough error
elimination.

Smaller scattering field of results and variatiaefticient is at 2500 mih
It can be explained by diesel engine stable opmmratbecause at these
revolutions fuel supply disturbances are not meaio
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Fig. 2.7.Theoretical and experimental result comparison fodiesel engine
FORD YTR without additive injection

Theoretically gained diagram cross all experimergallt scattering fields.
It means that forecasted results in calculationgespond to NQ volume
increase tendency depending from engine revolutions

Essential NQ decrease can be monitored by water-ethanol blejedtion
into engine intake manifold, because water preseneduces burning
temperature, but ethanol — speeds up burning psanatiesel engine cylinder.

Using water-ethanol blend, burning process in diesgine is more stable,
therefore theoretically and experimentally gaineskuits are with closer
correspondence. Experimental result scattering fiatit value range is smaller
compared to previous mentioned result comparis®hgoretically calculated
and in experimental research gained results, usiatgr-ethanol 50% blend
injection into diesel engine intake manifold, ahewn in Fig. 2.8.

350
300
250 - 45
200 - 199

150
100 /

50 - JSZ

0

NOx, ppm

500 1500 2500 3500 4500
Engine speed, min *
——Theoretical amount e Experimental results
Fig. 2.8.Theoretical and experimental result comparison fordiesel engine
FORD YTR with water-ethanol blend injection
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Experimental research result error calculation {foka and Blina, 2003)

values are shown in Table 2.5.

Table 2.5NO, amount measurement error calculation results foFORD

YTR engine with water-ethanol blend injection

Parameter 800 min' 1500 min* 2000 min* 2500 min*
Mean value 28.68 198.96 245.35 268.87
Standard error 2.60 3.40 1.99 2.68
Standard deviation 5.81 7.60 4.44 6.01
Range 14.96 20.00 11.28 15.10
Minimum 21.36 186.36 238.36 263.26
Maximum 36.32 206.36 249.65 278.36
Count 5 5 5 5
Variation coefficient 20.1% 3.8% 1.8% 2.2%

In general theoretically and experimentally gainesults can be described
as precise enough to determine nitric oxide dewetg tendencies in diesel
engine exhaust gases using rapeseed oil fuel.

3. ECOLOGIC EVALUATION OF THE APPLICATION
OF RAPESEED OIL AS FUEL USING WATER-
ETHANOL INJECTION IN ENGINE CYLINDER

Using rapeseed oil as fuel, air pollution can cleangticeably, but total
transport produced emissions can be described biglgeusage and load, and
also specific emission amount on one vehicle'salrikilometre.

Generally using rapeseed oil as fuel, a benefariagrgetic and C£balance
is created. Raw material for rapeseed oil product® rapeseed seeds, fully
renewable energy source. Reducing greenhouse ,effgetseed oil is non-toxic
and harmless for health.

To calculate transportation toxic emission amouing following factors
have to be considered:
transportation distribution by groups (cars, Ias)je
vehicle engine (diesel, otto, engine capacity);
vehicle exploitation conditions;
surrounding population, where vehicles are expipite
traffic type.

Initially one year total mileage for vehicle grobas to be calculated, km:
Li =A-a;lg-D 3.1

where A — number of vehicles intype group;
ay — technical exploitability coefficient,
lani —i-type group vehicle average daily mileage, km,
Dy — number of working days per year.

g’
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After that an emission mass is calculated for awofsita group with
determined engine capacity in populated area, t:

Mai =m, 'Iai ’ Kav ’ Kizm .1076’ (32)

where m, — emission amount depending on engine capackym
l,i — vehicle total mileage per year, km;
Kay — coefficient, which describes environment, wheaasportation
is being done (populated area size etc.);
Ki,m — coefficient, which describes vehicle technicahdition (year
of production, mileage, emission quot8)akapsun u Uyruu, 2004).

In accordance wittMEET methodology Kethodologies foEstimating Air
Pollutant Emissions from Transpdrfor total emission calculations, a total
vehicle mileage differences in particular countraae highlighted, and these
differences refers also to different road types.ifiplement this methodology,
the following data is needed:

e number of vehicles in each vehicle group;

e total mileage of each vehicle group;

e percentage of the distance distribution betweemmdnd rural areas

and high-speed roads;

e average speed for each road type;

e emission factor — average speed correlation.

i—kategorija j—celaveids
Ek: Z ‘r\‘li' Z'pij'QJk’ 3:3)
i=1 j=1
where k — pollutant identification;

i — vehicle category;
j — road type;
n — number of vehicles inth category;
l; — average annual distance covered-thycategory vehicles;
pi; — annual distance percentage part, which was edvby i-th
vehicle category;

&,k — pollutantk emission factor accordingly to the average speed

on j-th type road fori-th category vehicleqVide, Enegija un
Transports, 2003).

Analysing previously mentioned emission calculatimethods, it can be
understood that it is possible to calculate totddigle emission amount in certain
area. But commonly comparison of emission quartitgnges in financial terms
practically is not possible.

That's why rapeseed oil's use as a fuel ecologassakessment using water-
ethanol blend injection into cylinder is calculatsmmparatively and determined
its relative changes at the same outer factorsléTah).
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Table 3.1Toxic component relative changes using additives

Burning process Toxic component relative changes, %

type CcO HC HC+NOy NOy MP
With water +13 26 -39 42 +36
injection
With additive
WES50injection +378 B -61 51 +609

Experimental test results show that Né&hd HC decrease injectinggE50
water-ethanol additive. CO and MP content in exhaases increases, but
hydrocarbon content in exhaust gases decreasesitoum.

4. ECONOMIC EVALUATION OF THE APPLICATION
OF RAPESEED OIL AS FUEL USING WATER-
ETHANOL INJECTION IN ENGINE CYLINDER

Equipment payback time calculation (Fig. 4.1.) isrformed using
ExtendSim program. Developed model is easy to use. Fillinecessary
information fields: reconstruction costs, annualleage, fuel consumption,
rapeseed oil and diesel fuel price, blend proporip@rcentage, model gives
precise data about predictable costs in a larggeta is possible to determine
not only payback time, but also costs per one lsimgurapeseed oil, diesel fuel
or combining different fuel blends and using or using water-ethanol additive.

Total costs are displayed in formula (Priekulis &tchutnieks, 2000):

lop =IP+IM =1_, +1 +1 +lpa+1

uztur. amort

+|sp+|TA—maL+ITA—D+|p' (41)

kop apdr. degv.

where IP — fixed costs, LVL;
IM — variable costs, LVL;
lapar.— iNsurance costs, LVL;
luztur — Maintanance costs, LVL;
lamort. — depreciation costs, LVL;
Ipa — salaries, LVL;
lgegu— fuel costs, LVL;
Isp.— ethanol costs, LVL,;
lta-mat— technical service material costs, LVL;
lta.p— technical service work costs, LVL;
I, — engine adaptation costs for operating with repésoil and
WES5Q LVL.

Assuming that vehicle’s one year load does not exceormative load,
automobile depreciation costs are calculated adfoosts. Used fuel type and
additive WES0in direct form also do not influence depreciataosts; therefore
in this evaluation this cost is not included. Costat are related to vehicle
repairs, storage etc. also are not included inutation because they are not
dependant form used fuel.
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For economic comparison the following formula igdrs

Ikopsalial. = Ideg/. + Isp + ITArmat. + ITAfD +1 p.’ (42)
| ExtendSim LER

Fle Edit Test Ubrary Wodel Datshase Develop Run Window Help

wow o ¥ mE rFO

| Natebook - Fkon_nov-3.mox
Automobila dati Pieldgosanas izmaksas il Degvielas pat|
Dize|motora filpums, | 1213 agosanas zmaksas asanal ar RE [oo0
Planatais nobraukums gaga, km  [Bo000 Udens-hioetanala sistemas Uzstadisanas lzmaksas
Dizslegvielas patérins, | uz 100 km e st
Ellas daudzums motard, | e DO_saturs -|
o
Ellas mainas intenvals, km patériga pieaus, (RE/DD)
il WSt

Degvielas cena TA dati Bl
Drzeldesielas cena, Leil Motoreljas cena, Ls/l paténiga samaz. ar WIESD
Rapaa ellas cena, Lsl Ellas fitra cena, Ls I f—wsan

TA stundas izeenajums TA, Ls ‘el
WESD cena, Lsf i B2,
DD piejaukums rapsu ellal, % E0 TA .h o5
Bitiskikie model&sanas rezultdti  lesiagrizeleat idens bioctanola sisten i ] Izmaksas,

n_ela —a}woo
TAmaterialy izmaksas gadd, Ls 542 Celia ——8

TA darha izmaksas gada, Ls 30
Degvielas izmaksas gadd, Ls 13066
WESD izmaksas padd, Ls 0
Kopjas izmaksas gadd, Ls Tama7

Degvielas patéring, |uz 100km 30,75

1 km degvielas izmaksas, Ls 0.2383

=

(=),

letaupliums, salfdzinotar DD, Ls 3445
Atmaksaganas laiks, dienas 211.66

Fig. 4.1.ExtendSim model’'s working panel

Calculation model created ExtendSinprogram contains six blocks:
automobile data block;

fuel cost block;

adaptation cost block;

technical service (TS) data block;

fuel consumption block;

cost and saving calculation blocks;

In automobile data block known data about vehicld &s exploitation is
entered, for example, engine capacity, coveredaligt per year, average fuel
consumption, oil quantity in engine and oil chamgimterval. Oil changing
interval is important factor in economic calculatidbecause using rapeseed oil
as a fuel, for providing engine non-failure operatioil change interval is two
times smaller.

In fuel cost block all used fuel prices and theipgortions for vehicle
operating are entered, as well as water-ethanoldbfgice. Rapeseed oil and
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fossil diesel fuel proportion is more typical foehicles that are equipped with
two tank system. Water-ethanol appliance influenfieed consumption and
therefore fuel costs.

Cost comparison using diesel fuel, rapeseed oll el blends of these
fuels with or without water-ethanol additive {¢OLVO FH 12truck with engine
capacity 12130 ci(Autodata, 2007) is given in Table 4.1.

Table 4.1 Cost comparison using diesel fuel rapeseed oil fughd blends of
these fuels with or without water-ethanol additivefor VOLVO FH 12 truck
with engine capacity 12130 crh

. Rapeseed oil Rapeseed

Calculated results Diesel or blend oil+WE50
TS material costs per year, LVL 271.00 542.00 532.0
TS work cost per year, LVL 15.00 30.00 30.00
Fuel price, LVLI* 0.95 0.60 0.60
Fuel consumption; (100 km)* 30.00 31.50 28.35
Used fuel amount, | 24 000.00 25 200.00 22 680.00
Fuel cost per year, LVL 22 800.00 15 120.07 13®08.
WES5Ocost per year, LVL X X 1516.25
Total costs per year, LVL 23 086.00 15 692.00 16.B5
Fuel cost per 1 km, LVL 0.29 0.19 0.17
Savings per year compared to diesel " 7394.00 71389.75
fuel, LVL
Savings per year compared to RO
blends, LWL P x x 425
Payback time, days x 99 106

Developed economic calculation model can be useatktermine payback
time of expenses used in adaptation, and theréforeuld be easier to make
decision about machinery adaptation for operationrapeseed oil and water-
ethanol injection system installation.
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CONCLUSIONS

It is determined, that using rapeseed oil fuel AEr0diesel engines, nitric
oxide (NQ) amount in exhaust gases increases. Water injeitiaylinder
causes unstable engine operation and is not sgiitalinter conditions.

For nitric oxide quantity forecasting using rapekesl fuel in diesel
engines mathematical model in prografxtendSim Suitevas created.
Model allows determining power and torque changeslfesel engines that
are operated on rapeseed oil and water-ethanad laléditive.

It is determined from modelling that N@mount for experiment engines
decrease with water or water-ethanol blend injecibo intake manifold. It
is calculated that foFORD YTRengine, nitric oxide amount reduces by
24% injecting water and by 52% using 50% water+gthalend. Power and
torque for experiment®ORD YTRengine, using water-ethanol 50% blend,
will increase by 3.5%.

Experimental research methodology is created, whilbws perform
preliminary experiments and verify theoretically tmbed results on
stationery positioned engifeORD YTR Threeto five repetitions in each
regime is enough to obtain results with 95% religbi

It is established from the experiments that 50%ewathanol blend is
effective tool to regulate NOamount and total unburned hydrocarbon
guantity in rapeseed oil operated diesel enginssonis.

In experimental research with rapeseed oil operdtedel engindFORD
YTR using 50% water-ethanol blend, N@mount reduces by 63%, but
unburned hydrocarbon (HCD) quantity reduces to mmimh. Carbon
monoxide (CO) increase is about 51%, but solidigart(PM) amount
increases about six times.

Testing automobile LAND ROVER FREELANDERon a chassis
dynamometer, it was established that by injectiagewethanol blend, NO
amount in exhaust gases decreases by 35%, but H@Durhed
hydrocarbons) practically disappears. Q@ncentration in vehicle exhaust
gases is similar operating with rapeseed oil ampksaed oil and water-
ethanol blend — distinction in different regimesrda exceed 2%.
Performing driving cycle IM-240 and Jelgava cycheitations, it was
established that, using water-ethanol injectiono inhtake manifold,
rapeseed oil consumption decreased by 8 — 9%. Jroath experiments it
was established that water-ethanol blend injedtitm diesel engine intake
manifold increases power and torque by 7 to 10%.

Special experiment methodology for power parametenparison in on-
road experiments was created using compahieSLAdeviceG-Tech/Pro
and progranG-Tech Pass SS

Developed technology for diesel engine emissiomlegmpn is certified by
LV14648 B patent (international classification ind€-02B47/04). It was
established that water-ethanol injection technologyn be applied to all
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12.

13.

diesel engine types. Technology was approbateiesetengines that were
adapted for operation with vegetable oil AE100 veittarget to reduce nitric
oxide content in exhaust gases.

Theoretical calculation results show that nitricidex determination and
forecasting for rapeseed oil operated diesel engil@ust gases, can be
used with adequate precision for practical use.aDange obtained in
experiments that in some regimes is from 10 to pth @lways fits into
theoretically calculated NQjuantities.

Economic calculation model is created ExtendSim Suitavorkspace,
which allows determining adaptation and exploitatexpenses and also
predictable finance payback time.

It is determined from economic calculation that iekhexploitation costs
are smaller by 30% using rapeseed oil instead sfilfaiesel fuel. Adding
50% water-ethanol additive for rapeseed oil opérathicles; expenses are
similar to operation without any additives, becaetgnol works as a fuel
and reduce rapeseed oil fuel consumption, but as@® costs from
additional using ethanol.
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