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MO DAU

Ning luong déng mot vai trd quan trong trong su tién bo cia ca nén kinh té va
chét luong cudc séng. Khi nén kinh té mé rong, mirc séng ciing vay, va do d6 nhu cau
vé nang luong. Tuy nhién, tinh hinh ning luong hién nay trén toan thé gidi va thuc té 1a
cac ngudn niang lwong chinh nhu dau thd, khi d6t tu nhién, than d4 va nhién liéu hat
nhan khong thé ti tao duoc d3 1am ting tAm quan trong clia cac ngudn ning luong khac
nhu nang lugng thuy dién, ndng lugng mat tro1, nang luong gid va khi sinh hoc. Sinh
khéi 14 ngudn nguyén liéu tir cac phy pham ndéng nghiép hay tir cic hoat dong san xuat
1am nghiép... Ngudn sinh khdi nay c6 gia thanh thap dong thoi 1a nguyén liéu c6 ham
luong luu huynh thip. Hon nita, viéc st dung sinh khi ciing gop phan 1am giam phat
thai CO> ra bau khi quyén

Viét Nam s& hitu diéu kién khi hau thuan loi cho phép trff)ng nhiéu loai cay trff)ng
da dang dé san xuat nhién liéu sinh hoc. Ngoai ra, dit nudc ndy c¢6 nguon sinh khdi doi
dao va nhiéu loi thé khac nhau cho su phat trién ctia nguén nhién liéu nay. Sinh khéi dé
cap dén chét thai nong nghiép (nhu rom, bi mia, trdu va soi ngd), chat thai 1am nghiép
(bao gom ca 14 kho va dim gd), gidy vun, métan c6 nguodn goc tir bai chon 1ap va nha
may xir 1y nudc thai, cling nhu chat thai tir cic trang trai gia siic va gia cam. Nhiing
nguyén liéu tho sinh khéi nay c6 thé dugc st dung ¢ dang rin, 16ng hodc khi. Pang chu
¥, 26 1a mot loai sinh khéi phd bién, phuc vy nhu 14 nhién liéu chinh cho nu in gia dinh
& nhiéu quéc gia trén toan thé gioi. Sinh khéi dai dién cho mot dang nhién liéu nang
lugng cung cap kha ning st dung tai chd va tiém ning to 16n. Tuy nhién, c6 mot sé bat
tién lién quan dén viée sur dung no, chéng han nhu nhiét tri thép (tinh bﬁng kJ/kg), mat
d6 thap (tinh bang kg/m?), d6 4m cao va luong khéi va bui thai dang ké khi chiu nhiét.
Do d6, dé ting cuong san xuat va stir dung nang luong sinh khéi méot cach hiéu qua hon
va than thién véi moi trudng, nhidu quéc gia trén toan cau di lién tuc theo dudi nghién
clru vé cai tién cong nghé d6t chay. Cuy thé, ngay cang c6 nhiéu mdi quan tim trong viéc
chuyén doi tir phuong phap “d6t truc tiép” truyén théng sang d6t gian tiép thong qua
viéc thuc hién cong nghé ra hoa. Cong ngh¢ dac biét nay duoc coi la mot phuong tién
hiéu qua dé chuyén d6i nhién liéu ran thanh nhién liéu khi, sau d6 co thé dugc luu trix
trong bé dé van chuyén dé dang hon. Hon nira, cong nghé nay cho phép diéu chinh tot
hon qué trinh d6t chay, dn dén ting hiéu qua va giam 6 nhiém lién quan dén nhién liéu
khi. Viéc str dung nguyén liéu sinh khéi lam nhién liéu thay thé duoc coi 14 thuan tién,

sach s¢€ va rat phu hop cho céc ing dung sudi1 am khéc nhau, bao gom ca san xuat dién.



Nghién ctru st dung nhién li€u khi trong BPCDT, trong d6 c6 nghién ctiru ing
dung khi tong hop sinh khéi vao dong co Diesel cho cic may phat dién ¢& nho c6 thé
gitip khic phuc tinh trang trén, nhung van dé nay chua dugc quan tim ding muc & Viét
Nam. Dé giai quyét van d@ trén, tac gia da thuc hién d& tai “Thiét ké, ché tao hé
thong diéu khién phun khi truc tiép cho ddng co diesel”.

1. Muc tiéu dé tai

- Thiét ké, ché tao hé thong diéu khién phun khi tryc tiép trén dong co
ludng nhién liéu hoat dong trong hé théng ning lwong tai tao lai solar-

biomass.
2. Poi twong nghién ciru

Déi tuong nghién ctru cia dé tai duoc chon 1a dong co dual fuel dugc

cai tao tir diesel cong suat nho.
3. Phwong phap nghién ctru
Két hop gitra 1y thuyét va thuc nghiém
4. Ciu triic Bio cdo tong két
Bio céo tong két gom cac ndi dung nhu sau:
- Téng quan.
- Co s¢ 1y thuyét
- Thiét ké, ché tao hé thong
- Thyc nghiém va danh gia két qua.

Két luan.



CHUONG 1: TONG QUAN
1.1. Tinh cép thiét caa dé tai

Nhu ciu tiéu thu ning lugng dang gia ting do su gia ting dan sb va tién bo cong
nghé. Diéu nay dic biét dung ddi voi nganh giao théng vén tai, noi c6 nhu cau ngay
cang ting vé ning luong c6 ngudn gde tir nhién liéu hoa thach nhu xing va dau diesel.
Pong co diesel, dac bi¢t, mang lai hiéu qua kinh té cao hon va mod-men xodn 1én hon so
voi1 dong co xang. Do do, chung dugc sur dung rong rai khong chi trong giao thong van
tai ma con trong nhiéu linh vuc khac bao gdm néng nghiép, may phat dién va xay dung.
Tuy nhién, mot nhuoc diém 16n cua dong co diesel 13 lugng khi thai giy 6 nhiém dang
ké ma chung tao ra, ching han nhu NOy va bd hong. Dé giai quyét van dé nay, di c6
nhiéu phuong phap khac nhau duoc dé xuat dé giam phat thai, bao gom sir dung phun
nhién liéu dién tr Common Rail, khi thai tuan hoan va loc xtc tac [1]. Tuy nhién, mdt
giai phap tiém ning da thu hat sy chu y ¢ nhiéu qubc gia 1a tng dung nhién liéu thay
thé. Bang cach sir dung nhién lidu thay thé, c6 thé giam thiéu tac dong méi truong cia
dong co diesel va giam phat thai cac chat 6 nhiém c6 hai. Viéc sir dung nhién liéu thay
thé khong chi giup giam luong khi thai gy 6 nhiém ma con mang lai nhing loi ich khéc.
Vi dy, mot sé nhién liéu thay thé c6 ham luong carbon thap hon so véi nhién liéu hoa
thach truyén théng, co nghia 1a qua trinh d6t chay cta chung tao ra it phat thai khi nha
kinh hon. Ngoai ra, nhién liéu thay thé c6 thé duoc 1ay tir cac ngudn tai tao, chang han
nhu nhién liéu sinh hoc lam tir cdy trong hodc vat liéu phé thai. Piéu nay mang lai tiém
nang cho mot ngudn ning lugng bén ving va than thién véi moi truong hon.

Mot cach tiép can kha thi dé giai quyét van dé nay lién quan dén viéc sir dung
nang luong sinh khoi, trong do dé cap dén viéc chuyén ddi cac vat liéu hitu co du thira
nhu trdu, rom, bd mia hodc chét thai c6 nguén géc tor cac hoat dong cua con nguoi,
chang han nhu rac va bun/céng rinh, thanh mot ngudn ning lugng kha thi. Phuong phap
nay cung cip mot giai phap tiém ning bang cach khai thac sttc manh cua khi tong hop,
con dugc goi la khi téng hop, c6 thé phuc vu nhu moét lga chon nhién li€u thay thé, do
d6 phuc vu nhu 13 mot thay thé cho dau diesel va xiang thong thuong. Muc tiéu co ban
ding sau chién lugc nay 1a giam su phy thudc cta ching ta vao cac ngudn nhién licu
hoa thach, do d6 giam thiéu tac dong bat loi ctia phat thai khi nha kinh, ddng thoi bao

vé méi trudng trong qua trinh san xuét va sinh hoat hang ngay.



1.2. Hién tuwgng 6 nhiém méi tredng va nong lén toan cau

Nguén 6 nhiém chinh tao ra tir dong co dét trong 14 carbon monoxide (CO),
hydrocacbon (HC), oxit nitric (NOx) va mot lugng nhdé oxit luu huynh (SOx), chi (Pb)
va vt chét dang hat. Pong co dot trong dugc van hanh bdi su dot chay nhién li¢u hoa
thach. Khi thai tir cdc phuong tién giao thong 1a nguyén nhan gay ra hai phan ba 6 nhiém
khong khi trong khu vue d6 thi. O nhidm tir khi thai 6 t6 1a mot trong nhitng van dé 16n
ctia hau hét cac qudc gia thé gidi. Qua trinh chéy 1y tudng cta hdn hop hydrocarbon véi
khong khi chi sinh ra CO2, H>0, va N». Tuy nhién do su khéng dong nhat ciia hdn hop,
cling nhu tinh chit phtc tap cia hién trgng 1y hoa dién ra trong qua trinh chdy nén trong
khi x4 dong co dot trong luén c6 chra mot ham lugng dang ké céac chét doc hai nhu: -
Oxit nito: NO, NO2, N2O goi chung la NOx. - Monoxide cacbon: CO - Hydrocarbua
chua chdy: HC - B6 hong, mudi than - Chi: Pb - Luu huynh: S Nhitng chat nhu luu
huynh, chi va céc chét phu gia trong nhién lidu ciing c6 anh hudng dén thanh phan cac
chat 6 nhiém trong san pham chay. Mot trong nhiing thong sd c¢o tinh tong quat anh
huong dén mirc do phat sinh 6 nhiém cua dong co 13 hé sé du lwong khong khi. Béi véi
con nguoi CO ngan can su dich chuyén cta hong cau trong mau, lam cho cac bo phan
ctia co thé bi thiéu oxy. Nan nhan bi tr vong khi 70% s6 hong cau bi khong ché (khi
ndéng do CO trong khong khi >1000 ppm). O ndng do thap hon, CO ciing cé thé giy
nguy hai lau dai voi con nguoi. Khi 20% hong cau bi khéng ché, nan nhan bi nhire dau,
chong mit va budn noén. Khi 50% hong cau bi khdng ché, ndo bo con ngudi bi anh hudng
manh. Tuy nhién CO la chat trung gian quan trong trong qué trinh oxy hoé cacbon thanh
cacbonic, khi cacbonic thong qua quang hop tao ra oxy. NOz 13 chat khé hoa tan, do d6
n6 co thé theo dudng ho hap di vao phoi gdy viém va hiy hoai cac té bao ctia co quan
h6 hap. Nan nhan bi mét ngu, ho, khé thd. HC giy tac hai dén con ngudi cha yéu 1a cac
HC thom. Khi ndng d6 ctia cac HC thom 16n hon 40 ppm gy ra bénh ung thu mau. Khi
nong do 16n hon 1 [g/cm3] gay rdi loan hé than kinh. Ngoai ra, HC ciing 4 nguyén nhan
gay ra cic bénh vé gan. SO, 1a mot chat hao nudc, do vay SO, rat dé hoa tan vao nudc
mili, sau d6 oxy hoa thanh H,SO4 rdi di theo dudng hé hap vao trong phoi. Ngoai ra SO,
con lam giam kha ning dé khang cta co thé va lam ting cuong do tac hai cua cac chat
6 nhiém khéc d6i véi nan nhan. Chi c6 trong khong khi thai do tetraethyl chi Pb (C2Hs)4
duoc pha vao xang nham ting tinh chéng kich nd cta nhién liéu. Su pha tron chét nay
vao xang dang 13 vin dé ban cdi cua gidi khoa hoc. Chi ton tai trong khi xa dudi dang
hat, c6 duong kinh rat nho. Vi vay rat dé xam nhép vao co thé qua da hodc dudong ho
héap. Khi d vao dugc co thé, khoang 30-40% luong chi nay di vao mau. Sy hién dién
clia chi gy x40 tron su trao doi ion & ndo, lam trd ngai cho su tong hop enzyme dé hinh
thanh héng cau. biéu dic biét 1a chi tac dong lén hé than kinh 1am cho tré em cham phat
trién tri tué. Chi bit dau gy nguy hiém cho con ngudi khi néng d6 cua nd trong mau
vuot qua 200-250 [mg/lit] [34]

Su gia tdng nhi¢t d toan cau hién nay, hi¢n dang & mtc 1°C, c6 kha nang leo

thang 1én mirc ddng kinh ngac 2°C, do d6 giy ra cac mdi de doa dang ké cho ca nhan
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loai va méi trudng thién nhién. Mot bao céo duge cong bd boi Uy ban Lién hop quéc
vé Bién d6i Khi hau (IPCC) ndi tiéng nhin manh nhu ciu cip thiét cta cac bién phap dé
han ché su néng 1én toan cau & mic 1,5°C so v6i thoi ki tién coéng nghiép, néu khong
1am nhu vay c6 thé dan dén hau qua nghiém trong vé bién ddi khi hau vao nim 2040
[4]. Cac hanh dong nhanh chéng va hi€u qua phai dugc thuc hién & cac cép do khac
nhau, c4 nhan, qudc gia va qudc té dé chong lai xu huéng dang bao dong nay. Piéu quan
trong la nhan manh vai tro then chét cua kién thirc khoa hoc va nghién ctru trong viéc
dua ra va thyc hién cac chién luge dé giam thiéu cac tic dong bat lgi ciia bién do6i khi
hau.

Mic du thyc trang néng 1én toan cau di va dang dién ra nhung né van dang la
chu dé néng hoéi duoc danh diu bang su hoai nghi va tranh cii, c6 nhiéu ¥ kién khéc
nhau vé van dé nay. Bat chap tat ca nhiing tranh cdi xung quanh cha dé nong 1én toan
cau, khong thé phii nhan ring sy néng 18n toan cau 1a mot thyc té khong thé chbi cai.
Viéc sir dung dir liéu vé tinh va phong thi nghiém d3 lién tuc chirg minh rang su tich
tu carbon dioxide va cac chat 6 nhidm khac trong bau khi quyén cua Trai dat 12 nguyén
nhan dan dén su gia tang dan nhiét do toan cau. Hién tuong nay, dugc goi la bién doi
khi hau do con nguoi gay ra, dugc hd trg bdi mot mang ludi rong 16n cac tram thoi tiét
trai rong trén toan cau, ciing nhu cac phép do dya trén phao va nghién ciru sau rong duoc
thyc hién ¢ vung xa x61 cua Nam Cuc. Céc phat hién tap thé cta cac nha khoa hoc cho
thdy rang hau qua sip xay ra ctia bién doi khi hau, duoc kich hoat béi sy phét thai qua
mirc CO, dang nhanh chong dén gan. Hon nita, viéc phat hién ra cac bang chimg c6 xua,
dugc tim thiy trong cac moi trudng khac nhau nhu vong ciy, séng bang, ran san ho va
da trAm tich, cung cip thém ching minh cho tc d6 dang bao dong ma hanh tinh hién
dang nong 1én. Trén thuc té, nhitng ghi chép lich sir nay chi ra rang tbc do 4m 1én hién
tai nhanh hon gdp mudi lan so véi téc d6 trung binh quan sat dugc trong thoi ky hau ky
bang ha. Su tiét 16 nay, bét nguén tur su thay d6i nhiét do dua trén proxy, dong vai tro la
mét ddu hiéu rd rang réng nhiing thay ddi hién tai vé nhiét do bé mat 1a chua tirng co
trong 1.300 dén 1.700 nam qua [3]. Bang ching khoa hoc cho thdy khi hau Trai dat
dang thay d6i do hiéu ung nha kinh va nhiéu nguyén nhan gy 6 nhiém do con ngudi
gay ra, dan dén 10 dat, 1d lut va su di chuyén dan cu.

1.3. Cac nd lwe nhiam han ché sy gia ting nhiét do khi quyén trén thé giéi

Hién tuong néng lén toan cau, dic trung boi sy gia tang dan nhiét do trung binh
ctia Trai dat, 1a mot van dé lién tuc va dai dang da thu hat sy chu ¥ dang ké trong gidi
hoc thuat va khoa hoc. Nghién ctru sau rong va bang ching thuc nghiém ting ho manh

mé quan diém rang cac hoat dong cta con nguoi co tac dong dang ke dén bién doi khi



héu, cung cb hon nita quan niém rang cac yéu td con ngudi dong mot vai trd quan trong
trong viéc 1am trAm trong thém cudc khung hoang méi trudng nay.

Vao nam 2014, ngudi ta quan sat thdy rang Hoa Ky, méot quéc gia cong nghiép
hoa cao, 1a nudc phat thai chat 6 nhiém 16n thi hai, chiém 15% luong khi thai toan cau,

sau Trung Qudc 25% vao tong luong phat thai.

Lwong khi thai CO, ciia Viét Nam
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Hinh 1.1 Biéu d khi thai CO, ctia Viét Nam [5]

Dé chdng lai van dé nong 1én toan cau va cb ging han ché sy gia ting nhiét do
chi & mirc 1,5°C, diéu quan trong hang dau 1a tit ca cac qudc gia phai ciing nhau thuc
hién cac nd lyc phdi hop dé giam phat thai khi nha kinh cta ho. Didu nay c6 thé dat
dugc bang cach ap dung mot cach tiép can da dién bao gdm viéc ap dung cic ngudn
ning luong tai tao, ap dung cac cong nghé tiét kiém ning lwong va thic ddy cac nguyén
tac bén viing trong tat ca cac linh vuc cua nén kinh té. Tai Hoi nghi Lién Hop Quéc vé
Bién d6i Khi hau ¢ Paris [5], dugc t6 chirc vao nim ma sb luong qudc gia tham gia 1a
195, diéu quan trong can luu ¥ 1 mot thoa thuan tap thé da dat duoc gitra cac qudc gia
nay. Théa thuan nay, dugc goi 1a théa thudn Paris, dugc thanh 13p véi muc tiéu cao ca
1a duy tri cac cam két ctia cac qudc gia ndy nham chdng lai vin dé nong 1én toan cau.
Muc dich cu thé 1a han ché sy gia tang nhiét d0 toan cau chi & mtc 1,5 d6 C, lién quan
dén nhiét do quan sat duoc trong thoi ky tién cong nghiép. Tuy nhién, diéu quan trong
1a phai thira nhan rang nhing thach thirc ma cac nha hoach dinh chinh sach phai d6i mit
trong viéc dat dugc muc tiéu nay la nhiéu mat, bao gém mdt loat cac vin dé nhu st dung
d4t va bién, khai thac truc tiép cac sinh vat séng, bién d6i khi hau, 6 nhiém va tac dong
bét lgi cua cac loai ngoai lai xam lan. Hon nita, diéu bat budc la phai nhan ra rr:ing cac

nudc dang phat trién, dic biét, can c6 sy hd trg dang ké dé chuyén doi thanh cong sang



cac cong nghé niang luong sach hon, khong chi gép phan giam thiéu bién doi khi hau
ma con mang lai 1oi ich kinh té€ dang ké cho cac qudc gia ndy. Da c6 mot sé nhom nguoi
phan ddi chinh sach khi hau nhan manh rﬁng cac nha hoach dinh chinh sach nén bé qua
céc canh bao vé bién ddi khi hau, cho r?mg hién tuwong néng 1é€n toan clu da cham lai ké
tir naim 1988. Tuy nhién, cac nha khoa hoc tiét 16 ring sy gian doan giy tranh cdi nay
chua bao gio xay ra va dya trén dir li€u sai I¢ch.

Mot cach tiép can dya trén cong nghé nhu vy lién quan dén viée sir dung cong
nghé thu giit COx tryc tiép tir khong khi. Phuwong phap dic biét ndy doi hoi mot qué trinh
hoa hoc phtre tap giup tach CO2 ra khoi khong khi xung quanh mot cach hiéu qua va sau
d6 dwa n6 dén cac bo loc duoc thiét ké dac biét [8]. Sau khi CO, da dugc thu giit, bo loc
phai trai qua qua trinh gia nhiét, cho phép chiét xuét va co lap CO,. Mot khi diéu nay da
duoc thuc hién, CO> thu duoc sau do duoc chuyén va bom vao cac hod chta dudi long
dat, loai bo n6 khoi khi quyén mot cach hiéu qua. Piéu dang chu ¥ 13 phuong phéap nay
d3 duoc 4p dung trén quy mo toan cau, theo Co quan Ning luong Qudc té (IEA) bao
c40 hién c6 15 nha méy thu khi CO, dang hoat dong trén toan thé gi¢i. Cac nha may nay
thu dugc mot lwong dang kinh ngac hon 9.000 tan CO> mbi nim.

Mot cach dang chii y khac dya trén cong nghé 1a sir dung két hop thu giit va luu
trit carbon niang lwong sinh hoc (BECCS) [8]. Nguyén tic co ban dang sau BECCS lién
quan dén viéc tréng sinh khoi cu thé, chﬁng han nhu thyc vat, sau d6 phai chiu sy dot
chay dé tao ra nhiét hodc nhién liéu sinh hoc. Trong qua trinh d6t chay nay, lwong khi
thai carbon thu dugc dugce thu gitr mgt cach hi¢u qua va luu trir an toan dudi long dat,
do d6 loai bo CO» khoi khi quyén mot cach hiéu qua. Phuong phéap ndy c6 tiém ning to
16n vé mat giam luong khi thai carbon va giam thiéu tac dong bat loi cta bién dbi khi

hau.
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Hinh 1.2 M6t sb phuong phap loai bo CO2 ra khoi khi quyén [5]
1.4. Tong quan vé nhién li¢u sinh khoi, nhién liéu thay thé.
1.4.1. Gi6i thiéu vé nhién li¢u syngas, biogas, LPG.
1.4.1.1. Gigi thiéu vé Syngas.
Khai niém vé Syngas

Khi téng hop syngas 1a mot loai hdn hop khi nhién lidu chira cha yéu 1a hydro
(Hz), cacbon monoxit (CO), va nhiéu khi ca mot chit cacbon dioxit (CO). Céi tén niy
t6i tir cong dung ciia nd nhu 13 mot chét trung gian trong viée tao ra khi tu nhién tong
hop va dé san xuit amoniac hodc methanol. Khi tong hop thuong 1a mot san pham cia
qua trinh khi hoa va tng dung chinh 13 san xuat dién. Khi tong hop thi dé chay va thuong
dugc st dung lam nhién li¢u cua dong co dot trong. N6 c6 it hon mgt nira mat do nang
luong so véi khi ty nhién [9].Dic diém cta khi Syngas: Tinh cht vat Iy va hoa hoc cta
syngas phu thudc vao ngudn nguyén liéu san xuét, cong nghé san xuat va dic biét 1a
thanh phan céc khi donchat cau tao nén.

Uu diém:

Syngas so v6i nhién liéu dot truc tiép 1a dugc san xuét tir ngudn nguyén lidu c6
gia tri thdp va co thé tai tao dugc. Syngas duoc sir dung nhu sinh nhiét, chuyén doi
thanhdién va con 1a nhién li€u cho cac phuong tién van tai. Trong nhirng nam sép toi,
n6 s&giit vai trd chinh dé bd sung nhu cu ning lugng cia thé gisi. Sir dung cong nghé
tiéntién nhu tua bin khi va pin nhién liéu véi syngas duoc tao ra tir két qua ctia qua trinh
khi hoa hiéu suat cao. Trong hé thong khi hoa dong phat nhiét dién, cac chat gay 6 nhiém
trong khoi nhu SOy, NOx dugc loai bo hiéu qua, két qua luong phat thai 6 nhiém thap
hon nhiéu. Hon nira, nhién lidu 16ng, khi tao ra dé dang cho qua trinh xir 1y, van chuyén
va str dung 1am nhién liéu cho van tai. San pham khi dau ra phi hgp 1am nhién liéu cho

hau hét céac loai dong co dot trong. Trong khi do, nhi€u co s¢ san xuat va ché bién nong



san lai can nhiéu nang lugng nhiét ma hién tai dang phai st dung cac loai nhién li¢u

khong c6 kha ning tai tao nhu than d4, hodc mot s nhién liéu phai nhap tir nuée ngoai

nhu dau FO, DO, nhién liéu khi. Nhu vy, néu phé phidm nong nghiép (vo trau, 16i ngd)

dugc str dung dé chuyén d6i thanh ning luong theo cong nghé méi thi khong nhirng

khéc phuc dugc su thiéu hut vé nguén nhién liéu hién nay ma con han ché duoc 6 nhiém

moi trudng, ngoai ra con gbp phan dem lai hiéu qua kinh té cho cac doanh nghiép [10].
Nhuoc diém:

Mot s6 nghién ciru nhu cia tac gia Bui Thanh Trung va Vién Ché tao may nong
nghiép Bo Cong thuong tién hanh nghién ciru cac mau thiét bi khi hoa vién sinh khdi dé
nang cao hiéu qua sir dung ning luong tir vién ép sinh khdi, nhung van ton tai cac nhugc
diém nhu kha nang sinh khi syngas bi gian doan, chua on dinh, cuong do khi syngas va
hiéu suét nhiét chua cao, yéu cau nguyén liéu phai kho. Ngoai nhimg nhuoc diém vé
cong nghé khi héa con vap phai van dé nhu kha nang luu trit, héa 10ng syngas, syngas
thuong phai dugc sir dung ngay sau khi khi héa. Cac thanh phan khi c6 trong syngas c6
ti trong va mat d6 nang lugng thip hon rat nhiéu so véi nhién liéu khac nhu khi thién
nhién va xang nén viéc tich trir va van chuyén dé lam nhién liéu cung cap cho cic phuong
tién van tai s& gip nhiéu kho khin va chi phi cao [11]
1.4.1.2. Tong quan biogas

Biogas 1a mdt loai khi sinh hoc dugc san Xuét tir qua trinh phan huy ki khi cua
chét hitu co. bay 1a mot nguén nang lugng tai tao, co thé duoc st dung dé san xuat dién,
nhiét hodc lam nhién li€u cho cac phuong tién giao thong.

Thanh phan chinh

Methane (CHa4): Chiém tir 50% dén 70% trong biogas, 1a thanh phan chinh, c6
gia tri nang lugng cao.

Carbon Dioxide (CO:): Chiém khoang 30% dén 50%, khong c6 gia tri ning luong
nhung can thiét trong qua trinh san xuat.

Mot s6 khi khac: Bao gom hydrogen sulfide (H2S), ammonia (NHs) va trace

gases.

Quy trinh san xuat

1. Thu gom nguyén li¢u: Chat hitu co dugc thu thap tur ngu@)n nhu phan dong vat,
rac thai thyc pham, va chét thai nong nghiép.

2. Phan huay ki khi: Trong diéu kién khong c6 oxy, vi khuan s& phan hity chét hiru
co dé san xuat biogas.

3. Luu trit va xu 1y: Biogas dugc thu thap va co thé dugc tinh ché dé loai bo tap
chat, tao thanh khi methane tinh khiét.
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Hinh 1.3 Quy trinh san xuat khi biogas [14]
Loi ich ctua Biogas

Nang lugng tai tao: Giam phu thudc vao nhién liéu hoa thach.

Giam phat thai khi nha kinh: Nang luong tir biogas gitip gidm lugng CO: thai ra
moi truong.

Xtr Iy chat thai hiéu qua: Biogas giup xir 1y rac thai hitu co va giam 6 nhiém méi
truong.

Phén bon ty nhién: Phan ba sau khi san xut biogas c6 thé dugc sir dung 1am phan
bon cho cay trong.
Uu diém:

Phat dién: Str dung biogas dé chay cac may phat dién.

Séan xuét nhiét: Puoc dung trong cac hé théng su6i 4m hodc nau nuong.

Nhién liéu giao thong: C6 thé chuyén d6i thanh CNG (Compressed Natural Gas)
dé str dung cho xe ¢0.

Biogas 1a mot giai phap bén viing cho vin dé ning luong va méi truong, dong
thoi gop phan vao phat trién nong nghiép va bao vé hé sinh thai.
1.4.1.3. Tong quan LPG
% Thanh phan cia nhién liéu LPG

Khi hoa 16ng (con goi 1a LPG, GPL, LP Gas, hodc autogas) 1 mot hon hop dé

chay cua hydrocarbongases va dugc su dung rong rai. Ngay nay, LPG cang duogc st
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dung nhu mot chat nd ddy aerosol va chét lam lanh, thay thé chlorofluorocarbons trong
mot nd lyc dé giam thiét hai dén ting 6z6n. Thanh phan LPG mua va ban bao gém hdn
hop ma cha yéu 1a Propan (CsHs); chi yéu 1a Butan (C4Hjo) va Propan (CsHs), phd bién
nhat 1a hdn hop bao gdm ca Propan va Butan. Tty theo miia ma cac thanh phan cua ting
chét cta hon hop nhiéu hay it, cu thé trong mua déng Propan nhiéu hon va trong mua
hé Butan nhiéu hon. Propylene (C3Hs) va butylenes (C4Hs) thudng cling c6 mit ¢ ndng
d6 nhé. Ban than cua LPG 1a mot chat khong mau, khong mui it doc nhung kha ning
chay nd 1a rat cao dé nhan biét ro ri nguoi ta thém ethanethiol dé tao mui.

Butan cling 1a mot Hidrocacbonrate NO, c6 hai déng vi ¢6 ciu tao mach théng

va cau tao mach nhanh:

Cacbon

02

.

Hinh 1.4 Cong thirc hoa hoc cuia (a) propan, (b) iso -butan, (c) butan [16]

Trong LPG c6 thanh phan iso — Butan cang cao thi tinh chong kich nd cang 16n,
tinh chong kich nd giam déan tir iso — Butan, n — Butan, Propan. Thudng iso — Butan
chiém 25% c6 trong hdn hop (iso — Butan va n — Butan). Ngoai ra, LPG con c6 chta
etan (1 — 3% mol) va pentan (khong qué 1,5% mol).

1.4.2. Ung dung ciia syngas va LPG lén dng co dot trong
1.4.2.1. Ung dung syngas, LPG trén thé gici
% Ung dung ddi véi nhién liéu Syngas

Viéc str dung dong co chay bang khi tong hop dé tao ra dién duoc st dung & cac
nudc phét trién nhu mot chién lugce dé giam thiéu phat thai khi nha kinh, trong khi & cac
nuée dang phat trién, nd phuc vu nhu mét phwong phéap cung cip dién & cac ving nong
thon noi co san sinh khdi. Mot 1oi thé dang ké cua viée sir dung khi tong hop trong dong
co Spark Ignition (SI), khi so sanh v61 dong co danh Itra nén (CI) hodc dong co diesel,
nam & kha ning hoat dong doc quyén trén nhién liéu khi tong hop ma khong can ché do
nhién li¢u kép, dugc yéu ciu trong dong co CI van hanh téng hop, do do loai bé su can
thiét cho bat ky nhién liéu dau mé dong co nao. Hi¢u suét nhiét cao dang chu y co thé
dat duogc véi dong co SI chay bé“mg khi téng hop, do kha nang dat duogc ti 1€ nén cao hon,

6 thé duoge quy cho céac dac tinh dic bi¢t cia CO va CHa, chéng han nhu kha nang
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chdng nd cao (tdc d6 ngon lira thap), ciing nhu sy hién dién cua N, va CO; pha lodng
trong khi tong hop, vuot qua kha ning kha thi trong dong co SI chay bang xing. Cac
tinh chat nay c6 hiéu qua chdng lai do nghiéng cua hydro trong khi tong hop dé kich nd
(téc do ddt chay cao), ddng thoi giam nhiét d6 va ap suét xi lanh, cling nhu giam thiéu
phat thai NOx. Diéu quan trong 13 phai thira nhan ring mét ti 1& dang ké ning luong c6
trong khi tong hop c6 ngudn gbe tir thanh phan hydro cua né. Diéu dang cha ¥ 1a ham
lwong hydro dong mot vai trd quan trong trong viée ting cudng tiém ning ning luong
tong thé cua khi tong hop. Cac nghién ctru chi ra riang, khong c6 bat ky sy gia ting nao
vé ti 1& nén, dong co xang danh lura tia Itra (SI), duge cung cép bdi khi téng hop, dugc
udc tinh hiéu sut nhiét tir 10% dén 15%. Pham vi hiéu suit nay thip hon dang ké so
vo1 dong co chay bé’mg xang, coO thé dat duoc hiéu suit nhiét khoang 15% dén 20%. Su
chénh léch vé hiéu qua bat ngudn tir thyc té 1a ham luong ning lugng ctia hdn hop khi-
khong khi trong khi tong hop twong d6i thap hon. Tuy nhién, dé nang cao ti s6 nén cta
dong co xang SI, bt budc phai stra ddi cac thanh phan khac nhau nhu chinh dong co,
dau xi lanh va tham chi ca piston ctia dong co. Nhiing thay d6i nay rit quan trong dé dat
dugc két qua mong mudn cia viée nén cao.
+ Nghién ctru d6i voi dong co Diesel

Pong co dugc cung cap nhién liéu bang khi syngas va dau diesel 1a mot giai phap
thay thé kha thi dé giam thiéu nhitng lo ngai lién quan dén sy sin ¢ cta tai nguyén dau
mo va tac dong bét loi ctia 6 nhiém mai truong. Tuy nhién, viée sir dung syngas trong
dong co diesel danh lira nén (CI) doi hoi phai giam dang ké ca san luong dién va hiéu
suat dong co khi so sanh voi hoat dong chi bang nhién liéu diesel. Hon nita, viéc danh
gi4 hiéu suét thuc té ctia khi tong hop trong dong co diesel CI ching to 1a mot nhiém vu
day thach thtc do su thay doi vn co trong thanh phan khi. Dé ting cudng d6t chay va
dat duoc lugng khi thai thép hon, nhiéu dong co danh ltra nén (CI) da duoc chuyén doi
dé hoat dong bang nhién liéu khi bang cach str dung két hop dau diesel va khi dét, tat ca
trong khi van duy tri thiét ké dong co ban dau ma khong co6 bat ky sira d6i nao. Qua trinh
chuyén d6i nay cho phép chuyén d6i lién mach tir hoat dong nhién liéu kép sang hoan
toan dua vao nhién liéu diesel khi can thiét, mang lai su linh hoat trong van hanh dong
co. Bang cach cho phép kha ning thich tng nhu vay, dong co CI nhién liéu kép cung
cap tinh linh hoat dé dép ung véi cac quy dinh vé méi truong va ngudn nhién liéu khac
nhau.

Viéc tich hop syngas va nhién liéu diesel trong dong co giai quyét cac mdi quan
tam lién quan dén cung cp dau va 6 nhiém méi trudng. Tuy nhién, sy két hop nay doi
hoi sy danh d6i vé san lugng dién va hiéu suat dong co so véi st dung 100% nhién liéu

diesel. Ngoai ra, viéc danh gia chinh x4c hiéu suét ctia khi tong hop trong dong co diesel
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danh lira nén rat phirc tap boi ham luong khi da dang cé trong cac tinh hudng khac nhau.
Dé tdi vu hoda qua trinh ddt chay va giam luong khi thai, dong co danh lira nén da duoc
stra d6i dé chay trén hé théng nhién liéu kép két hop dau diesel va khi dét, trong khi van
gifr nguyén thiét ké dong co. Diéu nay cho phép chuyén dbi lién mach giita hoat dong
trén nhién liéu kép va st dung nhién li€u diesel tinh khiét, mang lai su linh hoat trong
hoat dong cua dong co.

Mot sé nha nghién ctru da tién hanh céc thi nghi¢m st dung ca khi tu nhién va
khi téng hop dé diéu tra hiéu suit cua dong co va khi thai dugc tao ra béi dong co nhién
liu kép. Nhitng két qua cua cac thi nghiém nay cho thdy dong co nhién liéu kép c6 kha
nang dat dugc mirc NOx va khi thai khoi thap hon so v6i dong co diesel thong thuong,
trong khi van duy tri mirc hiéu suat nhiét twong tw nhu dong co diesel. Trong mot nghién
ciru cia McTaggart-Cowan va cong su [17] da nghién ctru tac dong cta viéc phun ap
suét cao dbi vai dong co khi ty nhién da dugc kiém tra, dic biét 1a nhiing dong co s
dung phun truc tiép. Céc nha nghién ctru phat hién ra ring & muc tai cao hon, viéc ting
ap suat phun dan dén giam dang ké luong phat thai vat chat dang hat (PM). Tuy nhién,
& murc tai thip hon, lugng khi thai PM dugc phat hién 1 doc 1ap voi ap suat phun. Ngoai
ra, néu khong thyc hién tuin hoan khi thai (EGR), cac nha nghién ctru di quan sat thdy
su gia ting nhe luong khi thai NOx khi 4p suat phun duoc ting 1én. Pidu nay c6 thé dugc
quy cho su d6t chay nhanh hon va dit doi hon xay ra do sy tron nhién liéu khong khi
duogc cai thién va tang nhi¢t d0 trong céac xi lanh. Mot nghién ctru khac dugc thuc hién
boi Su va Lin [18] tap trung vao khdi luong phun thi diém va hiéu suit cua dong co
nhién liéu kép khi ty nhién. Cac nha nghién ctru phat hién ra rang luong nhién liéu diesel
thi diém can thiét thay doi tuy thudc vao tai trong va tde do dong co. Tomita va cong su.
d3 nghién ctru cac dic tinh d6t chay va hiéu suit cua khi tong hop ting ap dugc dét chay
bang cach danh ltra vi mé (tdc dd phun nhién liéu 2 mg mdi chu ky) trong dong co nhién
ligu kép

Céc két luan rat ra tir nghién ctru néi trén nhu sau: khi khi tong hop duoc sir dung
nhu mét chit bo sung cho dong co diesel trong qua trinh d6t nhién liéu kép, n6 dan dén
giam san luong dién, nhiét d6 khi thai, hiéu suat thé tich va hiéu suat nhiét phanh, dong
thoi dan dén tiéu thu nhién liéu cy thé phanh cao hon. Sy ddt chdy hoan toan khi tong
hop phu thudc rat nhiéu vao sy hién dién cua carbon monoxide va metan trong thanh
phan cta no, vi chiung gop phan 1am tang gia tri swdi 4m ctia nd. Su thay do6i mat do khi
composite va gia tri gia nhiét c6 tdc dong dang ké dén hiéu suat dong co, dac biét bi anh
hudng bai téc dd dong co [19]. Mat do khi tong hop 1a vo cung quan trong trong hoat
dong cua dong co, dic biét 1a khi nham duy tri mirc tiéu thy diesel thap nhat, hay néi

cach khac, ti 1¢ thay thé diesel cao. Pang chu ¥, nghién ciru da ghi nhan muc thay thé
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dong co diesel ti da 74,2% véi ti 16 3 ¢ tde dd dong co 1200 vong/phut. O ché d6 nhién
liéu kép, viéc sir dung ti 1¢ 3 dan dén san luong cong suét cao nhit, mirc tiéu thu nhién
liéu riéng cho phanh thip nhat va hiéu suét nhiét phanh cao nhét so véi cac ti 18 khac.
Hon ntra, viéc thay thé dong co diesel 1én to1 51, 1% cé thé dat duoc ¢ ché do nhién liéu
kép véi viée str dung ti 16 2 & 1200 vong/phut, cho thiy nhiét do xa thap nhat

¢ Nghién ctru st dung nhién liéu LPG

Ciniviz [23] tién hanh mot nghién curu vé anh huong cua viéc st dung nhién liéu
kép diesel/LPG trong dong co diesel ddi v6i hiéu suat va khi thai. Ho da phat trién hé
théng van diéu chinh khi dé dwa LPG vao dudng dng nap dong co voi ti 18 30%. Két
qua thuc nghiém cho thiy rang viéc st dung nhién liéu kép d cai thién cong suit,
moémen, va hiéu suit nhién liéu cua dong co. So sanh véi viée st dung nhién liéu don,
viéc str dung nhién liéu kép da ting cong suit dong co, méomen dong co, va hiéu suat
nhién liéu 1an luot 5,8%, va giam luong phat thai NOx 1a 5,9%. Ngoai ra, ho cling da chi
ra rang luong khi thai CO» thap hon trong ché do nhién liéu kép vi khi CO khong thé
chuyén d6i thanh CO; trong ché d6 nay.

Mirgal va cac cong su [16] thuc hién mot nghién ctru vé dong co nhién liéu kép
sir dung diesel va LPG. Ho cung cap khi LPG vao hé théng nap khi ctia dong co diesel
mot xi-lanh. Cac thi nghiém duogc thuc hién & diéu kién dong co hoat dong & murc tai
50% va téc d6 cd dinh 1500 vong/phut. Cac két qua thir nghiém ghi nhan dugc cho cac
ti 1€ nhién li¢u LPG 1a 35%, 67%, 73% va 90%. Khi ti I¢ nhién liéu LPG tang, lugng khi
thai NOx giam trong khi Iuong khi thai HC tang. Ngoai ra, lugng khi thai CO tang ban
dau va sau d6 giam nhe.

Nhitng két qua thu dugc tir cac nghién ctru dugce thyc hién vé viée st dung Syngas
va LPG lam nhién li¢u cho dong co dot trong, nhu cdc minh hoa ¢ trén, da cho théy
khong thé chéi cdi cac dic tinh von c6 cia dong co ddt trong, cling nhu tac dong cua ti
1¢ Syngas, LPG thay cho nhién liéu thong thudng ddi véi cac ché do hoat dong ciia dong
co noi trén. Sy thay thé nay da dan dén sy gia tang rd rét vé cong suat va hiéu suat cu
thé, dong thoi dan dén giam phat thai cac chat doc hai phat ra tir dong co diesel va xang.
Do d6, rd rang 13 hién nay c6 vo s cudc nghién ctru lién quan dén viéc str dung nhién
lidu thay thé trong dong co dbt trong, vi vay da gop phan nang cao hiéu suét kinh té va
k¥ thuat ciia chung, ciing nhu giam thiéu phat thai bat loi vao méi truong. Pang chu y,
khi chuyén dbi tir chi sir dung nhién ligu tinh khiét sang sir dung nhién liéu sinh hoc (bao
gdm ca nhién lidu truyén théng va nhién lidu khi) trong qua trinh chuyén d6i dong co,
céc thong sd ciu tric co ban ciia dong co, bao gdbm dudng kinh xi lanh va hanh trinh
piston, phan 16n van khong thay d6i. Tuy nhién, mot qua trinh nghién ctru toan dién 13

bat budc khi xem xét k¥ ludng viéc cung cap nhién liéu khi cho dong co, ciing nhu qua
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trinh dt chay cta dong co khi st dung nhién liéu sinh hoc. Phan tich k¥ ludng nay tao
diéu kién toi wu hoa hé théng nap va xa, tir dé danh gia tac dong cua ti I¢ khi-nhién liéu
dbi vé6i céac thuoc tinh k¥ thuat va khi thai cua dong co.

1.4.2.2. Nghién ciru stt dung Syngas va LPG tai Viét Nam

a) Nghién ctru sir dung Syngas.

DBdi mat véi su can kiét nang luong cé nguén géc tr cac nguén héa thach va van
dé cap bach cua su néng 1én toan cau gy ra boi hidu tng nha kinh, chu yéu bit ngudn
tir viéc giai phong khi nha kinh (chu yéu 1a CO.) tir cic nganh cong nghiép, néng nghiép
va giao thong van tai, bit budc phai nang cao hiéu qua ning lugng va han ché phat thai
6 nhiém da tré thanh mot yéu cau cap thiét doi voi tat ca cac nudc trén thé gidi, bao gdbm
ca Viét Nam. Cac dong co dét trong duoc sir dung trong xe cd, cling nhu cac tmg dung
c¢d dinh, tiéu thu mot phan déng ké nhién liéu hoa thach va 1a mét trong nhirng yéu t6
dong gop chinh vao viée phat thai cac chit 6 nhiém can duoc diéu tra ki ludng dé giam
thiéu hiéu qua. Do d6, viéc kiém tra viéc sir dung khi tong hop trong dong co d6t trong
13 v6 ciing quan trong trong bdi canh ngay nay.

Nghién ctru duge thuc hién boi Tran Thi Thu Huong va cac dong nghiép [21]
cua c0 tai Dai hoc Bach khoa Ha Noi di sdu vao linh vyc phéan tich tinh toan, dac biét
v6i chi dé duoc chon 14 “A Computational Study of the Effects of Injection Strategies
on Performance and Emissions of a Syngas/Diesel Dual-Fuel Engine” Pé thyc hién
nghién ctru, cac nha nghién ctru di sir dung phan mém AVL Boost dé mé phong hiéu
suat va khi thai cta dong co theo cac chién lwgc phun khac nhau. Nghién ctru di kiém
tra ti mi tic dong cua viéc phun phan chia va thoi gian ctia né, phun thi diém va thoi
gian ctia no, ciing nhu sau phun véi thoi gian sau phun khac nhau dbi voi cong sut dau
ra cia dong co. Hon nira, cac nha nghién ctru cling xem xét k¥ ludng ba lugng khi thai
6 nhiém chinh, d6 1a NOx, CO va bd hong. Nhitng phat hién nay dong vai tro 1a nén tang
quan trong cho cac nd lyc nghién ctru thue nghiém trong twong lai nham dénh gia tiém
nang hoat dong cua ché d6 nhién liéu kép, dac biét lién quan dén san phém khi hoa sinh
khéi nhién liéu diesel. Ngoai ra, nhitng phat hién nay ciing s& giup dam bao rang céc
gidi han phat thai can thiét duoc dép ung, cung cip mot giai phap day hira hen dé han
ché 6 nhiém, bang cach sir dung nhiéu chién lugc phun.

Viét Nam duoc c6 rat nhiéu nguyén liéu sinh khéi va doi dao, day 1a co hoi duy
nhat dé kham pha viéc san xuét khi tong hop dé sir dung ning luong. Tuy nhién, viéc sir
dung ngudn ning lwong nay hién tai van chua tdi wu, chil yéu gii han trong viéc sinh
nhiét, v6i sy chu ¥ nghién ctru khong day du danh riéng cho viéc tham do dong co dot
trong. Su khan hiém nay trong nghién ctru lién quan dén viéc sir dung dong co ddt trong

nhan manh sy can thiét phai phat trién trong linh vuc nay.
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b) Nghién ciru sir dung LPG.

Nghién ctru do Vo Tan ChAau va céc déng nghié¢p tai Pai Hoc Su Pham Ky Thuat
Thanh Phd H6 Chi Minh thyc hién, tip trung vao chu dé "A Study on LPG-Injection-
Based Speed Regulator for Dual Fuel Diesel Engine."[1] Pay 1a m0t nghién ctru thuc
hién trén dong co diesel loai Vikyno RV125, nham chuyén ché @6 van hanh sang débt
kép LPG/diesel va danh gia so bd hiéu suit hoat dong véi hé théng diéu tbc phun LPG.
Trong nghién ctru, dd st dung mot mach diéu khién kim phun LPG dé diéu chinh van
hanh dong co vdi cac ché d6 tai khac nhau, 1én dén cong suat 5,0 kW ¢ tée do dong co
tuong tng. Piéu chinh éng nap khi 1a mot phan quan trong dé dam bao hiéu qua van
hanh cta hé théng.

Két qua cua nghién ctru cho thdy hé thng DAC (LPG-Injection-Based Speed
Regulator) c6 kha nang thyc hién thuat toan diéu khién toc do dong co dua trén PID dé
dap tmg yéu cau van hanh va theo ddi tién trinh 1am viéc theo thoi gian. Hé thong nay
cling c¢6 kha ning quan sat cac thong s nhu cong suit dong co, moé-men xodn va tée do
dong khi. Ngoai ra, nghién ctru di chi ra su khac biét vé nhiét do khi thai gitra ché do sir
dung nhién liéu Diesel va ché do su dung nhién liéu kép. Trong ché do su dung nhién
lidu kép, nhiét d6 khi thai thip hon, diéu nay duoc giai thich boi tbe do dét chay nhanh
hon trong qué trinh d6t chay khuéch tan. Diéu nay dan dén viéc ddt chdy hoan toan hon
va giam thiéu luong nhién liéu chwa dot.

Muc tiéu chinh ctia nghién ctru 12 danh gia anh hudng cua viée thay doi goc phun
nhién liéu trong ba trudong hop cu thé: "LPG thay thé 20% nhién liéu diesel & 100% tai,
tbc do 1600 vong/phut", "LPG thay thé 20% nhién liéu diesel & 100% tai, toc do 2000
vong/phit", va "LPG thay thé 20% nhién liéu diesel & 100% tai, tbc d6 2500 vong/phut."
1.5. Két luan chwong 1

Viét Nam c6 ngudn cung cép vat liéu sinh khdi phong phu, diéu nay di tao dong
Iuc cho nhiéu nd lyc nghién ctru nham khai thac tiém ning cia ngudn ning luong nay
thong qua san xuat khi tong hop. Tuy nhién, viéc str dung ngudn ning luong niy phan
16n van tap trung vao tng dung nhiét, trong khi cac nd lyc han ché danh riéng dé thu
nghiém va nghién ctru viéc sir dung khi tong hop trong dong co dot trong. Do d6, linh
vue ndy van con han ché vé muc d6 nghién ciru va phat trién.

Syngas, 13 sy két hop ctia CO va Ha, ¢ thé phuc vu nhu mot su thay thé kha thi
cho nhién ligu diesel va xang truyén thong dé giam thiéu sy phu thudc vao nhién liéu
hoéa thach, do d6 dam bao mot twong lai bén viing. Su thay thé nay nham giam thiéu tac
dong bat loi ciia phat thai khi nha kinh d6i véi méi truong, dong thoi thic day mot cach

tiép can co6 y thuc sinh thai hon doi voi ca san xuat va cudc song hang ngay.
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Viéc tan dung LPG s& gitp giam thiéu tac dong tiéu cuc dén moi trudng tir viee
stt dung nhién liéu hoa thach truyén thong va giup Viét Nam budc di mot bude trong
huéng thiic diy tai nguyén ning lurong sach va bén viing. Tuy nhién, diéu quan trong 13
can nghién ctru va phat trién cong nghé cu thé dé tng dung LPG trong dong co dbt trong

mot cach hi¢u qua va an toan.
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CHUONG 2: CO SO LY THUYET
2.1 Giéi thiéu khai quat vé dong co Diesel Dongfeng D12.
2.1.1. Gidi thiéu chung
DPong co Diesel D12 1a mot dong co dau Diesel phd bién duoc sir dung trong
nhiéu Gmg dung khac nhau, tir 6 t6 dén thiét bj cong nghiép, néng nghiép va tham chi
cac may phat dién. BPong co Diesel D12 thuong c6 dung tich xy lanh 566 cc, tuy thudc

vao phién ban cua may.

Hinh 2.1 B9ng co Dongfeng D12

Dongfeng D12 duoc tich hop bom cao 4p PF tién tién, gitip cap nhién liéu mot
cach hiéu qua va dang tin cdy dén hé théng kim phun ctia dong co. Piéu nay dam bao
su hoat dong on dinh va hiéu suét tbi wu cta dong co trong moi diéu kién.

Ngoai viéc str dung trong cac linh vuc dan dung, nhu gia dinh va nong nghiép dé
thay thé hodc cung cip sirc manh cho cac thiét bi va may moc gia dinh, dong co
Dongfeng D12 ciing rat phut hop cho cac tng dung cong nghiép. Vi kha ning van hanh
on dinh va sttc manh dang tin cay, no6 cb thé lam viéc hiéu qua trong nhiéu moi truong
cong nghi¢p khac nhau.

- Uu diém cta dong co chay dau so véi dong co chay xing:

- Hiéu suét cao hon: Pong co Diesel thudng cé hiéu suit cao hon so véi dong co
xdng. Diéu nay c6 nghia rang né chuyén d6i nhién liéu thanh cong suit van hanh
t6t hon.

- Gi4 nhién liéu ré hon: Nhién liéu dau Diesel thuong c6 gia thip hon xdng, 1am
cho viéc van hanh va duy tri dong co Diesel tr¢ nén kinh té hon.

- Tiéu hao nhién liéu thap: Mirc tiéu hao nhién liéu riéng cua dong co Diesel
thuong thap hon dong co xang, gitip tiét kiém nhién liéu va giam khi thai CO,.
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- An toan hon: Dau Diesel khong boc chay ¢ nhiét do thuong, giam nguy co chay
nd va cac nguy co lién quan dén xing.
- Do bén cao: Ddng co Diesel khong c6 bd ché hoa khi va bo phan déanh Iura, loai
b6 mot sb yéu td giy hong hoc va nang cao do bén cua dong co.
Tuy nhién, dong co Diesel c6 mot s6 han ché, bao gom tiéng 6n va kho khoi dong
& nhiét do thap hon. Ngoai ra, mirc do tiéng 6n va khoéi thai ciing c6 thé 13 mot van dé
d6i voi méi trudng.
2.1.2. Théng sé ciia dpng co Diesel Dongfeng D12
Bang 2.1 Thong s6 dong co Dongfeng D12 [24]

Théng sb Gia tri Pon vi
Loai Xylanh don nam ngang, 4 thi 1am mat bang nudc
Kiéu budng chay Budng chay théng nhat
Puong kinh Xylanh (D) 110 mm
Hanh trinh Piston (S) 115 mm
Cong suat 8.82 Kw
S6 vong quay (n) 1500 v/ph
Ti s6 nén () 17
S6 Xylanh 1
S ky 4
Hudng quay truc khuyu Cung chiéu kim déng hd
Vi tri cong sut Phia banh da
Hé thong khoi dong Tay quay, khai dong dién
Nhién liéu Dau Diesel
Dung tich thung chura 12 Lit
nhién liéu
Suat tiéu hao nhién liéu <2584 g/(kw.h)
Ti 1¢ tiéu thu dau <2652 g/(kw.h)
Kiéu Xupap Xupap treo
Phuong phép lam mat Téan nhiét hoi
Thé tich nuée 1am mat 10 Lit
Heé thong boi tron B61 tron vung toe
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Dung tich dau boi tron 3 Lit
Khéi luong 145 Kg

Kich thude Dai 814 mm
Rong 551 mm

Cao 620 mm

2.2. Nhién liéu thuc nghiém

Nhién liéu diesel dugc sir dung trong qua trinh thuc nghiém dugc mua tur dai ly
xang dau va tudn thu tiéu chuin chit lugng cua Petrolimex. Khi LPG dugc mua tai ctra
hang Petrolimex va c6 san trong binh khi nén Ti 1¢ pha tron hon hop khi C3Hs/C4Hio
pho bién nhu: 70%/30%, 60%/40%, 50%/50% day 1a hdn hop khi gas dung cho dun nu
an cong nghiép, nha hang, khach san, son tinh dién... Ti 1€ pha tron gas nang 20%/80%,
30%/70% dung cho dun nau dan dung, san xuét Xép nhua LDPE, san xuét bat lira gas,
binh xit con trung.

LPG dugc dung trong thuc nghi¢m 1a loai c6 ti 1€ pha trén 30% CsHsg va 70%
CsHjo.

2.3. Pic tinh cia djng co Diesel - LPG
2.3.1. Dic diém
Uu diém

Pong co Diesel/LPG gitip giam phat thai cac chat gay 6 nhiém méi trudng, bao
gém CO, NOx va céac hat bui. Viéc sir dung khi LPG trong qua trinh dot chay gitp lam
sach khi thai va bao vé mdi truong. Ngoai ra Su két hop giira nhién liéu Diesel va LPG
cho phép tiét kiém nhién liéu hoa thach. Piéu nay khong chi gitip giam chi phi hoat dong
ma con giam anh hudng tiéu cyc d6i voi tai nguyén nhién liéu.

Pong co Diesel/LPG cho phép hoat dong & ché d6 ca nhién liéu khi va Diesel
hoac chuyén doi gifra chung dya trén tinh huéng cu thé. Piéu nay tao ra tinh linh hoat
trong quan 1y nhién liéu va hiéu suat dong co. Su két hop gitra Diesel va LPG gitip dam
bao hiéu suét 6n dinh cua dong co, dac biét trong cac tinh huéng thay doi tai trong.

Nhuoe diém

Hé théng Diesel/LPG yéu cau cac thanh phan phuc tap dé xir Iy ca nhién liéu
Diesel va LPG, bao gdm bd chuyén doi nhién liéu va cac thiét bi diéu khién. Piéu nay
c6 thé tang chi phi mua sam, cai dit va bao dudng. Pong thdi Sir dung nhién liéu LPG
yéu cau hé thdng luu trit an toan va chita chay. Viéc thiét 14p va bao dudng hé théng luu

trit LPG doi hoi su cht y dic biét dé dam bao an toan.
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Su phu thudc vao tién trinh san xuit LPG: Kha nang st dung LPG phu thudc vao
kha ning san xuét va cung cAp LPG. Bién dbi trong viéc san xuit LPG c6 thé anh huong
dén sy 6n dinh cua cung cp nhién lidu. Mic du viéc st dung LPG gitip giam phat thai
va tiét kiém nhién liéu, hiéu suét nhién liéu cta khi hoa long thuong thép hon so véi
Diesel.

2.3.2. Ddc tinh cua nhién liéu LPG
e Trang thai tdn tai.

LPG ton tai & trang thai hoi & diéu kién nhiét 6 va ap suat thuong. Dé thuan tién
trong van chuyén, bao quan va sir dung, LPG duoc hoa 10ng bang cach nén vao binh
chtra chiu ap luc ¢ nhiét do thuong hodc hoa long dé ton chira & ap suat thip. LPG c6 ti
s6 gidin nd 10, tirc 1a 1 don vi thé tich gas 10ng tao ra bang 250 don vi thé tich gas hoi.
Pic diém quan trong nhat ciia LPG 1a chung ton tai ¢ trang thai bdo hoa, c¢6 nghia 13 ton
tai cing mot lic & dang 1ong va hoi. Ap suit bio hoa trong binh chira khéng phu thudce
vao luong LPG c6 trong binh ma hoan toan phu thudc vao nhié¢t dg bén ngoai.

Nhi¢t do ngon lra cia LPG kha cao, vdi Butan nong chay ¢ 1900°C va Propan
nong chay ¢ 1935°C.

Ti trong cua LPG thé 10ng & diéu kién 15°C va ap suat 760 mmHg 13 khoang 0,53

- 0,58 kg/lit, nhe hon so v&1 nudce (ti trong cua nude 1a 1 kg/lit).

e Tinh gidn né.

Ap suat tuyét di ciia LPG trong bon chira a:

- 1,7 bar ¢ -15°C

- 4.4 bar ¢ 15°C

- 12,5 bar ¢ 50°C

Vi su tang thé tich 16n véi nhiét &6 cua LPG (1én dén 25%), cac binh chira va bon
chtta LPG thudng chi dugc do day dén khoang 80 dén 85% dung tich toan phan dé danh
khong gian cho viéc LPG m¢ rdng khi nhiét d¢ tang.

Khi LPG chuyén tir thé 1ong sang thé hoi, né mé rong 1én khoang 250 1an thé tich ban
dau. Diéu nay c6 ¥ nghia kinh té 16n hon so voi nhiéu loai khi nén khac, vi chi can mét
it khong gian dé chira mot luong 16n LPG.

e Gi6i han chay nd

Gidi han chay n6 hoi gas trong hdn hop khi gas hay trong hdn hop oxy — gas la
phan tram vé thé tich gas dé tu bét chay, nd. Gidi han chay nd cia gas trong khong khi
hep, tir 1,5 = 10%. Chinh vi vay, LPG an toan chay nd hon nhiéu nhién liéu khac.

Dudi day 1a mot s6 tinh chat LPG so sanh véi Diesel:
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Bang 2.2 Dic tinh nhién liéu Diesel va khi dau mo hoa 16ng (LPG) [28]

Dic tinh DIESEL LPG
CAu tao hoa hoc Ci3Has 30%CsHs + 70%C4Hio
Nhiét trj thap (KJ/Kg) 42.500 45.908
Nhiét d6 tu bbc chay 240 454
(°C)
Nhiét d6 s6i (°C) 160-370 -13
Chi s6 Cetan 52 8
DJ nhét dong hoc 40°C 3 0.32
Mat do (15°C) (Kg/l) 0.83 0.560
An nhiét bay hoi 0.260 0.383
(MJ/Kg)
Ti1é ~0.47 0.39
cacbon/hydro(H/C)

2.3.3. Qua trinh chay

bong co diesel co thé duoc diéu chinh dé hoat dong trong ché do su dung ca

nhién li¢u LPG va diesel, duoc goi 1a ché do nhién liéu kép. Trong ché do nay, LPG

dugc phun tryc tiép vao budng chay, trong khi hé théng phun nhién liéu diesel truyén

thong van cung cap mot lugng nhién li€u diesel c6 dinh, nhung véi toc do gidm di,

[29,30] Bé thuc hién ché do nhién liéu kép, dong co phai trai qua mot sé stra d6i. Pudng

dng LPG duoc gan truc tiép vao nip mdy thong qua kim phun nhién liéu v6i mot thiét

bi bay hoi diesel bén trong xi lanh. Sau giai doan chay (EF) bat ddu sau khi qua trinh

tang ap suat nhanh két thuc va tiép tuc trong giai doan hanh trinh gian né. Piéu nay xay

ra do téc do chay chdm hon ctia nhién liéu LPG va c6 su hién dién cua chat pha lodng

tr nhién li¢u thir nghiém. Su thanh cong cua giai doan nay chu yéu phu thudc vao d tré

danh Iira, va viéc dam bao do tré nay 1a quan trong dé dam bao hiéu suat t6i uu trong

ché @6 nhién liéu kép.
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~Kim phun LPG

~Kim phun Diesel

Hén hop i~ —Diesel toi

LPG - khong khi

Hinh 2.2 Bong co Diesel-LPG

Tuy nhién, trong qua trinh chdy, ching ta thudng gip phai hién tuong kich nd va
chay khong dong déu khi ti 1é nhién liéu LPG tang Ién [31,32]. Vi vay, khi ting cuong
ti 1& nhién liéu LPG trong qua trinh nap khi, can phai can nhic khéi luong LPG str dung
& muc tai cao hon dé d6i pho véi hién tuong kich nd va chay khong déu.

Viéc tang luong nhién liéu diesel thir nghiém ciing co6 thé gitp giam tiéng kéu
dong co o diéu kién cong suét cao. D6i véi dong co sir dung nhién liéu kép LPG, ap suat
t6i da ludn cao hon so véi khi str dung nhién liéu diesel, do qua trinh d6t chay va luong
nhiét toa ra tir nhién li€u khi [33]. Su tang ti 1¢ LPG trong ché do nhién liéu kép c6 hai
tac dong chinh.
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CHUONG 3: THIET KE, CHE TAO HE THONG
3.1. Hé thong diéu khién
3.1.1. H¢ théng diéu khién

1 2 —3

[

12v

.1}7

IOREF i
RESET N Nt
3v3 1 Q
ta|5v |2 g e
a/GND 3(+ a
alGND g °5
lelvin c g7
- z F -elo
A0 ~5|o
o Al o § 4|0
A2 g ~3|m
A3 1] 2
A4 2 icsp 2 |TX01m
o] A5 (@@ % RX0 012]
LNe el o o

Hinh 3.1 Hop diéu khién kim phun
1- Man hinh hién thi LCD; 2- Bién trd; 3- Ac quy; 4- Module Cong suat; 5-
Voi phun; 6- Pén Led; 7- Arduino; 8- Cam bién Hal

Khi cam bién téc d6 dong co (loai Hall) giri tin hiéu vé Arduino, Arduino s& giri
tin hiéu diéu khién 5V dén module cong suat cho nguoén dién 12V tir acquy qua kim
phun. Thoi gian mé cho dong dién chay qua voi phun dugc diéu chinh qua bién trg tuy
theo toc d6 dong co. Nho vay c6 thé diéu chinh phit hop véi nhidu diéu kién thuc nghiém
khéc nhau.

3.1.2. Chi tiét cdi thi¢n tinh an toan cho hé thong

vccour\ o -
GND —_ [

VCC IN
12 - 24VDC
GND—

(mac dinh 10k)
Hinh 3.2 Module cong sudst MOSFET HA 210N06-TH325
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Module cong sudt MOSFET HA 210N06-TH325 dugc sir dung dé dong ngit tai
DC biang MOSFET HA 210N06-TH325 véi cong suit toi da 1én dén 24VDC 210A (theo
thong s6 nha SX), mach c6 thiét ké nho gon, tién 1ip dit, c6 Opto va IC dém cach ly
dam bao an toan cho mach diéu khién va giao tiép, mach c6 chit luong cao, 16p dong
day, IC MOSFET tich hop tan nhiét cho do bén va d6 on dinh cao

Thong s6 ki thuat Icchinhs MOSFET N channel HA210N06 dién ap cép cho tai
t6i da 12 — 24VDC, dong cip cho tai téi da 25A ( nén st dung khoang dudi 20A, trén
20A can thém tan nhiét), dién 4p giao tiép (dién ap kich): 5.5VDC( v6i R5 = 10k) hoic
5V (v6i RS =4k7)

Diot: 1a mdt linh kién dién tr quan trong trong cadc mach dién. Cong dung chinh
cta diot 1 chiéu 1a chuyén ddi dién ap xoay chiéu thanh dién ap mot chiéu. N6 cho phép
dong dién chi chay theo mot huéng duy nhat, gitp diéu chinh dong dién va bao vé cac
linh kién khac trong mach dién. Diéu nay lam cho diot 1 chiéu tré thanh mot phan quan

trong trong cac img dung dién tir nhu bd bién ap, bo nguén, va cac mach chinh luu.

v

Hinh 3.3 Diot 1 chiéu
3.2. Thiét ké, ché tao kim phun
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Str dung phan mém CATIA va SOLIDWORD dé thiét ké va kiém nghiém kim phun

158
50 15 , 37
' ‘ ) R21
[=] w o
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24 "
24

20

10 —-‘ M20x1

rﬁﬁ%@-ﬁ%

10

Hinh 3.4 Thiét ké kim phun
3.2.1. Cau tao chi tiét kim phun

Kim phun bao gém boi cac bo phan: dé kim phun, xupap, 16 xo, cuc hut tir, than
solenoid, vo solenoid, long dén, ¢ cb dinh, dau ndi khi.
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% Pé kim phun

A
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. " |' M13x1.5

M20x 1

g2

L es

®©13 030

Hinh 3.5 Ban v& dé kim phun

Hinh 3.6 Bé kim phun da gia cong
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% Van kim
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Detail A
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Hinh 3.7 Ban v€ van kim
Hinh 3.8 van kim da gia cong
% Lo xo
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Hinh 3.9 Ban vé 10 xo
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¢ Than kim phun

M 16x1

71

042 Ren trong M 13x1

P

38

Hinh 3.10 Ban v€ than kim phun

Hinh 3.11 than kim phun da gia cong
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% Cuc hut tir

2

R2

r i 7/7

40

DR

11

— A

Ren trong M3.5x1

Ra

Hinh 3.12 Ban v€ cuc hut tur

Hinh 3.13 Cuyc hut tir da gia cong

% V0 solenoid
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50

40

40 ©38

Hinh 3.14 Ban vé vo solenoid

Hinh 3.15 V¢ solenoid da gia cong

31



s Pai 0c ¢o dinh

28

10

24

T16

Hinh 3.16 Ban v& dai ¢ ¢ dinh

% DPau noi khi

16

10

Ren trong Mi1Gx1

25

Ren trong M16x1

10
10

22

18

Hinh 3.17 Ban v& dau ndi khi
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3.2.2. Kiém nghiém nhiét kim phun

Temp (Kelvin)

7.732e+02 Temp (Kelvin)

. 7.732e+02
_ 7.293e+02 .
. 7.274e+02

_ 6.855e+02
_ 6.817¢+02
_ 6417e+02  6.360e+02
_ 5.978e+02 _ 5.903e+02
| 5.540e+02 _ 5.445e+02
5.102¢+02 o 49BdeEt,
_ 4531e+02

_ 4.664e+02
4.074e+02

4.225e+02
3.617e+02
3.787e+02 2.159e+02

3349 +02

Hinh 3.18 Kiém nhiét nhiét

Theo két qua kiém tra truyén nhiét (Hinh 3.3), nhiét 46 nong chay cta hop kim
thép AISI 304 1a 1000 °C. Két qua mo phong cho thay ving chiu nhiét d6 cao nhat cia
dé van 14 phan mat cat tiép xuc truc tiép voi khi chay. Nhiét do 16n nhat ma chi tiét nay
nhan dugc trong diéu kién hoat dong 1a 773 °C, nhiét d§ nay thép hon so véi nhiét do
noéng chay cua vat lidu. Nén chi tiét dam bao duoc do bén nhiét va khong néng chay
trong qua trinh hoat dong. Va nhiét d6 nay xuat hién trong khoang thoi gian ngin ¢ cudi
ky nén va dau ky gian né sinh cong nén thoi gian truyén nhiét rat ngan, mat khac luong
nhiét sinh ra s& trao d6i nhiét véi hé théng lam mat nén do bén nhiét duoc dam bao tuyét
d6i. Tuy nhién moi vat liéu s& gian nd khi gap nhiét d6 cao va khi gian né nhiéu lan thi
co tinh cua vat li¢u s€ gidm va anh hudéng dén tudi tho cua vat liéu nén dé su dung lau

dai, can bd tri hé théng 1am mat dé dam bao hiéu suat tt nhat.

Két qua mo phong cho thay chi tiét ¢6 sy truyén nhiét & mirc on dinh va khong
anh huong nhiéu dén cac chi tiét khac trong bd kim phun.

3.2.3. Kiém nghiém bén kim phun
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Won Mises st

5,.':1._1 JU :)

4,44e+006

3,55e+006
1.78e+006
8.88e+005
6.87e-005

On Boundary
On Boundary

b

Hinh 3.19 Kiém nghiém bén

Ap suat 16n nhat ma ty day kim phun nhan duoc ciing gidng nhu 4p suit ma dé
van nhan duoc ¢ cudi ky nén va dau ky gidn nd: Pmax = 23 bar . Vi ty ddy cua kim phun

nhan ap suat dudi dang ap luc, tiét dién mat tac dung 1a mét thong ) quan trong.
Dién tich mat ty ddy tiép xtc véi ap suét khi chdy dugc tinh bang:

S =nr?

Trong d6: r 13 ban kinh mat cit hinh tron tiép xuc truc tiép v6i khi chay; Hé sd
dan né nhiét Poisson cua thép hgp kim AISI 304 1a 0.28

Theo két qua mo phong bén ap sudt (Hinh 3.4) ta thiy d6 bén nén cua thép hop
kim AISI 304 14 400 MPa, trong duong 4 x 108 N/m2. Két qua mo phong cho thay ving
chiu ap suat cao nhét cua ty day 1a phan mit cit tiép xuc truc tiép voi khi chdy. Ap suat
16n nhat ma ty day nhan duoc trong diéu kién hoat dong 13 Pmax = 8,88.10° (N/m?). Gidi
han nay hoan toan phu hop véi giéi han bén nén cia vat liéu thép hop kim AISI 304,
dam bao chi tiét ty day cua kim phun c6 d6 bén khi hoat dong.
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3.2.4. Kim phun sau khi gia cong

-

Hinh 3.20 Kim phun di gia cong va lip ghép

¢ B0 phéan solenoid tao lyc hut :

Hinh 3.21 Quén cudn cam solenoid
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Day dan s& sinh nhiét khi c6 dong dién chay qua viéc Lya chon tiét dién 16n hon
c6 thé gitip giam nhiét 6 va tang d6 bén, va vi tri 1ap dat kim phun bén ngoai nip may
kha thoang. sau nhiéu lan quan céc loai kich ¢& va vong ddy khac nhau, cudi cing cudn
hut tot nhat khi ding loai ddy dong c6 dién tich mat cit ngang 0,5mm va quan 800 vong

(tong chiéu cao cudn day 1a 45mm)

+ B0 phan dan hoi

Hinh 3.22 Lo xo0

Lua chon 160 xo pht hop muc dich nham dap ung du lyc dan hoi dé kim phun
dong mo ding thoi diém.
Lo xo phai du cing dé khong bi hién tugng tu mé khi co ap suét khi, nhung cé

thé nén lai duoc khi cudén cam hut cuc tur.

Sau khi thuc nghiém trén nhiéu loai 16 xo ¢6 kich ¢& va d6 ctng khéc nhau, cubi
cung chon duoc 16 xo ¢6 dudng kinh mit cit ngang 0.7mm, dai 24mm, budc xoan S5mm
cho ap khi 3kg/cm?2 khi
3.2.5. Nguyén ly hoat dong ctiia kim phun

Khi ¢6 ngudn dién 12v chay qua cudn cam s& sinh ra tir truong nhu 1 nam cham
dién hut 15i sat tir bén trong di xubng, 15i sat tir duge ndi véi xupap nén khi 16i sat di
xubng s& day theo xupap di xudng, thing 10 xo va mé kim phun

Khi ngit dong dién, cudn cam s& khong con hit cuc sit tir, luc nay 10 xo bung ra
nhd lue dan hoi kéo xupap 18n lai dong kim phun
3.3. Qua trinh cdi tao dong co Diesel D12
3.3.1. Cdi tgo ndp mdy

DPong co cta nha san xuit duoc trang bj mot nip may cé ciu trac don gian va

hiéu qua.
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Hinh 3.23 Nip may trude cai tién
Nip méy di dugc nghién ciru, cai tién lai dé phu hop v6i ché d6 chay nhién lidu
kép va dé dang thao lip trong qué trinh bao dudng, stra chita. Nip may nay duoc thiét
ké dé dam bao cung cép khi LPG vao dong co mdgt cach thuan tién va hi¢u qua, giap
tang h¢ $6 nap cao hon va dam bao hoat dong 6n dinh cta dong co. biéu nay dong vai
tro quan trong trong viéc dam bao hi¢u suét va do tin cady cua dong co trong cac ung
dung khac nhau.

A

@ :h 0 Ren trong M20x1
| 4

20

60

40

©20

30

Hinh 3.24 Ban v€ cuc ga kim phun
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Hinh 3.25 Nip may sau cai tién

Hé théng duong cép LPG trén dong co dugc thiét ké lai vai mot loat cai tién quan
trong dé dam bao sy hiéu qua va da dang trong qua trinh cung cip nhién liéu khi ciing
nhu trong viéc nghién ctru do kiém cac loai nhién liéu khi khac nhau.

Trudc hét, nap may s& dugc khoan 1156 ® 14 thong voi budng chay phu dé lap ga
kim phun. ga kim phun s& dugc tién ren trong M20x1 va dong thoi kim cai taong s&
duoc tién ren dé lép dit mot cach dé dang va tranh bi xi khi. Sau d6 s& dugc han déng
bén trong budng chdy va bén ngoai nap may dé lam kin tranh bi nudc xdm nhap vao
budng chay va khong bi xi khi gdy mat ap suat budng chay.

Mbét diém ndi bat khac 1a hé théng nay la dau kim phun s& duoc nam truc tiép
trong budng chay phu cho phép phun khi LPG truc tiép vao budng chay. Piéu niy cho
phép dé dang diéu chinh dugc thoi gian phun va luong khi dua vao khi xupap nap da
dong.

Nhiing cai tién nay khong chi cai thién hiéu suat va tién ich cta hé théng ma con
tao ra su linh hoat va da dang trong qua trinh nghién ctru va phat trién dong co str dung
nhién liéu khi. Piéu nay dong vai trd quan trong trong viéc nghién ctru va phat trién cac
ung dung da dang cuia dong co nhién li€u khi.

3.3.2. Cii tao dwong éng nap

B6 ga kim phun LPG dugc lap trén duong dng nap dé giir ¢6 dinh kim phun va

dam bao LPG dugc cap vao dong co mot cach hiéu qua. D& dang thao lip kim phun dé

v¢ sinh va bao dudng.
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SRS e % :
Hinh 3.26 Puong 6ng nap sau khi cai tao
3.3.3. Thiét ké lip ddt hé thong tin higu

Truc tin hidu ndy c6 nhiém vy giri tin hiéu vé hop diéu khién dé hop diéu khién
cap dién cho kim phun hoat dong

Khi dong co hoat dong, vo1 dong co 4 ky thi dong co quay vong tuong img véi
4 ky s& c¢6 mot 1an phun khi vao ky nap, dong co duoc lip thém mot banh ring nho c6
14 rang 1én buly va mot banh rang 16n c6 28 ring phia dudi, 2 banh ring nay duoc két
n6i bang day xich.Vi banh ring 16n c¢6 s rang gap doi banh ring nhé nén toc do cia
banh ring 16n s& bang ' so v&i banh rang nho, ddng nghia véi viée toc do banh ring
banh rang 16n s& bang % tdc do cua dong co. Truc cam nay s& dugc lép trén banh ring
28 ring, khi banh ring dugc din dong thi truc cam nay s& chuyén dong cung véi banh
rang. Trén tryc cam phu dugc lép dat mot vong tron sat va nam cham dé cam bién nhan
tin hiéu. Vong sét nay duoc ¢d dinh véi truc biang bulong va nam cham dwogc gin 1én
dau bulong.

Pé chinh chinh xac thoi diém nhan tin hiéu tuong Gmg voi ky nap trén dong co,
tién hanh quay banh da cho dén khi cd md ctia xupap nap bit ddu mé xupap, lac nay s&
quay vong tron trén truc cam sao cho tir trudng ciia nam cham quét qua cam bién. Quan
sat bﬁng mat khi co md bit ddu mé truc cam thi luc nay cam bién cling nhan tin hi¢u tur
nam va cé thé nhan biét bang dén trén cam bién sang khi truong nam cham bat ddu quét

qua.
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Hinh 3.27 Lap dit truc tin hi¢u
3.3.4. Thiét ké lip ddt kim phun

Kim phun duoc lap vao nip may da cai tién trudc d6. Tai cac dau vao va dau ra
ctia LPG s& c6 cac van, cac ap ké dé co thé kiém soat va theo dai tinh trang ctia hé thdng

phun LPG. Bén canh d6 ciing c6 mot cam bién Hall dugc gin trén gia da.

=
=
=

Hinh 3.28 Thiét ké lap dat kim phun
Trang thai cho: LPG tir binh chaa di qua bo diéu ap qua van mot chiéu va cho
tai kim phun.
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Trang thai hoat dong: dong dién tir ic quy dén kim phun va lam kim phun mé
cho LPG di vao budng chay dong co.
Khi dong co hoat dong & ché d6 khong tai: Bong co s€ hoat dong béng nhién li€u
Diesel & mirc dau tdi thiéu, may s& nd garanti nhe nhang.

Khi dong co hoat dong & ché do co tai: Sau khi mé van binh khi LPG, khi duoc
di qua van diéu ap, van mot chiéu ngin dong khi troi nguoc, cudi cung di qua kim phun
dé di vao dong co, luc nay dong co s& duge ting toc do va cong sudt tai.

Hop diéu khién s& nho vao tin hiéu giri vé dudi dang dién ap cta cam bién Hall
duoc 1§p trén bg banh rang cam, tur 46 ra 1énh cho module cong suét dong mé kim phun
phun LPG vao budng chay.

3.3.5. Thiét ké lip ddt hé thong khdi dong

Pon co duge lap dit thém hé thdng khoi dong nhiam tao diéu kién thuan loi cho
qué trinh nghién ctru trén dong co Dongfeng D12.

Hé théng khai dong nay duoc xay dung v6i myc tiéu chinh 1a dam bao dong co
6 thé khai dong dé dang va mdt cach thuan tién. Diéu nay la quan trong dé tiét kiém

thoi gian va cong sirc trong qua trinh thuc hién thi nghiém va do kiém.

Hinh 3.29 Hé thng khoi dong
Hé thong khai dong dugce thiét ké dé twong thich hoan hao véi dong co Dongfeng

D12, dam bao tinh chinh x4c va hiéu qua trong qua trinh khoi dong. Mot diém quan
trong trong thiét ké 1a hé thong khai dong duge xay dung v6i nhitng linh kién chat luong
cao dé dam bao kha ning hoat dong 6n dinh va an toan. Piéu nay khong chi giup bao vé
dong co ma con dam bao sur an toan cho ngudi tham gia nghién ciru. Hon nita, viéc 1ap
dat hé théng khéi dong duoce thuc hién mdt cach ti mi va chinh x4c.
3.4. Thiét ké lip diat may phat dién
3.4.1. Gigi thiéu vé mdy phdt dién

May phét dién dong bo ST Series 1a mot thiét bi duoc thiét ké dé hoat dong nhu

mdt nguon dién xoay chiu chinh cho nhi€u tng dung trong linh vuc chiéu sdng dién
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tiéu chuan, thiét bi dién gia dung va str dung chung cho dan cu quy mé nho. May phat
dién dong bo ST Series 1a mot giai phap dang tin cdy va hiéu qua cho viée cung cép dién
cho cac tng dung co ban va thiét bi gia dinh trong cac khu vyuc dan cu nho. Thiét bi nay
hoat dong biang cach bién d6i ning luong ting chuyén dong quay cua dong co thanh

dién nang xoay chiéu.

Hinh 3.30 May phat dién
Bang 3.1 Thong sé may phét dién

S6 hidu ST-3
Pau ra (output) KW 3
Cuong do dong 13
dién(A)
Hiéu dién thé (V) 230
Sd cuc 4
Hé s6 cong sut 1

3.4.2. Thiét ké lip dit mdy phdt dién

Hé théng may phat dién dugc két ndi voi dong co D12 thong qua banh da va
dugc truyén dong bang mot day dai curoa. Piéu nay tao ra mot hé théng truyén dong
hiéu qua cho viéc chuyén dong xoay tir dong co sang may phat dién.

Day curoa 1a mot phan quan trong clia qué trinh ndy, lam cho viéc truyén dong
tr& nén linh hoat va giam tiéng on so vé6i cac phuong phap truyén dong khac. Diéu nay
cling cho phép mdy phat dién va dong co D12 hoat dong & toc d6 va mo-men xoan tbi

ru ma khong can thay déi truc tiép cdu hinh ctia ching.
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Hinh 3.31 Lap dat may phat dién
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CHUONG 4: THUC NGHIEM VA PANH GIA KET QUA

4.1. Gi6i thiéu thiét bi do kiém
4.1.1. Thiét bi phén tich khi thdi

Hinh 4.1 Thiét bi phan tich khi xa

Bang 4.1 Thong so thiét bi do khi xa

Thuong hi¢u SAUERMANN
Model SICA 2305NDC
Mau sic Nhu hinh

Kich thudc man hinh LCD 4.3 inch

D0 phan giai man hinh 480 x 272 pixel

Kich thudc 11, 2x28x5,5¢cm
Cén nang 825gam
Lén dén 6 (02, CO, NO, NO
S66 thip, NO2, NO thip, SO,,
SO, thap, CxHy, H2S)
Téi da do khi CO> 50.000 ppm (c6 pha loang)
Pha loang khi CO H) tro
Cam bién hiéu chuan trudc co thé thay thé tai <
Ho tro

hién truong
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Van toc khi thai véi 6ng Pitot Ho trg

Noi bo: 2.000 diém dir liéu +

Luu trtr do luon
8 dién thoai thong minh va PC

Phan mém PC (khéng diy & USB) HO tro

Ung dung dién thoai thong minh (khong day) H) tro

4.1.2. May do toc dp

Hinh 4.2 May do tdc d6 k¥ thuat s6 AR926
Bang 4.2 Thong sb ki thuat cia may

Thuong hiéu SMART SENSOR
Model AR926

Mau sic Nhu hinh

Chét liéu Nhya

Pham vi do 2.5~99999RPM

Do phan giai téc d6 quay

0,1RPM (2,5~999,9RPM)
1RPM (Trén 1000RPM)

Khoang cach do

50mm ~ 500mm

Do chinh xac

+(0,05%+1 chit s )
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Thoi gian ldy mau 0,8 gidy (Trén 60RPM)
Luu trir dit liéu HO tro

Kich thudc san phdm 150*56*31mm

Lua chon pham vi Tu dong

Chi béo pin HO tro

4.1.3. Pong hé van ning Hioki 3280-10F

<
x

Hinh 4.3 Pdng ho van ning Hioki 3280-10F

Béng 4.3 Thong sé dong hd van ning

Thong s6 ky thuit Gia tri do
Do dong dién AC (50 dén 42.00 d&én 1000 A (1én t&i 4200A khi
60Hz) dung cam bién vong linh hoat CT6280
— phu kién tuy chon), 3 thang do
Do dién ap DC 420.0 mV dén 600 V, 5 thang do
Po dién ap AC (50 dén 500 Hz) 4.000 V d&n 600 V, 4 thang do

Do dién tro 420.0 Q dén 42.00 MQ, 6 thang do

Kiém tra thong mach Coi bao tai ngudng < (50 Q +40 Q)
Céc chtric nang khac Gitlr gié tri do, tu dong tat nguén, chiu
duoc va cham khi roi tir d0 cao 1m;
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chéng bui va nuéc theo tiéu chuin
IP40.
Man hinh LCD Max. 4199 digits
Ngudn Pin Lithium (CR2032) x1
Puong kinh cang kep day ¢ 33 mm
Kich thudc W57 mm x H175 mm x D16 mm,;
Trong lugng: 100g

4.1.4. Hé théng tdi dién

Qua trinh thuc nghiém sir dung hé théng tai dién gdm 2 bong dén 1IKW, 10 bong
dén 60W dugc méc song song voi nhau va bo cong tic diéu khién dén dugc bd tri nhu
hinh 2.14

B6 cong tic diéu khién c6 nhiém vu thay dbi cuong d6 dong dién nham thay d6i

tai tiéu thy dién ctia dan dén qua d6 diéu khién tai dat 1én dong co.

ooooo

Hinh 4.4 H¢ thong tai dién
4.1.5. H¢ théng lam mdt
Sau khi cai tao lai nap may c6 gan thém kim phun thi tién hanh cai tao théng lam
mat tudn hoan c6 két nude tan nhiét.
Muc dich cai tao lai hé théng lam mat Ia tang hiéu suat 1am mat cho dong co déng

thoi [am mat kim phun, tranh trudong hop kim phun chiu qué nhiét gy hong kim phun.
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Hinh 4.5 Hé théng lam mat

4.1.6. Van diéu dp

Trong qué trinh thyc nghiém, dong hd diéu ap duge sir dung nhu mot van dicu
ap, chtre nang chinh ctia n6 13 dé didu chinh ap suét tir binh chira khi (noi khi duoc hdn
hop) qua van 1 chiéu dén kim phun hodc noi khi dwgc dua vao qua trinh hoat dong tiép
theo. Thong thuong van diéu ap duoc thiét ké 2 dong hd dé do 4p suit khi chira trong
budng chira va ap sut khi ra.

Pong ho dp sudt vao (inlet pressure gauge): Do ap suat cta khi dau vao tir budng
hoa tron. Pidu nay gitp theo doi va kiém soat ap suat ban dau ciia khi trude khi no duoc
giam ap.

Pong ho dp sudt ra (outlet pressure gauge): Do ap suit cua khi sau khi di duoc
giam 4ap thong qua van diéu ap. Didu nay cho phép kiém tra va dam béao rang ap suat sau

khi di qua van diéu ap dap tmg cic yéu cau cu thé cho qua trinh tiép theo.
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Hinh 4.6 Pong ho diéu ap

4.1.7. Van mét chiéu

Van mot chiéu 1a mot loai van duoc thiét ké dé kiém soat dong chit long hoac
khi trong mot hé thdng chi theo mot hudng. Cong dung chinh ctia van mét chiéu 12 ngin
chat 16ng hodc khi chay ngugc hudng trong duong dng hodc hé thdng cung cép.

Mot sd cong dung ctuia van mdt chiéu;

Ngdn ngurge dong: Van mot chiéu dam bao rang chit 16ng hoic khi trong hé thdng
chi chay mot chiéu va khong thé chdy nguoc lai. Van mot chiéu dic biét quan trong

trong cac tmg dung nhu hé théng cip nudc va hé thong khi ddt.

oy b

Hinh 4.7 Van mét chiéu
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Bao vé thiét bi: Van mot chiéu duge st dung dé bao vé cac thiét bi va may moc
trong hé thong khoi sy tén thuong do dong chay nguoc.

Pam bao an toan: Van mét chiéu cling co thé duoc st dung dé dam bao an toan
trong cac ing dung nguy hiém, noi mat kiém soat cua dong chit long hodc khi co thé
gay hoa hoan hoac tham hoa.

Diéu khién 4p xudt: Van mot chiéu co thé duoc sir dung dé kiém soat ap suét
trong hé thong bang cach ngin chét 16ng hoidc khi chay nguoc khi 4p sut vuot qua mirc
cho phép.

4.2. So' @b bo tri thue nghi¢m

So @6 bb tri thyc nghiém cum dong co diesel- may phat dién va cac thiét bi do
dugc thé hién trén hinh 4.8 gdm cac thiét bi chinh: dong co D12, may phét dién, may do
khi thai, déng ho do von va ampe, may do tdc do, déng hd gidm ap, van mot chiéu, kim

phun khi, cong tac di€u khién dén va dan den do cong suat.

]
A
_I-I:I
{ =
Hg ——
DR D
DRV D

Hinh 4.8 So d6 hé théng phun LPG tryc tiép

1. Binh khi LPG, 2. Van diéu ap, 3. Van mot chiéu, 4. Kim phun khi, 5. Kim phun

diesel, 6. Binh chira diesel, 7. Hop diéu khién, 8. Ac quy, 9. Banh da, 10. Banh ran

nho, 11. Banh rdn 16n, 12. Cam bién tir Hall, 13. May do ndong d6 khi thai, 14. May

phat dién, 15. May do toc 6 dong co, 16. Hé thong tai dién.

Trong thir nghiém ta stir dung khi LPG tir binh khi nén. Cac thanh phéan cta khi
LPG 1a C3Hs va C4Hyo. Truée khi duoc dua vao dong co thi hdn hop khi LPG sé di qua
d6ng ho diéu ap dé giam ap suat duong khi dé 6n dinh luu lugng khi dua vao dong co
va kim phun dugc thiét ké trén ndp may, kim phun duoc 1ay tin higu tir bo diéu khién
tin hiéu, giup hdn hop khi LPG sé& duoc phun vao dung thoi diém cia ki nap. Mot thiét
bi do tdc d6 dong co duoc lap vao dé do toe do ciia dong co thong qua banh da. May do
khi thai duoc lap trén dudng ong x4 cua dong co dé phan tich ham lugng thanh phan khi
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xa dong co. May phat dién dugc 1ap vao bén dudi dong co va ndi véi banh da thong qua

day cu roa dé dan dong truc roto ctia may phat quay. Dau ra cia may phat s& duoc ndi

v6i dan dén dé danh gia cong suit cua dong co.
) \ ] !

| T

d =N S e

=
: z

’ 5 | :

May do téc d6

Hinh 4.9 Hinh anh thuc té so d6 bd tri thuc nghi¢m
4.3. Quy trinh thuc nghiém
4.3.1. Anh hwéng ciia LPG dén céng sudt dong co khi phun trwc tiép va phun gidn

tiép
Cong thuc tinh gian phun:
AQ
AT =—x 1000
)
Trong do :
AT thoi gian dong mé xupap nap (ms)
AQ: gbéc dong mo xupap nguyén ban cua dong co (4.05 rad)
w: téc 6 dong co (rad/s)
Tir cong thuc tinh thoi gian dong mé xupap nap trén ta c6 duoc bang thong sd
nhu dudi day:

4.3.2. Ché d¢ thwe nghiém
Tién hanh nap mot hdn hop thudn LPG vao dong co.
Trude khi di vao dong co hdn hop khi LPG s& phai di qua 3 thiét bi 13 van mot

chiéu, ddng hd diéu ap, kim phun khi. Pong hd diéu ap gitp 6n dinh ap suit ra, giup cho
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tdc do luu lwong hdn hop LPG vao dong co & mot gia tri ¢ dinh. Kim phun khi giup
cho LPG s& dugc phun vao dung ki nap cua dong co théng qua tin hiéu nhén tir bd diéu
khién tin hiéu dugc 1ip thém vao, viée diéu chinh thoi gian & mé kim phun & cac mirc
48, 42, 38, 35, 32, 27, 24, 21, 19 ms tuong ung vdi cdc muc tdc do dong co 800, 900,
1000, 1100, 1200, 1400, 1600, 1800, 2000 vong/phut. Mtrc tai dién cua dong co dugc
gitt & gia tri 1 KW.

biéu kién thuc nghi¢m: dong co lam viéc 6n dinh (n=1100 v/ph, nhiét d0 nudc
lam mat, nhiét do dau boi tron, ap suit dau boi tron, nhiét do khi nap... 6n dinh). Tai
céc ché do thir luong nhién liéu diesel duoc diéu chinh dé giir nguyén cong suat dau ra
cua cum dong co - may phat.

Muc tiéu chinh ctia thi nghiém nay 1a danh gia dinh luong cong suat dau ra cua
dong co, cling nhu phan tich toan dién cac yéu td khac nhau nhu tiéu thu nhién liéu
diesel, thoi gian phun, 4p suat va nhiét d6 cua khi dau hoa 16ng cung cép cho dong co.
Ngoai ra, thi nghiém nham do lugng khi thai CO, CO2 va NOx, cling nhu mtrc do phat
thai khéi va mau sac cua khi thai do dong co tao ra. TAt ca cac phép do va phan tich nay
s& duoc tién hanh dudi cac ché do tai khac nhau trong khi sir dung hé thong hai nhién
liéu Diesel/LPG.

Dé ding thir nghiém, trude tién chiing ta phai cit tai dién va sau d6 van hanh ché
d6 khong tai ctia dong co. Sau d6, can phai nging cung cip khi cho dong co bang cach
khéa duong cung cép khi LPG. Bé dam béo sy chuyén ddi lién mach cua dong co, diéu
quan trong 1 cho phép né chay bang nhién liéu diesel & ché do khong tai trong khoang
thoi gian ude tinh tir 5 dén 10 phut. Thoi gian nay s& tao diéu kién cho qua trinh dot
chay bat ky khi du nao co trong dudng dng dong thoi cung cip cho dong co mot khoang

thoi gian nghi ngoi trong d6 né co thé ha nhiét.
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Bang 4.4 Bang thong s thoi gian phun cua ché d6 phun gian tiép va truc tiép ap suit

phun 3kg/cm?

Téc dé ban dau Thoi gian Chéd | Thoigian | Toc dd 1hot gian
G
1400 GO - N A R T
1600 O o T T W
150 G - T
P === ==
2200 e

Bang 4.5 Bang thong s thoi gian phun cua ché d6 phun gian tiép va truc tiép ap suat

phun 1kg/cm?
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4.3.3. Quy trinh thwc nghiém

Qua trinh chuén bj thuc nghiém can co thiét bj duoc néu & cac muc & trén :

Tién hanh thyc nghiém cho ca phun truc tiép va phun & ¢ nap.

Budc 1: Khoi dong dong co, cho dong co nd On dinh va kéo tai hé théng dién 1.0
kw sau d6 mé& van khoa LPG va diéu chinh ap suét phun 3 kg/cm?.

Buéc 2: Piéu chinh tdc do dong co, cép dién cho hop diéu khién va diéu chinh
thoi gian phun 48, 42, 38, 35, 32,27, 24, 21, 19 ms tuong ung voi cac mirc tde do dong
co 800, 900, 1000, 1100, 1200, 1400, 1600, 1800, 2000 vong/phut tién hanh do cong
suét cua dong co, néng do khi thai va sau do ghi lai cac thong sb do duoc.

Budc 3: Sau khi thir nghiém phun tryc tiép hoan thanh, tién hanh lap kim phun &
) nap va thuc hién lai budce 2.

4.4. Két qua thue nghiém

Tir bang 3.3 ta thay rd khi téc do dong co ban dau & 1600 v/ph thoi gian xupap
nap mé 1y thuyét 13 24ms, sau khi LPG duoc phun vao budng chay & ché d6 phun trén
duong nap v6i thoi gian phun 24ms téc d6 dong co tang 1én 1713 v/ph thi thoi gian mo
xupap nap thuc té 1 22,58 ms va & ché do phun tryc tiép véi thoi gian phun 28ms tdc
d6 dong co tang 1760 v/ph thi thoi gian mé xupap nap thuce té 14 21,98 ms vay khi phun
tryc tiép ta co thé ting thoi gian phun thém duoc 6 ms khi xupap nap da dong. Céc tdc
d6 tiép theo ciing twong ty nhu vy.

Tién hanh thyc nghiém cho ca phun truc tiép va phun & ¢ nap.

Budc 1: Khoi dong dong co, cho dong co nd 6n dinh va kéo tai hé théng dién 1.0
kw sau d6 m& van khoa LPG va diéu chinh 4p suat phun 1 kg/cm?.

Budc 2: DPiéu chinh tbe do dong co, cép dién cho hdp diéu khién va diéu chinh
thot gian phun 48, 42, 38, 35, 32,27, 24, 21, 19 ms tuong ing vdi cac mic tdc do dong
co 800, 900, 1000, 1100, 1200, 1400, 1600, 1800, 2000 vong/phut tién hanh do cong
suit ctia dong co, ndng d6 khi thai va sau d6 ghi lai cac thong sd do dugc.

Budc 3: Sau khi thir nghiém phun truc tiép hoan thanh, tién hanh Iip kim phun &

¢ nap va thuc hién lai budc 2.
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Bang 4.6 Bang danh gia cong suét cua dong co sau khi phun trén kim cai tao va kim

ché tao
Téc dd dong co ban ddu | Cong suit kim cai | Cong suit kim ché tao
ST (v/ph) tao (W) (W)
1 800 198.881 310.08
2 900 242.956 369.05
3 1000 300.871 392.7
4 1100 375.547 439.4
Congsust  BIEU DO SO SANH CONG SUAT GITA KIM PHUN CAI TAO VA KIM PHUN
(W) CHE TAO KHI PHUN TRU'C TIEP LPG VAO DONG CO
500 439.4
450 392.7
400 369.05 - —
233 08— 375.547
250 300.871
200 242.956
150 194.881
100
50
0
800 900 1000 1100 (Vong

/phut)

e CONG SUAL Kim cli === cdng suit kim mai

Hinh 4.10 Biéu d6 danh gia cong suat ctia dong co sau khi phun trén kim cai tao va kim

ché tao

Tir biéu d6 danh gia cong suat ta co thé thay cong sut ciia dong co trong qua

trinh phun truc tiép ting 1én so véi khi phun trén dudng nap & ciing mire thoi gian phun
va ap suat phun 3 kg/cm? . O céc tbe d6 dong co 800, 900, 1000, 1100 vong/phut thi
tuong tng v4i cac moc thoi gian phun 48, 42, 38, 35 ms thi su chénh 1énh giita kim ché
tao va kim cai tao 1a 1.6%, 1.5%, 1.3%, 1.2 % .Su chénh léch nay cho thay kim ché tao

cai thién hon vé cong suit. khi tdc d6 cang cao thi cong suit dong co ting cang it vi khi

tdc 46 dong co tang thi thoi gian phun cang giam.
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Bang 4.7 Bang danh gia cong suat ciia dong co ¢ ap suit phun 3kg/cm?

£ an Téc d sau khi | Toc d sau khi Cong suit Cong suit
Toc do ban Y <X iy

diu (v/ph) phun gian tiép | phun truc tiép phL,m glan phun tryc
(v/p) (v/p) tiep (w) tiep (w)
1200 1312 1346 699,38 712,14
1400 1570 1697 937,71 980,84
1600 1713 1760 1359,78 1514,88
1800 1925 1968 1690,23 1806,24
2000 2096 2132 1780,02 19437
2200 2295 2301 2123,64 2410,56

BIEU PO SO SANH CONG SUAT PHUN LPG TRUC

Cong suat TIEP VA GIAN TIEP VAO BUONG DOT
(W)
3000
2410.56
2500
1943.7
2000 1806.24 /
151488 2123.64
1500 55073 1780.02
980.84 25078
1000 712.14 i
937.71
500 699.38
0
1200 1400 1600 1800 2000 2200 (Vong
/phut)

e cONE sudt phun gian tiép (w) e cONg sudt phun truc tiép (w)

Hinh 4.11 Biéu d6 danh gia cong suit dong co ¢ ap suit phun 3 kg/cm?

Tir biéu d6 danh gia cong suit ta co thé thiy cong suit ciia dong co trong qua
trinh phun truc tiép ting 1én so véi khi phun trén dudng nap & ciing mire thoi gian phun
va 4p suit phun 3 kg/em?. O cac tdc d6 dong co 1200, 1400, 1600, 1800, 2000, 2200
vong/phit thi sy chénh 1énh giira phun trén dudng nap va phun truc tiép 1a 1,8 %, 4.4
%, 10,23 %, 6,42 %, 8,42%, 11,9% .Su chénh 1éch nay cho thiy khi toc d cang cao thi
cong suat dong co ting vi khi téc d6 dong co tang thi thoi gian phun cang giam, nhung
khi phun truc tiép c6 thé phun thém khi xupap nap di déng nén cong suit s& cao hon

phun trén dudng nap.
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4.4.1. Anh hwéng ciia LPG dén phdt thdi dong co

4.4.1.1. Khi CO;

Bang 4.8 Anh huéng ctiia LPG dén phat thai CO, ¢ 4p suit phun 3 kg/cm?

MUC PQ PHAT THAI CO:

Téc dd dong co (v/p)

Phun trén duwdong nap (%)

Phun true tiép (%)

800 1,99 2,33
900 1,951 2,748
1000 2,2025 2,6628
1100 2,0828 2,5442
1200 1,75 2,5328
1400 1,9957 2,6114
1600 1,8157 2,5085

1800 2,4242 2,59
2000 2,3385 3,0928

(%)
35

3

N

€]

[

€]

1000

m phun trén dwong nap (%)

BIEU O PHAT THAI CO,

W phun tryc tiép (%)

2.5

1.

0.
0

1100 1200 1400 1600

1800 2000 (vong
/phat

Hinh 4.12 Biéu d6 danh gia mirc do phat thai khi CO2 & ap suat phun 3 kg/cm?
Tir bang so sanh va biéu do ta c6 thé thay rang. Luong phat thai CO» ¢6 xu hudng

tang dan khi phun tryc tiép LPG so véi khi phun trén duong nap c6 nghia 1a phat thai

CO» tang dan khi tbc do dong co tang.

Két qua thyc nghiém cho thiy luong phét thai khi CO; trong qua trinh thuc

nghiém ciia dong co khi phun trén duong nap thip hon khi phun truc tiép & cac mic
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vong tua 800, 900, 1000, 1100, 1200, 1400, 1600, 1800, 2000 vong/phat véi ap suat
phun 3 kg/cm? 1an luot 1a: 14,59 %, 29 %, 17,28%, 18,13 %, 30,9%, 23,57%, 27,61%,
6,4%, 24,39%.

Bang 4.9 Anh huéng ctiia LPG dén phat thai CO, & 4p suit phun 1 kg/cm?

MUC PQ PHAT THAI CO:

Téc dp dong co (v/p) Phun trén duong nap (%) | Phun truc tiép (%)
800 1,634 1,354
900 1,965 1,506
1000 2,11 1,982
1100 2,012 1,765
1200 2,167 2,034
1400 2,147 2,03
1600 2,696 1,977
1800 2,308 2,064
2000 2,781 2,321
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BIEU O PHAT THAI CO,
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Hinh 4.13 Biéu d6 danh gia muc do phat thai khi CO2 ¢ ap phun 1 kg/cm?

Tir bang so sanh va biéu do ta ¢ thé thay rang. Lugng phat thai CO2 ¢6 xu hudng
tang dan khi phun truc tiép LPG so véi khi phun trén duong nap c6 nghia 1a phat thai
CO: tang dan khi toc do dong co tang.

Két qua thyc nghiém cho thdy luong phat thai khi CO» trong qua trinh thyc
nghiém ctia dong co khi phun trén dudng nap thap hon khi phun tryc tiép & cac mirc
vong tua 800, 900, 1000, 1100, 1200, 1400, 1600, 1800, 2000 vong/phit v&i p sudt
phun 1kg/cm? 1an luot 1a: 20,6 %, 30,4 %, 6,45%, 13,99 %, 6,53%, 5,76%, 36.36%,
11,8%, 19,81%.
4.4.1.2. Khi NOx
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Bang 4.10 Anh hudng cia LPG dén thanh phan phat thai NOx & ap suat phun 3kg/cm?

MUC PQ PHAT THAI NOx
Téc d dong co (v/p) Phun trén dwong nap Phun truec tiép

800 10,5 29,8333
900 10,5714 51,8571
1000 10,875 91,7142
1100 10,4285 83,5714
1200 8,5555 99,4285
1400 5,2857 117,571
1600 4,5714 38,2857
1800 15 69

2000 8,2857 32,2857

BIEU DO PHAT THAI NOXx
(ppm)
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®m phun trén dwong nap W phun tryc tiép

Hinh 4.14 Biéu db danh gia mirc do phat thai khi NOx ¢ ap phun 3 kg/cm?
Tir bang so sanh va biéu dd ta c6 thé thay rang. Luong phat thai NOy ¢ xu hudng
tang dan khi phun truc tiép LPG so véi khi phun trén duong nap c6 nghia 1a phat thai
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NOx ting dan khi tbc dd dong co ting, nhung khi toc do dan 6n dinh mirc phat thai NOx
c¢6 xu huéng giam do nhién liéu va LPG chay tot hon.

Két qua thuc nghiém cho thdy luong phat thai khi NOx trong qua trinh thuc
nghiém cta dong co khi phun trén duong nap thap hon khi phun tryc tiép ¢ cac mirc
vong tua 800, 900, 1000, 1100, 1200, 1400, 1600, 1800, 2000 v&i ap suat phun 3 kg/cm?
lan luot 1a: 64,8 %, 79,61 %, 88,14 %, 87,52%, 91,39%, 95,5%, 88,05%, 78,26%,
74,33%.

Béng 4.11 Anh hudng ciia LPG dén thanh phan phét thai NOx & ap suat phun

lkg/cm?
MUC PQ PHAT THAI NOx
Téc d dong co (v/p) Phun trén dwong nap Phun truc tiép

800 8,571 9,375
900 7,571 9,564
1000 6,857 17,714
1100 8,2 11,5
1200 10 25
1400 10,2 17
1600 3,166 13,8
1800 6,14 14,22
2000 2,321 2,781
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Hinh 4.15 Biéu d6 danh gia mitc do phat thai khi NOx & ap phun 1 kg/cm?

Tir bang so sanh va biéu d ta c6 thé thay rang. Lugng phat thai NOx c6 xu huéng
tang dan khi phun truc tiép LPG so véi khi phun trén duong nap c6 nghia 1a phat thai
NOx tang dan khi téc do dong co ting, nhung khi téc 6 dan 6n dinh mirc phat thai Nox
¢6 xu huéng giam do nhién liéu va LPG chay tét hon.

Két qua thuc nghiém cho thay lwong phat thai khi NOx trong qua trinh thuc
nghiém ctia dong co khi phun trén dudng nap thap hon khi phun tryc tiép & cac mirc
vong tua 800, 900, 1000, 1100, 1200, 1400, 1600, 1800, 2000 véi ap suat phun 1 kg/cm?
1an luot 1a: 8,57 %, 20,83 %, 61.29 %, 28,69%, 60%, 40%, 77,05%, 56,82%, 16,54%.
4.4.1.3. Khi CO
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Bang 4.12 Anh hudng ctua LPG dén thanh phan phét thai CO & 4p suét phun

3kg/cm?
MUC PQ PHAT THAI CO
Téc d dong co (v/p) Phun trén dwong nap Phun trwc tiép
800 2488 2011,833
900 3142,286 1727,429
1000 3136,375 1196,875
1100 3326 1324,143
1200 2743,222 1356,286
1400 3386,167 1403,857
1600 2993,714 1370,857
1800 2182,429 1422
2000 2851,667 2408

BIEU PO PHAT THAI CO
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Hinh 4.16 Biéu dd danh gia mirc do phat thai khi CO ¢ ap phun 3kg/cm?

Ttr bang so sanh va biéu do ta co thé thay rang. Luong phat thai CO ¢6 xu hudng
giam khi phun truc tiép LPG so voi khi phun trén duong nap c6 nghia 1a phat thai CO
giam khi téc d6 dong co ting.
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Két qua thuc nghiém cho thay luong phat thai khi CO trong qua trinh thyc nghiém
ctia dong co khi phun trén dudng nap cao hon khi phun truc tiép & cac mirc vong tua
800, 900, 1000, 1100, 1200, 1400, 1600, 1800, 2000 véi 4p suat phun 3 kg/cm? lan lugt
la: 19,13 %, 45 %, 61,83 %, 60,18 %, 50,55%, 58,54%, 54,2%, 34,84%, 15,55%.

Bang 4.13 Anh huong cua LPG dén thanh phan phat thai CO & 4p suét phun 1kg/cm?

MUC PO PHAT THAI CO
Téc d6 dong co (v/p) Phun trén dwong nap Phun truec tiép

800 2362,308 2222,8
900 3302,143 1160,25
1000 2699,714 1407,429
1100 3383,5 1189,5
1200 3187,143 1195,143
1400 3348,571 1083
1600 3208,111 1069,143
1800 2717,714 1422
2000 2157,286 1014,857
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Hinh 4.17 Biéu d6 danh gia mirc do phat thai khi CO ¢ ap phun 1kg/cm?
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Tir bang so sanh va biéu do ta co thé thay rang. Luong phat thai CO ¢6 xu hudng
giam khi phun truc tiép LPG so véi khi phun trén duong nap c6 nghia 1a phat thai CO
giam khi téc d6 dong co ting.

Két qua thue nghiém cho thiy luong phat thai khi CO trong qua trinh thuc nghiém
ctia dong co khi phun trén dudng nap cao hon khi phun tric tiép & cac mirc vong tua
800, 900, 1000, 1100, 1200, 1400, 1600, 1800, 2000 v&i ap suat phun 1kg/cm?1an luot
1a: 5,9 %, 64,86 %, 47,86 %, 64,84 %, 62,5%, 67,65%, 66,6%, 47,67%, 52,92%.
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KET LUAN VA HUONG PHAT TRIEN

Thiét ké va ché tao duogc hé théng diéu khién phun khi truc tiép cho dong co
diesel cd nho.

Kim phun kiéu mé nguoc mang lai nhiéu loi ich: véi 16 phun 16n hon, luong
nhién liéu khi phun ra ting 1én dang ké, giup niang cao cong suit va ngin chin hién
tuong khi chay lot ngugc vao binh chura.

Viéc phun nhiéu nhién liéu khi khong chi dam bdo hiéu suét hoat dong tdt & toc
d6 cao ma con tiét kiém nhién liéu. Nho vao hiéu suat dot cao, kim phun nay giup tiét
kiém hon so véi cac phuong phap phun khi truyén théng.

Ngoai ra, 4p sudt phun va hanh trinh mé cua van kim c6 thé dé dang duogc diéu
chinh mot cach linh hoat va nhanh chéng, phu hop véi tung loai khi va diéu kién thi
nghi¢m khac nhau.

Kim phun LPG kiéu phun tryuc tiép khong chi gia ting khdi lwong hdn hop mai
nap vao xi lanh ma con tao diéu kién cho viéc phan 16p hdn hop trong budng chay. Picu
nay 1am ting do tin cdy khi danh ltra bang tia phun moi, cho phép kéo dai thoi gian phun
va cai thién cong suit dong co so voi phuong phap phun trén duong nap.

Kim ché tao khi phun truc tiép LPG vao dong co ting 1,6% so v6i kim cai tao &
day tdc @6 thip, va co xu huéng ting dan ¢ tdc dd cao do c6 thé phun thém nhién liéu
khi vao budng dbt sau khi xupap nap dong

Khi phun LPG trén dudng nap thi céng suat dong co thip hon dén 11,9 % so
véi khi phun truc tiép tuong tng véi ap suat phun 3 kg/cm?

Murc do phat thai NOx khi phun trén dudng nap giam 95,5 % so vai khi phun truc
tiép. Mtic d6 phat thai CO» phun trén dudng nap giam 30,9 % so v6i phun truc tiép va
muc d§ phat thai khi CO khi phun trén duong nap tang 61,83 % so vdi khi phun truc
tiép twong Ung vai ap suit phun 3 kg/cm?.

C6 thé cho dong co hoat dong khi giam diesel va ting luong LPG bang cach diéu
chinh thoi gian va ap suat kim phun
Huéng phat trién dé tai:

Can tién hanh xay dung dic tinh kim phun dé c6 thé diéu khién chinh xac lugng
phun

Nghién ctu sir dung da dang cac loai nhién liéu khi thay thé, tai tao, dung cho
dong co phun khi tryc tiép. Panh gia tinh kha thi vé mat kinh té va ky thuat cua ting
loai nhién liéu.

Nghién ctru téi wu hoa hdn hop nhién lidu: Phan tich va téi wu hoa ti 1é hdn hop
nhién liéu — khong khi dé dat hiéu qua dbt chay tt nhat. Nghién ciu thuc nghiém va
danh gia cac tiéu chi ki thuat va phat thai trén dong co bang cach thyc hién céc bai
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thir nghiém trén dong co véi céc loai nhién lidu khac nhau, so sanh hiéu suat va céac
chi sé phét thai (CO2, NOx, HC, CO). Panh gia anh hudong cua viéc sir dung nhién
liu khi dén hiéu suit dong co va cac chi tiéu méi trudng.

Nghién ctru t6i wu ti s6 nén cho dong co dual fuel dé dat duoc hiéu suét tot hon
tranh duoc tinh trang bi kich nd.
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DESIGNING A DIRECT SYNGAS INJECTOR
FOLLOWING THE REVERSE-FLOW PATTERN
IN S| ENGINE

Ho Tran Ngoc Anh, Vo The Hac, Phan Nhu Thuat, Dao Huu Viet Thang,
Duong Anh Khoa, Ta Cong Vuong, Lam Dao Nhon, Pham Viet Anh Dien, Vo Du Dinh, Bui Van Hung"

*bvhung@ute.udn.vn

Abstract: The application of syngas in internal
combustion engines has gradually become popular in
current research. However, the composition of syngas is
always changing, so designing injectors to adjust the
appropriate fuel amount for the engine is extremely
necessary. The reverse-opening gas injector allows a large
flow of syngas to be directly supplied to the combustion
chamber. This solves the drawback of poor fuel for syngas,
and this design prevents the compressed air pressure from
being pushed back into the injector, ensuring the engine's

1. INTRODUCTION

In the context of increasing climate change and
the warning of the depletion of fossil resources,
research and development of renewable energy
sources arc more urgent than cver. The expression is
that a lot of countries around the world are
transitioning from fossil fuels to renewable sources of
energy, such as solar, wind, hydropower, and
biomass.

In this field, the application and development of
advanced methods to harness biomass, a potential
renewable energy source, is an important part of the
renewable energy revolution. Among the applications
of biomass, the production of syngas from biomass
sources is a potential solution to replace fossil fuels in
combustion processes.

However, a major challenge to the use of syngas
gas is its poor A/F ratio [1]. The A/F ratio of syngas
in a mixture of completely combustion gases in theory
ranges from 1 to 1.2, much lower than that of methane
gases [1]. Because the A/F ratio is low, the spraying
time will be extended, and the amount of gas fuel
supplied at the intake stroke will not be completely
sucked into the cylinder at the end of the intake. This
makes the engine's equivalent coefficient unattainable
as a fully theoretical combustion value, especially
when the engine runs at high speeds [2]. In addition, a
quantity of fuel will accumulate on the intake pipe in
the previous cycle, disrupt the equivalent coefficient
of the mixture in subsequent cycles, and cause the
reverse explosion phenomenon [3]. To solve this
problem, research and application of a reverse-open
air injection nozzle directly into the combustion
chamber is a potential approach. Direct spraying of
syngas into the combustion chamber is an effective

ISBN: 978-604-80-9779-0

combustion efficiency. To insure the feasibility and
effectiveness of the design, simulations, and tests will be
conducted to insure stability and safety when applied in
practice. This research not only provides advanced technical
solutions but also makes a significant contribution to
environmental  protection and  engine  efficiency
improvement.

Keywords: Syngas; reverse-opening nozzle; syngas
engine.

solution to resolve the weaknesses of mixing on the
intake pipe [4].

Within the scope of this project, we focused on
researching and manufacturing a direct gas injection
nozzle for the Honda GX160 engine, an attempt to
leverage the efficiency of biomass fuels, namely
syngas gas, to enhance the efficiencies and
performance in the combustion process when using
syngas instead of fossil fuels as before [5-6]. This not
only helps reduce our dependence on fossil energy but
also makes use of the biomass available in rural
Vietnam. By developing new technology, we are
opening the door to a future of cleaner and more
sustainable energy usec. Clean energy not only helps
protect the environment and reduce pollution but also
provides a plentiful energy supply, contributing to the
country's economic cfficiency.

2. THEORETICAL BASIS

The syngas gas fuel injection nozzle is designed
and applied to the Honda GX160 engine and consists
of several main components, such as the air connector
hose, blocking ring covers, shell cap, coil housing,
solenoid coil, center bolt, magnetic suction,
compression spring, valve body, nozzle pushbar, and
spray valve hood. These are also some of the basic
parts of traditional gas pipes. However, the new point
in the injection nozzle design here is that the closure
method allows the hose to have superior and more
efficient advantages in the process of injecting air
directly into the combustion chamber.

2.1. Caculation equation
Air flow equation [7]:
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D T k
Rm=ix—xnvxdnx£x—° (—g) (1)
60 2 Ppp T s

In there: D: Cylinder capacity 163 cm® = 1,63.10*
m’ [8], n: Number of crankshaft revolutions at
3600 rpm [1]. Because during the loading process, the
air volume will not be fully loaded in comparison to
the theoretical data, the load performance 1y and the
air weight ratio dp must be taken into account.

3

The flow of syngas loaded into the combustion
chamber depends heavily on the pressure and
temperature at the end of the exhaust stroke and at the
beginning of the intake stroke is Po and To. And
parameters such as P, T are the pressure and
temperature at the end of the intake stroke, this is the
parameter that evaluates the full charge level and
performance stroke in each engine cycle.

The ecquation calculates the amount of fuel
injected into a cylinder: [7]

Rm
m = (kg 2)
S A JF

d

In there: Because Syngas is a poor fuel, the syngas
A/Fd ratio is very small =1.2, [1]. Ry: Air flow in
mass.

Syngas mass calculation equation [7]:

Z.Ap

~ p.\yngas XA" X

T (kg) (3)

syngas m

4

syngas

In there: p_

syngas

in the density of syngas, y la

syngas
syngas's own weight, A : It's useful open acreage of

the nozzle needle, A : The amount of pressure

increases during the intake stroke, Tm: Spray opening
time. In this part of the study, the team calculated

and y calculated according to the

composition of Syngas as follows: 15-20% Hoa,
15-20% CO, 1-5% CHa, 10-15% COa, the rest is Na.
(2]

Equation to calculate magnetic susceptibility in
the solenoid coil [6]:

p syngas syngas

N
B= pu .nl= ,u.yO.TJ (4)

In there: B: Magnetic susceptibility from inside
the coil, I: Power supply intensity for the coil, N is
total number of wire rings wrapped on the valve body,
I: the length of the wire pipe, n is number of wire
rings on a unit length of the wire pipe, p: relative
magnetic permeability, p_0: is magnetic constant.

Then the energy of electricity will be converted
into two forms: One is the heat that radiates into the
environment, and the other is the electric field energy:

L e
W o=—X——XxV (5)
2 ppg

In there: V is the volume of the wire tube, B is
magnetic susceptibility, p is relative magnetic
permeability, po is magnetic constant.

In the process of creating magnetic fields inside
the solenoid coil, quantities such as voltage, current

and electromagnetism are closely related. This is
described by the following equation:

o dA
v, =Rix— (6)

dt
In there: A is the total of the magnetic flux in the
whole block, v, is the voltage that supplies the coil, R

is the resistance of the coil, i is the power supply for
the nozzle.

The following formula represents the total
magnetic flux in the entire block A containing the
coil, proportional to the magnetic flux of the coil ¢:

A = Nxo (kg) (7)

Accordingly, the formula (5) can be rewritten as:

g do :
v, =Ri+Nx d— (8)
t

In addition, the relationship between magnetic
flux and current is represented as a function of the
current:

A=L(x)xi (9)

In there: L(x) Inductance of the wire. Combining

the equations (5) and (7), we get the relationship
between voltage and current written as follows:

di dL(x) 4
v0=Ri+L(x).—|+ixQx—x (10)
dt dx dt

di 1 dL(x) d
—1=—><[ v”-Rj-ix—( )x—x] (11)
dt L(x) dx dt

Combining the equations above us gives the
following results:

W (i,x):{ﬂ(i,x)di:gL(x)idi=éiz.l(x) (12)

m
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In there: W'm :a function in the coil and its
inductance.

The inductance L(x) of coil is calculated as
follows:

L(x)=

In there: Y Ri

is the total magnetoresistance of the system.

N2

(13)
i Ri

The relationship between the number of wire rings
and the intensity of the current, is expressed through
the Ampe law:

$ HdI=N xi (14)
2.2. Technical specifications

Table 1. Specifications required
Sfor the Honda GX160 engine

No Symbols Parameter | Din
Cylinder Capacity (D) 163 cm’
2 | Number of crankshaft Rpm
5 3000
revolutions (n)
3 | Charging performance( ny) 0.8
4 | End of charge temperaturc 330 K
(T)
5 | Initial loading temperature 700 K
(To)

Table 1 has given the specific parameters for the
operating conditions of the Honda GX160 engine, and
this is an important basis for calculating and
designing the nozzle in the most optimal way. The
characteristic parameters of the engine for the nozzle
include: Cylinder capacity (D); the number of
crankshaft rotations (n); filling performance (1, ), end

of filling temperature (T), beginning of filling temperature
(To). After applying the calculation equations in
section 2.1, we get the following parameter table:

Table 2. Specifications of the injector are designed
based on syngas components 15-20% H.,
15-20% CO, 1-5% CHy4, 10-15% CO:

No Symbols Parameter | Dimensions
1| Air Flow (Rn) 3,2636.10° kg/s
2 Amount of fuel injected s

into the cylinder (myng.s) 2,72.10° kg
3
487,01 kg/m’
syngas
* 1 47716 N/m?®
syngas
B AP 24,502 N/m?
¢ | T 0,01 s
7 Injection hole diameter (d) 0,006 m
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3. DESIGNING, SIMULATING THE NOZZLE

Based on the calculated parameters, the design in
Table 2, and the design software, the team concluded
and produced a detailed drawing and 3D model of the
nozzle. All the component details of the nozzle arc
shown in Figure 1.

Choosing the material for the nozzle directly in
the engine combustion chamber greatly affects the
performance and life of the nozzle. The materials
used must meet many requirements, such as being
able to withstand high temperatures in the combustion
chamber without deformation or loss of mechanical
properties. Corrosion resistance is also an important
factor, high corrosion resistance is necessary to
maintain accuracy and long life, as the nozzle is
subjected to the influence of the fuel flow injected
with high pressure. High mechanical strength enables
the nozzle to withstand high pressure without
cracking or breaking. Good thermal conductivity
helps to distribute heat evenly, reducing the risk of
local overheating. Good machinability is an essential
element in the manufacture of the complex details of
the nozzle with high precision. Finally, the material
needs to maintain its mechanical properties (such as
hardness and durability) at high temperatures without
much reduction. In this study, the material is C45
alloy steel. The mechanical and logistical conditions
correspond to the working conditions of the engine,
and the simulation results also show that the nozzle
meets the requirements for nozzles used on the Honda
GX160 engine.

To lower processing costs as well as the cost of
direct injection products into the combustion
chamber, the team took advantage of the details
already available on the market. The precision CNC
machining method is chosen to produce the remaining
details. With this method, the particles in the nozzle
will be handled with the smallest assembly error
tolerance.

3.1. Design

The design also shows that when the door is
opened, the syngas will be injected into the
combustion chamber under high pressure. When the
compression process is completed, the high pressure
in the combustion chamber will push the nozzle
pushbar to the closed position while closing the
nozzle as the xupap loads and discharges. Thanks to
this, the syngas is completely retained in the
combustion chamber, preventing leakage and
optimizing fuel efficiency. The reverse nozzle is a
unique invention applied to internal combustion
engines, using poor syngas gas as fuel. The special
feature of this nozzle lies in its intelligent operation
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principle, which offers many advantages over

traditional nozzles.

Operating principle of the syngas injection hose
on the Honda GX160 engine:

The sprayer operates on the principle of
electromagnetic touch. The syngas gas injection pipe
is supplied with syngasa gas fuel from the syngase
gas tank, and syngases will be conducted through the
gas pipeline to the gas connector and put into the
inside of the spray pipe. When there is a fuel injector
signal from the microprocessor circuit, a current will
be supplied into the wrapping roll around the iron
core inside the spray. When the current passes
through the coil, it generates a magnetic field that
sucks the magnetic torque and pushes the torque
down through it, which opens the nozzle pushbar and
the syngas through which it enters the combustion
chamber of the engine. When a signal ends the syngas
injection process, the microprocessor circuit will
disconnect the current inside the coil, the magnetic
field will disappear, and the torque will be returned to
its original position and prepared for the next
injections.

105 mm

7
7
v,
s

\

Figure 1. Details of the reverse-opened nozzle
(Length: 105mm, Maximum diameter: 32mm)
Nozzle pushbar, (2) valve base, (3) pressure spring,
(4) magnetic absorber, (5) valve body, (6) centering
bolt, (7) coil, (8) coil cover, (9) cover cover,
(10) cover cover ring, (11) air pipe

3.2. Testing
3.2.1. The valve base

The part directly exposed to the gas pressure of
the injection hose is the first side of the valve base.

Maximum pressure Pmax is 23 bars (23.453 kg/cm?)
[4].

Because the valve receives pressure in the form of
pressure, the greater the exposure space, the larger the
larger the pressure of action on that detail, so the
surface exposure is a necessary parameter when
calculating:

§=+D* —d* (15)

In there: D is the large diameter outside the
injector; d is the small diameter inside the nozzle. So
we need to test the tolerable pressure of the nozzle.

The Poisson coefficient of C45 alloy steel ranges
from 0.27 to 0.30. We have: the compressive strength
of the alloy steel C45 is 400 MPa, equivalent to the
compressive ultimate limit that this alloy can
withstand of 4x10% N/m?,

Based on the durability pressure test (Figure 2a),
we find that the highest pressure area is the cutting
surface in dircct contact with the flame gas. The
maximum pressure that the valve base receives under
operating conditions is Pmax = 2.908 x 106 (N/m?).
This pressure matches the durability limit of C45
alloy steel, ensuring the durability of the valve base
during operation. The pressure of direct action on the
valve seat decreases gradually from the area of direct
contact with the ignition gas to the head of the body
nozzle.

Thermal resistance test method of the injection
valve base:

The head of the valve base nozzle comes into
direct contact with and receives heat from the
combustible gas, nccessitating hecat  transfer
simulation to ensure operational efficiency under
extreme temperature conditions. The maximum
temperature received by the valve base nozzle is:

Tmax = 1700 K = 1426.85 °C [4] (16)

The operating temperature in detail depends
heavily on the area of exposure, so this parameter is
important. The surface area of the syringe exposed to
pressure during combustion is:

s=\D'-d (17)

In there: D is the large diameter outside the valve
base, and d is the small diameter inside the valve
base. The heat transfer coefficient of C45 alloy steel
is 46,5.

The lower part of the valve base is installed
directly into the combustion chamber; the upper part
is exposed to outside air, so there is a heat exchange.
So the team simulated the environmental temperature
at 27°C.

ISBN: 978-604-80-9779-0
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Figure 2. Test results of the valve seat nozzle details
Testing durability for valve base (a);
Heat transfer test for valve base (b)
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Thermal durability test results for the valve seat:

According to the heat transfer test results (Figure
2b), the melting temperature of the C45 steel alloy is
1500°C [9]. The simulation results showed that the
highest temperature-resistant area of the valve base
was the cut surface that was in direct contact with the
ignition gas. The maximum temperature this detail
receives under operating conditions is 1427°C, which
is lower than the melting temperature of the material.
It should be detailed to ensure heat resistance and no
melting during operation. And this temperature
appears in a short period of time at the end of the
compression stroke and the beginning of the beginning
of the expansion stroke, so the heat transfer time is
very short. On the other hand, the heat generated will
exchange heat with the cooling system, so the heat
resistance is absolutely guaranteed. However, all
materials  will expand when exposed to high
temperatures, and when expanded several times, the
mechanism of the material will decrease and affect
the lifespan of the materials, so for long-term use, the
cooling system needs to be arranged to optimize the
operation process.

The simulation results showed that the valve base
details have stable heat transfer and do not affect the
other parts of the nozzle.

3.3. Nozzle pushbar

The maximum pressure received by the nozzle
pushbar is the same as the pressure received by the
bottom of the valve at the end of the compression
stroke and the beginning of the combustion stroke:
Pmax = 23 bar [1]. Since the pushbar of the nozzle
receives pressure as pressure, the cross-section of the
applied face is an important parameter.

The area of the injector pushbar surface in contact
with the combustible gas pressure is calculated as
follows:

S=mu’ (18)

In it, r is the radius of the circular cross-section in
direct contact with combustible gas; the Poisson
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coefficient of thermal expansion of C45 alloy steel is
0.28 [8].

According to the results of the durable pressure
simulation (Figure 2a), we can see that the
compressive strength of C45 alloy steel is 400 MPa,
equivalent to 4 x 10® N/m? The simulation results
show that the highest pressure-bearing area of the
nozzle pushbar is the cross-section in direct contact
with combustible gas. The maximum pressure that the
nozzle pushbar receives under operating conditions is
Pmax = 1,990.107 (N/m?). This limit is fully in line
with the compressive strength limit of the C45 alloy
steel material, which ensures that the details of the
nozzle pushbar are durable when operating.

Durable heat test method of the nozzle pushbar:

For the nozzle pushbar detail, the temperature
simulation is equivalent to the bottom valve detail due
to the same working conditions. The largest
temperature received by the propulsion at the end of
the compression stroke and the beginning of the
expansion stroke is Tmax = 1700 K = 1426.85°C [4].

Since the nozzle pushbar receives the pressure as
combustible gas pressure, the contact cross-section
should also be considered. The cross-section of the
nozzle pushbar surface in contact with combustible
gas pressure is calculated by:

S =’ (19)

In it, r is the radius of the circular cross-section in
direct contact with combustible gas; the heat transfer
cocfficient of C45 alloy steel is 46.5.

Temperature simulation is carried out under the
condition of temperature exchange detail with the
environment at 27°C. Detailed heat resistance test
results of the nozzle pushbar:

Temp (Cefsius)
von Mises (N/mA2)
14276403
1990407 .
312e
16206507 1198403
e 1084403
12400007 9683402

. 8549402
- TA0Se+02

6262402
5118402
3974e+02
2830402

(a) b)

Figure 3. Test results of the nozzle pushbar details
Testing durability for nozzle pushbar (a);
Heat transfer test for nozzle pushbar (b)

The melting point of C45 alloy steel is 1520°C.
The simulation results show that the highest
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temperature-resistant zone of the nozzle pushbar is
the section in direct contact with combustible gases,
with the maximum temperature under operating
conditions being 1427°C. This temperature is lower
than the melting point of alloy steel, and it only
appears for a short time at the end of the compression
stroke and the beginning of the expansion stroke,
along with the fact that this amount of heat will be
reduced due to heat exchange with the temperature of
the newly fed gas, so the amount of heat in the
company pushed throughout the operation is at a
stable level. However, if this part expands due to too
much heat, it will greatly affect the volume of
combustion gas in the nozzle, so finding a solution to
reduce the temperature of the propeller is a very
important task.

The simulation results show that the nozzle
pushbar has a stable level of heat transfer and does
not affect other parts of the nozzle assembly much.

3.4. Simulates the amount of gas moving through
the nozzle during operation

The syngas gas supply pressure is 4 kg/cm?
(392,266 Pa), and the temperature of the air supply is
25°C. Because syngas is a synthetic gas from biomass
processes and is not available in the flow study
modules of the simulation software, the team decided
to replace it with butane gas. The use of butane allows
the team simulate and analyze the speed of the gas
flow through the syringe under conditions similar to
those used with syngas. This ensures that the results
obtained from the simulation accurately reflect the
efficiency and functionality of the nozzle when
operating with syngas gas. The use of butane gas in
the simulation also helped the team to identify critical
parameters such as air flow speed and pressure at
different points in the nozzle, thus bringing
improvements and design optimizations to the highest
performance in real conditions.

Velocity [més]

Flow Trajectanes 1

Figure 5. Simulation of Syngas velocity in the nozzle

The flow of air through the particles of the syringe
varies in speed. At the end of the nozzle, the speed of
the air tends to slow down due to a sudden decrease in
the area of the moving pipeline. After passing through
this phase, due to the absence of a sudden decrease in
volume, the speed of the gas flow began to increase
and become more stable.

The speed of the gas flow after leaving the nozzle,
under normal working conditions, meets the initial
calculated amount of gas. This suggests that the
injection hose design has been adjusted to ensure
efficient gas distribution and a steady gas flow rate
from the beginning to the end of the spraying process.

3.5. Spray needle layout diagram on the GX160
engine

When the engine is active, the piston moves from
the upper dead point to the lower dead point, and the
clbow axis turns the smooth movement of the piston
into the round motion of the bow axis. To determine
the speed of the engine, a permanent magnet bar is
mounted on the outside of the elbow axis, and through
this, the Hall sensor will detect the speed and send
this signal to the Arduino Mega 2560 microcontrol
circuit. As this signal requires high reliability, the
anti-interference power circuit will climinate the
strange signals that send the signal back to the
Arduino as accurately as possible. Based on the
program that was initially programmed, Arduino will
process and determine the ignition time and the fuel
injection time, as well as control the openness of the
gas butterfly. This is crucial to the stable and efficient
operation of the internal combustion engine. The
syngas gas fuel will be supplied to the injection hose
at a pressure of about 4 kg/cm?, along with the
integrated ignition cluster on the engine, all tasked
with receiving signals from Aduirno to inject the air
as well as ignition to complete a combustion cycle in
the engine. The adjustment of the air flow into the
combustion chamber will be decided by a servo
motor, and the control will be taken over by Arduino.

Figure 6. Spray needle layout diagram
on the Honda GX160 engine
(1) Arduino Mega 2560 microcontroller,
(2) Interference resistant power line; (3) Gas fuel;
(4) spraying pipes; (5) Servo motor; (6) Gas butterflies;
(7) Hall Sensor; (8) Eternal magnet
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3.6. Evaluation

The pressure and temperature parameters for
critical parts of the nozzle are designed to meet the
demands of harsh operating environments. This
pressure and temperature are adjusted to suit the
operating conditions of the nozzle, ensuring the
stability and efficiency of the fuel injection process.

The flow rate of gaseous fuel through the nozzle is
designed to meet the requirements of both calculation
and design criteria. This ensures that the nozzle
operates efficiently, delivering the necessary amount
of fuel to guarantee performance and energy savings
during operation.

The research team has completed the detailed
design of all the components in the nozzle. However,
as these are rather small components, the
manufacturing technology and production requirements
are very high. This demands a high level of precision
and experience in the manufacturing process to ensure
the components operate accurately and reliably in the
harsh working environment.

4. CONCLUSION

The results of the above research allow us to draw
the following conclusions:

The reverse-opening gas injection nozzle allows
the delivery of syngas at a high flow rate directly into
the combustion chamber. This addresses the drawback
of syngas being a low-energy fuel, thereby improving
the combustion efficiency and power generation of
this fuel, and syngas can become one of the primary
fuels used in internal combustion engines and serve as
a renewable energy source for various other fields in
daily life.

The nozzle has resolved the issue of backfire when
using fuels containing hydrogen, thereby making the
use of such fuels easier and safer. This development
paves the way for a new era of widespread adoption of
rencwable gas fuels in transportation vehicles in the
future.

Researching and manufacturing a nozzle that
injects gas directly into the combustion chamber in
renewable fuel systems is an effective solution to
enhance the utilization of syngas fuel, reduce
emissions, and work towards the goal of green urban
development in the future.

The reverse-open syngas nozzle helps prevent
combustion pressure from pushing back into the
nozzle and also ensures that the compression pressure
of the engine at the end of the compression stroke and
the power stroke does not decrease. This ensures the
combustion efficiency of the engine.

The project has contributed to the development of
a new idea, adding knowledge in the ficld of gas
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nozzle manufacturing. This effort helps to harness
various renewable gas fuels available in nature,
reducing the dependence on fossil fuels and moving
towards a greener future.
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