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hdn hop nhién liéu xing - ethanol - hydro trén dong co xing bang mo phong s6” 1a mot
cong trinh quan trong doi héi su nd luc 16n cua t6i, va dugc su giup dd tan tinh, dong
vién, khich 1¢ dén tir nhiéu c4 nhan, doan thé.
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cung cép kién thtrc nén tang va tao diéu kién thuén loi cho tdi trong subt thoi gian hoc
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qua trinh thue hién dé tai nay.
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hoan thién hon trong tuong lai.

Thanh phé H6 Chi Minh, thang 10 nam 2025

Hoc vién thuc hién

Huynh Vin Han
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LOI MO DAU
1. Ly do chon d@ tai.

Ngay nay xu huéng sir dung nhién liéu sach nhu ethanol dang dugc khuyén khich
nham gidm su phu thudc vao nhién li¢u hoa thach va giam phat thai khi nha kinh. Hydro,
v6i kha niang chdy sach va khong phat thai CO, dwgc xem 13 nhién liéu tiém ning cho
tuong lai.

Vi nhiéu tinh kha thi ctia hdn hop nhién liéu. Ethanol c6 chi sb octane cao, gitp
cai thién kha ning chdng kich nd cua dong co. Hydro c6 tdc d6 chay nhanh, gitp ting
hiéu suat chay va giam thoi gian tré danh lira. Su két hop gitra xang, ethanol va hydro
c6 thé ti vu hoa hiéu suit dong co va giam phat thai doc hai. Bén canh nhitng uu diém
cling con ton tai mot s6 han ché nhu cac nghién ctru trude day chu yéu tp trung vao
hdn hop xdng-ethanol hoic diesel-ethanol, chura ¢6 nhiéu nghién ctru vé sy két hop thém
hydro vao hon hop nhién liéu cho dong co xing.

Viéc tmg dung mé phong s trong nghién ctru dic ki thuat va phat thai trén dong
co xang cho phép phan tich chi tiét qué trinh chay va phat thai trong dong co, giup tiét
kiém thoi gian va chi phi so v6i thir nghiém thyc té. Phdn mém mé phong nhu AVL-
Boost da duoc st dung hi€u qua trong cac nghién ctru vé nhién liéu sinh hoc.

Dé Tai “Nghién ctru dic tinh k§ thuat va phat thai khi st dung hon hop nhién liéu
xang - ethanol - hydro trén dong co xing bang moé phong s6” khong chi dap uing xu
huéng st dung nhién liéu sach ma con dong gop vao viée phat trién cac giai phap ning
luong bén virng va bao vé moi truong.

2. Muc tiéu nghién ciru
2.1 Muc tiéu tdng quat

Pénh gia cac thong s6 ki thuat vé cong suat dong co, md men xoan, suat tidu hao
nhién liéu va hiéu suét co ich ctia dong co bang cach pha tron hdn hop nhién liéu xang-
ethanol-hydro theo ti 16. Ung véi ting s6 vong quay cta dong co.

2.2 Muc tiéu cu thé
X4y dung mé hinh mé phong s dong co xing st dung phan mém AVL Boost phu
hop véi dong co nghién ciru. Tién hanh mo phong céac truong hop sir dung hon hop nhién

lidu xdng — ethanol — hydro véi cac ty 18 phdi tron khac nhau.



Phan tich anh hudng cta cac ty 1€ phoi tron nhién li¢u dén céc thong s6 dac trung
veé k¥ thuat ciia dong co nhu: cong suat, mé-men xoan, suat ti€éu hao nhién li¢u, hi¢u
suat nhiét.

Danh gia sy thay d6i cac chi tiéu phat thai chinh (CO, HC, NOx) cua dong co khi
sir dung hdn hop nhién liéu so vdi xidng nguyén chét.
Xéc dinh xu hudng t6i wu vé ty 16 phdi tron hdn hop nhién liéu nhdm can bang giita hiéu
qua k¥ thuat, kinh té va giam thiéu phat thai 6 nhiém
3. Pdi twgng, pham vi nghién ciru
3.1 Péi twong nghién ciru

Péi twong nghién ciru cta dé tai 1a qua trinh hoat dong, dic tinh k¥ thuat va phat
thai cia dong co xing khi str dung hon hgp nhién liéu xing — ethanol — hydro théng qua
phuong phap mé phong sb bang phan mém AVL BOOST.

Cu thé, nghién ciru tap trung vao:

bac tinh van hanh cia dong co nhu: cong suit, mo-men xoan, suat tiéu hao nhién
liéu, hiéu suit nhiét. Dac tinh phat thai khi dgc hai cua dong co bao gém: CO (carbon
monoxide), HC (hydrocarbon chua chay), NOx (oxit nito).

Anh hudng cua ty 18 phdi tron nhién liéu (xing — ethanol — hydro) dén cac chi tiéu k¥
thudt va moi truong néu trén.

Pong co nghién ctru 13 dong co xing 4 ky, kiéu hut khi tu nhién, st dung hé théng phun
xang da diém EFI, dién hinh 12 dong co Toyota INZ-FE dung tich 1.5L.

Nghién ctru dic tinh k¥ thuat bao gom cong suat dong co, md men, suét tiéu hao
nhién liéu, hiéu suét nhiét va phat thai NOx, HC, CO cua dong co xang 1NZ-FE. Khi st
dung hdn hop nhién liéu xang-ethanol-hydro trén dong co xing bang mo phong sd theo
ti 1¢ nhat dinh.

3.2 Pham vi nghién ciru

Nghién ciru trén mo hinh moé phong sé dong co xing. Pong co mo phong 1a loai
dong co xang 4 ky, dung tich 1.5L, 4 xy-lanh, sir dung hé thong phun xing EFI (1NZ-
FE).

Xét cac ty 1€ pha tron khac nhau cua nhién li¢u xang — ethanol — hydro nhu:

G100: 100% xang (d6i chimg)
GI90ESHS: 75% xang — 10% ethanol — 15% hydro



G80E10H10: 60% xang — 10% ethanol — 30% hydro
G80OESH15: 45% xang — 10% ethanol — 45% hydro

Tap trung khao sat dic tinh dong co theo dai vong tua tir 1200 dén 6000
vong/phiit. Nghién ctru thuc hién trong khudn kho thoi gian ludn van hodc dé tai tot
nghiép, mang tinh nghién ctru co ban dinh huéng tng dung, chua trién khai ap dung
thuc té
4. Phwong phap nghién ctru
4.1 Phwong phap nghién ciru, tong hop 1y thuyét

Phuong phéap nghién ciru tong hop 1y thuyét duoc sir dung dé thu thap, hé thong
hoa cac tai lidu, cong trinh nghién ctru trong va ngoai nudc lién quan dén anh huong cia
hdn hop nhién liéu xang — ethanol — hydro ddi véi dong co xang.
Tu do, phan tich co s¢ khoa hoc vé dic tinh chay, hi¢u suét dong co va xu huong thay
d6i phat thai khi sir dung céc loai nhién liéu thay thé nay.
Ngoai ra, nghién ctru tong quan vé cac md hinh mé phong dong co xiang, nguyén 1y hoat
dong ciia phan mém AVL BOOST dé xay dung md hinh mé phong phi hop véi dong co
thuc té.
Co s6 1y thuyét vé quy luat phdi tron nhién liéu, dic tinh vat Iy — hoa hoc cua ethanol va
hydro, dic diém chay va phat thai ciing dugc nghién ctru lam nén tang cho viéc thiét lap
kich ban mo phong.
4.2. Phuwong phap phan tich dir li€u, so sanh

Dir lidu dau ra tir md phong s& duoc tong hop, xir Iy va phan tich theo céc tiéu
chi: Bac tinh k¥ thuat: Cong suit, mé-men xodn, suit tiu hao nhién liéu, hiéu suit nhiét.
Dic tinh phat thai: CO, HC, NOx.Céc két qua mé phong giira cac trudng hop phdi trén
nhién liéu khac nhau s€ duoc so sanh véi nhau, déng thoi ddi chiéu véi dir liéu caa dong
co sir dung xing nguyén chat dé danh gia murc do cai thién hay suy giam.
Phan tich dugc thuc hién theo hudng:

So sanh xu huéng thay d6i cac chi tiéu theo ty 1¢ ting dan ethanol, hydro. Panh gid wu,
nhugc diém cia timg ty 1& phdi tron. Xac dinh ty 1é hdn hop nhién liéu phu hop nhat
dé can bang giira hiéu sut k¥ thuat va mic phat thai thap.

Ngoai ra, két qua con dugc so sanh doi chiéu voi cac cong bo, két qua nghién ctiru tuong

tu trong va ngoai nude nham kiém chimg tinh hop 1y.



4.3. Phuwong phap mé phéng.

Phuong phap mé phong st dung phan mém AVL BOOST dé xay dung mé hinh
dong co xing 1NZ-FE duéi dang mé hinh s6.M6 hinh dong co dugce thiét 1ap cac thong
sb k¥ thuét co ban dya theo dit li¢u thuc té cta nha san xuat. Tién hanh mé phong céc
truong hop thay d6i ty 16 phéi tron xing — ethanol — hydro tai cac ché do lam viée dic
trung ctiia dong co (toan tai, ban tai, dai vong tua tir thap dén cao).Cac thong sb vé nhiét
do, ap suat, luu lugng khi, thanh phan nhién liéu,... duoc thiét 1ap pht hop dé mo phong
chinh x4c qu4 trinh chay.Qua trinh mé phong giup thu thip dit liéu vé: Cong suit, mo-
men xoan, tiéu hao nhién liéu, hiéu suat nhiét, ndng d6 CO, HC, NOx tai ong xa.

Két qua tir mo phong 1a co so dé phan tich xu huéng anh hudng cua nhién liéu phdi tron
va dua ra nhan xét, danh gia khoa hoc vé kha ning tng dung trong thuc té.
5. 'Y nghia thue tién ciia dé tai

St dung ethanol va hydro giup giam phét thai cac chat gy 6 nhiém, gop phan
cai thién chit lwong khong khi va giam hiéu tng nha kinh. Ethanol c¢6 chi s6 octane cao,
gitip cai thién kha niang chdng kich n6 ciia dong co. Hydro c6 toc do chay nhanh, ting
hiéu suit qua trinh chay va ning cao cong suit dong co.

Viéc két hop nhién liéu tai tao nhu ethanol va hydro giup da dang héa ngudn
nhién liéu, giam sy phu thudc vao dau mé va ting cudng an ninh ning luong quéc gia.

Tom lai, dé tai nay khong chi dong gdp vao viée bao vé mdi truong va nang cao
hiéu suat dong co, ma con hd trg phét trién kinh té bén viing va dam bao an ninh ning

luong.



CHUONG 1. TONG QUAN VE VAN DE NGHIEN CUU
1.1 Giéi thiéu chung vé nhién liéu pha tron.
1.1.1 VAn dé d3t ra va khai niém vé nhién liéu pha trdn.

Trong sudt nhiéu thap ky qua, nganh giao thong vén tai trén toan thé gisi da phat

trién nhanh chong dua trén nén tang sir dung cac loai nhién li€u hoéa thach nhu xang, dau
diesel va khi hoa 16ng. Tuy nhién, dén nay, viéc tiéu thu nhién liéu truyén thdng nay
dang d6i mat voi hang loat thach thirc nghiém trong ca vé mit tai nguyén va moi truong.
Trude hét, ngudn cung cip ning lwong héa thach dang dan tré nén can kiét do day 1a
loai tai nguyén khong thé tai tao. Cac mé dau, khi ty nhién va than da dang suy giam
nhanh chéng, trong khi nhu cau sir dung nang lugng trén toan cau van tiép tuc gia ting.
Hé qua 12 gia nhién liéu ngay cang bién dong va c6 xu hudng ting cao, gy ap luc 16n
dén kinh té va an ninh nang lugng qudc gia.
Bén canh d6, viéc d6t chay nhién liéu hoa thach 1a nguyén nhan chinh dan dén 6 nhiém
moi truong khong khi. Cac phuong tién sir dung dong co dbt trong thai ra mot lugng 1on
khi doc hai nhu carbon monoxide (CO), nitrogen oxides (NOx), hydrocarbon (HC) va
bui min (PM), gay anh huong nghiém trong dén strc khoe cong déng, dac biét tai cac do
thi dong dan cu.

Khong chi dimg lai & vin dé 6 nhiém, phat thai khi nha kinh — dic biét 1a carbon
dioxide (CO2) tir qua trinh d6t nhién liéu — con 1a yéu té cha yéu gop phan gay ra bién
d6i khi hau toan cau. Tinh trang nong 1én toan cau, nudc bién dang, va cac hién tugng
thoi tiét cuc doan 1 hau qua truc tiép cla sy gia ting ndng do CO: trong khi quyén, dat
ra yéu cau cip bach trong viéc chuyén ddi sang cac giai phap ning luong bén virng hon.
Vi vay, viéc tim kiém céc giai phap thay thé nhién liéu truyén thong 1a mot yéu cau cip
thiét trong bdi canh hién nay
Xing (Gasoline): La loai nhién liéu hoa thach phd bién nhat, duoc str dung rong rii trong
dong co dbt trong.

Ethanol: La mdt dang nhién liéu sinh hoc (biofuel) duoc san xuét tir cic ngudn nguyén
li¢u tai tao nhu ngd, mia duong, cu cai duong hodc tham chi 1a tdo. Ethanol khong chi
gitip giam luong khi thai CO ma con c6 chi sé octane cao, gitp ting hi¢u suat chay cua
nhién liéu. Hydro (Hz): La mot ngudn ning luong sach, ¢ thé san xuat thong qua phuong

phép dién phan nude hodc tir khi thién nhién.



Khi dugc bo sung vao hdn hop nhién liéu,hydro c6 thé giup cai thién hiéu suat dot
chay, giam lugng khi thai ddc hai va nang cao hiéu qua st dung nang lugng.

Nhién liéu pha tron "xing-ethanol-hydro" tin dung nhitng wu diém cia timg thanh
phén, tao ra mot loai nhién li€u vira hi¢u qua vira than thién véi moi trudong. Loai nhién
liéu nay dang thu hut sy quan tam cua cac nha khoa hoc, doanh nghiép va chinh phu trén
toan thé gidi nhu mot giai phap tiém ning cho su chuyén ddi ning lwong bén vimng
1.1.2 Loiich va tam quan trong cua viéc st dung nhién li¢u pha tron ddi voi moi truong
va kinh té.

Ethanol gitp giam lugng CO phat thai vi n ¢6 ngudn goc sinh hoc. Hydro hd tro
qué trinh chay hoan toan hon, giam lugng khi thai doc hai nhu NO, va CO. Giam 0
nhiém khong khi, dic biét tai cac d6 thi dong duc.

Ethanol c6 chi sd octane cao, giup dong co van hanh muot ma hon. Hydro cai
thién qua trinh dbt chay, tang hi¢u suét nhiét va giam can bam trong dong co. Viéc két
hop ethanol va hydro gitp giam nhu cau sir dung xing, tir d6 giam sy phu thudc vao dau
mo nhap khau. Tan dung cic ngudn ning lugng tai tao gitip ting cudng an ninh ning
luong qudc gia.

Khuyén khich nghién ctru va phat trién cong nghé dong co tién tién co thé sir dung
nhién liéu pha tron hiéu qua hon. Gép phan vao xu huéng chuyén d6i ning luong xanh
trén toan cau. Tao co hoi cho nganh ndng nghiép va san xuét nhién liéu sinh hoc phat
trién. Gitp giam chi phi nhién liéu trong dai han do su két hop cac thanh phan ré hon va
c6 thé tai tao.

Du c6 nhiéu loi ich, nhién liéu "xing-ethanol-hydro" van gip mot s6 thach thurc
nhu: Cong nghé Iuu trit va phan phéi hydro con han ché. Ha ting nhién liéu can duoc
nang cap dé thich nghi voi hdn hop nhién liéu mai. Can chinh sach hd tro dé thuc day
san xudt va st dung nhién liéu pha tron. Nghién ctru cac phuong phép luu trir va van
chuyén hydro hi€éu quéa hon. Cai tién cong nghé dong co dé tan dung tdi da loi ich cua
nhién liéu pha tron. Xay dung chinh sach khuyén khich str dung nhién liéu sach thong
qua hd tro tai chinh va wu dai thué.

Nhién liéu pha tron "xing-ethanol-hydro" 1a mét budc tién quan trong trong nd

luc gidm 6 nhiém va chuyén doi sang nén kinh t€ nang lugng sach.



Ung dung rong rii loai nhién liéu ndy c6 thé mang lai nhiéu loi ich vé méi trudng, kinh
té va an ninh niang luong trong tuong lai.

1.2 H6n hop nhién liéu Xing pha ethanol

1.2.1 Binh nghia va phan loai xang pha ethanol (E5, E10, E85)

Vi Xang pha ethanol 14 loai nhién lidu dugc pha tron giita xang truyén théng véi
ethanol theo mot ty 1 nhit dinh nhdm giam thiéu phat thai khi nha kinh va ting cuong
hiéu suét chay. Ethanol trong xidng dong vai tro nhu mot chat phuy gia gitip cai thién kha
ning d6t chdy, giam 6 nhiém méi trudng va han ché sy phu thudc vao nhién liéu hoa
thach. Cac loai xang pha ethanol pho bién gom:

Xang E5 1a loai nhién li€u sinh hoc, trong dé c¢6 chtra 5% ethanol (06n sinh hoc)
pha véi 95% xang truyén théng. N6 dugc st dung rong rai dé giam phat thai khi doc hai
va bao v€ moi trudong.

Pic diém cia xang ES: Thanh phan: 95% xing truyén théng + 5% ethanolTinh than
thién v41 moi truong giam phat thai khi CO, HC va bui min so véi xang thong thuong.
Chi s6 octan (RON) thudng 1a 92 hoic 95, twong dwong véi xang truyén thong. Hoat
dong tdt trén hau hét cac loai xe hién dai nhung co thé anh huong dén xe doi cii do
ethanol 6 tinh hut am va dn mon

Uu diém:

Gié thanh thuong ré hon xang truyén théng. Giam sy phuy thudc vao nhién li¢u hoa thach
Nhuoc diém:

D& hit nude, co thé anh hudng dén hé théng nhién liéu néu dé 1au. Co thé khong
phtt hop véi mot s6 dong xe doi cii. Xang E10 14 loai nhién liéu sinh hoc c¢6 chira 10%
ethanol (con sinh hoc) va 90% xing thong thudng. N6 duoc phat trién dé giam khi thai
doc hai va ting tinh than thién vi moi truong so véi xang truyén thong.

Pic diém cua xing E10

Thanh phan: 90% xing truyén théng + 10% ethanol. Chi sé octan (RON): Thudng dao
dong tir 92 dén 95, twong duwong hodc cao hon xing truyén théng. Tac dong dén dong
co: Hoat dong tdt trén hau hét cac xe doi méi c6 hé thong phun nhién liéu hién dai. Co

thé anh hudng dén cac xe doi cii do ethanol c6 tinh hiit am va an mon



Uu diém:
Than thién v61 moi truong hon: Giam khi thar CO, HC va bui min, Giam sy phu thudc
vao nhién liéu hoa thach, Chi sd octan cao hon, gitip cai thién kha ning chdng kich nd
dong co. Nhuoc diém

D& hut nudc, c6 thé gy anh hudng dén hé thng nhién liéu néu bao quan lau.
Khong phi hop v6i mét sb xe doi cii do ethanol c¢6 thé lam hong cac bd phan cao su,
nhya hodc kim loai khong chéng an mon
Mirc tiéu hao nhién liéu c6 thé cao hon mét chut so véi xing truyén théng, do ethanol
c6 mat d¢ ning lugng thap hon
Xang E85 1a loai nhién li€u sinh hoc c6 chira 85% ethanol va 15% xang thong thuong.
Pay 1a nhién liéu c6 ty 1 ethanol cao hon han so v&i xing ES (5% ethanol) hay E10
(10% ethanol), gitp giam déng ké khi thai doc hai va phu thudc vao nhién liéu hoa thach.
Pic diém cua xing E85

Thanh phéan: 85% ethanol + 15% xang. Chi s octan (RON): Thuong tir 100 —
105, cao hon nhiéu so v&i xang truyén théng. Cong suat dong co: C6 thé cao hon do chi
sb octan 16m, gitp dong co hoat dong hi¢u qua hon. Tac dong dén dong co: Chi phu hop
v6i xe su dung nhién li¢u linh hoat (Flex-Fuel Vehicles - FFV)
Khong thé dung cho xe chay xing thong thudng, vi ethanol c6 thé gdy dn mon cac bd
phan nhu dng dan nhién liéu, giodng cao su va kim loai khong chdng dn mon.
Giam khi thai CO dang ké, than thién hon v&i méi trudng
Chi s6 octan cao, gitip dong co hoat dong muot hon, giam nguy co kich nd
Giam sy phu thudc vao xing dau truyén théng
Tiéu hao nhién liéu nhiéu hon (~25-30% so véi xing thudng), do ethanol ¢6 mét d6 niang
lugng thap hon Han ché vé co so ha tang, vi it tram xdng cung cap E85 so voi xing
truyén théng
Mai loai xing pha ethanol c6 dic diém khac nhau vé hiéu suit, muc tiéu thu nhién liéu
va tac dong dén mai truong. Viéc st dung xing pha ethanol ciing phu thudc vao tiéu

chuan cua timg qudc gia va hé théng dong co dugc thiét ké phu hop.



Bang 1.1: So sanh xiang ES,E10 va E8S [1]

Pic diém Xang E5 (5%) Xing E10 (10%) Xang E85 (85%)

Ham lugng ethanol | 5% 10% 85%

Chi s octan ~92 — 95 ~92 - 95 100 — 105

Anh huong dén NI Cao hon, c6 thé an | Chi dung cho xe

¢

dong co ' mon nhe FFV

Mtrc tiéu hao nhién _ Cao hon dang ké
Nhu xdng thuong Hoi cao hon

lidu (~25-30%)

1.2.2 Quy trinh san xuat va tiéu chuan chét luong cua xang pha ethanol

a) Quy trinh san xuat:

San xuit ethanol: Ethanol dugc san xuét tir nguyén liéu sinh hoc nhu ngd, mia dudng
hozc lta mi thong qua qua trinh 1én men va chung cat. Pay 1a mot quy trinh bén vimng vi
c6 thé tan dung phé pham nong nghiép. [2]

Pha tron voi xang: Ethanol sau khi san xuat s& duoc tron voi xang theo ty 1€ nhét dinh
dé tao thanh nhién liéu E5, E10, hodc E85. Qua trinh pha tron can tudn thu cac tiéu chuin
nghiém ngat dé dam bao chét luong va do 6n dinh cta nhién liéu.

Kiém dinh chit luong: Nhién liéu pha tron phai dap tng cac tiéu chuan vé d6 6n dinh,
kha nang chéng kich nd va murc phat thai khi thai trudc khi duge dua vao s dung. Viée
kiém dinh nay gitp dam bao hiéu suat dong co va tinh an toan khi van hanh.

b) Tiéu chuan chat luong.

Chi s6 octane ctia hdn hop phai dap ung tiéu chuan an toan dong co.

Ham luong ethanol khong dugc vuot qua mirc quy dinh dé dam béo tinh twong thich véi
dong co. Pam bao khong co nudc hoic tap chat 1am giam hiéu suat chay, dong thoi dap

ung cac quy dinh vé khi thai va an toan moi truong.
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1.2.3 Uu diém va han ché khi sir dung xang pha ethanol trong dong co dét trong
Uu diém:

Giam khi thai CO do ethanol c6 ngudn gdc sinh hoc, gitip giam tac dong tiu cuc
1én moi truong. Cai thién hiéu suat chay do ethanol c6 chi sd octane cao hon xing thong
thuong, 1am ting kha ning chéng kich nd. Giam phu thudc vao nhién liéu hoa thach,
gitip ting cuong an ninh ning lugng qudc gia va thic ddy nganh san xuat nhién liéu sinh
hoc phat trién. Giam chi phi san xuét nhién liéu trong dai han, do ethanol c6 thé duoc
san xudt tir nguyén liéu tai tao.

Han ché:

Tang muc tiéu thu nhién liéu do ethanol c6 mat do nang luong thap hon xing,
dan dén viéc tiéu thu nhiéu hon cho ciing mot quang duong di chuyén. Anh hudng dén
vat liéu dong co, dac biét la & cac phuong tién khong thiét ké cho nhién liéu c6 ham
luong ethanol cao, gy hu hai hé thong nhién liéu. Yéu cau hé théng luu trir dic biét dé
tranh hat am tir moi trudng, lam anh huong dén chat lugng nhién liéu
1.2.4 Phéi tron va st dung hydro trong nhién liéu long.
1.2.4.1 Gidi thiéu chung vé hydro.

Hydro duoc xem 12 mot trong nhitng ngudn ning luong sach tiém ning cho tuong
lai do khong tao ra khi CO khi chdy. Tuy nhién, viéc st dung hydro trong dong co ddt
trong truyén thong — dic biét 1a dong co xing — khong thé thyuc hién theo cach don gian
nhu pha thém chét 16ng vao xang, vi hydro ton tai & thé khi trong diéu kién thuong. [3]

Vi vdy, dé “phdi tron” hydro vao nhién lidu xing hodc ethanol, cic nha nghién
ctru va k¥ su da phat trién mot s phuong phap riéng biét, duoc trinh bay chi tiét dudi
day.
1.2.4.2 Phuong phap st dung hydro trong dong co xang.

Phun hydro tryc tiép vao dudng nap hodc budng chay. Pay 1a phuong phap phd
bién nhat trong cac nghién ctru hién nay.

Céu trac hé théng: Hydro duoc chta trong cac binh khi ap suit cao va duoc dua dén
budng ddt thong qua hé thong duong dan riéng biét, co kiém soat. Hé théng nay khong
tron hydro vao xiang nhu cac phu gia dang 16ng, ma b sung hydro ¢ dang khi vao dong
khi nap hoic phun truc tiép vao budng chay, tuong ty hé théng GDI (Gasoline Direct
Injection). Tich hop véi hé thong ECU: Hé théng phun hydro can dugc dong bo véi ECU



11

(bo diéu khién trung tim dong co), dé diéu phdi luong hydro va xing phu hop véi tai
dong co, toc do quay, goc danh Itra,... nhdm dam bao hi¢u suat to1 wu.

Uu diém:

Tang tbc do chay va cai thién qué trinh ddt. Giam luong CO, HC va dac biét 1a

khong phat thai COz Phdi tron ning lugng theo ty 1¢ phan trim (% ning lugng)

Vi du:

* Hon hop G75E10H15:

« G75 = 75% nang luong dén tir xang.

* E10 = 10% tur ethanol.

« H15 = 15% tir hydro (du lugng thé tich rat nho vi hydro c6 mét do ning luong cao trén
mbi don vi khéi).

Piéu nay cuc ky quan trong vi hydro c6 mat d6 ning luong theo khdi lugng rat
cao (khoang 120—142 MJ/kg), nhung theo thé tich khi lai rat thap. Do dé, néu tron theo
% thé tich, thi tac dong dén qua trinh chay s& khong chinh xac.

Hydro héa 16ng (liquefied hydrogen). Pay 1a mot cach it phd bién hon, vi yéu cau ky
thuét rat cao:

Hydro dugc hoa 1éng & nhiét d cuc thép (~—253°C) va luu trir trong cac binh
cach nhiét cao 4p. Sau d6, hydro 1ong c6 thé duge bom duéi dang 16ng va hoa hoi ngay
trude khi dot hodc dung trong cac hé thong hybrid dic biét.

Tuy nhién phuong phap nay chi thich hop cho cac tng dung déc biét nhu xe dua,
hang khong hoac nghién ctru trong phong thi nghi€ém. Trong cic phuong ti¢n thong
thudng (nhu 6 t6 ca nhan), chi phi luu trit hydro 1ong va i ro an toan rat cao nén it dugc
dung.

Han ché va yéu cau ky thuat

Tinh chét d& bay hoi va ro ri, hydro 14 phén ti rit nho va nhe, dé ro ri qua cac khe
hd nhé ma cac nhién lidu 16ng khong thé thoat ra. Piéu nay dat ra yéu cau: Hé thong
duong 6ng phai kin tuyét d6i, sir dung vat liéu khong bi an mon hodc gion do hydro
(tranh hién twong “hydrogen embrittlement™). Phai c6 van an toan, cam bién phat hién
10 1i hydro, va thiét ké thong gi6 pht hop dé tranh tich ty khi d& chay. Hién tugng chay

som va kich nd do hydro c6 toc do chay rat cao, nhiét o bat lira thap va gidi han chay
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rong (4 — 75% thé tich trong khong khi) nén dé gay ra chdy sém hoic kich nd néu ty
1€ hydro qua 16n, dac biét trong dong co nén cao.

Vi vay giéi han thuong khong vuot qua 20% ndng luong tir hydro trong cac
nghién ctru dong co xing. Viéc vuot qua giéi han ndy doi hoi phai cai tién ca vat lidu,
ECU va hé théng lam mat.

Can cac thiét bi cam bién va diéu khién chuyén dung khi st dung hydro ECU can
dugc 1ap trinh lai dé diéu chinh ty 18 xang-hydro pht hop. Cam bién khi nap, nhiét do
budng chay phai c6 dd chinh xac cao. Phai c6 hé théng giam sat ap suét binh chira hydro
va dong khi nap b6 sung.

Két luan

Hydro c6 tiém ning 16n trong viéc cai thién hiéu suat va giam 6 nhiém cho dong
co xdng, tuy nhién viéc phdi tron khong don thuan nhu cac nhién liéu 1ong khac. Can ¢
hé théng cip khi doc 1ap, tinh toan theo ning luong, va kiém soat nghiém ngit vé an
toan. Nhitng tmg dung thuc té hién nay chii yéu ¢ quy mé nghién ctru hodc xe dic biét,
nhung vé 1au dai c6 thé mé ra hudng di méi cho dong co hybrid xing—hydro.

1.2.5 Tinh hinh nghién ctru st dung nhién li¢u xdng-ethanol-hydro tai Viét Nam va trén
Thé Giéi.
a) Tai Viét Nam:

Nhiéu cong trinh di tién hanh nghién ctru thuc nghiém va moé phong vé hdn hop
nhién liéu nay. Nguyén Vin Binh va cong su [4] thuc hién thir nghiém trén dong co xing
phun xing dién tir 110cc véi hdn hop E5, E10 va bo sung khi Ha tir b dién phan HHO.
Két qua cho thay, khi bd sung 5-10% thé tich H. vao khong khi nap, phat thai HC va
CO giam 1an luot khoang 15-25%, hiéu suét nhiét ting 2—3%, nhung NOx c6 xu hudng
tang néu khong diéu chinh thoi diém danh lira.

Nghién ctru mé phong ctia Nguyén Thé Hung va cong su [5] trén dong co INZ-
FE cho thiy ethanol giup ting chi sd octane va 6n dinh van hanh & tai cao, trong khi Hz
cai thién toc do chdy va mé rong gidi han chay nghéo. Hon hop E10 + 5%H: duoc danh
gi4 toi uu vé giam CO va HC, nhung can bién phap kiém soat NOx, chiang han qua EGR.

Dinh Quang Nam [6] khao sat phat thai dong co xe may khi st dung E5, E10 va
E20, ddng thoi bd sung H: qua binh tich ap. Két qua cho thiy E20 giam dang ké CO va
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HC so v6i xang A95, con Hz 1am ting hiéu suat nhiét nhung c6 thé 1am giam cong
suat cuc dai do hoa khi loang.

Tai Pai hoc Bach khoa Da Nﬁng, Vién Co khi Pong luc [7] d2 m6 phong béng
phan mém AVL BOOST véi nhiéu ti 18 phdi tron Xang — Ethanol — Hydro. Két qua chi
ra E10 + 5% H: dat can bang t6t giita cong suat va phat thai, trong khi E20 + 10% H.
giam manh CO va HC nhung lam NOx ting khoang 8% so véi xing nguyén chat.

Trong nghién ctru Lé Minh Tuén (2023) [8], d4 tién hanh thir nghiém trén xe may
125 cc sir dung nhién liéu E10 két hop bd sung H: véi ty 18 khoang 8 % ning luong. Két
qua cho thy phat thai HC va CO giam 1an luot tir 1822 %, hiéu suat nhiét ting khoang
2 %, trong khi ndong d6 NOx van ndm trong gidi han k¥ thuat néu thoi diém danh lira
duogc diéu chinh hop 1y. Tiép d6, Pham Thi Lan (2024) [9] thuc hién mo phong trén dong
co diesel ¢& nhe van hanh theo ché do “dual-fuel” v&i hon hop xdng—ethanol-H> dugc
phun theo co ché danh ltra cudng birc (spark-assisted injection). Két qua ban dau cho
thiy CO va HC giam dang ké, dong thoi duy tri dugc cong suit tuong duong so voi dong
co nguyén ban. Bén canh cac nghién ctru vé hiéu qua k¥ thuat, Tran Van Hoang (2022)
[10] da phan tich chudi cung g ethanol tir mia tai Viét Nam, nhan thay tiém ning giam
phat thai COz-eq khoang 20-30 % so véi xing truyén thong, tuy nhién chi phi san xut
con cao, doi hoi cac chinh sach hd trg va co cu gia hop 1y dé canh tranh. O khia canh
an toan, Nguyén Vian Diing (2024) [11] d& nghién ctru cac van dé ky thuat lién quan dén
hé thdng cap H: trén phuong tién sir dung hdn hop xing—ethanol, chi ra nguy co ro ri,
hién tuwong gion hoa kim loai (embrittlement) va dé xuét sir dung vat liéu chuyén dung
cung quy trinh kiém tra dinh ky nhdm dam bao van hanh an toan.

Viét Nam da trién khai nhiéu du 4n san xuét ethanol sinh hoc tir sin 14t hodc ri
duong dé pha véi xang, tao ra cac loai nhién liéu nhu E5 va E10. Ung dung hydro trong
dong co ddt trong. Mot s6 nghién ctru da 4p dung cong nghé HHO (hydro oxy) cho dong
co diesel 6 t0, cho thay hiéu qua trong viéc tiét kiém nhién liéu va giam phat thai khi nha
kinh. Thach thirc dat ra can phat trién ha tang luu trir va phan phdi hydro an toan va hiéu
qua. Chi phi san xuit va luu trit hydro con cao. Can nghién ctru sdu hon vé anh hudng
ctia hdn hop nhién lidu dén d6 bén va hiéu suat 1au dai cia dong co.

Trién vong Phdi tron xing—ethanol-hydro c6 thé 1a giai phap trung gian hiéu qua trudce

khi chuyén sang cac cong nghé ning luong tai tao hoan toan.
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Viée két hop ba loai nhién li¢u nay co thé tan dung uu diém cua tung loai, nhu kha nang
chay sach ctia hydro, tinh tai tao ctia ethanol va ha tang sin c6 ctia xang. [12]

b) Trén thé gidi:

Verma et al. (2019) [13] nghién ciru su két hop 10% ethanol v6i Ha (tir 0-20%
nang luong) trén dong co SI. Viéc bd sung He gitip ting tdc dd chay va mo rong kha
nang van hanh. Phat thai HC giam khoang 30%, CO giam khoang 40%. Tuy nhién, néu
khong ap dung hé thong tun hoan khi xa (EGR), NOx ting manh do nhiét 46 chay cao
hon.

Verma et al. (2021) [14] tién hanh thir nghiém trén dong co SI 4 xi-lanh véi cac
mure ethanol tir 0-20%. Két qua cho thay E20 1a mirc pha tron tdi wu, giup giam CO va
HC dang ké, dong thoi ting 4p suét chay cuc dai va hiéu suat nhiét tong thé so voi xing
thuan.

Verma & Singh (2017) [15] mé rong nghién ctru sang hdn hop ba thanh phan
gasoline—ethanol-H.. Két qua cho thay phat thai giam va kha niang danh lira & hdn hop
nghéo dugc cai thién, nhung néu Hz vuot qua 20% ning lwong, hdn hop tré nén qua
lodng, din dén giam cong sudt diu ra.

Rao (2020) [16] thyc hién tong quan (review) cac nghién ciru vé tac dong cua He
khi b6 sung vao xing. Ong khang dinh rang Hz 1am ting téc do chay va giam phat thai
CO/HC, song cac van dé ky thuat vé luu trit, an toan va vat liéu chiju tac dong cua H:
van 1a rao can chinh trong tng dung thuc té.

Kim et al. (2020) [17] st dung md hinh m6 phong hoa—kinetics dé phan tich anh
huong ctia Hz trong qué trinh chay. Két qua cho thdy H: lam tang nong d6 goc OH, rut
ngan thoi gian phan tng, ting ap suat dinh va giam phat thai CO/HC.

Li et al. (2021) [18] mo phong ddng co sir dung hdn hop ethanol va Hz & ché d6
chay nghéo. Két qua cho thiy hiéu suét nhiét dugc cai thién va cac chit 6 nhiém do chay
khong hoan toan duoc giam thiéu. Tuy nhién, NOx van c6 xu hudng ting va can duoc
kiém soat bang cac giai phap k¥ thuat nhu EGR hodc ti wu thoi diém danh lira.

Phéi tron xdng—ethanol-hydro, nghién ctru qudc té di chi ra rang viéc bd sung
hydro vao hén hgp xiang—ethanol co thé cai thién hiéu suat chay, giam tiéu thy nhién liu
va giam phat thai doc hai nhu CO va NOx. Cac nghién ciru st dung phdn mém mé phong

nhu AVL Boost da danh gia hiéu suat va phat thai ctia dong co khi sir dung hdn hop
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nhién li¢u chira hydro, ethanol va xang, cho thay tiém nang trong viéc toi vu hoa hi¢u
suat dong co.

¢) San xuét va tiéu thu nhién liéu sinh hoc (Biofuels)

Ethanol: San luong toan cdu nam 2023, san luong ethanol toan cau dat 116 ty lit,
chiém 70% tong san luong nhién liéu sinh hoc 10ng. My va Brazil chiém khoang 80%
san lugng nay. [19]
Xu huéng tiéu thy: Nhu cau ethanol ting manh trong nganh van tai duong bo, hang
khong va hang hai. Dy bao dén nim 2030, nhu cdu ethanol toan cau s& ting 1én 215 ty
lit/ndm, chiém 6,4% tong nhu cau nhién liéu 10ng trong van tai.
Thi truong xuat khau: Nam 2024, My xuét khau ethanol dat ky luc gan 1,9 ty gallon,
tang 36% so v4i nam 2023. Cac thi truong chinh bao gdm Anh, Canada, Colombia va
Brazil.

Biodiesel (FAME): San lugng toan cau ndm 2023, san lugng biodiesel FAME dat
gan 50 ty lit. Indonesia dan dau véi 14 ty lit, tiép theo 13 EU véi 13 ty lit va Brazil voi 8
ty lit.
Ung dung: Biodiesel chu yéu duoc st dung trong giao théng van tai va san xuat dién.

San xuat hydro toan cau: San lugng ude tinh nam 2024, san luong hydro toan cau
udc dat 100 triéu tan. Trung Qudc dan dau véi khoang 50% tong san luong, cha yéu tir
dién phan nudc va khi hoa than.
Co so ha téng dién phan: Pén cubi nam 2023, cong suit dién phan nudc toan cau dat
1,4 GW va dy kién dat 5 GW vao cudi naim 2024.Dau tu va dy an: Nhiéu du an 16n dang
dugc trién khai, bao gdm Nha may hydro xanh NEOM & Saudi Arabia véi cong suat 600
tan/ngay va tong von dau tu 8,4 ty USD. Ung dung hydro trong giao théng van tai: Xe
chay bang hydro: Han Quéc dang phat trién “Thanh phd Hydro Ulsan” véi mang lui
6ng dan hydro ngdm dai 188 km, phuc vu xe buyt, Xe tai va xe ning chay bang hydro.
Hang hai va hang khong: Cac cong ty nhu Maersk va BP dang thir nghiém tau chay bang
methanol va dau tu vao san xuit e-methanol tir hydro.
1.3 Tém tit chuong 1

Gidi thiéu vé nhién liéu pha tron Giai thich su can thiét ctia nhién liéu pha tron
trong bdi canh 6 nhidém mdi trudng va khing hoang ning luong.

Xang, ethanol va hydro 1a cac thanh phan chinh duoc sir dung dé tao ra nhién liéu pha
tron than thién voi moi truong.Dac diém cua tung loai nhién liéu



16

Xing: Nhién liéu hoa thach phd bién, c6 chi sb octan cao nhung gy 6 nhiém.
Ethanol: Nhién liéu sinh hoc ¢6 ngudn gdc tir thyuc vat, gitap giam khi thai CO2 va ting
chi s octan.
Hydro: Nhién liéu sach, khi chay chi tao ra nuéc, nhung kho luu trit va yéu ciu cong
nghé cao.

Pha tron nhién liéu xing - ethanol - hydro Cac ty 1¢ pha tron phd bién nhu ES5,
E10, E85 va tac dong ctia chung dén hiéu suit dong co. Loi ich cta viéc bd sung hydro
vao hén hop nhién liéu, giup dbt chay hiéu qua hon va giam phat thai doc hai. Nhiing
thach thirc k¥ thuat khi sir dung nhién liéu pha tron, bao gdm an mon vt liéu va yéu cau

diéu chinh dong co.
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CHUONG 2: CO SO LY THUYET
2.1 Tong quan vé phan mém mé phéng AVL BOOST
2.1.1 Giéi thiéu phdn mém AVL BOOST.

AVL BOOST la mdt trong nhitng phin mém mé phong dong co dét trong hang
dau thé gi61, duoc phat trién bdi AVL List GmbH — tap doan k¥ thuat 16n co tru so tai
Graz, Ao, chuyén cung cap céac giai phap trong linh vire dong luc hoc va hé truyén dong.
Day 14 cong cu chuyén nghiép hd trg viéc nghién ctru, thiét ké va tdi wu hoa dong co
nhiét théng qua mo phong sd, cho phép giam thiéu thdi gian thir nghiém thuc té, tiét
kiém chi phi va cai thién hiéu qua phat trién san pham.

Phan mém AVL BOOST cung cidp méi truong md phong mot chiéu (1D
simulation), trong d6 cac hién tuong vat 1y bén trong dong co nhu dong khi, qué trinh
chay, truyén nhiét va chuyén dong cua cac chi tiét co khi dugc mo phong théng qua hé
phuong trinh bao toan khdi lwong, dong lwong va ning lwong. M6 hinh héa 1D tuy
khong phan anh duoc hoan toan chi tiét dong chay ba chiéu, nhung lai ¢6 wu diém 16n
vé toc d tinh toan, dé thiét 1ap mo hinh, phil hop véi yéu cau phan tich hé thong tong
thé.

Phan mém cho phép mé hinh hoa da dang céc loai dong co nhu:

« Dong co dot trong xang (SI — Spark Ignition),

o Dong co diesel (CI — Compression Ignition),

o Dong co sir dung nhién li¢u thay thé nhu LPG, CNG, hydrogen, ethanol,...

« Dong co ting 4p, siéu nap, hodc tich hop hé thdng hybrid.
Trong AVL BOOST, ngudi dung xay dung mé hinh dong co bang cach két ndi cac phan
tir co ban (component elements) nhu:

o Xi lanh (Cylinder): noi xay ra qua trinh chdy va sinh cong,

« DPuong dng (Pipe): mo hinh hoa dong khi trong dudng nap/xa,

« Van (Valve): diéu khién dong khi ra vao xi lanh,

« Turbocharger (ting ap): nén khi nap dé ting mat do khong khi,

« Intercooler, EGR, Bo xtic tac (Catalyst),...: cac phan tir xtr 1y khi thai va hd trg

diéu khién khi dong.
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« Cic mo hinh chay bén trong xi lanh c6 thé duoc thiét 14p & nhiéu cip do khac

nhau, tir don gian dén phirc tap nhu:

e MO0 hinh Wiebe (dya trén dudng cong nang luong giai phong),

e MO0 hinh Vibe, Combustion Curve, hoac mdé hinh ban thuc nghi€ém (semi-

empirical),

« MO hinh chay hai ving (Two-zone combustion model) ¢6 xét dén cac qua trinh

chay trudce, chay chinh va chdy mudn,

« MO0 hinh déng hoc phan tmg (chemical kinetics) khi m6 phong chi tiét thanh phan

khi thai.

AVL BOOST con tich hop kha ning mo phong hé thong diéu khién, thu thap dit liéu
tir cam bién, tin hiéu ECU thong qua module BOOST RT (Real Time), va c6 thé ghép
nbi v6i phan mém MATLAB/Simulink dé phéan tich siu hon vé thuat toan diéu khién.
Ngoai ra, phan mém hd tro mo phong trang thai on dinh (steady-state) 13n trang thai qua
d6 (transient), giup k¥ su danh gia kha ning van hanh cta dong co trong nhiéu diéu kién
thuc té.

Giao dién nguoi dung (GUI) truc quan 1a mot diém manh cia AVL BOOST, cho
phép ngudi ding dé dang tao so dd khbi md phong dong co theo cach kéo tha cac phan
tir tr thu vién, két nbi logic gitta ching, va cai dat cac thong s6 dau vao nhu dung tich
xy lanh, ty sd nén, tbc d6 dong co, thoi diém danh ltra, luu lugng nhién liéu, dic tinh
van, v.v.

Nho sy toan dién va linh hoat trong mé phong, phan mém AVL BOOST hién duoc
str dung pho bién tai cac vién nghién ctru, trudng dai hoc, va dic biét 1a cac hing san
xuét 6 to 1én nhu Toyota, Ford, BMW, Hyundai, v.v. Phan mém nay dong vai tro then
chét trong viéc rut ngan chu ky thiét ké — thir nghiém, dong thdi nang cao do chinh xéac
va kha nang canh tranh trong nganh cong nghiép dong co hién dai.

2.1.2 Tinh nang co ban.

Phan mém Boost c6 nhiéu tinh ning va tac dung trong ca linh vuc thiét ké ciing
nhu thi nghiém, sau ddy 1a mot s6 tinh ning co ban:
M6 phong cac qua trinh cong tac ciia dong co véi do chinh xac va tinh tin cdy cao, tao

thuan loi trong muc tiéu thiét ké dong co hoidc phan tich cac qua trinh nhiét.
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C6 thé mo phong cac dong co tur loai mot xilanh dén nhiéu xilanh, cho loai dong
co xang hay dong co diesel, dong co hai ky hay dong co bon ky v6i dai cong suat khac
nhau tir dong co ¢ nho nhu xe may dén cac dong co cé 16n nhu tau thuy, md phong
duoc cac ché d6 1am viéc cua dong co.

Xac dinh cac théng sb trong qua trinh nhiét dong hoc, dong chdy trong qué trinh
trao d6i khi, qua trinh phun nhién liéu, qua trinh chay ma trudc kia phai st dung phuong
phap k¥ thuat do phuc tap va ton kém méi c6 thé xac dinh duoc.

C6 kha ning két ndi voi cac phan mém khac (lién két dong) nhu MATLAB dé
mo phong voi cac dir liéu dong.

Trong dao tao c6 kha nang tai hién cac hinh anh gﬁn nhu thuc té mét cach truc
quan, mo xé cac hién tuong xdy ra bén trong dé gitip hoc vién c6 thé quan sat dugc
nhing phan ma khong thé quan sat tryc tiép trén mo hinh thuc hodc néu quan sat duoc
cling phai dung cac thiét bi rat dat tién.

Trong san xuat né gitip rit ngan thoi gian thiét ké, giam chi phi va sb lugng san
pham mau trong qua trinh thiét ké, t6i wu hoa dugc cac qua trinh cong tac cling nhu két
cAu dé c6 duoc dong co véi cac tinh ning cao.

Loai trir dwoc mot s6 truong hop bat thuong c6 thé xay ra trén thuc té ma khong
1am t6n hai dén dong co thuc, tiét kiem thoi gian va tién bac.

Gitp chin doan nhitng hu hong ban dau c6 thé xdy ra trong mot sb trudng hop 1am
tang nhanh tién do stra chita dong co.
2.1.3 Ung dyng

Phan mém AVL BOOST duoc tmg dung rong rai trong thuc tién nghién ctru va
phat trién dong co d6t trong nhd kha nang mé phong chinh xéc cac qua trinh nhiét dong,
truyén nhiét va dong khi bén trong dong co. Mot trong nhitng ing dung phd bién nhat
1a trong qua trinh thiét ké va t6i wu héa dong co, noi cac k¥ su co thé sir dung AVL
BOOST dé phan tich anh huéng cta cac thong sé két ciu nhu ty sb nén, thoi diém dong
mo van, dudng kinh va hanh trinh piston, ciing nhu cac tham sb van hanh nhu ap suat
nap, nhiét do khi nap,... dén hiéu suat téng thé cta dong co.

Nho d6, qua trinh thir nghiém dugc rat ngan déang ké, tiét kiém chi phi va thoi
gian so voi viée thir nghiém vat 1y truyén théng. Ngoai ra, phan mém ndy con cho phép

mo phong phat thai cac chat 6 nhiém nhu CO, HC, NOx va bui min (PM) trong céc diéu
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kién hoat dong khéac nhau, giip cac nha san xuét kiém soat va cai thién hiéu qua
moi truong cia dong co, dic biét 1a trong bdi canh cac tiéu chuan khi thai ngay cang
nghiém ngit nhu Euro 6 hay Tier 3. Mot tng dung ndi bat khac 1a trong linh vyc nhién
liéu thay thé, khi AVL BOOST dugc str dung dé danh gia kha ning van hanh cua dong
co khi str dung céac loai nhién liéu mdi nhu xang pha ethanol (ES, E10), khi thién nhién
nén (CNG), LPG hay hydrogen. Théng qua mé phong, cac nha nghién ctru c6 thé xac
dinh anh huéng cia nhién li¢u dén cong suét, mé-men xoan, muc tiéu thu nhién liéu va
phat thai, tir d6 x4y dung chién lugc chuyén ddi phu hop.

Hon nira, khi két hop véi phan mém AVL CRUISE, AVL BOOST con dugc sir
dung trong viéc mo phong va tdi wu héa hé théng truyén dong hybrid, danh gia cac chién
luge diéu khién nang lugng va phan bo cong suat giita dong co xang va mo-to diénCua

s6 giao dién ctia phan mém Boost khi khoi dong xong:

AVL BOOST™

VIRTUAL ENGIMNE SIMULATION

BOOST™ 20

< @

Hinh 2.1: Giao di¢én phan mém AVL-BOOST
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Man hinh lam viéc chinh ctia phdn mém AVL-BOOST:

[£) BOOST™ - noname - Case 1 of Case Set 1 - X
Programs File Edit - o Model Simulation Opfimization Options Ufilities Help
N KXo (B& - hE//AROOZAE N

OL, L oi + ) G 3_(} » P 5’; O\ 3 i f;‘ Lgsj 'i:qx' @ Parameler Values

Components | Mode! | 124.531/89.2528 [mm]

=¥ Components
@ cylinder
£ Engine
é(, Mechanical Consumer
Wiy Vehicle
° Rotary Piston Engine Rotor
¥ Measuring Point
{= Dummy
1 Aftertreatment Pipe
= Boundaries
| System Boundary
| Aftertreatment Boundary
| Internal Boundary
=7 Transfer
+ Restriction
Throttle
# Rotary valve
<% Check Valve
1 Injector
1 ARertreatment Injector
@ Junction

e ILIj

o |
(5]
X

Hinh 2.2: Man hinh 1am viéc chinh ciia phin mém AVL-Boost

Bang 2.1: Céc Iénh co ban trong phin mém AVL-Boost:

Ky hi¢u ciia cad Chirc niing cac phn tir
phén tir
D‘LOCDHHE.:“DH Chuc ning két ndi ding dé ndi cac phan tir trong mé hinh vai
nhau
D;LTODirection Chtrc nang diéu chinh lai huéng dong chay trong dudng éng
o‘}..Oohange Chirc nang thay ddi thir ty két ndi giita cac phan tir ¢a chon
W Chtic ning quay phan tir nguoc chiéu kim dong hd 90°
“j Chtrc ning quay phan tir theo chiéu kim ddéng hd 90°
| i‘( Chte ndng mo ctra s6 diéu khién chung
) Thiét 1ap mé hinh
P Chtrc ning nhap thong s6 cho mé hinh trén.
‘;; Chtrc ning thiét 1ap thong sé chudi mo hinh
e Chtrc niang chay md hinh.
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Chure nang hién trang thai tirc tho1 cia mé hinh chay

1
f' Churc nang xem téng két cia md hinh chay.

=F Chtrc ndng xem 10i nhan tir mé hinh chay

Chtrc nang xem két qua mo hinh chay

2.2 Xay dung mo hinh dong co' INZ-FE trén AVL-Boost va xac thuc mé hinh.
2.2.1 Co s 1y thuyét ctia phan mém AVL-Boost
2.2.1.1 Phuong trinh truyén dong.

Trong dong co dot trong, qua trinh chay xay ra khong thuan nghich, bién hoa
nang cua nhién li€u thanh nhiét ndng. Trong qua trinh m6 phéng nhiét dong hoc cua
dong co ddt trong, phurong trinh bao toan ning lugng theo goc quay truc khuyu 1a mot
trong nhitng phuong trinh co ban va quan trong dé xac dinh nhiét do, ap suét, cong sinh
ra va hiéu suat clia qué trinh chay. Phuong trinh dugc biéu dién nhu hinh (2.1) [20]:

a) Phuong trinh nhiét dong I:

d

e d ev
;‘O‘( h-qey.f. ‘;’t 2.1)

d(mc.u) dv = dQp dQw dmpgg dm;
= P o4 BE y Dw _p CTBE | O
da € da da Z da BB da Z da " ! Z

Sy bién d6i ctia khdi lugng bén trong xylanh ¢ thé duoc tinh tir tong khéi luong vao va

ra khoi xylanh:

d(mg. u) dmj dme dmBB dmey

-S> —-> — + (2.2)
do do do do dt

Trong do:
d(m.. u): bién doi ndi nang bén trong xi lanh
pe. dV: cong thay doi thé tich nhién liéu
dQg: nhiét lugng cép vao
> dQy,: ton that nhiét qua vach

hgp.dmgg: ton tht entanpi do Iot khi



23

m,: khoi lugng moi chit bén trong xi lanh
u: ndi nang riéng cua hé

Pe: 4p suét bén trong xi lanh

V: thé tich xi lanh

a: goc quay truc khuyu

hgg: entanpi riéng cua khi lot

Mpg: khéi luong khi lot

m;: khéi luong khi vao xi lanh

me: khéi lwong khi ra khoi xi lanh

h;: entanpi riéng cua khi vao xi lanh

he: entanpi riéng cua khi ra khoéi xi lanh

(ev: nhiét hoa hoi cua nhién li€u

f: phan tir cia nhiét hoa hoi khi nap vao xi lanh

Mey: lugng nhién li€u hoa hoi

Phuong trinh trang thai chat khi [21]:

Trong do6:

pc.V = mc.R.T

Pe: 4p suat bén trong xi lanh

V: thé tich xi lanh

m: Khoi luong méi chit bén trong xi lanh
T: Nhiét d6 moi chat bén trong xi lanh

R: Hang s6 chét khi

(2.3)
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Hinh 2.3: M0 hinh nhiét dong trong xi lanh

Trong mo hinh nhiét dong hoc ctia dong co, viéc md ta qua trinh hinh thanh hon
hop khong khi va nhién liéu c6 anh huong truc tiép dén qua trinh chay va hiéu qua cia
dong co. Tuy theo cach hinh thanh hdn hop, ta dwa ra mot s6 gia thiét nhu sau: Gia thiét
rang nhién liéu duoc phun vao xi lanh va boc chay ngay 1ap tic tai thoi diém bat dau
qua trinh chay. Céac san phim chay hoa tron tirc thi voi luong khi nap con lai trong xi
lanh, tao thanh hdn hop ddng nhat tai mdi thoi diém. Ty s6 khong khi — nhién liéu (A/F)
thay d6i lién tyc, giam dan tir gia tri 1on tai thoi diém bat ddu chay, dén gid tri thap hon
tai thoi diém két thuc chay, do nhién liéu dugc dot dan theo thoi gian.
Dé lién hé giira cac thong sb nhiét dong trong xi lanh, phuong trinh trang thai khi 1y
tudng duoc sur dung :

1
pc = v m..R,. T¢ (2.4)

Thiét 1ap mdi quan hé giita ap suét, nhiét d6 va ti trong, phuong trinh 2.1 c6 thé giai
quyét van dé nhiét do trong xylanh bang phuong phap Runge-Kutta. Khi d biét duoc
nhiét do trong xylanh, ap suit trong xylanh c6 thé duoc xac dinh qua phuwong trinh trang

thai.
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b) Tinh toan luu lwong dong khi nap-thai

Ti 1& dong khi tai ctra nap va cira thai duoc tinh theo phuong trinh dang Entropy, c6 ké
dén hé s6 can dong do anh hudng cua kich thuée hong.

Ttr phuong trinh bao toan ning luong viét cho dong 6n dinh tai miéng hut ta ¢6 phuong

trinh x&c dinh luu Iuong dong khi nap.

dm , 2
— = Ae. Doy |——. 2.5
dt eff p01 RO. T01 llj ( )

“%. Luu lugng dong khi

Trong do6:

Acsr: Tiét dién luu thong
Do1: Ap suat miéng hut
Ty1: Nhié¢t do miéng hut
R,: Hang sb chat khi

¥: doi voi dong ¢6 van toe dudi van toc am thanh

dm ’ 2
— = A . R 2.6
dt eff- Po1 R,. Ty, U (2.6)

o= e P - ()

Trong do:
p2: &p suat tinh sau miéng hat

k : hé sd ti nhiét
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Da61 voi dong ¢ van tde ngang van toc am thanh

W = Yina =(ﬁ)ﬁ \g 2.8)

Dién tich luu théng c6 thé x4c dinh thong qua hé s6 dong chay o (do duoc)
dz.
A= po. f.n (2.9)
Trong do:
1, : hé s6 dong chay tai ctra luu thong
dyi : dudng kinh dé xupap

Hé s6 dong chay po thay doi theo do nang xupap va dugc xac dinh théng qua
thiét bi thir nghiém dong chay on dinh. Hé s6 dong chay thé hién ty so giita luu luong
dong chay thuc té voi mot d6 chénh ap nhat dinh va luu lugng dong chay dang entropy
1y thuyét & cuing diéu kién.
2.2.1.2 M6 hinh chay.

Trong md phong dong co dét trong, qué trinh chay 1a yéu t6 trung tim anh hudng
truc tiép dén cong suét, mé-men xodn, hiéu suit nhién liéu cling nhu phat thai khi doc
hai. Pé m6 ta qua trinh ndy, phan mém AVL BOOST cung c4p nhiéu mé hinh chay khéc
nhau, trong d6 mo6 hinh Vibe hai vung (Vibe 2-Zone) 1a mot trong nhirng phuong phap
ban thyc nghiém phé bién va co do tin cay cao.

- Hinh dang budng chay

- Vi tri bugi va thoi diém danh loa

- Thanh phan khi nap (khi sot, khi luan hoi, nhién liéu va trong khong khi)
- Chuyén dong nap va mirc do xody 16¢ trong budng chay

Qua trinh chdy dugc tinh toan dya trén phuong trinh nhiét dong hoc thir nhat cua
mo hinh chay Vibe 2 viung (Vibe Two Zone).

Khi ngon Itra cham t6i thanh budng chay co ché phan chia cua viéc lan truyén
mang lira mo ta & trén s& khong con gia tri. Cac dic tinh rat quan trong cua viée chay
hoan toan lién quan téi nhirng anh hudng ctia thanh dén qua trinh chay (hién twong chay
sat vach). Thanh budng chay han ché sy gidn ng cta khi, ngan can sy phat trién ciia dong

moi chat va hinh thanh bién ran c6 nhiét d6 kha thap co thé lam ngudi khi.
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Hién twong chay sat vach:

)

Hinh 2.4: Hi¢u trng chay sat vach

Tat ca cac yéu td trén 1am thay d6i dic tinh co ban cua qué trinh chay so véi
truong hop ngon Itra lan truyén ty do trong budng chay. Mot ty 18 16n (30 + 40%) hdn
hop chua chay s€ chay trong truong hop dic bi¢t nay.

Ty 1& nhién lidu chay sat vach co thé tinh boi cong thirc:
m — my

dm
(—b> = (2.10)
dt /wall-combustion T

Trong d6 T 1a thoi gian chay sat vach.
2.2.1.3 Mo hinh truyén nhiét trong xi lanh.
Truyén nhiét trong xylanh:

Trong xi lanh dong co, truyén nhiét xay ra chii yéu giira khi chay (trong budng
chay) va cac bé mat ran nhu dinh piston, ndp may va thanh xi lanh. Cac co ché truyén
nhiét chinh bao gdm: Péi luu (convection) giira khi trong budng chay va thanh xi lanh.

Dan nhiét (conduction) qua céc vat lidu ran nhu piston, nip médy va xi lanh. Burc
xa nhiét (radiation) giita san pham chay va bé mit nong (thudng it quan trong hon so
v6i dbi Iuu trong dong co xing) duoc tinh dya vao phuong trinh truyén nhiét sau [22]:

Qwi = Aj.aw.(T¢c —Twi) (2.11)

Trong d6: Qui: nhiét lugng truyén cho thanh (nip xylanh, piston, 16t xylanh)
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Ai : dién tich truyén nhiét (ndp xylanh, piston, 16t xylanh)

aw : hé sb truyén nhiét

Tc :nhiét dd méi chit trong xylanh

Twi : nhiét d6 thanh (ndp xylanh, piston, 16t xylanh).

Hé sb truyén nhiét ¢6 thé tinh toan theo mot trong cac mo hinh sau: Woschni
1978, Woschni 1990, Hohenberg, Lorenz (chi ding cho dong co c6 budng chay ngin
cach), AVL 2000 Model, Bargende. Woschni 1978 1a phién ban cai tién ciia mé hinh
truyén nhiét kinh dién do Giinter Woschni phat trién, dung dé xac dinh hé sb truyén
nhiét d6i luu gitra khi chdy va thanh budng ddt trong xi lanh dong co d6t trong. Puoc
tinh theo cong thirc sau:

08 (2.12)
(pc - pc,O)

Vp. T,
a, = 130.D7%2, p2® T7%%3 |C, ¢,y + Cpo——2L
pc,l-Vc,l

Trong do:

C1=2,28 +0,308.cu/cm

Ca = 0,00324 d6i voi dong co phun nhién liéu truc tiép (DI)

C> = 0,00622 véi dong co phun nhién liéu gian tiép (IDI)

D: duong kinh xylanh

cm: toc d6 piston

cu: VAN toc quay tron

Vp: dich chuyén so v6i xylanh

Pe.o: ap suat xylanh

Te: nhiét do trong xylanh tai thoi diém van nap dong (Inlet valve close-IVC)
Trong md hinh truyén nhiét Hohenberg hé so truyén nhiét cia mé hinh duoc tinh theo
phuong trinh sau:

oy = 130.V7066 p¥8 T70%(c  +1,4)08 (2.13)

Trong do:
cm: tc do trung binh cua piston
qV: thé tich tirc thoi ciia 1 xylanh
P.: 4p suat moi chat trong xylanh

Te: nhiét d6 moi chét trong xylanh.



29

Truyén nhiét tai civa nap, cira thdi

Trong qua trinh hoat dong ctia dong co dét trong, truyén nhiét khong chi dién ra
trong budng chay ma con dong vai trd quan trong tai cac cira nap va cira xa. M6 hinh
hoa truyén nhiét tai cac vi tri nay gitp danh gia hiéu sut dong co, kha ning 1am mat va

anh hudéng dén lugng phat thai [23]:

2.14)
Td = (Ty — Tw). ¢

Trong do:
ap: hé s6 trao d6i nhiét tai cira
Tga: nhiét do sau cura
Ty: nhiét do trudce clra
Tw: nhiét d0 thanh ctra
Aw: dién tich tiét dién luu thong
m: luu lugng khéi luong
Cyp: nhiét dung riéng dang ap
hy: d§ nang xupap

dyi: duong kinh trong ctia dé xupap.

Bang 2.2: Hé s6 ciia phwong trinh trao ddi nhiét tai cira nap va thai

Xupap thai Xupap nap

Cs 1,2809 Cr 1,5132

Cs 7,0451.10* Cs 7,1625.10*
Ce 4,8035.107 Co 5,3719.107

2.2.1.4 M0 hinh hinh thanh phat thai.

Trong qua trinh chay trong xi lanh, ngoai vi¢c sinh cong, con cé sy hinh thanh
céc san pham phu gay 6 nhiém moi trudng nhu hydrocarbon chwa chay (HC), oxit nito
(NOx), carbon monoxit (CO) va bd hong (soot). Dé mé phong chinh xac lwong phat thai
sinh ra, cac phan mém nhu AVL BOOST sir dung md hinh hinh thanh phét thai

(Formation and Emission Model). M6 hinh nay mé phong cic qua trinh 1y hoéa dan dén
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su tao thanh chit 6 nhidm, trén co s cac gia thiét nhiét dong, hoa hoc va dong hoc phan

mg. Céc thanh phan chinh bao gdm:

Qua trinh hinh thanh NOx: Thuong duogc tinh theo co ché Zeldovich m& rong, phu thudc
manh vao nhiét 6 chay va nong do oxy. NOx chu yéu duoc tao ra trong ving nhiét 4o
cao va du oxy sau diém chay dinh

Phat thai CO: Carbon monoxit dugc sinh ra khi qua trinh chay khong hoan toan, xay ra
phd bién trong viing nghéo oxy, ving lanh hodc gin thanh budng chay. Luong CO phu
thudc vao ty sé A/F va diéu kién hoa tron nhién liéu — khong khi.

Phat thai HC: Hydrocarbon chua chay sinh ra do nhién liéu bi "bay" trong khe hé piston,
ving lanh hoic trong cac ving hdn hgp nghéo khong bat lira. HC con lién quan dén thoi

diém phun nhién li¢u va kha nang hoa tron.

%‘ /”'

/|
-
RN

A,

HC !
“‘h‘ii______‘_._d__._.x-‘"’
Ty
‘\._‘{‘_‘-\-H_\__‘-
- > A
o O 1 1.2

Hinh 2.5: Nong d§ NOx, HC, CO theo hé s6 dw lwong khong khi A

a) M6 hinh hinh thanh khi thai NOx
NOx chu yéu duoc hinh thanh tir nito trong khong khi trong qué trinh chay &
nhiét d6 cao. Co ché hinh thanh NOx duogc mé phong dua trén co ché Zeldovich (Bang

2.3), bao gdm céc phan mg chinh sau:
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Bang 2.3: Phuong trinh phan ing hinh thanh NOx theo co ché Zeldovich [24]

h Tée do [ "g/ .| T
Phan trng ~TA; cm
K = k. T2 ) -] (K)
’ mol.s]

4,93

1 N2+O=NO+N r1 = ki.cn2.co Lo 0,0472 | 38048
X
1,48

2 02+N=NO+O 12 = k2.Co2.CN 1,5 2859,01
x 108
4,22

3 N+OH=NO +H r3 = ks.cn.con 0,0 0,00
x1013
4,58

4 N20 + O =NO + NO | rs =Kks.cn20.CO Lo 0,0 12130,6
X
2,25

5 02+ N2=N0+0 15 = ks.co2.cn2 L010 0,825 50569,7
X
9,14

6 OH+N2=N0O+H | rs=ks.con.cn2 o7 1,148 36190,6
X

Qua trinh nay phu thu¢c manh vao nhiét do dinh chay, néng do oxy va thoi gian
Iru khi néng trong ving chay. Khi nhiét do ting cao, toc d6 phan ting tao NO ting theo
ham mii, do d6 NOx thuong dat gia tri cuc dai gén thoi diém ap suét cuc dai trong chu
trinh chdy. Trong mo hinh mé phong, téc d6 hinh thanh NOx thuong dugc tinh bang cac
phuong trinh thuc nghiém phu thudc vao nhi¢t do va thanh phén khi. Bac biét, khi st
dung nhién liéu giau hydro (vi du hdn hop xing—hydro), phan tng chdy dién ra nhanh
hon va nhiét 4o buéng chay cao hon, dan dén lugng NOx c6 thé tdng dang ké néu khong
c6 bién phap kiém sot.
b) M6 hinh hinh thanh CO
CO 14 san pham trung gian khi nhién liéu chtra carbon chay khong hoan toan. Trong
diéu kién 1y tuong, carbon bi oxy hoa hoan toan thanh CO.. Tuy nhién, & cac viing co
thiéu oxy, thoi gian luu ngan, hodc nhiét do thip (gan thanh xi lanh, piston), phan tng
oxy héa CO dién ra khong triét dé, dan dén tich tu CO trong san pham chay. Ngoai ra,

trong giai doan gidn nd, nhiét do giam nhanh khién qua trinh oxy hoa



32

CO — CO: dimg lai. Lwong CO phat sinh thudng ting khi dong co hoat dong & ché do
giau nhién li¢u, dac biét trong qua trinh tang tdc hodc khi phun mudn.

Mo hinh hinh thanh CO thudng dua trén gia thiét can bang hoa hoc cuc bd hoic
mo hinh dong hoc don gian véi tdc do phan Ung phu thudc vao nhiét 4o, ty 1¢ A/F va
thot gian chay.

Phan ung Tbc do

_T

1 CO+OH=CO2 +H
2 r1 = 6,76.1010,e1102, cco. coH

—24055

2 CO+02=C0O2+0
r2 =2,51.1012.e T .cco.co?

¢) Mo hinh hinh thanh HC
HC 1a mdt trong nhirng thanh phén phat thai chinh cua dong co xang, dac biét 1a

dong co danh Itra cudng buc (SI — Spark Ignition). HC trong khi thai la cac phan tr
nhién li¢u (xang) chua dugc dot chay hoan toan, hoac bi chay khong hét, va thai ra ngoai
theo khi xa. Su hinh thanh HC 1a két qua cua nhiéu hién tuong vat 1y va héa hoc dién ra
trong cac giai doan khac nhau cta chu trinh chay.
»  Nhién liéu chay khong hoan toan

Hién tugng chay khong hoan toan dién ra khi luong oxy c6 trong budng dot khong
du dé oxy hoa hoan toan nhién liéu hodc hdn hop chay khong dong nhat. Trudng hop
thiéu oxy ton tai & cac ché do nhe tai hodc nang tai khi hdn hop chdy duge diéu chinh
dé c6 hé sd du lugng khong khi A < 1, dam bao cho dong co lam viéc 6n dinh khi nhe
tai va phat ra cong suat 16n khi ning tai. Trong truong hop hdn hop chay khong dong
nhat, mic du hé sé du luong khong khi trung binh van 16n hon hoidc bang 1, nhung s&
¢6 khu vuye thira va khu vuc thiéu oxy. Nhién liéu sé chay khong hoan toan ¢ nhitng khu
vuc thiéu oxy va s& c6 HC néu cac phan tir HC khong duoc oxy héa hoan toan trong qua
trinh dan nd va xa. Ham lugng HC trong khi thai cling s€ tang nhanh khi nhién li¢u
khong dugc phat hoa do cac 1y do nhu: nhiét d9 trong budng ddt thap, hdn hop chiy qua

giéu hodc qua ngheo, tia Itra dién khong di manbh, ... Hién tuwong nay goi 1a bo lua.
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Hién tugng bo Itra thuong xuét hién & cac ché do nhe tai va toc do quay thép. Hiéu
ung sat vach

Hién tuong ngon lura bi dap tat khi tiép xuc voi vach buéng dbt c6 nhiét do thép
hozc khi lan dén cac khong gian chét trong budng dbt.
Nhién liéu dwoc dau béi tron hdp thu

Mot phan HC ton tai trong khi thai cling c6 thé do 16p dau bdi tron trén thanh
xylanh hap thu trong qué trinh nap va nén sau d6 dugc giai phong trong qué trinh chay
va dan nd nhung khong dugc dot chdy hoan toan. [25]

Phwong trinh tong qudt vé toc dg hinh thanh HC:

dcC —Tox
THE = —Foy. Aox. €xp (22) . Co,. Circ (2.16)

Trong do:
Co,, CHc: noéng do ciia O2 va HC (kmol/m3)
Fox: tham s [-]
Tox: Nhiét do phan tng, thong thuong Tox = 2000 K
Aox: Hé s6 tan s6, Aox = 7,7.1012 [m3/kmol/s]
2.2.1.5 M6 hinh nhién li¢u.

Nhién liéu sir dung trong tinh toan can dugc dinh nghia day du cac tinh chat 1y,
hoa, nhié¢t nhu: cong thirc hoa hoc, ty 1€ % nguyén tor C, O, H trong phan tir, cac phan
ung hoa hoc, nhiét d s61, mat do cua nhién liy, nhiét tri thép. Dua trén cac co so dir
liéu nay, cac phan tng chay véi khong khi ciing nhu dic tinh nhiét dong hoc ctia mdi

nhién liéu dugc xac dinh va tinh todn theo cac phuong trinh sau day [26]

L= a; +a,T +asT + a,T? + asT* (2.17)
B a +27 %72 %73 4 8574 4 % (2.18)
RT 2 3 4 5 T
5% _ a3 m2 4 @4m3 , O35m4
—=a;.InT +a,T+—=T*+—=T°>+=T*+ a, (2.29)
RT 2 3 4
Trong do:
T la nhiét do;
R 14 hang s6 chat khi;

Cp 1 nhiét dung riéng dang ap;
H va S° 1an luot 14 entanpy va entropy;

ar dén a7 1a cac hing so6 da thirc duoc xac dinh riéng cho mdi loai nhién liéu
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2.2.2 Xay dung m6 hinh mo6 phong dong co INZ-FE trén AVL-Boost.
2.2.2.1 Bong co st dung mo6 phong trén AVL-Boost.
DPong co duoc sir dung dé xdy dung md hinh 1a dong co INZ-FE, day 1a dong co

duoc st dung trén xe Toyota Vios, day la dong co danh Itra cudng buc, c6 4 xi lanh

thang hang. Cac thong s chinh ctia dong co trong Bang 2.4

Bang 2.4: Thong sb k¥ thuit cia déng co INZ-FE

STT | Thong s6 Ky hiéu | Gia tri Pon vi

1 [Séky T 4 ky

2 | Soxilanh i 4 -

3 Dung tich xi lanh \Y 1497 cm’

4 Duong kinh xi lanh D 75 mm

5 Hanh trinh piston S 84,7 mm
Thoi M6 o 70 - 330 Truée DCT

, Nap

diém Dong o 520-12° Sau BCD

° phdi q Mo B, |42 Trude BCD
khi e Dong B, 50 Sau BDCT

7 Ti s6 nén € 10,5:1 -

8 | Cong suat 16n nhat tai 6000v/p | Npax | 80 kW

9 | Momen lén nhét tai 4200 v/p Mpax | 141 N.m

10 | S6 lugng xupap nap 8 -

11 | Sé lugng xupap thai 8 -

12 | Thu ty danh lua 1-3-4-2

2.2.2.2 Xay dung mo hinh mé phong dong co.

bé xay dung md hinh mé phong dong co, thuc hién cac budc nhu sau:

Chon cac phan tir can str dung trong mé hinh tuong (mg véi cac chi tiét thyc té ciia dong
co. Lién két cac phan tir biang phan tir dng. Nhap cac thong sé ki thuat can thiét cho cac

phan tir. Dat diéu kién bién phu hop cho ting phan ti.
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Hinh 2.6: M6 hinh mo phéong dong co INZ-FE trén AVL-BOOST

Céc phan tir chinh trong mé hinh gém: Engine, Cylinder, Air Cleaner, Injector,
Plenum, ta nhap lan luot cac phan tir(nhu hinh 2.7) thong sb két cau va diéu kién bién

cho phéan tir xi lanh.

Bang 2.5: Bang nhap cic thong s6 cho phan tir xi lanh

STT | Thong sb Gia tri Pon vi
1 Bore (Puong kinh) 75 mm

2 Stroke (Hanh trinh) 84,7 mm

3 Compression ratio (ti s6 nén) 10,5 -

4 Con-rod Length (Chiéu dai thanh truyén) 1408 mm

5 Piston pin offset (D¢ 1éch tdm xi lanh) 12 mm

6 Effective Blow by Gap (Khe hé lot khi) 0,008 mm
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a). Mo hinh chay (combustion):

Trong nghién ctru va mo phong dong co dot trong (dic biét 1a dong co danh lira cudng

btic - SI), con c6 nhiéu mé hinh chay khac duoc st dung tuy theo d6 chinh xac mong

mudn va chi phi tinh todn. Bang 2.6 1a nhitng mé hinh chay phd bién nhat:

Biang 2.6: M6 hinh chay pho bién nhat hién nay

Tén mé6 hinh Ung dung D¢ chinh xac Chi phi tinh toan
Wiebe Function 0D, don gian Trung binh Thap

Fractal Combustion 1D/CFD, ¢ nhiéu loan | Cao Trung binh
Eddy-Burning 1D/3D, ba vung Cao Trung binh — Cao
G-Equation CFD Rét cao Cao

Flamelet CFD nang cao Rét cao Rét cao

Ta st dung md hinh chay Vibe 2-Zone md phong qua trinh chay trong dong co d6t trong,

dic biét 1a trong cdc mo hinh dong co SI (Spark Ignition — danh lira bang tia ltra dién).

Mo hinh ndy mé phong mat chay nhu mot hinh hoc fractal dé phan 4nh tinh chét phirc

tap, g0 ghé va khong déu ctua mit chay thuc té trong budng chay.

[ c1-Data

- x

= Cylinder -
= General

B8 Piston Motion

% B Chambe

= Initialization
SHP Condition Setting
= Combustion
5 B Vibe

Vibe 2-Zone

Start of Combustion |20 v deg
Combustion Duration |47 = deg

Shape Parameterm |1.6 = (8]

Parameter a 6.9 8]

Heat Release Characteristics.

Cylinder = |dentical Cylinders =

0.04]

ROHR (1/deg)
.

= 2 8 8

5 0 é 1‘0 1'5 P
Crank Angle (deg)

T o@ om s
i

Mass Fraction Burned (-)

T T T T T T
-20 -15 -10 5 0 5 10 18 20 25 20
Crank Angle (deg)

Apply | Accept | Help |

Hinh 2.7: Théong s ciia md hinh chay Vibe 2-Zone

OK

Cancel

Pl

Help

~ 11:005A

b). M6 hinh truyén nhiét (Heat Tranfer)
Dé 4n str dung md hinh truyén nhiét Woschni 1978 trong AVL BOOST, cu thé cho timng

B 31°C Néng rdi ric

06/06/2025 EEJ

ving tiép xtic trong xi-lanh: piston, cylinder head, va liner (6ng xy-lanh).Dé Tinh dtng
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luong nhiét mat mat ra thanh xi-lanh. Pam bao nhiét dong hoc trong xi-lanh chinh xéc.
Tinh dtng ap suét, cong suét, hiéu suat va phat thai. M6 phong chinh xac hon theo timg

ving truyén nhiét cu thé. Néu khong nhip, mé hinh van chay, nhung két qua s& khong

dung thuc té, nhat 13 véi cac mé hinh ddt chay chinh xac nhu Vibe 2-Zone.

Biang 2.7: Thong s6 k§ thuit mé hinh truyén nhigét.

Dién tich
. 14 oA A . .
Vi tri Nhiét do (°C) Calibration
(mm?)
Piston 4500 280 1
Xi lanh 5000 200 1
biém chét trén 150 (biém chét trén)
Diém chét dudi 120 (bi€ém chét dudi)
) C1-Data - O X
2rog _ -
@ Initiaization =]
*L: SHP Condition Setting Heat Transfer ﬂl
- Combustion ' "
Cylinder Woschni 1978 v Hel
c 5@ Vibe i 7| _ hep |
[ +- [ Double Vibe Ports v Zapf ¢ None
= -
4 H"':"m" € — Piston
Vuttip 2-Zone
B Table Surface Area 4500 mnH2
& Table 2-Zone Wall Temperature 280 degC
WaoschnilAnisits
Hi al Piston Calibration Factor 1 - [
+-[@ User Model
+- @ UD - High Pressure Cycle | — Cylinder Head
Constant Volume Surface Area 5000 M2
L Wall Temp. 200 degC
o Head Calibration Factor 1 - [
Target Pressure Curve =
Target Pressure Cuve 2 | oo
+-[@ Fractal
HCCI 6 Zone [" Layer Discretization
& In Cylinder Evaporation 7 Surface Area (Piston at TDC) {6500 mm'2
Open Chamber Gas Eng
B ALYz Wall Temp. (Piston at TDC) {190 degc
+- @ Flame Tracking Model Wall Temp. (Piston atBDC)  [120 degC
Pollutants
Knock Liner Calibration Factor 1 s
BRENHeat Transfer
B Piston Calibration Factor | Combustion System @ DI DI
B8 Head Calibration Factor - - .
Incylinder Swirl Rafio nDinM |0 5 —
E Liner Calibration Factor 8 H
B Variable Wall Temperatu [~ Variable Wall Temperature
B Liner Layer Wall Temper
Fl Valve Port Specifications -

Hinh 2.8: Nhip thong s6 mé hinh truyén nhié¢t Woschni 1978 trén AVL-Boost.
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¢). Phan tir voi phun (injection)

) BOOST™ - 1NZ-FE (Modified) - Case - X
L) 1 -Data — O e
Programs File Edit Element Mo
A= e oK
o Hl® X Injector
DL + \D C“J 5 o Cancel
= i Injector General
Components | Mode! | - B General (Modified) Hep 48 3306/76.5528 [mm]
B Distillation Curve Author IHUYNH VAN HAN
| Componenis @ Mass Flow
Comment
@ cringer [ Species Options I
@ Engine @ Flow Coeflicients Result Ham | Date[5. Nov 2025 0
% Mechanical Consumer
#ay Vehicle
8 Rotary Piston Engine Rotor Injection Method (" Continuous f Intermittent
¥ Measuring Paint ’—
Cylinder 1 -
& Dummy Reference Cylinder [CY) 7
[ Aftertreatment Pipe Injection Angle (rel. to FTDC) IA—!SG deg ~ S0l ¢ EOI
=7 Boundaries Duration =
I System Boundary Injector Rate/Duration Settings J
|- Aertreatment Boundary Delivary Rate 0.011 Kyls
-} Internal Boundary X
Injection Duration F.(J? s
=-{27 Transfer !
+ Restriction Fuel Film Formation and Evaporation Specification
[] Throtle )
Fuel Film Thickness l(-l 03 mm
A Rotary Valve
< Check Valve Fuel Film Liquid Density 750 kg/m'3
1 Injector I
raction of Fuel in Wallfim F.ﬁ g
1 Aftertreatment Injectar 0
& Junction Film=Wall Temperature taken from |Measuring Point 1 j
< Evaporation Multiplier 1 [
G i Shape Multiplier 1 H
12 - Data: Mo Errors
Appl Accept Hel
I1- Data: No Errars PPl | P | P |
v

C:\UsersWvinhphatiDesktop\INZ-FE.bwf loaded!
il

£ Tim kigm

&485A
ST [ i
'. 29°C Ning rai réc | ENG TS =)

Hinh 2.9: Thiét 14p cAc thong s ciia phén tir voi phun
d). Phan tit loc khi (Air-Cleaner)
Puong dng nap cia dong co INZFE c6 bd tri mot bo loc khi, c6 chiéu dai phin
loc 1a 300 mm, luu lugng khi qua loc khi 1a 0,13 kg/s, ton that ap suat qua loc 1a 0,08
bar. Ap suat khi dau vao 1a 1 bar, nhiét d6 1a 24 °C.
e). Phan tir 6n dp (plenum)

Trén dudng 6ng nap con cé mot bd gop nap bang nhya, lam giam su truyén nhiét
tir nip may. B gdp nap co tac dung cai thién nhiét do va thé tich khi nap. Cac nhanh
6ng nap dai nham t6i vu héa hinh dang dudng nap. Dang xoan 6c¢ ctia dudng nap tao ra
hiéu ing luu dong dong khi nap 1am ting thém lugng khi nap mdi chu trinh, diéu nay
gitip cai thién mo men va cong suat phat ra khi dong co chay ¢ téc do thap va trung
binh. Pudng kinh éng gép nap duge thiét ké 16n (d=52 mm), diéu nay lam giam hé s6
can cho dudng nap. Phan mém AVL-Boost cho phép st dung phan tir Plenum nhu mot

phan tir 6n 4p dé mé ta duong dng gop nap
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/). Phan tir dwong éng (Pipe)

Céc phan tir trong mo hinh dong co INZ- FE duogc ndi véi nhau bdi 46 phan tir

duong dng.

H¢ s6 ma sat trén thanh cac duong ong phu thudc vao do nham bé mat ctia duong

ong, duong kinh ong. Po6i voi dong chay roi, gia tri cia h¢ s6 ma sat c6 trong bang 2.6

Bang 2.8: Gia tri hé s6 ma sat theo vat liéu va dwong kinh ong

Vat liéu

Puong kinh 6ng [mm]

(D6 nham [mm))

30 60

100

150

Plastics (0,0015)

0,011 0,01

0,01

0,01

Thép méi (0,05)

0,023 0,019

0,017

0,016

Thép cii (0,17)

0,032 0,027

0,023

0,021

Gang (0,25+0,5)

0,037+0,044 | 0,029+0,037

0,026+0,031

0,023 + 0,028

Phén tr duong 6ng duoc dinh nghia bang cac thong s6 vé hinh hoc, vat Iy nhu:

duong kinh 6ng, chi€u dai, hé s6 ma sat,... va cac di€u kién ban dau nhu nhiét do, ap

suat, hoi nhién li€u, ...

nhu hinh 2.10.

o a
x

Cancel

Help

L7 B00ST -1 (3 55- pata
Programs  Fil
a T K
@ & |
2,0 Y | [ 2rpe Result Name | Dateft. Nov 2023 1 4|
- [ General (Modified)
CaIpaE B Diameter - Table ]
= Compon & Hydraullc Diameter - Tabie | FiPe Lengih nw
@ cyiin B Hydraulic Area - Table Diameter |32 yj mm
E Bending Radius - Table X . .
?Enei: B Lam Factmn Coeff. - Table I” Hydraulic Setting Hydraulic Unit © Ciam=ier € A
o
&, Vehic B Friction Coefficient - Table Hydraulic Diameter | m
8 Rotan B Surface Roughness - Tablg ) li
¥ Weas B Friction Multiplier - Table Hydraulic Area =] iz
L= Dum B8 Heat Transfer Factor - Tab| M Bent Pipe Bending Radius 1100000 o mm
7 Aferty E ,\.gl\ Temperature -Table | e tion Coefi ledij U
+-1 Bouni =B Initialization
+-F1 Tran B Pressure - Table Turbulent Friction + Coefficient ¢ Surface Roughness
417 Volun B Gas T?lwlpera1ure -Table | Ertion Coefficient le 5
i P Asse B Fuel Vapour - Table
£ Char & Combustion Products - Tah| Surface Roughness [0.1 _j mm
4[] Exten E Ral\u ‘:':a\ue - Table Fricion Multipher l1—J H
- Confr =@ Variable Wall Temperature
o F Acou & Ambient Temperaiure - Tak [ Absorptive Material
[ User & Radiation Sink Temperalurs - aacnwal Heat Transfer  [Re-Analogy ]
B Convection Coefficient - Ta
B Linear Acousics Heal Transfer Cosfiicient |10 WiHm2.1)
B Absorptive Matenal Heat Transfer Factor i - H
Wall Temperature FU | degC
& : ™ Variable Wall Temperature
p 5:Generg I | CHErEi W
5 5:General hd
4| | j Apply | Accept | Help |
ci

51.1526/61.0306 [mm]

MP11

'B Nhiing ngay néng sa...

Hinh 2.10: Théng s6 phén tir dwong dng

b CETN

04/11/2025 %
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@). Phan tir can dong (Restriction)

Trén duong 6ng, ta dit cac phan tir tiét luu phi hop v6i két cau cia cac dudng dng
ndi trén dong co.

Hé s6 tiét luu cia phan tir can dong phu thudc nhiéu vao thiét ké cua chi tiét gay
hién twong tiét luu. D6i voi dng c6 kich thude thay ddi dot ngdt tir kich thude nho sang
ong co kich thudc 16n hon thi hé s6 tiét luu bang 1. Pdi v6i éng co kich thude thu nho
thi hé s tiét luu phy thudc vao ti 18 tiét dién tai vi tri chuyén tiép va phu thudc vao ban
kinh cong chuyén tiép.

h). Phan tir diém do (Measuring point)

Ta con c6 thé dit cac diém do trén bat ky doan 6ng nao ctia mo hinh dé xac dinh
céc thong sb can thiét & d6. Vi mo hinh nay, ta st dung 11 diém do.

Céc phan tir diém do nay c6 tic dung nhu cic cam bién dit trén hé thong duong dng cia
dong co trong qua trinh thuc nghiém. Khi hoan thanh qua trinh mé phong, trong két qua
do s& hién thi cac thong s cta cac diém do nay nhu 4p suét, nhiét do, luu lugng khi di
qua ...

i). Phan tir méi trwong (System Boundary)

Boost str dung phan tir System Boundary dé mo ta diéu kién bién cho toan hé
théng. Voi phén tir nay ta s€ nhap cac thong sb nhiét do, ap suét, hoi nhién liéu ... nhu
hinh 2.11 va 2.12 dudi day. Ti 1& A/F dau vao ta nhap gia tri hon hop khong khi trén
nhién liéu 1a 10000 cho biét khong c6 nhién li€u chi c6 khi nap vi trong mo hinh, nhién
liéu dugc phun trong xi lanh. Con & hinh 2.12 gia tri hon hgp khong khi trén nhién lidu
13 14,6 cho biét khi thai nay 1a két qua chay cua hdn hop c6 A/F 1a 14,6.
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3 soosT™ -

Programs  Eil
S 26
U

‘Componen|

=7 Compons
@ cyiin
£ Engin
% Wech:
s Ve
® Rotan

X Weas
1> Dumi

L Aftert
== Boun
-5

At

-+ in

= [ Trang
+ R

[ ™

# R

< Cl

4

i Ad

Q
e
(/581 Bou

SB1:Bound|

SB1:Bound|

() sB1-Data

System Boundary

1 System Boundary
B General
- [E Boundary Conditions
B8 Pressure - Table
B Gas Temperature - Table
B8 Fuel Vapour - Table
B8 Combustion Products - Tab
B Ratio Value - Table
B8 Gas Mass Fraction
B8 Flow Coefficients
=@ Acoustic Source
Transmission Loss
=@ Linear Acoustics
H Impedance
B Pressure
B8 Volume Flow
B8 Source Characterization

< |

Boundary Conditions
— Local Boundary Conditions

Pressure I-E.QQS | bar

Gas Temperature 3085 | degC

Preference j Update

I~ viEeE Eractimr s

Fuel Vapour I'D—ﬂ |
Combustion Produclsla = [

Ratio Type [A/F - Ratio j

Ratio Value 10000 = H

—¢ Global Boundary Conditions

Breference | ]
Pressure bar
Gas Temperature degt

Fuel Vapour
Combustion Producis
AIF-Patio

To specify mass flow instead of pressure connect this element to an Engine

Interface element with appropriate actuator channel

Apply | Accept Help |

Help 149.931/75.1417 [mm]

CL
ﬂ £ Tim kiém

3 soosT™ -

Programs  Fil
R
b B U

‘Componen|

= Compon
@ cylin,
£ Engin
& Mech;
s Vehi
© Rotan

X Weas|
1= Dumi
3 Aftert
[z Bouni
-5y

A

|- Int

= Trang
+ R

[ T

A Re

< Cl

L in

A A

&
g
(552 80u)

SB2::Bound

SB2:Bound|

Ci\Userswinhphk

[« RS -

() sB2- Data

System Boundary

't} System Boundary
B General
- [E Boundary Conditions
B Pressure - Table
B8 Gas Temperature - Table
EA Fuel Vapour - Table
B Combustion Products - Tab
B Ratio Value - Table
B Gas Mass Fraction
B8 Flow Coefficients
= @ Acoustic Source
B Transmission Loss
=~M@ Linear Acoustics
B Impedance
B Pressure
& Volume Flow
& Source Characterization

Ll | ]

Boundary Conditions
@ Local Boundary Conditions

Pressure poes  par
Gas Temperature 1320 | degC

Preference ~| update

I~ Wass Eraction (b

Fuel Vapour la |
‘Combustion Products |1 = [

Ratio Type |AVF - Ratio =l

Ratio Value fee L@

—" Global Boundary Conditions
Preference | j
Pressure bar

Gas Temperature degC

Fuzl Vapour
Combustion Producis
AIF-Ratio

To specify mass flow instead of pressure connect this element to an Engine

Interface element with appropriate actuator channel.

Apply | Accept | Help |

Hinh 2.12: Phin tir System Boundary 2

J). Phan tir d@ong co (Engine)
Pong co INZFE 1a dong co 4 ky, c6 thi ty nd 1a 1 —3 —4 — 2. Ché d6 “Identical

oK
Cancel
Help 24 3417/92 075 [mm]

Cylinders” dugc chon — turc 1a cac xy-lanh c6 cung déc tinh, va ta nhap tha ty danh Ita
(firing order) theo goc quay truc khuyu (CRANK ANGLE). tuong trng goc: 0, 180, 360,
540. [11]



42

I eoosT™ - 1 () E1- Engine —

Programe il
S = 0K
2 § | B

i U Engine cancel
Lk - [ General (Modified) General
B Inertia Moment of Engine -
[ Compon B Cylinder / RPE-Rotor Setup
@ cyin = [ Engine Friction Author |HUYNH VAN HAN
Q Engirl B8 Friction[1]: friction_list
& Mech: B Friction Model
4 Vehi B BVEP Control Result Name | Date[2. Jun 2025 10:45:04
@ Rota
X Meas|
1> Dum
! Ay I~ Transient Engine Speed
== Boun

AU

Componen| Help 14.4639/15.875 [mm]

Comment |

Engine Speed 1200) pm
-} Int Inertia Moment of Engine _| kg2

N Cycle Type " 2-Stroke
F R @ 4-troke
Bl " Rotary Piston Engine

1 I~ BMEP Control

4

Lt vive |

C1:Vibe 22

C1:Vibe 2-2

caL
H P Tim kiém Lo e t o { of} Thei tiét nong

Hinh 2.13: Phén tir Engine

3 soost - [ E1 - Engine -

Programs  Eill

= : — ;
R4 N Engine
Cancel
; ] Engine .
Dl“ ‘ ; ] g@-e“e,a‘ Cylinder / RPE-Rotor Setup
B8 Inertia Moment of Engine -
(=2 Componi =} Cylinder / RPE-Rotor Setup
@ cyiin = B Engine Friction v Identical Cylinders
€ En_’l E5 Friction[1]: friction_list
¥ Mech B Friction Model
s Vehi @ BMEP Control _ Firing Order
g ;Z: Firing Angle
1> Dumi deg
0 Load
540
180
360

Componen| Help 13.0528/17.2861 [mm]

dil

Store

o
‘;‘,:.‘-c,'zomﬂamaum_n

d
(o Gere

C1:General

C1:General

Block loaded!
P Tim kiém

Hinh 2.14: thir tw no 12 1 — 3 — 4 — 2 twong tng goc: 0,180,360,540
k). Cac théng sé diéu khién qud trinh mé phong.

Trong md phong dong co dt trong bang AVL BOOST, viéc xac dinh va dinh nghia
dung loai nhién liéu dong vai trd rat quan trong, vi né anh huéng truc tiép dén qua trinh

chay, hiéu suét nhiét, phat thai va két qua tong thé ciia mo phong.
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Phan mém AVL BOOST cho phép nguoi ding chon tir thur vién nhién liu c6 sin, hoic
tiy chinh nhién liéu bang cach khai béo cac thong sé hoa 1y dic trung.

Véi xang thong thuong, ta chi viéc chon nhién liéu Gasoline trong muc Fuel Properties.
Xang c6 nhiét tri thap 1a 43500 kJ/kg va ti s A/F 1a 14.5.

Vi xing pha ethanol va hydro, ta sé tién hanh dinh nghia nhién liéu bang c6éng cu Boost
Gas Properties Tool. O ddy ta sit dung ba loai nhién liéu dé phdi tron 1a Gasoline-
Ethanol-Hydrogen. O trong dé tai nghién ctru nay, thyc hién phdi trén Ethanol-Hydro
vao xang voi cac ti 1€:

G100: 100% xang (d6i ching)

G75E10H15: 75% xang — 10% ethanol — 15% hydro

G60E10H30: 60% xang — 10% ethanol — 30% hydro

G45E10H45: 45% xang — 10% ethanol — 45% hydro

1 [ simulation Control -

o X
- . S OK
Simulation Control / Globals
~1 Simulation Control I g Cancel
B Simulation Tasks Classic Species Setup
< B Cycle Simulation Help

= Classic Species Setup (Mot

B Air Humidity Fuel Properties
B8 Initialization o Standard Fuel Gasoline j
Gene Setup -
=1 User-defined Fuel
B co q itro BOOST Gas Properiies Data File
B Restart Confrol J
B Output Control
Bl FIRE/CFD Link Control BOOST Gas Properiies Tool
B Aftertreatment Analysis
= Linear Acoustics ¥ Non-default Fuel Combustion Properties
B Save

Fuel Combustion Properties.
B8 Initialization

B8 User Defined Parameters Lereriizeing Vere 43500 L4730

Stoichiometric A/F Ratio  |14.5

Reset To Defaults |

-~ Gas Prop
" Real Gas Factor

I~ Air Humidity

Property Dependencies  [f(P.T.mixture) j
Reference Pressure l1— bar
Reference Temperature IW degC

11:47 SA

- 0 " T i s £ B i 4
H £ Tim kiém . - 4 32°C Nhigu my NG s B

Hinh 2.15: Dinh nghia nhién li¢u 100% xang trén AVL-Boost
Ta khai b4do nhu hinh 2.16 muc 1. Fuel Properties — Thudc tinh nhién li¢u:
Standard Fuel: Ta dang chon san nhién liéu "Gasoline" tir thu vién ctia AVL BOOST.
c6 thé thay d6i loai nhién liéu bang cach: Chon “User-defined Fuel” dé nhap tay thong
s6 nhién liéu méi (vi du nhu Ethanol hodc Hydrogen). Non-default Fuel Combustion

Properties — Cac thudc tinh chay (tuy chinh)
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l). Gas Properties — Thugc tinh khi:

Real Gas Factor, Air Humidity: Néu tich chon, mé phong s& xét dén cac yéu td thyc té
nhu d6 4m khong khi. Reference Pressure: 1 bar — 4p suét chuén.

Reference Temperature: 24.85°C — nhiét dg chuin khong khi méi truong. Ta chon
“User-defined Fuel” dé nhap tay thong sb nhién liéu méi (vi du nhu Ethanol hoic
Hydrogen),

Dé phdi tron G9OESHS: 75% xing — 10% ethanol — 15% hydro ta nhap cac thong
s6 nhu Hinh 2.17 str dung mét file nhién liéu tu dinh nghia — c6 thé 13 hdn hop xing va
ethanol — v&i thong s6 nhiét tri cao va ty 1¢ khong khi/nhién liéu 16n hon xing thong
thuong, phi hop véi dic tinh cta cac loai nhién lidu sinh hoc hodc phdi tron gidu oxy.

Ethanol giup ting chi sb octane, ting kha ning chong kich no.

Gas Property Generator - C:\Users\vinhphat\Desktop\TRON AVL\tron moi\75%GASOLINE10%ETHANOL15%HYDRO.bgp

File Edit Help
e m
[ Fuel Components
GASOLINE Fuel Components
ETHANOL -
Thermodynamic data file: C:\Program Files (x88)\AVL\R2020.1\etc\\baseutifboostgp\therm.dat
HYDROGEN
Kind of fraction ratio: Liquid volume fraction based v
=
Fuel Label Fraction Ratio ([-]) Liquid Density (kg / m)
1 GASOLINE - 0.75 720
2 ETHANOL - 0.1 789
3 HYDROGEN v 0.15 0.08988
DR BB S s ot
Following data was added to the INFO SECTION of the Gasproperties File:
BUILD_VERSION v2828.1.8.9.8
BUILD_HOST DESKTOR-8C9F265
BUILD_USER vinhphat
BUILD_DATE 2825.87.84
BUILD_TIME 19:33:22
Following stoichiometric A2ZF Ratios were evaluated based on fuel atomic mass frations:
Fuel Component >>GASOLINE<< : 14,6005
Fuel Component >>HYDROGEN<< : 34,2737
Evaluated Lower Heating Value and stoichiometric A/F-Ratio for the Fuel Composition:
Hu - 58832.83 kJ/kg  ( Boie approxmation HuBoie -  53@48.82 kl/kg )
AfFst = 18.5351 r-1 L
Ready...
& ' 2 - 12:00 CH
o p o i L EERE e e =
H O Tim kigm y i ‘ 32°C Nang rai rac (7 im ENG 010872025 53

Hinh 2.16: Phéi tron G75E10H15: 75% xiing — 10% ethanol — 15% hydro
Theo bang 2.9 Hydro c6 LHV cao nhét, nhung mat d6 ning luong thé tich rat thap —

can thé tich 16n hon dé tao cung ning luong.



Hydrogen c6 kha ning chay nhanh, gitup cai thién toc d6 chay va giam phat thai

CO/HC.

Téng hop lai, nhién liéu c6 nhiét tri cao hon va ty 18 khong khi Iy twéng cao hon, phu

45

hop dé mé phong cac cong nghé dong co cai tién (lean burn, GDIL, hybrid...).

Ethanol ¢ tri sb octan cao va dot sach hon xing, nhung hiéu suat thé tich thap hon.

Xang c6 uu diém vé mat do ning luong thé tich, nhung phat thai CO: cao hon va dé&

chay hon (nhiét 6 tu bdc chay thap hon).

Bang 2.9: So sanh cac thugc tinh ciia Xang — Ethanol - Hydro

Thudc tinh Xang (RON 95) | Ethanol (E100) Hydro (H2)

Ty 1é H/C 1.85 3.0 o (chi H)

Nhiét tri thap 43,500 kJ/kg 26,800 kJ/kg 120,000 kJ/kg
Khéi luong riéng 740 kg/m? 789 kg/m? 0.0899 kg/m?

Ti 16 A/F 14.7 9.0 34.3

Tri s octan ~95 108+ >130

Nhiét do tu boc chdy | ~280—470 °C ~363 °C ~585 °C

Phat thai CO Co Thap hon Khoéng (chi H20)
Thé tich tiéu thu Nho Lén hon xing Rét 16n

Bing 2.10: So sanh thudc tinh hén hop Xing — Ethanol - Hydro theo ti I¢.

Thuge tinh G75E10H15 G60E10H30 | G45E10H45
Nhiét tri thap 41519,8 kl/kg 41097,1 kl/kg | 40447,8 kJ/kg
Khéi luong riéng 634,5 kg/m? 528,9 kg/m? 423,3 kg/m?
Til¢ A/F 13,88 13,7 13,5

Tri s6 octan ~99,3 105 110,7

Nhiét do tu bdc chay | ~380 - 450 °C ~400 - 480 °C | ~450 - 550 °C
Phat thai HC Tang Téng nhe Tang nhe
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Phét thai CO Giam Giam nhe Giam déng ké

Thé tich tiéu thu Thap Tang nhe Tang cao

2.3 Két luan chwong 2.

Chuong 2 d3 trinh bay mot cach toan dién cac co sd 1y thuyét can thiét dé thuc
hién mé phong hoat dong ciia dong co INZ-FE trén nén tang phan mém AVL BOOST.
Phén d4u cua chuong tip trung gidi thiéu vé phan mém AVL BOOST, mét cong cu md
phong chuyén dung cho cac qua trinh nhiét dong va co hoc trong dong co d6t trong. Vi
kha nang mo hinh hoa chi tiét cdc hién twong nhu qua trinh nap — x4, chdy, truyén nhiét
va phat thai, phan mém nay tro thanh cong cu khong thé thiéu trong nghién ciru va phat
trién dong co hién dai. Céc tinh ning mé phong linh hoat cting kha ning tich hop nhiéu
loai mé hinh vat Iy trong AVL BOOST cho phép ngudi dung dé dang xay dung, diéu
chinh va t6i wu hoa cau hinh dong co. Qua phan gidi thiéu giao dién va cac thao tac 1énh
co ban, nguoi doc co thé tiép can nhanh chong cach sir dung phan mém, tir viée lap rap
mo hinh dong co dén gan tham sb va thyc hién mé phong.

Nhitng cong cu nhu trinh bién tap dd hoa (GUI), khdi component dang module,
va biéu do phan tich két qua gitp don gian héa qua trinh thao tac, dong thoi dam bao
tinh tryc quan va do chinh x4ac trong tirng budc mé hinh hoa.

Tiép theo, chuong di di sau vao cac co so 1y thuyét lién quan dén viéc xdy dung
mo6 hinh dong co INZ-FE, bao gdm cac mé hinh vat 1y then chét nhu phwong trinh nhiét
dong, mo hinh chay, truyén nhiét va hinh thanh phat thai. Nhitng phuong trinh nay mo
ta chinh x4c qu4 trinh bién doi nang luong, khéi luong va dong lugng dién ra bén trong
dong co, tir 6 giup nguoi dung du doan dugc cac thong sé van hanh nhu cong suit, mo-
men xodn, tiéu hao nhién liéu va luong phat thai khi doc hai.

M6 hinh chay giit vai tro trung tam trong tinh toan hi¢u suét dong co. Viéc lya
chon phuong phédp moé phong phu hop véi dac tinh nhién li¢u (nhu xang, ethanol hodc
hydro) s& quyét dinh d6 chinh xéac cta két qua. Cung voi d6, md hinh truyén nhiét trong
Xi lanh mb ta chi tiét qua trinh that thoat nhiét tir khi chay sang thanh budng dbt — yéu
t6 anh huong truc tiép dén hiéu sut nhiét va do bén ctia dong co. Trong khi d6, mé hinh

hinh thanh phat thai cung cap thong tin quan trong dé danh gia mirc d6 than thién moi
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truong cua ting loai nhién li¢u, dac biét trong bdi canh céc tiéu chuan khi thai
ngay cang nghiém ngat.

Nhitng kién thirc d3 trinh bay trong chuong nay khong chi cung cap nén tang 1y
thuyét cho qué trinh xay dung mé hinh mé phéng ma con 1a co s¢ dé phan tich, danh
gia va xac thuc két qua mo phong trong cac chuong sau. Viéc hiéu rd cac mo hinh vat
1y bén trong phin mém giup dam bao rang két qua dau ra c6 do tin cay cao, tir d6 phuc
vu hiéu qua cho qué trinh t6i wvu héa dong co va nghién ctru anh hudng cua cac loai
nhién liéu thay thé. Day chinh 13 budc chuan bi can thiét dé tién hanh cac thi nghiém
mo phong, danh gia su thay doi hiéu suat va phat thai ciia dong co INZ-FE khi st dung
cac loai nhién li¢u khac nhau nhu xang RON95, ethanol E100 va hydro Ho.
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CHUONG 3: TINH TOAN MO PHONG

3.1 Muc dich va cac ché @9 tinh toan mé phéng

Muc dich cta chuong nay 1a thuc hién mé phong hoat dong cua dong co xang
INZ-FE khi sir dung cac hon hop nhién li¢u thay thé, dya trén mé hinh da duoc xay
dung va xac thuc trong chuong trude. Qua trinh mé phong dwge thuc hién trén phan
mém AVL BOOST nhiam phan tich, so sanh su thay ddi cua céc thong s6 van hanh va
phat thai khi thay thé mot phan xang truyén thong bang ethanol va hydro — hai nhién
lidu c6 tiém ning cao trong viéc giam phat thai khi doc hai va nang cao hiéu suét chay.
Viéc thay doi thanh phan nhién liéu duoc thyuc hién theo bdn ché d6 nhién liéu khac
nhau, bao gom:
G100: Nhién liéu d6i ching, st dung 100% xang RON 95. Py 1a co sd dé so sanh voi
cac hon hop nhién liéu thay thé.
G75E10H15: Hon hop gdm 75% xing, 10% ethanol va 15% hydro theo ty 1é thé tich.
Mo hinh nay gitp danh gia anh hudng khi chi thay thé mot lugng nhé nhién liéu bang
cac thanh phﬁn sinh hoc va sach hon.
G60E10H30: Hon hop gém 60% xing, 10% ethanol va 30% hydro. Ché d6 nay cho
phép phan tich rd hon tac dong khi ting ty 18 thay thé nhién liéu 1én mirc trung binh.
G45E10H10: Hon hop gdm 45% xang, 10% ethanol va 10% hydro. Ché do nay tap trung
vao danh gia anh hudng cta viéc gia tang ty 18 hydro — nhién liéu c6 tri s octan rét cao.

Viéc lya chon céac ty 1€ nhién liéu nay nham muc tiéu kiém tra kha nang st dung
phdi trén nhién liéu trén dong co truyén théng ma khong can thay d6i 16n vé két ciu,
d6ng thoi hudng dén kha ning ting dung thuc té cta cac nhién lidu thay thé trong diéu
kién giao thong hién nay. Cac ché d6 mé phong dugc thuc hién voi cung diéu kién dau
vao nhu tbc do vong quay, 4p suat nap, thoi diém danh lira, d& dam bao tinh so sanh
giita cac cau hinh nhién liéu.

Két qua tir cac ché d6 mo phong s& dugc dung dé danh gia cac chi tiéu van hanh
quan trong nhu cong suét, mo-men xoan, hiéu suit nhiét, sut tiéu hao nhién liéu va céac

chi s6 phat thai chinh nhu CO, NOx va HC.
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T d6, dua ra nhan dinh vé tinh kha thi va hiéu qua khi sir dung nhién li¢u ethanol va
hydro pha tron véi xang trong dong co 1NZ-FE.

Cu thé, qué trinh m6 phdng s€ thuc hién cho bdn ché do nhién liéu:

G100: 100% xang RON 95 (nhién liéu gdc, dung 1am co s6 so sanh).

G75E10H15: 75% xang, 10% ethanol, 15% hydro.

G60E10H30: 60% xang, 10% ethanol, 30% hydro.

G45E10H45: 45% xang, 10% ethanol, 45% hydro.

Céc ché do mo phong dugce tién hanh & cac muc tai khac nhau cua dong co, bao gdm tai
thap, tai trung binh va tai cao (trong (mg vdi cac mirc mé buém ga khac nhau). Viéc
phan tich ¢ timg muc tai 1a can thiét vi cac thong sd k¥ thuat va phat thai thudng bién
thién dang ké theo diéu kién lam viéc cta dong co [27].

Phén tich cac thong sb ky thuat:

a). Cong sudt va mé-men xodn

Cong suat va mo-men 13 hai chi tiéu co ban phan 4nh kha ning sinh cong cta
dong co. Du kién, khi tang ty 1€ ethanol va hydro, do tri s6 octan cao hon va téc do chay
nhanh hon, kha nang cai thi€én m6-men tai mat s6 ché do tai trung binh 1a ro rét. Tuy
nhién, & tai thap, ty 1¢ thay thé nhién liéu 16n c6 thé 1am giam nang lugng riéng ctia hon
hop (do LHV thap hon xdng), din dén cong suat giam nhe.

b). Hiéu sudt nhiét

Do ethanol va hydro déu c6 ty 1&é H/C cao, kha ning hoa tron tot voi khong khi
va tdc do chay nhanh, hiéu suét nhiét cua dong co dugc ky vong sé cai thién & cac ché
d6 tai trung binh va cao. O tai thap, do ton that nhiét ting va qua trinh dt khong hoan
toan, hiéu suét c6 thé gidm nhe voi hdon hop chira nhiéu hydro.
¢). Sudt tiéu hao nhién liéu (BSFC)

Suat tiéu hao nhién liéu tinh theo khdi lugng (g/kWh) c¢6 xu hudng ting & cac
hdn hop nhién liéu vi ethanol va hydro c6 nhiét tri thap hon so v6i xing. Tuy nhién, &
ché d6 tai cao, nhd hiéu suat chay tdt hon va giam ton that do kich nd, hdn hop
G8OE10H10 hodc G80E5H15 c6 thé dat BSFC thap hon so voi G100 & cling cong suat
dau ra.

Phan tich chi tiéu phat thai
a). CO (Carbon Monoxide)



50

CO sinh ra do chdy khong hoan toan, thuong xuat hién nhiéu ¢ tai thap. Viéc bd sung
ethanol va hydro gitip hdn hop chay sach hon do c6 thém oxy (trong phan tir ethanol)
va hydro d& bit chay. Do d6, ham luong CO duy kién s& giam 13 rét & ca ba hdn hop
nhién liéu so véi G100, dic biét trong ché d6 tai thap va trung binh.
b). HC (Hydrocarbon chwa chay)
Phat thai HC thuong ting ¢ tai thip do chdy khong hoan toan va téc do dot cham. Tuy
nhién, v6i su hién dién cua hydro (ting tbc do chay) va ethanol (cai thién qua trinh hinh
thanh hon hop), mirc HC trong G9OE5SHS va G80E10H10 sé& giam dang ké & ché do tai
trung binh va cao. O tai thap, néu ty 1¢ hydro qua cao, c6 thé lam nghéo hdn hop cuc bd
va dan dén HC ting nhe [28].
¢). NOx (Oxit Nito)
NOx hinh thanh manh & nhiét do cao, thuong tang ¢ tai cao. Viéc sir dung hydro sé lam
tdng nhiét d¢ chay cuc b, do do6 co thé lam tang NOx trong mot s6 ché do tai nang. Tuy
nhién, ethanol lai ¢ kha ning lam mat hon hop (do nhiét bay hoi 16n), giap ha nhiét do
budng dbt. Téng thé, mirc NOx trong hdn hop nhién liéu phdi trén du kién van thap hon
hodc twong duong G100, tuy vao diéu kién van hanh.
3.2 Pdi twong nghién ciru

Trong nghién ctru nay, d6i twong duoc lya chon dé mé phong va phén tich 1a
dong co xang INZ-FE — mdt loai dong co bon ky, 4 xi-lanh thang hang, dung tich 1.5L,
thudc dong dong co Toyota VVT-i, duoc st dung phd bién trong cac dong xe du lich
hang trung nhu Toyota Vios, Yaris. Pong co INZ-FE hoat dong theo chu trinh Otto, str
dung danh Itra cudng birc va nhién li¢u chinh 1a xang RON 95.
Viéc lua chon dong co INZ-FE lam dbi tuong nghién ctru cé co sé thuc tién va ki thuat
r0 rang, bdi day 1a loai dong co c6 kha nang hoat dong on dinh, két cau phé bién, d& tiép
can dit liéu va phu hop dé danh gia anh hudng ctia viée phdi tron nhién liéu thay thé ma
khong can thay doi 16n vé thiét ké dong co.
3.3 Poi twong md phéng

Trong mé phong nay, bon loai nhién lidu d3 dugc thiét 1ap voi cac ty 1€ ph6i tron

khac nhau gitra xang, ethanol va hydro. Muc dich 1a danh gia anh hudng cua viéc thay
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thé mot phan xing bang cac nhién liéu sach hon dén hiéu suét chay va phat thai

cua dong co cy thé:

Bang 3.1: Cac loai nhién li€u m6 phong.

Tén nhién liéu Thanh phan (thé tich) Ghi chu
G100 100% xang RON 95 Nhién liéu d6i chimg

75% xing — 10% ethanol — 15% | Phoi tron thap, cai thién nhe
G75E10H15

hydro dac tinh chay

60% xang — 10% ethanol — 30% | Phdi tron trung binh, hiéu ing
G60E10H30

hydro rd hon

45% xang — 10% ethanol — 45% | Tang ty I¢ hydro, danh gia anh
G45E10H45

hydro hudng toc do chay nhanh

3.4 Panh gia mo hinh.

Pé kiém tra liéu mo hinh c6 van hanh tuong quan véi thuc té hay khong thi can
phai xem xét dira trén biéu dd cong suat va moé men xoan ctia dong co INZ - FE.
Piém can luu ¥ 14 néu lay cac thong sé dyno ciia ca xe mang dong co INZ - FE thi d6
1a cong suit, mé men xodn di qua hop sd hay con co tén goi 1a cong sudt va md men
xodn tai banh xe, va mdi hop s6 cia mdi dong khac nhau. Vi vay, can phai xem xét cong
suit va mo men xodn ngay tai ct may 1a chinh xac nht.
Theo thong s6 nha san xuit dua ra, dong co nay s& dat duoc cong suét cuc dai 1a 8OkW
tai 6000 vong/ phut, va mo men xodn cuc dai v6i 141 N.m tai 4200 vong/ phut.
Déi chiéu hai két qua gitra thuc t& va mo phong thi thdy c6 su chénh léch & muc dudi
5%. Theo mo phong, mé men xodn cuc dai s& dat 142,83 N.m va cong suat cuc dai &
muc 76,4579 kW

Thong s6 mod phong 100% tai ddi véi dong co Toyota INZ-FE trong phan mém
AVL BOOST s¢ tap trung vao vi¢c thiét 1ap cac gia tri t6i da va tdi wu cho ché do hoat
dong cong suat 16n nhat cia dong co xang nay.

Mo phong 100% tai trén AVL BOOST cho dong co INZ-FE 1a thiét 1ap mé hinh
dé tai tao trang thai dong co hoat dong vo1 cong suét toi da tai mot toe do quay (RPM)

nhat dinh. Diéu nay dat dugc bang cach dat goc md budm ga 1a 100% va tdi uu hoa cac
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tham sd diéu khién. Cu thé, luong nhién li¢u phun dugc dat & muc cao dé tao ra
hdn hop hoan hao (lambda bang 1), va goc danh lira sém duoc diéu chinh dé dat diém
tuong tng v6i toc do dang xét, trong khi hé théng VVT-i dugc diéu khién dé t6i da hoa
luong khong khi nap.

Bang 3.2: Két qua md phéng sir dung 100% nhién liéu xiing.

vong

Me Ge NOx co HC
quay Ne (kW) BTE(%)

(Nm) | (g/kWh) (ppm) | (ppm) | (ppm)
(RPM)
1200 14,31 113,89 | 343,58 24,42 145,60 | 8469 1741,95
1800 24,40 129,43 | 312,83 26,71 185,46 | 8576 1792,58
2400 34,01 135,31 | 301,57 27,63 217,23 | 8666 1838,16
3000 42,13 134,12 | 298,80 27,87 253,79 | 8640 1877,14
3600 51,71 137,17 | 296,55 28,05 267,98 | 8770 1892,86
4200 62,82 142,83 | 294,97 28,18 282,74 | 8831 1907,57
4800 72,02 143,29 | 297,12 27,97 309,56 | 8809 1911,66
5400 75,71 133,89 | 303,19 27,40 344,45 | 8712 1915,69
6000 76,82 122,26 | 313,41 26,50 345,68 | 8829 1950,51

Trén thuc té, dong co s& dugc khoa vong tua & mirc 6400 vong/ phut, nén ca cong suit
va md men xoan déu giam, ddi véi mo phong thi diéu khién theo kiéu duy tri nén vong
tua may s€ dat t&1 ngudong & muc 6000 vong/ phat. Vo1 mac do chénh I¢ch dudi 5% nhu
vay thi ching t6 m6 hinh nay dang rat twong quan véi thuc té va két qua cho ra s& khong
sai léch nhiéu néu thyc hién ngoai thyc té. Vi vay, budc hiéu chinh sé dugc luot bdt va

dén phén thyc hién ndi1 dung chinh ctua dé tai.
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Hinh 3.1: D6 thi dic tinh ngoai clia ddng co khi mé phéng
3.5 Két qua va danh gia.
3.5.1 Két qua tinh toan md phong cong sut cia dong co theo ting téc do & 100% tai.
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Hinh 3.2: Do thi cong suit dong co & ché dd 100% tai

Tir d6 thi Hinh 3.2 cang tang ty 1 hydro trong hdn hop nhién liéu, cong suat (Ne)
ctia dong co cang ting & tat ca cac dai vong tua.
Luong cong suat ting nay khong chi biéu thi hiéu suit dot chay cao hon ma con cho
thdy qua trinh chay dién ra nhanh hon, hiéu qua hon va triét dé hon khi c6 mat hydro.
Mirc dd ting cong suit cu thé:
Tai 6000 vong/phut, so voi 100% xang:
Hon hop 15% hydro: ting +0,51 kW
Hon hop 30% hydro: ting +0,70 kW
Hon hop 45% hydro: ting +1,04 kW
— DU mitc ting c6 vé nho vé gia tri tuyét d6i, nhung trén thyc té, no thé hién sy gia
tang hi¢u suét chay nhién li¢u trén toan bo qua trinh hoat dong, dac biét 1a & vong tua tur
4800 dén 6000 vong/phut.
Téc do chay va chi s6 octan ciia Hydro nhanh hon xing va ethanol, giip ngon Itra lan
truyén nhanh hon trong budng dot. Chi sé octan cuc cao ciia hydro (>130) gitp ngin
ngira hién tuong kich nd, do d6 cho phép danh Itra sém hodc sir dung ty sé nén cao ma
khong anh huong dén d6 6n dinh chay.

3.5.2. Két qua tinh toan mo6 phong mé men cua dong co theo tirng téc dd ¢ 100% tai.
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Hinh 3.3: Do thi mémen ddng co & ché dd 100% tai

Tu d6 thi hinh 3.3 Tai 1200 vong/phat, mé-men X04n cua dong co khi sir dung
xang thuan 13 113,89 Nm. Khi ting dan ty 1¢ hydro trong hdn hop nhién liéu, mé-men
xodn ting 1én 114,43 Nm (v6i 15% hydro), 114,54 Nm (30% hydro), va dat cao nhat 1a
114,74 Nm & hon hop 45% hydro. Du mire ting chi khodng 0,85 Nm, nhung day la vong
tua thap, viéc ting mo-men xodn giup cai thién kha ning dé-pa, khoi dong tai va van
hanh trong mo1 truong do thi.

Tai 1800 vong/phut, md-men xodn tiép tuc xu hudng ting tir 129,43 Nm véi xing
1én 129,92 Nm (15% hydro), 130,14 Nm (30% hydro) va 130,48 Nm (45% hydro). Bay
1a ving tc do trung binh, pht hop véi cac tinh hudng ting téc va vugt xe. Mirc ting
gan 1,05 Nm thé hién tac dong tich cuc rd rét ciia hydrogen trong viéc nang hiéu suét
sinh luc.

Tai 2400 vong/phut, gia tri mé-men xoan lan lugt tang tir 135,31 Nm (xang) 1én
135,82 Nm, 136,06 Nm va cao nhat 1 136,39 Nm véi hdn hop giau hydro. Tuong tu, &
3000 vong/phiit, mé-men xoan ciing ting tir 134,12 Nm (xidng) lén 134,69 Nm
(15%hydro), 134,96 Nm (30% hydro) va 135,32 Nm (45% hydro). Du cadc muc tang chi
dao dong trong khoang 1-1,2 Nm, nhung chung déu xay ra dong déu trén toan dai tua
may, chimg t6 hiéu qua dot chay da dugc cai thién nhat quan.

Tai cac dai vong tua cao hon nhu 3600 va 4200 vong/phut, xu hudng ting van
giit nguyén. O 3600 vong/phut, md-men xoan tir 137,17 Nm (xing) ting 1én lan luot
137,65 Nm, 137,88 Nm va 138,23 Nm khi ting dan ty 1¢ hydro. Tai 4200 vong/phat —
dai tua can tdi wu cua dong co, Me ting tir 142,83 Nm 1én 143,38 Nm, 143,63 Nm va
dat 143,98 Nm — cham gan dén 144 Nm véi hon hop 45% hydro. Day 1a mot cai thién
dang ké vé hiéu suat dong co khi van hanh trong diéu kién tai 16n hodc tang toc cao tdc.
Tai céac tdc d6 rat cao nhu 4800, 5400 va 6000 vong/phut, gia tri mo-men xoan bat dau
c6 xu hudng giam nhe do dac tinh co hoc gid1 han cua dong co. Tuy nhién, cac hdn hop
giau hydro van duy tri 1oi thé 1 rét. Cu thé, tai 4800 vong/phut, Me ting tir 143,29 Nm
(xang) 1én 143,90 Nm, 144,11 Nm va dat 144,48 Nm & muc cao nhat. Tai 5400
vong/phut, tr 133,89 Nm v6i xang, Me tang 1én 134,61 Nm, 134,91 Nm va dat 135,37

Nm v6i 45% hydro. Cudi cing, tai 6000 vong/phat, mo-men xoén ciing ting déu tir
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122,26 Nm 1én 123,08 Nm, 123,37 Nm va dat 123,92 Nm — ttrc gén 1,7 Nm tang thém
so véi ban dau.

Tir dir liéu trén, c6 thé rat ra két luan rang viée ting ty 16 hydro trong hdn hop
xang — ethanol giup cai thién mé-men X04n dong co & toan dai tdc do, dac biét ro rét tai
dai tua tir 1800 dén 4800 vong/phut — 13 ving thudng xuyén van hanh cua dong co trén
duong thuc té. Diéu nay c6 dugc nho cac dac diém wu viét cua hydro nhu: tbe do chay
cao, chi sd octan 16n, hoa tron tot véi khong khi va sinh nhiét 16n khi chay.

Ly do mé-men xoén ting khi thém hydro Ap sut chay dat cuc dai som sinh luc
som hon trong chu ky cong. Cho phép danh lira sém hon ma khong bi kich nd cai thién
hiéu suét chay. Hoa tron tot vai khong khi. Gitip chay déu trong toan bo budng dot, tranh
mat can bang luc tic dung 1én piston. Tang ti 1é hydro — ting nhiét d chay t6i vu. Gitp
dat ap suét nén 1én hon & moi toc do.

3.5.3 Két qua tinh toAn mo phong suét tiéu hao nhién liéu ciia dong co theo timg toc do
6 100% tai.
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Hinh 3.4: D0 thi suit tiéu hao nhién liéu ciia dong co' ¢ ché dd 100% tai
Tir d6 thi hinh 3.4 Tai 1200 vong/phut, ge khi dung xing thuan 1a 343,58 g/kWh

day 1a gia tri cao nhat trong toan bo dai tua mdy, phan anh hiéu suat dot chay kém & tdc
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d6 thap. Khi thém hydro, ge giam dan xudng con 339,47 (15% hydro), 339,02
(30% hydro) va thip nhét 1a 338,36 g/kWh (45% hydro). Du muc giam chi khoang 5
g/kWh, nhung né thé hién hiéu qua chay di duoc cai thién tir giai doan dau.

Tai 1800 vong/phut, ge tiép tuc giam tir 312,83 (xdng) xudng 310,46, 309,66 va
308,12 g/kWh. Piéu nay cho thiy kha ning dot chay nhién lidu hiéu qua hon & dai tua
thip — trung, dic biét 1 v4i sy c6 mit cia hydro trong hdn hop.

Tai 2400 vong/pht, ge giam tir 301,57 xudng con 299,16 g/kWh véi 15% hydro,
298,27 véi 30% hydro, va 297,02 g/kWh véi 45% hydro. Diéu tuong tu ciing xay ra &
cac tua may cao hon nhu 3000 va 3600 vong/phut, 1an luot véi cac gia tri ge tir 298,80
— 294,47 g/kWh va 296,55 — 292,28 g/kWh (tuong tng tir xang dén 45% hydro).
Péng chu y 1a tai 4200 vong/phut, mot dai tua tdi wu cua dong co, ge giam tir 294,97
(xing) xudng chi con 290,73 g/kWh (45% hydro). Pay 1a muc tiét kiém nhién liéu 1d
rét nhat, cho thiy hdn hop gidu hydro gitp cai thién hiéu suat chay khi dong co hoat
dong trong diéu kién 6n dinh.

Tai 4800 va 5400 vong/phut, gia tri ge tiép tuc thap hon so véi xing thuan, lan luot 1a:

4800 v/p: tir 297,12 g/kWh (xing) xudng 292,55 g/kWh (45% hydro)

5400 v/p: tir 303,19 g/kWh (xing) xudng 298,48 g/kWh (45% hydro)

Cubi cung, tai 6000 vong/phut, ge ¢6 xu hudng ting trd lai do hiéu suat dot chay & tdc
d6 cao giam, nhung hdn hop nhién liéu c6 hydro van cho két qua t6t hon: tir 313,41
g/kWh (xing) xudng con 308,36 g/kWh (45% hydro).

Nguyén nhdn giup giam tiéu hao nhién liéu khi thém hydro:Hydro c6 toc do chay
nhanh, gitip qué trinh chay xay ra gan diém chét trén (TDC), tir d6 tdn dung dugc nhiéu
nang lwong hon tir nhién liéu.Chi sé octan cao cua hydro cho phép danh lira sém hon
ma khong bi kich nd, gép phan cai thién diém danh lira toi vu.Hydro chay sach va triét
dé, han ché nhién liéu chua chay, gitp tan dung gan nhu toan bd nang luong hoa hoc
ctia hdn hop.Sy két hop giita hydro va ethanol (ctng chi sé octan cao) giup hé thong
danh lira hoat dong 6n dinh, dt chay déu va hiéu qua hon.

Dir lidu cho thiy rang khi ting ty 18 hydro trong hdn hop nhién liéu, suat tiéu hao

nhién li¢u riéng (ge) c6 xu hudng gidm deu ¢ tat ca cac mirc vong tua.
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Mirc giam rd nhit thudng nim trong khoang 4-6 g/kWh & moi toc do, trong d6 tdi uwu
nhat & tua 2400-4200 vong/phit — 1a ving ma dong co 1am viéc hiéu qua nhat trong
thuc té van hanh

Viéc pha tron hydro vao hon hop nhién liéu xing — ethanol gitip cai thién hiéu qua chay
va lam giam suat tiéu hao nhién lidu riéng mot cach dang ké. Pay 14 co so ki thuat quan
trong dé khiang dinh rang hydro khéng chi gitp ting cong suit, mo-men xodn ma con
g6p phan tiét kiém nhién liéu mot yéu tb then chét trong viéc phat trién dong co sach,
bén vitng va tiét kiém ning luong.

3.5.4 Két qua tinh toan mo phong hiéu suit nhiét cua dong co theo timg toe do & 100%

tai.
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Hinh 3.5: D6 thi hiéu suit nhiét ciia déng co & ché 6 100% tai

Ttr d6 thi hinh 3.5 Tai 1200 vong/phit, hiéu sudt nhiét khi dung xing nguyén chat
14 24,42%. Khi ting dan ty 1 hydro, BTE ting lan luot 1én 25,88% (15% hydro), 26,17%
(30% hydro) va 26,66% (45% hydro). Mtic ting gan 2,2 diém phan trim cho thay viéc
bd sung hydro gitip cai thién rd hiéu sudt chdy ngay ca & tbe d6 thap, noi dong co thuong

kém hiéu qua nhat.
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Tai 1800 vong/phut, BTE tiép tuc ting manh tir 26,71% (xang) 1én 28,19%, 28,55%, va
dat 29,15% véi hdn hop giau hydro. Day 1a murc cai thién trén 2,4% tuyét dbi, thé hién
kha ning ddt chay tdt va sinh cong hiéu qua hon trong dai tbc do 1am viéc trung binh.
Tai 2400 vong/phut, hiéu suét tiép tuc ting tir 27,63% 1én 29,19%, 29,58% va cao nhat
1a 30,18%. Dac biét, mic BTE vuot mdc 30% chirng minh hdn hop nhién liéu giau
hydro d3 ting hiéu qua ning luong dén mirc twong dwong nhiéu dong co hiéu suit cao
hién nay.

Tai 3000 vong/phit, hiéu suit nhiét dao dong tir 27,87% vdi xing va ting lan luot qua
cac hon hop 18n dén 30,41% v6i 45% hydro — tire ting gan 2,5% tuyét d6i, dong thoi
danh didu mot diém véan hanh t6i wu cua dong co trong diéu kién hon hop nhién li¢u méi.
Tir 3600 dén 4800 vong/phut, xu huéng ting van duy tri. Cu thé:

3600 v/p: tir 28,05% (xang) 1én 30,61% (45% hydro)

4200 v/p: tir 28,18% 1én 30,75%

4800 v/p: tr 27,97% 1én 30,54%

— Ca ba muc tua nay déu ching minh rang hiéu suat nhiét da dugc cai thién dang ké
khi luwgng hydro tang 1én, ddc biét hiru ich trong céac diéu kién van hanh binh thuong va
tai lon.

Tai 5400 vong/phit, BTE tir xdng 13 27,40%, tang 1én dén 29,92% v&i hon hop 45%
hydro tirc tang hon 2,5 diém phén tram, mot con sd rt dang ké.

Tai 6000 vong/phut, mac du hiéu suat co xu hudng giam nhe do tbc d6 cao khién ton
that ting, nhung hdn hop giau hydro vin duy tri hiéu suét cao nhat 1a 28,96% so véi chi
26,50% khi dung xing nguyén chat.

BTE c6 xu hudng ting déu khi ting ty 1¢ hydro trong hdn hop nhién liéu, va muc ting
nay duy tri & moi dai vong tua.

Murc cai thién trung binh tir hdn hop 45% hydro so véi xing thuan dao dong tir +1,5%
dén +2,6% tuyét ddi, tuy theo toc d6 quay.

Hydro c6 toc d6 chay rat cao, giup ngon lira lan nhanh, t6i wu héa thoi diém sinh cong
va giam ton that nhiét. Hydro co chi sé octan rat cao (>130) — cho phép ting ty s6 nén
hodc danh lira sém hon ma khong gay kich nd. Hydro hoa tron tot v6i khong khi, chay

triét dé hon — tan dung t&t hon nhiét luong sinh ra tir mi don vi nhién liéu. Két hop
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v6i ethanol (ciing c6 chi sb octan cao) giup On dinh va mé rong giéi han danh lira — tao
diéu kién van hanh 6n dinh ¢ nhiéu toc do.

Dit liéu cho thiy ring hdn hop nhién liéu c6 ty 1& hydrogen cao khong chi gitip
ting cong suat va mo-men xodn, ma con nang cao hiéu sut nhiét hitu ich (BTE) 15 rét
trén toan dai vong tua. Viéc dat toi BTE >30% tai nhiéu murc vong quay 1a minh chimng
cho hiéu qua t6i wu hoa ning lugng ciia hdn hop xing — ethanol — hydro.

3.5.5 Két qua tinh toan chi s6 phat thai NOx ctia dong co theo timg toc 6 & 100% tai.
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Hinh 3.6: Chi s6 phat thai NOx ciia dong co ¢ 100% tai.

Theo d thi hinh 3.6 NOx (oxit nito), 1a hop chét khi doc hai hinh thanh trong
budng d6t dong co khi nhiét do chay vuot qua 1800°C va co6 mit oxy du. Cac hop chat
NOx 1a nguyén nhan chinh gay ra mua axit, swong mu quang hoa, va anh huéng nghiém
trong dén stc khoe con ngudi.

Trong nghién ctru ndy, chi s6 phat thai NOx duogc do tai nhiéu vong tua dong co khac
nhau khi sir dung cac loai nhién liéu:

Xang nguyén chat (100% gasoline),

Hon hop 75% xing — 10% ethanol — 15% hydro,

Hodn hgp 60% xing — 10% ethanol — 30% hydro,
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Va hon hop 45% xing — 10% ethanol — 45% hydro.

Khi ting ty 1¢ hydro trong nhién liéu, ndng d6 NOx ting manh mé& ¢ hau hét cac mirc
vong quay.

Diy 1a xu hudng nguoc lai so v6i cong sudt, mé-men xodn hay hiéu sut nhiét. Ly do 1a
vi hydro c6 tdc do chay rat cao, khién nhiét do buéng dot tang dang ké, tao diéu kién
thuan lgi dé hinh thanh NOx.

Tai 1200 vong/phut, phat thai NOx khi dung xing nguyén chét 1a 145,60. Khi ting ty 1é
hydro 1én 15%, 30% va 45%, NOx tang lan luot Ién 183,88; 199,55 va dat 231,26. Muc
tang hon 85 ppm ching to viéc sir dung hydro, du ¢ tua thap, van 1am tang nhiét 4o chay
du 16n dé tao ra NOx nhiéu hon.

Tai 1800 vong/phut, NOx tiép tuc tang tir 185,46 (xang) 1én 227,78; 252,36 va cao nhat
13 294,68. Pay 1a mirc ting gan 60% so v4i ban dau, phan anh anh huéng manh cia
hydro dén diéu kién chay va nhiét d6 budng dot.

Tai 2400 vong/phut, ndng do NOx khi dung xing 1a 217,23. V6i 15% hydro, ting 1én
267,91; vo1 30% hydro 1a 297,08 va 45% hydro 1én t61 345,22 — cao hon hon 1,5 lan so
v6i xang thuan.

Tai 3000 vong/phut, NOx lan luot 1a:

Xang: 253,79

15% hydro: 311,29

30% hydro: 345,17

45% hydro: 401,65

— Murc tang hon 150 ppm cho thay day 1a ving nguy hiém voi phat thai NOx néu khong
c6 giai phap kiém soat.

Ttr 3600 dén 4800 vong/phut, xu hudng nay tiép tuc rd rét:

3600 v/p: tir 267,98 (xang) 1&€n 428,90 (45% hydro)

4200 v/p: tir 282,74 1én 453,37

4800 v/p: tir 309,56 1én toi 492,12

— Riéng & 4800 vong/phut, NOx tang hon 180 ppm so v6i1 khi dung xang, tuong duong
gan 60%.

Tai 5400 va 6000 vong/phut, phat thai NOx Ién cuc dai:
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5400 v/p: xang 1a 344,45 — tang 1én 549,50 (45% hydro)
6000 v/p: tr 345,68 — tang manh 1€n 560,57 ppm
— Day 1a cac mirc ting rat cao, bao hiéu van dé nghiém trong vé phat thai NOx khi sir
dung hdn hop giau hydro & téc d6 dong co cao.
Hydro c6 toc dd chdy cao, khién qué trinh chay dién ra nhanh, 1am ting nhanh nhiét do
budng dét, hydro tao ra ngon lira nhiét d6 rt cao (~2300-2600°C) néu khong duoc kiém
soat, vuot ngudng hinh thanh NOx.
3.5.6 Két qua tinh toan chi sb phat thai CO cua dong co theo timg toc do & 100% tai.
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Hinh 3.7: Chi s6 phat thai CO ciia ddng co ¢ 100% tai

Tir do thi hinh 3.7 khi ting dan ty 1& hydro trong hdn hop nhién liéu, lugng khi
CO phat thai giam rd rét ¢ tat ca cac dai vong tua.
Diéu nay nguoc lai véi xu hudng ciia NOx, nhung 1a két qua tich cuc, cho thiy hydro
gitip chay sach hon, giam Iuwong nhién liéu khong chay hét.
Tai 1200 vong/phiit, CO phat sinh tir xang thuan 13 8469 ppm — rat cao do toc d6 chay
chdm va qua trinh chay chua triét dé. Khi ting ty 18 hydro 1én 15%, 30% va 45%, luong
CO giam lan luot xudéng con 7066, 6771 va chi con 6243 ppm. Mirc giam hon 2200
ppm, twong duong gan 26%, cho thay su cai thién dang ké khi hydro duoc bo sung.
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Tai 1800 vong/phut, CO ciing giam tir 8576 ppm (xing) xudng 7236, 6869 va 6315
ppm. Su giam dan nay duy tri rd nét qua cac dai vong tua ké tiép.

Tai 2400 va 3000 vong/phit, lugng CO tir xing 1a 8666 va 8640 ppm. Khi thay bang
hdn hop chita 45% hydro, CO giam xudng chi con 6393 va 6379 ppm — tirc giam hon
2200 ppm, khing dinh rang tbc d6 chay cao ctia hydro gop phan dét chay nhién liéu triét
dé hon, han ché dang ké khi doc CO.

Tir 3600 dén 5400 vong/phut, gia tri CO tiép tuc giam manh theo ty 18 hydro:

3600 v/p: tir 8770 — 6476 ppm (giam ~26%)

4200 v/p: tir 8831 — 6524 ppm

4800 v/p: tir 8809 — 6514 ppm

5400 v/p: tir 8712 — 6415 ppm

— Muc giam duy tri 6n dinh ~2300-2400 ppm cho thdy tinh nhit quan cua hiéu qua
chay triét dé khi thém hydro.

Tai 6000 vong/phut, lwgng CO van & muc cao khi dung xing (8829 ppm), nhung giam
con 7440 (15% hydro), 7076 (30% hydro) va chi con 6507 ppm & hon hgp giau hydro —
tirc giam trén 25%.

Hydro c6 toc do chdy cao, gitip phan tng chay xay ra triét dé va nhanh hon, giam
hién tugng nhién liéu chdy dé. Hydro khong chira carbon, nén khong goép phan tao CO.
Viéc str dung hydro giup ting nhiét do phan tng ban dau, thuc day chdy hoan toan ngay
tir pha dau tién cta chu trinh chay. Su két hop véi ethanol (c6 tinh oxy héa cao hon
xdng) cang thiic day hoan tt qua trinh oxy hoa hydrocarbon — han ché hinh thanh CO.

Viéc giam CO c6 y nghia 16n trong bdi canh do thi, noi chat lugng khong khi 1a
mbi quan tdm hang dau. Giam CO ciing dong nghia véi viée ting chi s6 hiu suét chay,
g6p phan nang cao hiéu suat tong thé cua dong co. Pay 1a minh chimg rd rang cho tinh
"sach" ctia hydro khi duoc sir dung hop 1y trong hdn hop nhién liéu.

Dit liéu cho thay rang viéc bo sung hydro vao hdn hop xing — ethanol khong chi
tang hiéu suat ma con giam dang ké luong khi CO phét thai. Mirc giam trung binh tir
20-26% ¢ moi vong tua 1a minh chiing manh mé cho lgi ich moéi truong cua loai nhién
liéu nay. Day 1a co s¢ dé khang dinh rang hydro 1a thinh phan tiém ning trong qua trinh

chuyén d6i sang dong co sach, it phat thai hon trong tuong lai gan.
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3.5.7 Két qua tinh toan chi sb phat thai HC cua dong co theo timg toc do & 100% tai.
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Hinh 3.8: Chi s6 phat thai HC ciia dong co' ¢ 100% tai

Tir do thi hinh 3.8 Trai ngugc voi khi CO, khi ting ty 1& hydro, luong phat thai
HC lai c6 xu hudng tang dan nhe, dic biét & tbe d6 cao.
Pay 1a diéu dang luu y vi hydro tuy gifip cai thién hiéu suat chdy, nhung c6 thé 1am lan
truyén ngon ltra qua nhanh, khién hdn hop & ria budng chay khong duoc dbt triét dé —
sinh ra nhiéu HC chua chay.
Tai 1200 vong/phut, phat thai HC tr xang 1a 1741,95 ppm. Khi thém 15% hydro, HC
gan nhu gitt nguyén (1745,14), va tang dan 1én 1744,42 (30% hydro) va 1756,58 (45%
hydro). Mrc ting tuy nho, nhung cho thdy anh hudng bat dau xuét hién.
Tir 1800 dén 3600 vong/phut, lugng HC ting nhe & tit ca cac mirc hdn hop:
1800 v/p: tir 1792,58 (xang) 1én dén 1813,82 (45% hydro)
2400 v/p: tir 1838,16 — 1855,60
3000 v/p: tr 1877,14 — 1896,09
3600 v/p: tir 1892,86 — 1909,40
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— Mtc ting khoang 20-30 ppm mdi cip hdn hop, van nim trong pham vi ting nhe,
khong gay bién dong 16n.Tir 4200 dén 6000 vong/phut, xu hudng tang rd rét hon:

4200 v/p: tir 1907,57 (x@ng) 1én 1928,85 (45% hydro)

4800 v/p: tir 1911,66 — 1932,24

5400 v/p: tir 1915,69 — 1935,05

6000 v/p: tr 1950,51 — 1964,73

— Tai tua may cao nhat, HC ting gan 14 ppm so vé6i xang, tic khoang 0,7% ting thém.
Hydro chay rit nhanh, nén & ria budng chay, hdn hop khi c6 thé chua kip dt chay triét
dé — tang HC chua chdy. Nhiét d6 ngon ltra cao nhung thoi gian chdy ngan, co thé
khién phﬁn nhién liéu chua kip hoa tron déu va phat thai ra bén ngoai.

Ty 1¢ xang giam, dong nghia mot phan hydrocarbon bi thay thé, nhung tong thé luong
HC chua chay van c6 thé ting néu phan phdi nhién liéu khong déu.

Tang hydro khién hon hop nghéo hon (leaner), cé thé 1am qua trinh chay bi gian doan
cuc bd — sinh thém HC. Tuy HC c6 xu hudng tang khi dung hydro, nhung mirc tang la
nho, tir 0,1-0,8% tlly vong tua — van nam trong gidi han kiém soat.

Can két hop thém thiét ké budng chay hop 1y, k¥ thut phun nhién liéu t6i vu hodc hé
thng xuc tac oxi hoa (DOC) dé giam HC vé mirc chap nhan duoc.

So véi loi ich giam CO va tiéu hao nhién liéu, thi mic ting nhe ciia HC c6 thé chap

nhan duogc vé mat ky thuat va moi truong.

Bang 3.3: Két qua mé phong hén hop 75% Xing — 10% Ethanol — 15% Hydro

Vong
Ne Ge NOx co
quay Me (Nm) BTE(%) HC (ppm)
(kw) (8/kWh) (ppm) (ppm)
(RPM)
1200 14,38 114,43 339,47 25,88 183,8 7066 1745,14
1800 24,49 129,92 310,46 28,19 227,78 7236 1800,86
2400 34,14 135,82 299,16 29,19 267,91 7300 1842,71
3000 42,32 134,69 296,57 29,41 311,29 7289 1882,63
3600 51,89 | 137,65 294,39 29,60 330,82 7390 1896,10
4200 63,06 143,38 292,75 29,75 349,20 7444 1910,11
4800 72,33 143,90 294,55 29,55 380,07 7432 1915,91
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5400

76,12

134,61

300,76

28,94

423,97

7338

1921,77

6000

77,33

123,08

310,82

27,98

426,14

7440

1952,27

Bang 3.4: Két qua md phéng hén hop 60% Xing — 10% Ethanol — 30% Hydro

Vong
Me Ge NOx co
quay Ne (kW) BTE(%) HC (ppm)
(Nm) (8/kWh) (ppm) | (ppm)
(RPM)
1200 14,39 114,54 339,02 26,17 199,55 6771 1744,42
1800 24,53 130,14 309,66 28,55 252,36 6869 1805,75
2400 34,19 136,06 298,27 29,58 297,08 6937 1848,36
3000 42,4 134,96 295,7 29,81 345,17 6928 1888,16
3600 51,98 137,88 293,55 29,99 366,85 7035 1901,69
4200 63,17 143,63 291,92 30,14 387,94 7086 1915,38
4800 72,44 144,11 293,79 29,93 422,26 7070 1921,20
5400 76,29 134,91 299,82 29,32 470,77 6973 1927,17
6000 77,52 123,37 309,94 28,35 476,47 7076 1958,16

Bang 3.5: Két qua mé phong hén hop 45% Xing — 10% Ethanol — 45% Hydro

Vong

quay Ne Me (Nm) Ge BTE(%) NOx co HC (ppm)
(RPM) (kw) (g/kwh) (ppm) (ppm)

1200 14,42 114,74 338,36 26,66 231,26 6243 1756,58
1800 24,60 130,48 308,12 29,15 294,68 6315 1813,82
2400 34,28 | 136,39 297,02 30,18 345,22 6393 1855,6
3000 42,51 135,32 294,47 30,41 401,65 6379 1896,09
3600 52,11 138,23 292,28 30,61 428,90 6476 1909,4
4200 63,32 | 143,98 290,73 30,75 453,37 6524 1922,85
4800 72,63 144,48 292,55 30,54 492,12 6514 1928,24
5400 76,55 | 135,37 298,48 29,92 549,50 6415 1935,05
6000 77,86 | 123,92 308,36 28,96 560,57 6507 1964,73
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KET LUAN VA HUONG PHAT TRIEN PE TAI
1. Két luan

Trong béi canh nhu cu giam thiéu tiéu thu nhién liéu héa thach va han ché 6
nhiém moi truong ngdy cang trd nén cip thiét, viéc nghién ciru, tng dung cac ngudn
nhién liéu thay thé, than thién v6i méi trudng 13 mot hudng di tit yéu cta nganh cong
nghiép dong co ddt trong. Dé tai “Nghién ctru dic tinh k§ thuit va phat thai khi st dung
hdn hop nhién liéu xing — ethanol — hydro trén déng co xing bang mo phong s6” da gop
phan 1am r6 hon nhitng anh hudng cta hon hop nhién liéu nay dén hiéu qua van hanh
ciing nhu phét thai 6 nhiém cua dong co.

Thong qua qué trinh x4y dung mo hinh mé phéong dong co xdng 4 ky st dung
phan mém chuyén dung, dé tai da tién hanh khao sat cac dic tinh k¥ thuat nhu cong suat
hiéu dung, mé-men xodn, tiéu hao nhién liéu va mic phat thai cac chit 6 nhiém chinh
(CO, HC, NOx) khi sir dung céc ty 1& phdi tron khac nhau gitra xing, ethanol va hydro.
Cic két luan chinh dat dwoc tir dé tai nhw sau:

Viéc phdi tron ethanol va hydro vao nhién liéu xang da cho thay tac dong tich cuc
dén qua trinh chay bén trong budng dét. Cu thé, ethanol véi dic tinh chdy sach, ham
luong oxy cao, két hop voi hydro c6 tbe do chay nhanh di gitip cai thién su lan truyén
ngon lira va nang cao hiéu qua dot chay hon hop nhién liéu. Két qua mo phong chi ra
rang & nhitng ty 18 phi tron hop 1y, hdn hop nhién liéu xing — ethanol — hydro gitp cai
thién dang ké cong suit va moé-men xodn cua dong co ¢ nhiéu ché do lam viéc, dong
thoi 1am giam suat tiéu hao nhién liéu riéng so v6i st dung xing thuan tay.
Hon hop nhién lidu xing — ethanol — hydro c¢6 anh huong 16 rét dén thanh phan khi thai.
Phét thai CO va HC déu c6 xu hudng giam manh nho qua trinh chay duoc cai thién véi
su ho tro oxy tir ethanol va dic tinh chdy sach cua hydro. Tuy nhién, phat thai NOx c6
xu huéng ting nhe do nhiét dd budng chay cao hon, dic biét khi ham lugng hydro trong
hdn hop ting. Pay 1a mot thach thirc can duoc cin nhéc khi phat trién chién luoc phdi
tron nhién lidu ph hop gitra hiéu suat va méi truong.

Két qua nghién ctru cho thdy hoan toan cé thé tmg dung hdn hop nhién liéu xing —
ethanol — hydro cho dong co xing hién nay ma khong can thay d6i qua nhiéu vé két cdu

dong co. Viéc nay khong chi gop phan giam phu thudc vio nhién liéu hoa thach ma con
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phu hop vé6i dinh hudng phat trién cac giai phap giao thong than thién voi moi truong. Dé
tai c6 ¥ nghia thuc tién va khoa hoc 13 rét, cung cp thém co sé 1y luan ciing nhu s6 liéu
tham khéao cho cac nghién ctru tiép theo trong linh vuc st dung nhién liéu thay thé, gop
phan vao xu thé phat trién bén vitng, bao vé moi trudng, giam phat thai khi nha kinh va
hudng téi nén cong nghiép giao thong xanh hoa trong twong lai.

2. Han ché cia dé tai.

Han ché 16n nhat ndm ¢ tinh chinh x4c ctia m6 hinh héa, khi ma qué trinh chay
phtec tap ctia hdn hop ba nhién liéu xidng — ethanol - hydro thudng bi gian lwgce hoa bang
cac mo hinh d6t chay don gian, ddn dén sai sd trong tinh toan cong suat va nhiét do.

Bén canh d6, néu dé tai khong co su kiém chimg bang dir liéu thuc té, két qua
mo phdng sé& thiéu can cur va kho tin cay khi ap dung vao diéu kién hoat dong thuc té.
Cudi cung, pham vi nghién ctru thudng chi tap trung vao mot sé ché do hoat dong hep
ma khong thé mo ta ddy du cac hién twong vat 1y phirc tap nhu anh hudng dn mon cia
ethanol hodc cic van dé co khi phat sinh khi sir dung nhién liéu hydro.

Viéc nghién ctru phat thai HC va NOx bang md phong s6 d6i véi hdn hop Xing
— Ethanol — Hydro gip phai nhitng han ché 16n do su phtic tap ctia qua trinh chay. Ddi
v6i NOx viée bo sung Hydro 1am ting dang ké toc do chay va nhiét do dinh ctia budng
d6t. Tuy nhién, cac md hinh moé phong s6 thuong du doan sai nhiét d6 dinh thyc té nay,
va do su hinh thanh NOx c6 tinh phtrc tap va cuc ky nhay cdm véi nhiét do, mot sai 1éch
nho trong dy doan nhiét d6 ciing sé dan dén sai s6 1on trong két qua NOx. Mat khac, doi
v6i HC, thach thirc ndm & su phtc tap ciia qua trinh hinh thanh tai cac ving khe hd va
16p bién lanh gan thanh xi lanh. Cac mo hinh don gian thudng khong thé mé ta chi tiét
su chay roi va céac diéu kién nhiét cuc bd trong nhitng khu vuc nay, noi ma nhién li¢u bi
ket lai va khong chay hét, dic biét khi c¢6 sy tham gia cua Ethanol tao ra cac san phém
trung gian phirc tap hon so véi chi ding xang, khién cho viéc du doan lwong HC trd nén
kém chinh xac va thiéu tin cay.

3. Huéng phat trién dé tai.

Dé tiép tuc hoan thién va phat trién hon nita cac két qua dat duoc, cac hudng
nghién ciru tiép theo co thé tap trung vao ndi dung sau: Can thyc hién cic thi nghiém
thuce té trén dong co dé kiém chimg do chinh x4c cia mo hinh mé phong, dong thoi hiéu

chinh mé hinh dé két qua dy doén sat véi thuc té hon, tir 46 ning cao tinh Gmg dung.
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Xay dung ban doé van hanh va chién lwoc diéu khién nhién liéu: Thiét 1ap ban d6 van
hanh dong co Gmg véi ting ché do tai va téc do khi sir dung hdn hop nhién lidu méi, dé
xudt cac chién luogc didu khién phdi khi — nhién liéu hop 1y nhim dam bao hiéu qua t6i
vu trong sudt dai hoat dong cua dong co.

Mé réng doi twong nghién ciru: Ap dung nghién ctru trén cac dong dong co khac nhau
nhu dong co phun xing truc tiép, dong co ting ap, hé thong hybrid,... dé danh gia kha
nang ap dung rong rai hdn hop nhién liéu nay trong thuc té.

Pdnh gid tac dong kinh té - méi truong: Nghién ctru siu hon vé tac dong kinh té, chi
phi van hanh khi str dung hdn hop xing — ethanol — hydro, dong thoi danh gia loi ich
moi truong 1au dai dé phuc vu hoach dinh chinh sach va dinh hudng phat trién ning
lugng bén ving.

Nghién ciru mé réng vé cdc gidi phdp dong bo: Két hop voi cac giai phap ki thuat khac
nhu cai tién budng dbt, hé théng danh Iira, hé thong xir 1y khi thai (EGR, SCR, TWC)

nham khai thac t61 da hiéu qua ctia hon hgp nhién li¢u mai
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