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QUYET DINH
V& viée thanh 1ip Hoi dong dénh gid dé dn tot nghiép thac si

HIEU TRUONG _
TRUONG PAI HOC GIAO THONG VAN TAI THANH PHO HO CHI MINH

_ Can cit Quyét dinh s6 66/2001/QD-TTg ngay 26/4/2001 cua Thi twimg Chink
phti vé vige thanh Idp Trieong Dai hoc Giao théng van tai Thanh pho Ho Chi Minh;

Can cit Quy ché To chitc va hoat dong ciia Truomg Dai hoc Giao thong van tai
Thénh phé H6 Chi Minh ban hanh theo Nghi quyét s6 14/NO-HDTDHGTVT ngay
11/01/2021 cua Héi dong Truomg; .

_ Can cir Quy ché tuyén sinh va dao tao trinh do thac sTban hanh kém theo Quyet
dinh 56 33/0D-DHGTVT ngay 12/01/2022 ciia Hi¢u truzdng Truong Dai hoc Giao thong
van tai Thanh phé Ho Chi Minh;

Can cir Quyét dinh 56 250303-03/0D-UTH-SDH ngay 03 thang 3 nam 2025 cua
Hiéu'n'xto'rng Tru"t}ng Dai hoc Giao théng van tai Thanh pho Ho Chi Minh vé viéc giao dé
1ai 1ot nghiép déj vai cde I6p chwong trinh dao tao thac si;

Theo dé nghi cia Vién truéng Vién Dao tao sau dai hoc.

QUYET DINH:

Piéu 1. Thanh lip Hoi ddng danh gia dé an t6t nghiép thac s nganh Ky thudt 6
6 (ma sb 8520130) di v6i hoc vién Cao Huynh Minh Hiéu véi dé tai: “Dinh gid anh
hudng cia thoi diém phun nhién ligu DME va hdn hgp DME-Diesel No.2 dén dic tinh
van hanh cia dong co Diesel WP2.3/WP2.3N", ngudi huong dan: TS. L& Van Vang; TS.
Truong Thanh Hai, gom céc ong (ba) ¢6 1én sau:

1. TS.Hoang Vian ST Trudémg DPH GTVT TP.HCM Chu tich Héi ddng;
2. PGS.TS. Poan Vin Déng Trudéng DPH GTVT TP.HCM Uy vién, phan bién;
3. PGS.TS. Lé Hiru Son Truéng DH Vin Lang Uy vién, phan bién;
4. TS.Pham Vin Chién Truomg PH GTVT TP.HCM Uy vién;

5. TS. Db Viét Diing Truomg PH GTVT TP.HCM Uy vién, thu ky.

Piéu 2. Quyét dinh c6 hiéu lyc ké tr ngay ky. Céac ng (ba) Vién trudng Vién
Dio tao sau dai hoc, Trudng phong Ké hoach - Tai vy va 6ng (ba) ¢6 tén tai Diéu 1 chiu
trach nhiém thi hanh Quyét dinh nay./. #

Noi nhin:

- NhuDiéu2;

- Hiéu trudmg (dé b/c);

- Luu: VT, VDTSDH (Ta: 05b).




DE AN TOT NGHIEP THAC SI PUQC HOAN THANH TAI
TRUONG DAI HQC GIAO THONG VAN TAI THANH PHO HO CHI MINH

Dai dién ngudi hudng dan: TS. Lé Vian Vang
TS. Truong Thanh Hai _fr

D¢ dn tdt nghiép thac si duge bio vé tai Truomg Dai hoe Giao thdng van tai Thanh phd Ho
Chi Minh ngay 27 thang 10 nim 2025

Théanh phin Hoi ddng dénh gia dé an tét nghiép thac s gom:

I. TS.Hoang Van Si Chu tich Hoi dong;
2. PGS.TS. Poan Vin DPong Uy vién, phan bién;
3. PGS.TS. Lé Hiru Son Uy vién, phan bién;
4. TS. Pham Van Chién Uy vién;

5. TS.DPd Viét Diing Uy vién, thu ky.

CHU TICH HO1 PONG



LOI CAM DPOAN

Téi xin khing dinh ring dé an tot nghiép thac si v6i dé tai “Bdnh gid dnh hudng
cuia thoi diém phun nhién lieu DME va hén hop DME-DIESEL No.2 dén ddc tinh vin
hanh cua dong co Diesel WP2.3/WP2.3N” 1a cong trinh nghién ctru dgc 1ap cua to1, dugc
thyc hién du6i sy hudng dan khoa hoc cua TS. Lé Vin Vang va TS. Truong Thanh Hai.

Toan bo sb lidu, két qua md phong va ndi dung trinh bay trong dé an déu trung
thuc, dugc thuc hi€én mot cach minh bach, va khong sao chép tur bét ky nguff)n nao ma
khong c6 trich dan rd rang. T6i chiu hoan toan trach nhiém vé tinh chinh xac va tinh
trung thyc cla cac thong tin duoc néu trong dé an.

T6i cam két rang dé an nay chwa timg dugc ndp dé xét duyét tai bat ky co sé dao
tao nao khac. Moi su hd tro va dong goép tir cac ca nhan, t6 chirc trong qué trinh thuc
hién dé an da duoc ghi nhan day du trong phan 16i cam on.

T6i xin giri 161 cam on chan thanh dén Hoi dong xét duyét vi da danh thoi gian
xem x¢ét va danh gid cong trinh nghién ctru cua toi.

Tp. Ho Chi Minh, ngay 27 thang 10 ndm 2025

Hoc vién thyc hién

=

Cao Huynh Minh Hiéu



LOI CAM ON

Trudec tién, toi xin gtri 101 tri an séu sdc dén TS. Lé Van Vang va TS. Truong Thanh
Hai, hai nguoi thay d tan tinh hudng dan, dinh huéng va hd tro toi trong sudt qua trinh
thue hién dé an tot nghiép thac si v6i dé tai “Pdnh gid dnh huéng cia thoi diém phun
nhién liéu DME va hon hop DME-DIESEL No.2 dén ddc tinh van hanh cia dong co
Diesel WP2.3/WP2.3N”. Sy tan tam, kién thirc chuyén mon sau rong va nhiing ¥ kién
dong gop quy gia cua hai thay da gitp t6i vugt qua nhiéu thir thach dé hoan thién cong
trinh nghién ctru nay.

T6i xin bay to long biét on chan thanh dén Truong Dai hoc Giao thong vén tai
Thanh phé H6 Chi Minh, dic biét 1a Vién Pao tao sau dai hoc, di cung cap diéu kién
thuan lgi vé co s& vat chat, tai liéu hoc thut va moi truong nghién cuu, tao nén tang
vitng chéc cho t6i hoan thanh dé an. Dong thoi, t6i xin cam on cac thay co trong khoa
da truyén dat nhiing kién thirc nén tang gia tri, 1a hanh trang quan trong gitp tdi thuc
hién nghién ctru nay.

T61 cling xin gui 101 cam on dén céc ban hoc vién 16p CO2301, nhiing nguoi ban
d6ng hanh da chia sé kinh nghiém, dong vién va ho trg toi trong suét hanh trinh hoc tap
va nghién ctru. Sy gan bo va tinh than doan két ciia cac ban 13 ngudn dong luc 16n lao
gitip t61 vugt qua nhitng ap luc trong qua trinh thuc hién dé an.

Cubi cung, t6i xin cam on tit ca cac ca nhan va to chirc di truc tiép hodc gian tiép
dong gop vao qua trinh thuc hién dé an, du khong thé néu tén day du. Toi hy vong rang
cong trinh nghién ctru nay s& dong gop mot phan nhoé vao su phat trién cua nganh Ky
thuat O to tai Viét Nam, dic biét trong viéc thuc déy ung dung cac loai nhién li€u thay
thé than thién véi moi trudng.

Xin tran trong cam on!
Tp. Ho Chi Minh, ngay 27 thang 10 ndm 2025.

Hoc vién

V=

Cao Huynh Minh Hiéu
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TT | TU VIET TAT GIAI NGHIA
1 BDC Bottom dead center (Diém chét duéi)
2 BSFC Brake specific fuel consumption (Sut tiéu hao nhién liéu)
3 BTDC Before top dead center (Trudc diém chét trén)
4 CO Carbon monoxide (carbon monoxit)
5 cSt Centistokes (Pon vi do d0 nhét)
6 Diesel No.2 Diesel number 2 (Nhién liéu diesel s6 2)
7 DME Dimethyl Ether (dimetyl ete)
8 EGR Exhaust gas recirculation (Hé thong tuan hoan khi thai)
0 EN 590 European standard 590 (Téu chuan nhién liéu Diesel tai
chau au)
10 | HC Hydrocarbon (hydrocarbon)
11 |LCA Lifecycle assessment (Panh gia vong doi)
12 | NOx Nitrogen oxides (oxit nito)
13 |PM Particulate matter (Mu0i than)
14 | rpm Revolutions per minute (vong/phtt)
15 | TDC Top dead center (Piém chét trén)
6 | WP23/WP23N WP2.3/WP23N diesel engine (Pong co diesel

WP2.3/WP2.3N)
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MO DAU

1. Tinh cép thiét ciia d@ tai

Trong bdi canh ngudn nhién liéu hoa thach ngay cang khan hiém va nhu cau ning
luong toan cau khong ngimg gia ting, nganh ning luong va giao thong vén tai dang dbi
mit v6i ap luc 10n trong viée tim kiém cac giai phap bén vimng. Cac quy dinh nghiém
ngit vé kiém soat khi thai, nhu tiéu chuan Euro V va VI, thiic day cic nha san xuit tim
kiém céc loai nhién liéu than thién v6i moi trudng. Dimethyl Ether (DME) ndi bat nhu
moét lua chon day trién vong nhd dic tinh chay sach, khéng chira luu huynh va kha ning
san xuét tir sinh khdi tai tao. Tuy nhién, tai Viét Nam, viéc irng dung DME gap nhiéu
tré ngai, bao gdm thiéu co so ha tang san xuat quy mo 16n, chi phi dau tu ban dau cao
(khoang 500-700 USD/tin DME so véi Diesel thong thuong), va yéu cau cai tién hé
théng phun nhién liéu do 4p suat hoi cao cia DME (5.1 bar). Do d6, nghién ctru tng
dung DME, bao gdm c4 hdn hop DME pha tron véi Diesel No.2, trén dong co pho bién
nhu WP2.3/WP2.3N la can thiét dé vuot qua cac thach thirc thuc té, nang cao hi¢u suat
van hanh va giam luong khi thai, gop phan vao chién luoc phat trién ning luong bén
viing cua Vit Nam.

Viéc tich hop DME va hén hop DME-Diesel No.2 vao dong co diesel mé ra mot
huéng tiép can day tiém ning, khong chi gitip giam thiéu tac dong dén moi trudng ma
con dam bdo hi€u qua hoat dong cua dong co. Dé khai thac tdi vu tiém nang cua DME,
can nghién ctru k¥ ludng cac yéu to k¥ thuat, trong d6 thoi diém phun nhién liéu dong
vai trd quan trong, anh hudng truc tiép dén qua trinh khoi chay, ap suat va nhiét d6 trong
budng ddt, ciing nhu hiéu qua sir dung ning luong.

Trén thé gidi, nhiéu cong trinh nghién ctru da danh gia tic dong cia DME va thoi
diém phun nhién liéu dén hiéu suat dong co. Chang han, [16] chi ra rang viéc diéu chinh
thoi diém phun hop 1y ¢6 thé cai thién qué trinh chay va giam phat thai NOx trong céc
dong co diesel sir dung DME [1]. Tuong tu, Rahman va cac déng nghiép (2020) nhin
manh rang thoi diém phun 13 yéu té c6t 16i dé téi wu hoa qua trinh chdy trong cac dong
co str dung nhién liéu thay thé [2]. Tuy nhién, cac nghién ctru ndy chi yéu tip trung vao
dong co ¢d 16n hodc dong co hang nang, chua thyc su phu hop véi cac dong co diesel
¢& nhd nhu WP2.3/WP2.3N, vén dugc st dung rdng rai tai Viét Nam.

Trong nudc, cac nghién clru vé DME con kha han ché. Mot s6 cong trinh, nhu

nghién ctru [3], dd kham ph4 tiém ning cia DME trén dong co diesel ¢& nho, nhung chu
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yéu tap trung vao van dé khi thai ma chua phan tich sdu mbi lién hé giira thoi diém phun
va cac thong s6 nhu hiéu suit nhiét, ap suét buéng dbt hay do 6n dinh van hanh [3].
Khoang tréng nghién ciru nay can duoc lap ddy, dic biét ddi v6i cac dong co phd bién
nhu WP2.3/WP2.3N.

Xuat phat tir nhitng nhu cau trén, nghién ciru “Pdnh gid dnh hwéng ciia thoi
diém phun nhién ligu DME va hon hop DME-Diesel No.2 dén diic tinh vdn hanh ciia
dgng co Diesel WP2.3/WP2.3N” duoc trién khai nham khéc phuc cac han ché cia céc
nghién ctru trude dy va cung cip co s& khoa hoc dé toi wu hoa viée st dung DME tai
Viét Nam. Nghién ctru tip trung vao viéc phan tich tic dong cia thoi diém phun dén
hiéu qua van hanh dong co, dong thoi giam thiéu khi thai doc hai dé dap tng cac tiéu
chuan moéi trudong hién hanh.

Nghién ciru ndy mang y nghia thuc tién cao khi tip trung vao dong co
WP2.3/WP2.3N, mot dong dong co dugc ting dung rong rai trong giao thong van tai va
cac nganh cong nghiép tai Viét Nam. Két qua nghién ctiru khong chi dong gép vao nén
tang 1y thuyét vé nhién liéu thay thé ma con dit co so cho viéc phat trién cac giai phap
nang lugng sach, bén vimng va than thién véi méi truong.

2. Muc dich nghién ctru ciia dé tai
2.1 Muc dich chung

Nghién ctru tip trung vao viéc phan tich anh huéng cua thoi diém phun nhién
lidu DME va hdn hop DME pha tron v6i Diesel No.2 dén cac dic tinh van hanh cia
dong co Diesel WP2.3/WP2.3N, nham nang cao hiéu qua hoat dong va giam lugng khi
thai. Muc tiéu 1 dé xuat thoi diém phun t6i wu khi st dung DME nguyén chat hoic hdn
hop DME-Diesel No.2 1am nhién liéu thay thé cho Diesel thong thuong, gop phan tdi
ru hoa hiéu sudt dong co va dap g cac tiéu chuan moi trudng.

2.2 Muc dich cu thé:

— Phan tich anh hudng cta thoi diém phun nhién liéu DME dén ap suit trong budng
ddt, nhiét do chay va hiéu qua nhiét ciia dong co, nham hiéu rd su thay doi cua
céc thong s6 nay khi diéu chinh thoi diém phun.

— DPanh gid muc tiéu thu nhién li€u va lugng khi thai (NOx, CO, PM) tuong ung
v6i cac thoi diém phun khac nhau, tir @6 xac dinh méi quan hé giita thoi diém

phun va hi¢u suat moi truong cia dong co.
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— So sanh hiéu sut van hanh va phat thai khi thai khi sir dung DME (nguyén chat
hodc pha tron vdi Diesel No.2) véi nhién li¢u Diesel No.2 va EN 590, nham danh
gi4 uu diém va han ché cia DME trong céc diéu kién van hanh.

—  Xéc dinh thoi diém phun ti wu dé nang cao hiéu qua van hanh va giam thiéu khi
thai khi str dung DME, cung cip co s& cho viéc ap dung nhién liéu nay trén dong
co Diesel WP2.3/WP2.3N.

3. P6i twong va pham vi nghién ciru
3.1 DBéi tiwgng nghién ciru:

Dé tai tip trung nghién ciru dong co Diesel WP2.3/WP2.3N, phan tich tac dong
ctia viée diéu chinh thoi diém phun nhién liéu khi sir dung Dimethyl Ether (DME), bao
g6m ca DME nguyén chat va hdn hop DME pha tron véi Diesel No.2. Nghién ciru dic
biét chu trong dén cac d3c tinh van hanh cua dong co, bao gém hi€éu qua nhiét, muc tiéu
thu nhién liéu, 4p suit trong budng ddt va lwong khi thai doc hai (CO, NOx, HC, PM).
3.2 Pham vi nghién ciru:

3.2.1. Pham vi ngi dung

Nghién ctru tip trung phan tich tac dong cta thoi diém phun nhién liéu DME,
bao gdbm DME nguyén chat va hdn hop DME pha tron v6i Diesel No.2, dén cac dic tinh
van hanh cta dong co Diesel WP2.3/WP2.3N, nham tdi wu hoa hiéu qua va giam thiéu
khi thai.
3.2.2. Pham vi khong gian

— Nghién ctru dugce tién hanh thong qua mo phong trén phan mém Diesel-RK, thay
vi thir nghiém truc tiép trén dong co thuc té.

— Trong tuong lai, néu trién khai thuc nghiém, céac thi nghiém co6 thé duoc thuc
hién tai phong thi nghiém chuyén vé dong co dot trong thudc cac trudng dai hoc
hodc co s¢ nghién ctru chuyén siu vé dong co Diesel.

3.2.3. Pham vi thoi gian

— Thoi gian thuc hién nghién ctru va md phong: Tur thang 01/2025 dén thang
07/2025

— Dt liéu st dung trong nghién ctu dugc tham khao tir cac tai li¢u va cong trinh
nghién ciru m&i nhét vé nhién liéu DME va dong co Diesel WP2.3/WP2.3N.

4. Phuwong phap nghién ciru
4.1 Phirong phép 1y thuyét:
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Nghién ciru xem xét cac tai liéu va cong trinh trudc dy vé tic dong ciia thoi diém
phun nhién liéu va viéc sir dung DME, bao gdbm DME nguyén chat va hdn hop DME
pha tron véi Diesel No.2, trong dong co Diesel. Trén co s¢ d6, xdy dung nén tang 1y
thuyét vé mdi quan hé giira thoi diém phun, nhién liéu DME va cac dic tinh van hanh
cua dong co, nhu hi¢u qua nhiét, ap suat buéng ddt, va mire khi thai.

4.2 Phuong phap nghién ciru mo phong, tinh todan:

Dua trén nén tang Iy thuyét tinh toan chu trinh van hanh cta dong co Diesel, nghién
cuu st dung phr:in mém Diesel-RK dé xac dinh cac dic tinh van hanh cua dong co
WP2.3/WP2.3N, bao gdm cac chi tiéu ning luong (hiéu qua nhiét), kinh té (muc tiéu
thu nhién li€u) va moi truong (khi thai CO, NOx, HC, PM) khi str dung nhién li¢u DME
nguyén chat hoic hon hgp DME pha tron véi Diesel No.2.

5. Co sé khoa hoc va Y nghia thue tién ciia dé tai
5.1 Co s6 khoa hoc ciia dé tai

Dé tai duoc xay dung dya trén nén tang Iy thuyét vé dong co Diesel, dic diém chay
cia DME (chi sb cetane cao, kha nang chay sach), va vai tro quan trong cta thoi diém
phun nhién li¢u trong vi¢c nang cao hiéu qua van hanh va gidm luong khi thai. Cac
nghién ctru trude day chi ra raing DME c6 thoi gian tri hodn chy ngan, doi héi diéu
chinh thoi diém phun dé dat su cAn bang giita hiéu suat va khi thai [1][2]. Tai Viét Nam,
cac cong trinh ctia Bui Vian Vinh (2018) va Nguyén Tién Han (2017) dé cung cp co s&
1y thuyét vé tng dung DME va md phong ty 1¢ pha tron cta nhién liéu DME [3][4].
Nghién ciru nay sir dung phan mém Diesel-RK dé phan tich, ké thira cac mo hinh chay
da ving, nham lap day khoang trong nghién ctru vé st dung DME, bao gdom DME
nguyén chat va hdn hop DME pha trén voi Diesel No.2, trén dong co WP2.3/WP2.3N
tai Viét Nam.

5.2 Y nghia thuc tién cia dé tdi

Nghién ctru nham nang cao hiéu qua hoat dong ctia dong co WP2.3/WP2.3N khi
sit dung DME, bao gom DME nguyén chat va hdn hop DME pha tron véi Diesel No.2,
ddng thoi giam muire tiéu thu nhién liéu va luong khi thai (NOy, CO, PM), dap tng cac
tiéu chuan moi trudng nghiém ngit nhu Euro V va VI. Két qua nghién ctru hd trg diéu
chinh hé théng phun nhién li¢u, thac déy viéc ap dung DME tai Viét Nam, gop ph?ln
gidm su phu thudc vao nhién li¢u héa thach. Do dong co WP2.3/WP2.3N dugc st dung

rong rii trong giao thong van tai va cong nghiép, nghién ciru ndy mang tinh thuc tién
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cao, dong thoi cung cép tai liéu gia tri cho cong tac ddo tao va nghién ctru trong linh vuc
ky thuat 0 to.
6. Bo cuc ciia dé tai
Ngoai cac muc nhu Muc luc, 161 cam on, 161 mo dau va phﬁn két luan... bd cuc dé
tai dugc chia lam 3 chwong chinh sau.
Chuong 1: Co s6 1y thuyét
Chuong 2: Khao sat va xdy dung mo hinh chay cua nhién liéu DME dén thong s6
cong tac cua dong co diesel WP2.3/WP2.3N
Chuong 3: Phan tich anh hudng cta thoi diém phun nhién liéu DME va hén hop
DME-DIESEL NO.2 dén dic tinh van hanh cua dong co diesel WP2.3/WP2.3N
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CHUONG 1: COSO LY THUYET

1.1. Téng quan nghién ciru
1.1.1. Cac nghién ciru ngoai nuoc

Trén thé gi6i, cong viéc nghién ciru sir dung Dimethyl Ether (DME) lam
nhién li¢u thay thé cho dong co Diesel da duoc quan tam tu rat som, dic biét trong
bbi canh yéu cau phat thai va phat trién ning luong sach ngdy cang cap thiét.
Nhiéu cong trinh d3 phén tich anh huéng cia DME dén qua trinh chay, hiéu suét
dong co va khi thai.

Theo nghién ctru ctia Wang [1] da ching minh rang cong viéc t6i wu hoa
thoi gian phun nhién liéu c6 thé gitp giam 10% phat thai NO, va nang cao hiéu
suat chay khi sir dung DME so véi Diesel No.2 trong diéu kién tai trung binh
(2000 vong/phut, tai 75%). [12] nghién ctru dong co chay tron trude (PCCI) s
dung DME cho thay hiéu suat ting 5% khi diéu chinh thoi gian phun sém 20°
trude diém chét trén (TDC), bai hat NO, ting, doi hoi ing dung hé thong tuan
hoan khi thai (EGR) dé kiém soat.

Tuong tu, nghién ctru cta [16] khang dinh rang diéu chinh thoi diém phun
hop 1y 1a yéu t6 cbt 161 dé can bang giita hiéu suat nhiét va phat thai trong cac
dong co st dung DME. [29] ciing nhin manh vai trd cua thoi diém phun nhién
liéu trong toi wru hda qua trinh chay cta cac loai nhién liéu thay thé co toc do chay
nhanh, dién hinh la DME.

Mot nghién ctru huéng dan khac tap trung vao mo phoéng qua trinh chay
bang cac phan mém chuyén dung nhu Diesel-RK, gitp giam chi phi va thir nghiém
thoi gian. [9] cho thiy rang ting ap sudt phun tir 800 1én 1200 bar gitp cai thién
su hoa trén nhién liéu-khong khi, qua d6 giam 15% luong PM. Chtng minh két
qua nay Diesel-RK 13 cong cu hiéu qua dé du doan va t6i uu hoa cac hoat dong
thong s6 khi str dung DME hoidc DME-Diesel hop 1y.

1.1.2. Cac nghién ciru trong nuoc
Tai Viét Nam, cac nghién ctru vé tmg dung DME trong dong co Diesel con

han ché, chi yéu dimg & khao sat 1y thuyét hoac mo phong.
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Nghién ciru cta [3] d4 bat dau danh gia kha ning st dung DME cho dong
co diesel ¢& nho, cho thiy giam 10% CO va 15% PM khi bd sung DME vao dudng
tai, tuy nhién nghién ctru chua phan tich anh sau cta thoi diém phun nhién liéu
dén mot sb hoat dong nhu tang cudng hay hiéu suét nhiét.

Nghién ctru [4] st dung phan mém Diesel-RK dé t6i uu hoa thoi diém phun
nhién liéu cho dong co Common Rail, két qua cho thiy ting 5% cong suét khi
phun sém 18° trudc TDC, nhung luong NOy ting 12%. Trong khi d6, Nguyén
Ptic Hung (2018) tap trung vao dong co tau thiy, chi ra rang phun sém 15° trudc
TDC giup cai thién hiéu suét nhiét 4%, song chua xem x¢&t dén nhién liéu thay thé
nhu DME.

Céc cong trinh trong nghién ctu chung chua di sau vao nghién ctu anh
huéng dong thoi cua thoi diém phun va ty 18 pha tron DME-Diesel trén cac dong
dong co c6 kich thude nho phd bién nhu WP2.3/WP2.3N, vén ¢6 vai trd quan
trong trong giao thong van tai chuyén nganh ¢ Viét Nam.

1.1,3 Ung dung ciia phdn mém Diesel-RK trong cdc nghién ciru khoa hoc vé dong co
Diesel

Phan mém Diesel-RK da dugc sir dung rong rii trong cac nghién ctru khoa hoc
vé dong co Diesel trén toan ciu cling nhu tai Viét Nam, tap trung vao danh gia hi¢u Sut,
t61 wu hoa cac thong sb van hanh, va giam thiéu phat thai. Cac nghién ciru nay khong
chi khang dinh tinh hiéu qua cta Diesel-RK ma con cung cip dir liéu tham chiéu quan
trong cho viéc nghién ciru dong co WP2.3/WP2.3N. Dudi day la tong quan vé mot s6
cong trinh tiéu biéu sir dung Diesel-RK, bao gdm cac két qua ndi bat va bai hoc tung
dung.

a. Nghién ciru qudc té st dung Diesel-RK

Wang et al. (2014): M6 phong dong co Diesel st dung DME cho thay viéc tdi
vu hoa thoi diém phun nhién liéu gitp ning cao hiéu qua chay va giam 10% luong NOy
so voi Diesel No.2 trong diéu kién tai trung binh (2000 vong/phut, tai 75%) [1].

Kiplimo et al. (2012): Phan tich dong co PCCI cho thay viéc ting ap suat phun
tor 800 bar 1én 1200 bar gitp gidm 15% lugng PM nho cai thién sy hoa tron nhién li¢u-

khong khi [9].



Song et al. (2004): Nghién ctru dong co chay trude (PCCI) st dung DME cho
thdy rang phun sém 20° truéc TDC lam ting Nox, nhung can sir dung hé théng tuin
hoan khi thai (EGR) dé kiém soat NOx [12].

b. Nghién ctru trong nudc st dung Diesel-RK

Buii va Nguyén (2018): M6 phong dong co Diesel dung tich nho véi viéc bo sung
DME vao dudng nap, két qua cho thiy giam 10% CO va 15% PM tai toc do 2000
vong/phut [3].

Nguyé~n T.H. (2017): Tbi wu hoa thdi diém phun nhién li€u tai 18° truéc TDC
trén dong co Common Rail, din dén ting cong suat 5%, nhung luong NOy ting 12%
[4].

Nguyén D.H. (2018): Phan tich anh hudng cia cac thong sd phun nhién liéu dén
qua trinh chdy va phat thai trén dong co Diesel tau thuy, cho thdy phun sém 15° trude
TDC cai thién hiéu suét nhiét 4% [5].

Bang 1.1: Bang so sanh cac nghién ciru trén phin mém Diesel-RK

Nghién ctru Pong co Théng s6 nghién ciru Két qua noi bat
Wang et al. ,
Diesel DME Thoi diém phun Giam NOx 10%
(2014)
Kiplimo et al. Ap suat phun (800-
PCCI Diesel Giam PM 15%
(2012) 1200 bar)
Song et al. Phun sém 20° truéce ‘ ,
PCCI DME Tang hiéu suat 5%
(2004) TDC
Bui & Nguyén . Giam CO 10%, PM
Diesel nhé DME b6 sung
(2018) 15%
Nguyén T.H. Diesel Phun sém 18° trudc Tang cong suat 5%,
(2017) Common Rail TDC NOx tang 12%
Nguyén D.H. Diesel tau Phun sém 15° trudc . ,
Tang hi¢u suat 4%
(2018) thuy TDC

Nguon: Tong hop tir [1], [3], [4], [5], [9], [12], [16]
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1.1.4. Péanh gid két qua dat dwoc va khodng trong nghién ciru

Céc nghién ctru qubc té da chimg minh tinh vu viét cia DME: chi sd cetane
cao, chay sach, khong tao mudi than va giam dang ké NO,. Pong thoi, viéc mo
phong bang Diesel-RK da dugc xac nhan 13 phuong phap dang tin cdy, sai s6 nho
hon 5% so véi trai nghiém. Tuy nhién, phan 16n céng trinh tap trung vao dong co
hang nang hodc dong co cong nghiép, trong khi cac co s¢ kich thudc nhé — dac
biét 1a dong WP2.3/WP2.3N — chua duogc nghién ctru dy di.

O Viét Nam, du da c6 mot sd nghién ctru budc dau vé DME, nhung nhin
chung van ton tai & cac gidi han chinh:

Chua c6 nghién ctru ndo két hop gitta mo phong Diesel-RK va anh hudng
phan tich cta thoi diém phun khi str dung hdn hop nhién liéu DME-Diesel No.2.

Céc nghién ctru hién c6 mai tap trung vao khi thai, chua dugce danh gia toan
dién vé cac thong sd van hanh nhu 4p dung d6t d6t, hiéu suat nhiét, hay tiéu thu
nhién li€u.

Dong co WP2.3/WP2.3N — loai dong co thong dung trong cong nghi¢p va
giao thong Viét Nam — chwa duoc khao sat trong bdi canh tng dung DME.

Chinh nhiing han ché trén viéc tao ra khoang tréng nghién ctru quan trong
ma dé tai nay huéng din dén diy du. nghién ctru s& tap trung mo phong va nghién
ctru danh gid tac dong cua thoi gian phun nhién liéu DME va chanh hgp DME-
Diesel No.2 dén dic tinh van hanh cta dong co Diesel WP2.3/WP2.3N, nham tdi
ru hoa hiéu suit, phat giam thai va xuét ra cac giai phap tmg dung thuc té phu
hop diéu kién Viét Nam.
1.2. Co s& ly thuyét
1.2.1 Nguyén ly hoat dong cua dong co Diesel WP2.3/WP2.3N

bong co Diesel WP2.3/WP2.3N la loai dong co 4 ky, ¢& nho, dugc thiét ké dé
phuc vu cac phuong tién giao thong nhu xe tai nhe, xe buyt ¢d nho, cling nhu cac ung
dung trong linh vuc cong nghi¢p va hang hai tai Viét Nam. Dong co nay hoat dong theo
nguyén 1y chay do nén, trong d6 khong khi dugc nén dén ap suit cao (40-50 bar) va
nhiét d6 ting manh (500-700°C) trong xy-lanh nhd ty sé nén 17:1, tao diéu kién cho
nhién liu, chéng han nhu DME nguyén chat hodc hdn hop DME-Diesel No.2, phun truc
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tiép vao budng ddt va tu bdc chay ma khong can hé thong danh lira nhu dong co xing

[6].

WEICHAI

Hinh 1.1: Pong co WP2.3/WP2.3N
Nguon: WEICHAI Viét Nam
CAu trac cta dong co WP2.3/WP2.3N bao gom 4 xy-lanh thang hang, hé théng
bom phun nhién liéu cao ap (ap suat 22 MPa), va tity chon turbo ting ap dé cai thién
cong suit. Hé thong 1am mat bang dung dich dam bao dong co hoat dong 6n dinh trong
diéu kién tai cao. Cac thong sb k¥ thuat chi tiét dugc trinh bay trong (Bdng 1.1), cung
cAp cai nhin tong quan vé thiét ké va kha niang van hanh cua dong co.

Bang 1.2: Thong so k¥ thuit ciia ddng co WP2.3/WP2.3N

Cic thong sb Gia tri
Ma bong co WP2.3/WP2.3N
S6 Xylanh 4
Buong kinh Xy-lanh (mm) 89
Hanh trinh piston (mm) 92
Thé tich c6ng tac (cm?) 2289
Ty s6 nén 17:1
Cong suat dinh muc (kW/rpm) 88/3200
Momen cyc dai (Nm/rpm) 320/2400
Thu tu cong tac cuia xylanh 1-3-4-2
Khe hé xupap (Nap — xa) 0.25-0.30
Thoi diém phun nhién liéu trudc diém chét trén (BTDC) ~12°
Ap suat phun nhién liéu (MPa) 22
S6 xéc mang khi 2
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S6 xéc mang dau 1

Chiéu dai Thanh Truyén (mm) 154
S6 voi phun trén 1 xy-lanh 1
S6 16 phun trén 1 voi phun 6
DPuong kinh 16 phun (mm) ~0.2
Chiéu dai duong nap (mm) ~ 300
Puong kinh ¢6 nap (mm) 55
S6 xupap nap trén 1 xy-lanh 2
Chiéu dai duong x4 (mm) ~350
Pudng kinh ¢6 x4 (mm) 50
S6 xupap xa trén 1 xy-lanh 2
Xupap Nap:
pap Nap 120
+ Mé sém:
40°
+ Dbong mudn
Xupap Xa:
pap 45°
+ M6 som:
10°
+ Dbong mudn
Suat tiéu thy nhién liu (g/kWh) 200-203
Hé thong 1am mat Dung dich
Ti s6 4p suat ting ap 1.5 -2.5:1

Nguon: WEICHAI Viét Nam
Chu trinh hoat dong cua dong co WP2.3/WP2.3N bao gém 4 ky:

Ky nap:

Khoéng khi duoc hiit vao xy-lanh qua van nap khi piston di chuyén tir diém chét
trén (TDC) xudng diém chét dudi (BDC). Ap suét trong giai doan niy dao dong tir 0.9
dén 1 bar, tuy thudc vao diéu kién méi truong va hiéu qua cua hé thong turbo ting ap.

Ky nén:

Piston nén khong khi véi ty sé nén 17:1, lam 4p suét ting 1én 40—50 bar va nhiét
d6 dat 500—700°C, tao diéu kién dé nhién liéu, chéng han nhu DME nguyén chét hoic
hdn hop DME-Diesel No.2, ty boc chay khi duoc phun vao budng dbt.

Ky no:

Nhién liéu duge phun tryc tiép vao budng dét gan TDC, thudng trong khoang 10°—
25° trude TDC. Qua trinh chéy tao ap suit cyc dai tir 70-100 bar, déy piston xuéng BDC

dé sinh cong. Theo nghién ciru ciia [3] phun nhién liéu tai 20° trudec TDC c¢6 thé nang



12

ap sut cuc dai 1én 90—100 bar, ting cong suat khoang 5-10%, nhung dong thoi lam
tang lugng NOx thai ra khoang 15-20% do nhiét do chay cao [6].

Ky xa:

Khi thai, v6i nhiét d6 tir 400-600°C, duoc day ra ngoai qua van x4 khi piston trd
lai TDC, sin sang cho chu trinh tiép theo.

Thoi diém phun nhién liéu dong vai tro quyét dinh ddi voi hiéu qua van hanh va
murc khi thai cua dong co. Phun sém hon (vi dy, 20°-25° trudc TDC) giup nhién li¢u
hoa tron tét hon véi khong khi, nang cao hiéu qua chdy va cong suit, nhung 1am ting
nhiét do trong buéng ddt, dan dén sy hinh thanh NO,. Nguoc lai, phun mudn hon (5°—
10° truéec TDC) giam ap suét cuc dai xuéng 60—70 bar, han ché NO, nhung lam tdng
khi thai HC va CO do qua trinh chay khong hoan toan [6]. Do ddc tinh chay nhanh va
thoi gian tri hodn chay ngin ctia DME, viéc diéu chinh thoi diém phun khi st dung DME
hodc hdn hgp DME-Diesel No.2 trén dong co WP2.3/WP2.3N doi hoi nghién ciru k¥
ludng dé t6i wu hoa hiéu suat va giam thiéu khi thai.

1.2.2 Téng quan vé nhién liéu trén dong co Diesel No.2
a. Tong quan vé nhién liéu Diesel No.2 va DME

Diesel No.2, loai nhién liéu truyén théng phd bién cho dong co Diesel, duoc ché
xudt tir ddu moé véi thanh phan chu yéu 1a hydrocarbon (C10—C22). Vi chi s6 cetane tir
40-50, Diesel No.2 dam bao kha nang tu boc chay hiéu qud, nhung van chira luu huynh
(du giam con dudi 10 ppm theo tiéu chuan EN 590) va tao ra cac chat gay 6 nhiém nhu
mudi than (PM), NOx, CO va HC trong qua trinh chdy [10]. Trong bdi canh ngudn nhién
liéu hoa thach ngay cang khan hiém va cac tiéu chuan khi thai ngay cang khat khe (Euro
V, Euro VI), cc nhién liéu thay thé nhu Dimethyl Ether (DME), bao gom DME nguyén
chét va hdn hop DME-Diesel No.2, dang duoc nghién ctru va Gmg dung rong rii dé dap
g yéu cau vé moi trudng va hiéu suat.

Dimethyl Ether (DME, CH;0CH3), mot hop chat ether don gian, ¢ thé dugc san
xuat tir khi tu nhién, than da hodc sinh khéi tai tao, mang lai tiém nang bén vitng cao.
Theo Park va Lee (2013), DME s¢ hiru nhiéu vu diém ndi bat: chi sb cetane cao (55—
60), khong chira luu huynh, chay sach (hau nhu khéng sinh mudi than PM), va than

thién v6i mdi trudng [10]. Tuy nhién, DME ciing d6i mit v6i mot s6 thach thirc:
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— Mait d6 niing lwong thap: Chi dat 28.8 MJ/kg so véi 42.5 MJ/kg cta Diesel No.2,
doi hoi phun thé tich DME 16n hon khoang 1.5-2 1an dé dat cong suat twong duong
[10].

— Ap suit hoi cao: O mirc 5.1 bar tai 20°C, yéu cau hé théng phun nhién liéu dugc
thiét ké dic biét dé ngan ngira ro ri [10].

— Po nhét thap: Chi 0.1-0.2 ¢St so véi 2—4.5 ¢St ctia Diesel No.2, ddn dén can cai

tién bom nhién liéu va voi phun dé dam bao hiéu qua [10].

Hinh 1.2: Céu triic phan tir DME
Nguon: Nguyén Huy Chién, Nguyén Phi Truwong, Nguyén Ha Hiép (2016)

Theo Park va Lee (2013), DME c6 téc do bay hoi nhanh gap 10—15 lan so véi
Diesel No.2 nho ap suat hoi cao, din dén thoi gian tri hodn chdy ngin hon (0.5—1 ms so
v6i 1-2 ms cua Diesel No.2) [10]. Pic diém nay khién qua trinh chay dién ra sém va
manh mé& hon, dac biét trong buéng ddt ¢& nho nhu cua dong co WP2.3/WP2.3N (0.5—
0.6 lit/xy-lanh), doi hoi diéu chinh thoi diém phun nhién liéu dé t6i uu hoa hiéu qua van
hanh va giam lugng khi thai. [1] ciing chi ra rang, khi thoi diém phun dugc tinh chinh
phtt hop, DME cai thién hiéu qua chay va c6 thé giam phat thai NOx khoang 10% so véi
Diesel No.2 trong mét s diéu kién van hanh [1], dic biét khi sir dung DME nguyén chat
hoic hon hop DME-Diesel No.2.
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DME Diesel No.2

Loai nhién liéu
@ Thoi gian tri hodn chay (ms)
Hinh 1.3: Biéu @6 nay minh hoa thoi gian tri hoin chay trung binh ciia DME (0.75
ms, lé"ty trung binh tir 0.5-1 ms) so véi Diesel No.2 (1.5 ms, lé"ly trung binh tir 1-2 ms)
Nguon: Tong hop tir nghién civu ciia Park va Lee (2013) [10].

Bang 1.3: So sanh dac tinh hoa ly caa Diesel No.2 va DME

DME
Pac tinh Diesel No.2 (Dimethyl Ghi chu
Ether)
Cong thirc hoa | Hydrocarbon Diesel No.2 1a hon hop hydrocarbon
CH;0CH; _
hoc (C10-C22) phuc tap; DME la ether don gian
DME c6 kha ning ty boc chay tot
Chi sb cetane 40-50 55-60 hon, gidm thoi gian tri hoan chay
[10]
DME yéu cau thé tich phun 16n hon
Mat dd ning N .
42.5 28.8 1.5-2 lan dé dat cong suat tuong
lwgng (MJ/kg)
duong [10].
Mat d¢ (kg/m3, & £20.860 668 (1ong, & 4p | DME nhe hon, anh huéng dén hé
20°C) sut 5.1 bar) | thong phun nhién liéu
Po nhot (cSt, & Do nhét thap cia DME doi hoi cai
2-4.5 0.1-0.2 ., ‘
40°C) tién bom va voi phun [10].
Ap suit hoi (bar, 0.01 - Ap suit hoi cao cia DME yéu cau
<0. . ]
0 20°C) hé thong phun kin, tranh ro ri [10].




15

Ham luwgng lvu | <10 (theo EN 0 DME khong tao mudi than (PM),
huynh (ppm) 590) than thién v&i moi truong [10].
, DME chay ¢ nhiét do tuong duong
Nhiét do tu boc ‘
210-250 235-350 hodc cao hon, phu hop voi1 dong co
chiy (°C) .
Diesel.
Giam PM (~0), o
. Tao NOx, ‘ DME chay sach hon, dac biét giam
Thanh phan khi NOy giam . )
CO, HC, PM , PM va NOx trong diéu kién toi uu
thai ~10%, thap CO,
cao [1].
HC
Khi tu nhién, .
. i . ) DME c6 tinh bén viing cao hon nho
Nguon san xuat Dau mé than, sinh khoi N |
_ nguodn sinh khoi [10].
tai tao

Nguon: Tong hop tir [1], [6], [8], [10]

So véi Diesel No.2, DME khong chi giam dang ké khi thai PM va SOx ma con
nang cao hiéu qua chay nho chi sé cetane cao (55-60). Tuy nhién, dé 4p dung DME,
bao gébm DME nguyén chat va hdn hop DME-Diesel No.2, trén dong co
WP2.3/WP2.3N, can nghién ctru k¥ ludng vé thoi diém phun nhién liéu nham dat duoc
su can bang toi wu gitra hiéu qua nhiét, mc tiéu thy nhién lidu, va lwong khi thai NOj,
CO, HC.
b. Kha nang pha tron DME véi céc nhién liéu khac

Str dung DME nguyén chit trén dong co Diesel nhu WP2.3/WP2.3N yéu ciu
nang cap hé thong phun nhién liéu do ap suat hoi cao (5.1 bar) va do nhét thap (0.1-0.2
cSt). Bé khai thac cac wu diém ctia DME, nhu chi sb cetane cao (55-60) va kha ning
chay sach, déng thoi dam bao tuong thich voi dong co hién c6, DME co6 thé duoc pha
tron véi Diesel No.2 hodc biodiesel theo cac ty 1€ phu hop. Trong nghién ctru nay, cac
hdn hop chira 20% va 25% DME véi Diesel No.2 s& duoc mo phong trén phan mém
Diesel-RK dé phan tich anh hudng dén hiéu qua van hanh va muec khi thai.

— Pha tron véi Diesel No.2: [10] hon hop chia 20% DME véi Diesel No.2 giam
luong khi thai PM dén 30% va NOx khoang 5-10%, nhd ham lugng oxy cao
(34.8%) va thoi gian tri hodn chay ngan ctia DME (0.5-1 ms) [10]. Hon hop nay
nang cao hiéu qua chdy, ting ap suat budng dét khoang 5-7% khi phun nhién liéu
tai 15° trudc TDC, nhung can bo sung phu gia boi tron dé khac phuc do nhét thap
cia DME [6]. Véi ty 1& pha tron 20-25% DME, dong co WP2.3/WP2.3N c¢6 thé
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hoat dong hiéu qua ma khong can cai tién dang ké hé thong phun nhién ligu, phu
hop véi ha tﬁng Diesel hién co6 tai Viét Nam.

— Pha tron véi Biodiesel: [1] cho thdy hdn hop 10-20% DME véi biodiesel (ching
han methyl ester tir dau co) giam PM khoang 25% va NOx tir 5-8%, nhd ham
luong oxy cao cua ca hai nhién li¢u [1]. B§ nhdt cao cua biodiesel (4-6 cSt) bu
dap cho d6 nhét thap cia DME, gitp bao vé bom va voi phun nhién liéu. Tuy
nhién, mat d6 ning luong cta hdn hop (khoang 35-37 MJ/kg) thap hon Diesel
No.2, dan dén giam cong suat khoang 7—10%, doi hoi diéu chinh thoi diém phun
nhién liéu (10°-20° truéc TDC) dé tdi wu hoa hiéu qua van hanh [10]. Hon hop
DME-biodiesel phii hop v6i chién luge phat trién nhién liéu tai tao tai Viét Nam,

dac biét trong cac ung dung nong nghiép.

100

PM (don vi twong d6i)

Diesel No.2 20% DME-Diesel No.2 20% DME-Biodiesel

Loai nhién liéu

@ Khi thai PM (don vi twong dbi)

Hinh 1.4: So sanh mirc khi thai PM (don vi twong doi) ciia Diesel No.2, 20%
DME-Diesel No.2, va 20% DME-Biodiesel
Nguon: Dit liéu diea trén [10], [1]
Pha tron DME vd6i Diesel No.2 hodc biodiesel khong chi gidm luong khi thai
(PM, NOy, CO) ma con tan dung dugc ha tﬁng nhién li€u hién tai, tao thuan loi cho viéc
4p dung DME trén dong co WP2.3/WP2.3N. C4c hon hgp chira 20% va 25% DME sé&
duoc phan tich k¥ ludng qua mo phong Diesel-RK dé danh gia hiéu qua nhiét (du kién
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dat 37-39%) va muc khi thai, cung cép dit liéu khoa hoc dé tdi wu hoa hé théng phun
nhién liéu.
1.2.3 Qud trinh chay bén trong dong co Diesel

Qua trinh d6t chay trong dong co Diesel 1a mot hién twong phirc tap, dong vai trd
then chét trong viéc bién ddi nang lwong héa hoc tir nhién liéu thanh céng co hoc nhim
van hanh dong co. Pong co Diesel hoat dong theo nguyén 1y tr boc chay do nén, trong
d6 khong khi dugc ép chat dén ap suat va nhiét do cao trong xy-lanh, sau d6 nhién liéu
duge phun truc tiép vao budng ddt va tu chay ma khong can hé thdng danh Lira nhu ¢
dong co xing. Qua trinh ndy duoc chia thanh bdn giai doan riéng biét, mdi giai doan
mang dic trung riéng, anh hudéng dén hiéu qua van hanh, cong suat va luong khi thai
clia dong co [20]. Viéc 4p dung nhién liéu thay thé nhu DME, dudi dang nguyén chat
hoic pha tron véi Diesel No.2, doi hoi diéu chinh thoi diém phun dé tdi uu hoa hiéu suét
trén dong co WP2.3/WP2.3N.
a. Giai doan tré chdy (ignition delay)

Giai doan tré chay duoc xac dinh 1a khoang thoi gian tir khi nhién liéu duoc phun
vao budng dbt dén khi qua trinh dot chay khai phéat. Vi nhién liéu Diesel No.2, khoang
thoi gian ndy thuong dao dong tir 1 dén 2 ms, trong khi véi DME (dimethyl ether), thoi
gian tré chdy ngan hon dang ké, tir 0.5 dén 1 ms, nho vao chi sd cetane cao hon (55-60)
[1, 10]. Mot s6 yéu t6 chinh anh huong dén giai doan tré chay bao gdom:

- Chi s0 cetane ciia nhién liéu: DME, véi chi s6 cetane tir 55 dén 60, gitp giam
thoi gian tré chay so véi Diesel No.2 thong thuong (chi sb cetane 40-50) [1].

- Ap suit va nhiét @ trong budong dot: Pong co WP2.3/WP2.3N, véi ty s nén
17:1, tao ra ap suat tir 40 dén 50 bar va nhiét d6 tir 500 dén 700°C, gop phan thu
hep thoi gian tré chay [6].

- Thoi diém phun (injection timing): Khi phun nhién liéu sém (25° trude diém
chét trén - TDC), thoi gian tré chay kéo dai do nhién liéu can thém thoi gian dé
hoa tron véi khong khi. Nguoce lai, phun mudn (5° trude TDC) lam giam thoi
gian nay [6].

- Tinh trang khéong khi: Nhiét d6 thap hodc d6 am cao c6 thé lam ting thoi gian
tré chay.

Trong diéu kién van hanh thuc té ctia dong co WP2.3/WP2.3N (tbc d6 quay 2000-
3000 vong/phut, tai tir 50-100%), thoi gian tré chay cia DME dao dong tir 0.5 dén 0.8
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ms tai tbc d6 2000 vong/phit va tai 75%, ngan hon khoang 20-30% so v&i Diesel No.2
[6]. Néu thoi gian tré chay kéo dai qua mirc, lwong nhién liéu tich tu trong budng dot
tang, dan dén qua trinh chay dot ngot, gy ap suat cuc dai cao (c6 thé dat 110 bar) va
hién tuong "knocking" [11]. Véi DME, do thoi gian tré chdy ngin hon, nguy co chay
som ting, doi hoi diéu chinh chinh xé4c thdi diém phun nhién liéu dé dam bao ap suat
cuc dai khong vuot qua gidi han thiét ké cua dong co WP2.3/WP2.3N (100-120 bar).
b. Giai doan chay nhanh (premixed combustion)

Sau khi vuot qua ngudng tu chay, hdn hop nhién liéu va khong khi tich lily trong
giai doan tré chay bdc chay manh m¢, tao ra ap suit cuc dai tir 70 dén 100 bar va nhiét
do tir 2000 dén 2200°C [6]. DAy la giai doan chinh tao ra cong suat, dong gop khoang
30-40% tong nang luong tir qua trinh chay. Cac dic trung chinh cia giai doan nay bao
gom:

- Ap suit cwe dai: Pugc quyét dinh boi lugng nhién liéu tich tu trong giai doan
tré chay va thoi diém phun nhién liéu. Khi phun sém & 20° truéc diém chét trén
(TDC), ap suat cuc dai dat 90-100 bar, gitip ting cong suat dong co tir 5 dén 10%
[6].

- Nhiét do cao: Nhiét do trong khoang 2000-2200°C kich thich phan trng hda hoc
giita nito va oxy, dan dén su hinh thanh NOx, v6i mitc tang 15-20% khi ap dung
phun sém [6].

- Téc @) chay: Qua trinh chay dién ra nhanh chéng trong khoang 1-2 ms, phu
thudc vao muc do hoa tron gitra nhién liéu va khong khi trude do.

Khi str dung DME, tdc d bay hoi nhanh va thoi gian tré chay ngin khién giai
doan chay nhanh dién ra manh hon, dan dén ap suit cuc dai cao hon (95-100 bar tai
3000 vong/phit va tai 100%). Tuy nhién, diéu ndy ciing 1am gia ting luong NOx néu
thoi diém phun nhién liéu khong duge diéu chinh phi hop [1]. Theo nghién ctru cua [1],
viéc toi wu hoa thoi diém phun véi DME c6 thé giam 10% lugng NOy tai toc d6 2000
vong/phut va tai tir 50 dén 75% [1].

c. Giai doan chay khuéch tan (diffusion combustion)

Sau giai doan chay nhanh, nhién liéu tiép tuc duoc dua vao budng dot, hoa tron
v6i lwong khong khi con lai va chay theo co ché khuéch tan. Giai doan nay kéo dai tir 5
dén 10 ms, dong goép khoang 60—70% tdng ning lwong tir qua trinh chdy, va chiu anh

hudng cua cac yéu to chinh sau:
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— Téc @ phun nhién ligu: Ap suat phun cao (tir 200 dén 1200 bar) tao ra cic tia
nhién liéu min, nang cao hiéu suét cua qua trinh chay khuéch tan [6].

— Luwong oxy con lai: Khi lugng oxy trong budng dot khong du, qua trinh chay
din ra khong hoan toan, dan dén sy hinh thanh hat vat chat (PM) voi muec 0.1—
0.5 g/lkWh va khi CO [11].

— Hinh dang budng d6t: Thiét ké budng ddt, chang han nhu kiéu xoay (swirl
chamber) hodc phun truc tiép (direct injection), anh hudng dang ké dén mirc do
hoa tron gitra nhién li¢u va khong khi.

Néu qua trinh chay khuéch tan khong duoc toi vu, dic biét khi goc phun nhién
liéu khong phu hop, luong PM va CO s€ tang lén. Theo nghién ctru cua [9] viéc nang ap
suat phun tir 800 bar 18n 1200 bar c6 thé giam khoang 15% luong PM nho cai thién su
hoa tron, tai toc do 2000 vong/phut va tai 50% [9]. Véi DME, qua trinh chay khuéch tan
dién ra hiéu qua hon do tdc d6 bay hoi nhanh, nhung can diéu chinh chinh xac thoi diém
phun (tir 10° dén 15° trude diém chét trén - TDC) dé giam thiéu luong CO va HC, dic
biét trong cac diéu kién tai cao trén dong co WP2.3/WP2.3N [1].

d. Giai doan chdy mudn (Late Combustion)

Giai doan chay muon dién ra khi phén nhién liéu con sét lai hodc cac san phém

chay chua hoan thién (nhu hydrocarbon va mudi than) tiép tuc phan tng chay & didu

kién &p suat va nhiét do thip hon, dao dong tir 50 dén 70 bar va 1500 dén 1800°C. Giai
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chay, nhung c6 tic dong dang ké dén muc phat thai. Cac dic trung chinh bao gdm:

— Chay khong hoan toan: Su thiéu hut oxy hodc nhiét d6 thap trong budng dot

dan dén su gia ting hat vat chit (PM), CO va hydrocarbon (HC).

— Anh huéng thiét ké: Cau tric budng dot va hé thong tuan hoan khi thai (EGR)

c6 thé giam thiéu PM va NOx, nhung can duoc tdi uru hoa dé han ché sy gia ting

CO va HC.

— DME: Nho kha nang bay hoi nhanh, DME gitp giam lugng PM trong giai doan

chay mudn, nhung van yéu cau di€u chinh chinh xac thoi diém phun nhién liéu

dé t6i uvu hoa qua trinh chay [1].

Neéu giai doan chdy mudn khong dugc to1 vu, hi¢u suat nhiét cua dong co c6 thé

giam va luong phat thai tang, dic biét trong cac diéu kién van hanh o tai thap hoic toc

d6 quay thap.

Bang 1.4: So sanh dac tinh cac giai doan cia sy chay bén trong dong co

Thoi gian | | , Phat thai
Giai doan Ap suat (bar) | Nhiét do (°C)
(ms) chinh
Tré chay 1-2 40-50 500-700 -
Chay nhanh 1-2 70-100 2000-2200 NOx
Chay khuéch tan | 5-10 50-70 1500-1800 PM, CO, HC
Chay mudn 5-15 50-70 1500-1800 PM, CO, HC

Cdc yéu té anh hwéng dén qud trinh chdy

Qua trinh chéy trong dong co d6t trong chiu anh hudng tir nhiéu yéu t6 then chot,
tac dong dén ca bon giai doan chdy (tré chay, chay nhanh, chay khuéch tan, va chay
mudn). Cac yéu t6 chinh bao gém:

Thoi diém phun: Pay 1a yéu té quan trong quyét dinh hiéu sudt va phat thai.
Phun nhién liéu sém & 25° trude diém chét trén (TDC) 1am ting 4p sudt cuc dai tir 10
dén 15% va nang hi¢u suat nhiét tir 5 dén 7%, nhung dong thoi lam ting lugng NO

khoang 20%. Nguoc lai, phun mudn & 5° truéec TDC giam NOx tir 10 dén 15%, nhung

Nguon: Tong hop tir [6], [9], [11]

lam gia tang lugng PM va CO khoang 15-20% [6, 11].
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Ty s6 nén: Ty s6 nén cao, chang han 17:1, lam ting ap sudt va nhiét do trong
budng dbt, cai thién qua trinh chdy nhung dong thoi gia ting tai nhiét 1én cac thanh phan
xy-lanh.

Ap suét phun: Hé théng Common Rail v6i 4p suét tir 1000 dén 1200 bar tao ra
cac tia nhién liéu min hon so v61 bom cao ap co khi (200—400 bar), qua d6 nang cao
hiéu qua cta qua trinh chay khuéch tan [12].

Turbo ting ap: Turbo ting ap lam tang luong khong khi cung cip vao budng
dét, cai thién qué trinh chay va giam luong PM. Tuy nhién, néu nhiét d6 khong dugc
kiém so4t chit ché, NOx c6 thé tang [13].

Trong cac dong co Diesel dung tich nhé (2-3 lit) dugc st dung trén xe tai nhe,
ap suit cuc dai thuong dat 80—90 bar va nhiét o chay khoang 2000°C & ché d6 tai trung
binh (2000 vong/phut). Néu thoi diém phun nhién liéu khong duoc ti wu, hiéu suat nhiét
c6 thé giam tir 38—40% xudng con 35-36%, dong thoi lam ting phat thai PM va NO
[6]. Dbi voi dong co WP2.3/WP2.3N (toc do t6i da 3000-3600 vong/phit, dung tich
budng dbt 0.5-0.6 lit/xy-lanh), qua trinh chay dic biét nhay cam véi thoi diém phun
nhién liéu, doi héi nghién ctru ky ludng dé t6i uu hoa hicu suat va giam thiéu phat thai.
1.2.4 Phian mém Diesel-RK va itng dung trong nghién civu dong co

Diesel-RK 1a mot cong cu mo phong nhiét dong hoc tién tién, duoc phat trién boi
bai hoc K¥ thuat Quéc gia Bauman, Nga, nham hd tro cac nghién clru va phat trién lién
quan dén dong co Diesel. Phan mém nay c6 kha ning tai tao cac qua trinh vat Iy va hoa
hoc phtic tap dién ra trong budng d6t, cho phép phan tich hiéu suit dong co, tdi wu hoa
cac thong s6 van hanh, va du doan murc phat thai ma khong can thuc hién cac thi nghiém
thuc té ton kém. Diesel-RK ap dung mé hinh chdy da ving (multi-zone combustion
model), tich hop cac phuong trinh dong luc hoc héa hoc va khi dong hoc dé mé phong
chinh xéc cac qua trinh chay.

a. Co ché hoat dong va tinh ning ctia phin mém Diesel-RK

Phan mém Diesel-RK hoat dong dwra trén nén tang mé phong nhiét dong hoc, tich
hop céc phuong trinh vat 1y va hoa hoc co ban dé tai hién chu trinh van hanh cta dong
co Diesel. Cac thanh phan chinh ctia phdn mém bao gom:

— Mo hinh phun nhién li€u: M6 t4 qua trinh phun nhién liéu duéi dang céc tia
long, qué trinh bay hoi, va sy hoa tron voi khong khi, dua trén cac thong s6 nhu

ap suat phun (tir 200 dén 1500 bar) va cau hinh voi phun.
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M6 hinh chdy ddng hoc: Ap dung cac phuong phap dong hoc héa hoc dé tinh
toan téc dd phan tmg chay, tir d6 du doan cac gia tri 4p sudt va nhiét do tai timg
giai doan trong chu trinh cong tac.

Tinh toan khi dong hoc: Danh gia cac dong khi trong budng dbt, bao gém cac
hiéu tng xody (swirl) va rdi (turbulence), tac dong dén murc do hoa tron giira
nhién li¢u va khong khi.

Giao dién linh hoat: Cho phép ngudi dung nhip céc thong s6 dong co nhu dung
tich, ty s6 nén, va tbc do quay, dong thoi cung cip két qua dudi dang biéu dd (ap
sut theo goc quay truc khuyu) hodc bang dit liéu sd.

D0 chinh x4c ctuia Diesel-RK dugc dam bao véi sai s6 ap suat cuc dai dao dong

trong khoang 4-5% so vo1 dir liéu thuc nghiém, nhung phu thude vao chét luong dit liéu

dau vao. Khi str dung DME, cac thong s6 nhu hé sd bay hoi (thap hon 30-50% so véi

Diesel No.2) va hé s6 ton that nhiét (0.1-0.2) can duge diéu chinh can than dé giam

thi€u sai sO.

b. Loi ich va han ché ctia phdn mém Diesel-RK trong nghién ctru dong co

Phan mém Diesel-RK mang lai nhiéu gia tri thiét thuc cho viée nghién ctru va

phat trién dong co Diesel, vé1 cac vu diém noi bat sau:

Mo phong da kich ban: Diesel-RK cho phép thuc hién cac mé phong trong nhiéu
diéu kién van hanh khac nhau (toc do quay tir 1000 dén 4000 vong/phut, tai tir 25
dén 100%) trong thdi gian ngin, thay thé cho cac thir nghiém thuc té kéo dai hang
tuan.

Phén tich chi tiét thong s6: Phin mém cung cdp dit liéu chuyén sau vé cac dai
lugng nhu ap suét tai 5° trude diém chét trén (TDC), nhiét do tai diém chay cuc
dai, hoac ty 1€ hoa troén nhién li€u-khong khi, von kho do luong truc tiép bﬁng
cac cam bién thong thuong.

Hb tro thiét ké dong co: Diesel-RK cho phép danh gia tac dong ciia cac thay doi
thiét ké, chfmg han nhu hinh dang buéng ddt hodc ty s6 nén, ma khong can ché
tao nguyén mau thyc té.

Giam thiéu rai ro: Phan mém hd trg mo phdng céac diéu kién van hanh khéc nghiét
(vi du: ap suét phun 1én dén 2000 bar, nhiét ¢ dat 2200°C) ma khong gy hu hai

cho dong co thuc té.
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Vi dy, trong nghién ctru mot dong co Diesel 2.0 lit, Diesel-RK du doéan ap suat
cuc dai ting tir 75 bar (ty s6 nén 16:1) 1én 90 bar (ty s6 nén 17:1), kém theo hiéu sut
nhiét ting tir 36% 1én 38% [7]. Két qua nay cung cap co sé khoa hoc dé tinh chinh thiét
ké trude khi tién hanh thtr nghiém thuc té.

Tuy nhién, Diesel-RK cling tdn tai mot sd han ché can duoc luu y:

—  Phu thudc vao chat luong dit liéu dau vao: Do chinh xc cia méd phong phu thudc
vao cac thong s6 dau vao, chéng han nhu d3c tinh nhién liéu hodc ciu hinh buéng
d6t. Néu dir liéu khong chinh xéc, sai sé ap sut cuc dai c6 thé ting tir 4-5% 1én
8-10% [7].

— Han ché trong cac diéu kién khong chuan: Diesel-RK hoat dong hiéu qua trong
cac diéu kién 1y tuong, nhung gap kho khian khi mo phong cac tinh hudng thuc
té phtrc tap, nhu bién doi nhiét d6 mai truong, do am cao, hodc sy hao mon cua
dong co.

— Gidi han trong mo hinh héa phat thai: Mac du moé hinh chdy da vung cta Diesel-
RK dy doén tbt lugng NO* va PM, nhung d¢ chinh xac trong viéc moé phéng HC
va CO giam khi xay ra chay khong hoan toan [7].

Dé khic phuc cac han ché ndy, nghién ctru sé st dung cac thong s k§ thuat chinh
xac tr WEICHAI Viét Nam va hi€u chinh mé hinh Diesel-RK dua trén dir li€u tir cac
thi nghiém thuc té trudc d6, nham dam bao sai sé mé phong nam trong ngudng chap
nhan dugc (dudi 5%) ddi véi dong co WP2.3/WP2.3N.

c. Ung dung cua Diesel-RK trong nghién ctru dong co WP2.3/WP2.3N

Trong nghién ctru ndy, phan mém Diesel-RK s& duoc sir dung dé thyc hién cac
nhiém vu sau:

— XAy dung mo hinh dong co: Tai hién dong co WP2.3/WP2.3N véi dung tich 2.3
lit, ty sb nén 17:1, tbe dd quay tbi da 3000 vong/phut, va ap suit phun 22 MPa.

— Phan tich chu trinh cong tac: Panh gia hiéu suét ctia chu trinh cong tac tai cac
thoi diém phun nhién liéu khac nhau, bao gdm 5°, 10°, 15°, 20° va 25° trudc
diém chét trén (BTDC).

— Du doan hiéu suat va tiéu hao nhién liéu: Uéc tinh hiéu sudt nhiét trong khoang
37-39% va suét tiéu hao nhién lidu tir 160~180 g/kWh déi v6i Diesel, va tir 200—
240 g/kWh d6i voi DME.
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— MO phong ty 1€ pha tron nhién li€u: Thyc hién mo phong véi cac ty 1€ DME khac
nhau, bao gdm 100% DME va cac hdn hop 20% hoic 25% DME véi Diesel No.2.

KET LUAN CHUONG 1

Chuong 1 di hé thong hoa céc nén tang 1y thuyét can thiét dé nghién ciru anh
huong cua thoi diém phun nhién liéu DME dén cac thong s6 van hanh cua dong co
Diesel WP2.3/WP2.3N. Nguyén 1y hoat dong ctia dong co, dic diém cua DME so sanh
voi Diesel No.2, cung cac giai doan chay trong dong co Diesel da dugc phan tich k¥
ludng, nhan manh vai trd quan trong cua thoi diém phun trong viée toi uu hoa hiéu suat
nhiét va giam thiéu phat thai. Phan mém Diesel-RK dugc gidi thiéu nhu mot cong cy
mo phong hiéu qua, tan dung cac nghién ctru trude day vé viéc tmg dung DME va t6i
uu hoa thoi diém phun nhién liéu. Khoang trong nghién ciru lién quan dén viéc ap dung
DME trén dong co WP2.3/WP2.3N trong bdi canh Viét Nam di dugc 1am rd, tao co sd
cho céc phéan tich mé phong chi tiét duoc trinh bay trong Chuong 2.
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CHUONG 2: KHAO SAT VA XAY DUNG MO HINH CHAY CUA
NHIEN LIEU DME PEN THONG SO CONG TAC CUA PONG CO
DIESEL WP2.3/WP2.3N

2.1 Quy trinh thiét 13p mé hinh ddng co trong phin mém Diesel-RK
2.1.1. Tong quan vé mé hinh héa déng co Diesel trong phan mém Diesel-RK

Trong nghién ctru nay, mo hinh dong co WP2.3/WP2.3N dugc xay dung trén
phan mém Diesel-RK nhdam mé phong chu trinh cong tac clia dong co khi sir dung nhién
li¢u thay thé DME. Viéc m6 hinh héa dong co Diesel doi héi tai tao chinh xac cac thong
s thiét ké, chu trinh van hanh, va ddc tinh phun-dét chay dé dam bao d9 tin cay va chinh
xéc cua cac két qua mo phong.

Diesel-RK cho phép ngudi dung thiét 1ap mé hinh dong co thong qua viéc nhap
cac thong sb ky thuat mot cach chi tiét, tir 6 phan mém thyc hién mo phong céc giai
doan nap, nén, phun nhién li¢u, chay, va xa dua trén cac nguyén ly nhiét dong hoc. Diém
noi bat ciia Diesel-RK 1a kha ning hd tro cau hinh chi tiét cac ché d6 phun nhién liéu da
giai doan (phun so cap, chinh, va hau phun), rat phi hop dé nghién ctru va t6i uu hoa
qua trinh chay khi thay di loai nhién liéu.

2.1.2. Cdc buée thiét Igp mé hinh dong co WP2.3/WP2.3N

Viéc thiét 1ap mo hinh dong co WP2.3/WP2.3N trong Diesel-RK dugc thuc hi¢n

qua cac budc chinh sau:
Buwéc 1: Xac dinh va nhap théng s6 co ban cua dong co
Céc thong s6 hinh hoc va van hanh co ban dugc nhap nhu sau:

Bang 2.1: Cac thong so thiét 1ap cia dong co WP2.3/WP2.3N ciia Diesel RK

STT Cic thong s6 Gia tri
1 Ma Dong co WP2.3/WP2.3N
2 | S6 Xylanh 4
3 Puong kinh Xylanh (mm) 89
4 Hanh trinh piston (mm) 92
5 | Thé tich cong tac (cm?) 2289
6 Ty s6 nén 17:1
7 | Cong suat dinh mic (Kw/rpm) 88/3200




26

8 Moment cyc dai (Nm/rpm) 320/2400
9 | Thoi diém phun (BTDC) 12
10 | Ap suét phun nhién liéu (MPa) 22
6
11 | S616 phun trén 1 voi phun (Puong kinh moi
16 0.2mm)
12 | Suit tiéu thy nhién lidu (g/kWh) 200 - 203
13 | Tisd nén cua ting ap 1.8-2.5:1
[6| Wizard of New Project Creation X |
D
Ve = Cylinder Bore, D, [mim] B9 o
T T

i
| S Fiston Stroke, S, [mm] 92 ﬂ
*-g Nominal Engine Speed, [rpm] 1500 g
j Compression Ratio 17 g

? Help ‘ X_Cancel | 3 Previous | & Next

Hinh 2.1: Giao dién nhip thong s6 dong co trong phin mém Diesel-RK
Buwéc 2: Cau hinh hé théng nap va xa
bé phan anh ding dic tinh thyc té cia WP2.3/WP2.3N, hé théng nap - xa dugc

thiét lap:

— Chiéu dai dudng 6ng nap: 300mm

— Pudng kinh dudng 6ng nap: 55mm

— Chiéu dai duong dng xa: 350mm

— Puong kinh dudng dng xa: 50mm

—  Gob6c mo som, ddng mudn cia xupap nap: 12° —40°

—  Gb6c mo so6m dong mudn cua xupap xa: 45° — 10°

— Van nap, xa: Hai van nap va hai van x4 moi xy-lanh.
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Cic théng sé thém vao:
— Hé s6 ton that nap (inlet loss coefficient): 0.025

— Hé s ton that xa (exhaust loss coefficient): 0.03

[6] Gas Exchange — o X
Exhaust Manifald * Exhaust Port Exhaust Valve Timing *
Intake Manifold * Intake Port Inlet Valve Timing *
Length of the Manifold, [mm] 300
Diameter of the Manifold, [mm)] 55
Perimeter of Cross Section of the Manifold, [mm] 138
Number of Cylinders Connected with one common Manifold 4
Diameter of Pipe which Delivers Air to Manifold, [mm)] 438
Coefficient of Losses in the pipeline k 2
hetween air intercooler and intake c=1-—X~ 'E-'i.n 0.025
manifold, Ksi_in (0...5) k+1

Line factors in Convective Heat-Transfer Coefficient formulas for Intake 2| 03
Manifold and Intake Port, Cint (0.6) J :

Calculation of Manifold ‘Wall Temperature
© Conventional manifold: T, =T,+A T, +5

() Heated manifold: T,,=T.+A T,+58

(O Cooled manifold: T,.,=CTh+(1-CT,
{aircraft engines)
A, B, ¢ are empirical coefficients; A= 0 g= 10
T, is & mean intake manifold air temperature, [K];
T, is a mean exhaust manifold gas temperature, [K];
T is the supercharging temperature, [K];
N is the total ambienttemperature, [K];

() Setinlet manifold wall temperature explicitly

Hinh 2.2: So' @6 cau tric hé thong nap dong co WP2.3/WP2.3N trong md hinh
Diesel-RK.
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Eﬂ Gas Exchange - o X
Intake Manifold * Intake Port Inlet Yakwe Timing
Exhaust Manifald * Exhaust Port ExhaustVahve Timing
Length of the manifold, [mm] 350
Diameter of the manifold. [mm] 50
Number of Cylinders Connected with one common manifold 4
Line factor in Convective Heat Transfer Coefficient formula for Exhaust 2| 003

Manifold and Outlet Port, Cexh (1.0)

Temperature of Material Cooling the manifold, [K] 3o
[ Manifold with Water-Cooling Jacket

The Design of Connection of Exhaust manifolds:

[« )] O bl O Ody

a) One manifold is connected to one turbine
b) Each manifold is connected to an individual inlet of turbine
c) Two or more manifolds are connected in front of each turbine inlet

d) Two manifolds are coupled along the turbine scroll duct and are
separated by a blade

Hinh 2.3: So dd céu tric hé thong xi dong co WP2.3/WP2.3N trong mé hinh
Diesel-RK.

Budre 3: Thiét 1ap mo hinh phun nhién liéu
Diesel-RK cho phép mé ta chi tiét qua trinh phun:
—  Ap suat phun: 22 MPa
— Duong kinh 16 phun: 0.2 mm
— Chién luoc phun: Single injection (sau nay s& thém pilot-post néu can t6i wu).
— MO ta dang tia phun: phun da 15 dang hinh nén.
— S6 luong tia phun: 6
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ﬁ Fuel Injection System, Combustion Chamber - a
Injection Profile PM and NOx Emission RK-model Settings
General Parameters Injector Design * Piston Bowl Design

I | Number of Injectors 1

Injectar Nozzles Bare, [mm] 0.2

MNozzle Discharge Coefficient obtained as a 077
a="70° result of test in atmospheric conditions i
Number of Nozzles

All sprays are identical

?i| b

lp

Distance Between Spray Center and Bowl
Axis, Si, [mm)]

Protrusion of Sprays Center from Cylinder 0876
Head Plane, hi, mm

Spray # |Beta, [dedq] Alpha, [ded]
I 0.00

O l4b

Hinh 2.4: So' @6 cau tric cia kim phun cho dong co WP2.3/WP2.3N
trong mo hinh Diesel-RK.

2.1.3. Cac gia dinh trong mo hinh
Dé giam do phtic tap ctia md hinh va dam bao thoi gian mo phong hop 1y, mot sb gia
dinh k¥ thuat da duogc ap dung trong nghién ctru nay:
— Bé qua ton that do o i tai xéc-mang piston: Hi¢u ing ndy dugc xem nhe dé don
gian hoa tinh toan.
— Gia dinh diéu kién nap va xa on dinh (steady-state): Cac qua trinh nap va xa duoc
coi 1a khong bién doi theo thoi gian trong mé hinh.
— Khong xem xét ton that co khi ngoai ma sat co ban: Cac hao hut co hoc khac
ngoai ma sat co ban khong dugc dua vao phan tich.
— B6 qua su thay ddi do nhét cta nhién lidu theo nhiét do: Tinh chét nay duogc gitr
6 dinh dé giam do phirc tap ctia mo hinh.
Céc gia dinh trén dugc xem 13 hop 1y, vi sai s6 phat sinh trong cac phép tinh tong thé

thuong dudi 5%, dap tng yéu cau vé do chinh xac trong qué trinh mé phong.
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2.2 Thiét 13p nhién litu DME trong phan mém Diesel-RK

2.2.1. Cdc théng s6 dic trung ciia nhién liéu DME trong Diesel-RK

Khi thiét 1ap nhién liéu DME, cac thong sb sau day can nhap can than trong phan

Vao muc "Engine_Parameters" = chon "Fuel" = tao nhém nhién liéu mai la

Dimethyl Ether

Bang 2.2: Cac thong s6 thiét 1ap ciia DME trong Diesel RK

Théng sb Gia tri Ghi chii

Cong thure hoa hoc CHsOCH:s Ete don gian nhit
Khdi lugng phan tix 46.07 g/mol Nhe hon Diesel No.2
Nhiét tri thap (LHV) 28.4 MJ/kg Thap o Diesel No.2 30-

33%

Ti trong (6 20°C) 667 kg/m? Nhe hon Diesel No.2
Ap suét hoi (¢ 20°C) 5.1 bar Hoa hoi cuc nhanh
Nhiét d6 tu boc chay 235°C Tt cho ignition nén

Chi s6 cetane 55-60 Cao, thoi gian tré chay ngin
Do nhét dong hoc (25°C) ~0.2 cSt Rat thap

F:ﬂ Fuel

Project Fuel Library

Nguon: [1], [3], [6], [17].

system Fuel Library

25%DME+75%Diesel No.2 ¢ + # Coal Gas
DME : - # Dymethin Ether
25%DME+75%Diesel No.2 W .U DME
U 20%DME+80%Die
»? U 25%DME+75%Die
Project Fuel Library System Fuel Library
Fuel Title Fuel Group Class Fuel Title
DME Dymethin Ethe  Diese

Hinh 2.5: Nhém nhién li¢u ciia Dimethyl Ether
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2.2.2 Thiét lgp cdc ty 1é pha tron DME-Diesel trong Diesel-RK

Dé danh gia anh hudng cua cac ty 18 pha tron nhién liéu Dimethyl Ether (DME)
v6i Diesel No.2 dén hiéu suit va phat thai ciia dong co WP2.3/WP2.3N, cac hdn hop
nhién li€u voi ty 1€ 20% va 25% DME duoc thiét lap trong phﬁn mém Diesel-RK. Viéc
thiét 1ap nay doi hoi nhap cac dic tinh hoa 1y cua hdn hop nhién liéu, bao gdm thanh
phan héa hoc (Composition), nhiét tri thdp (Low Heating Value), chi sb cetane (Cetane
Number), khéi luong riéng (Density), hé sé nhét dong hoc (Dynamic Viscosity
Coefficient), nhiét bay hoi (Specific Vaporization Heat), va nhi¢t dung riéng (Fuel
Thermal Capacity), @& dam bao mé phong chinh xac qua trinh phun, chay, va phat thai.
Céc thong sb ctia hdn hop duoc tinh toan dya trén ty 16 khdi lugng ctia DME va Diesel
No.2, két hop véi cac dir liéu tham khao tir cac nghién ciru trude day [1, 6, 10].

Quy trinh thiét ldp 1y 1é pha trén trong Diesel-RK
Xdc dinh diic tinh ciia nhién liéu thanh phan:

— DME: Céc thong s co ban bao gdm thanh phan (C 0.522, H 0.13, O 0.348), nhiét
tri thap 28.4 MJ/kg, chi s cetane 60, khdi luong riéng 668 kg/m? (tai 323 K), hé
s6 nhdt dong hoc 0.000204 Pa-s, nhiét bay hoi 410 kJ/kg, va nhiét dung riéng 1340
kJ/(kg-K), ti I¢ Iuu huynh 1a 0.002%.

— Diesel No.2: Cac thong s6 bao gom thanh phan (C 0.522, H 0.13, O 0), nhiét tri
thap 42.5 MJ/kg, chi s6 cetane 46, khdi luong riéng 840 kg/m?, hé s6 nhét dong
hoc 0.003 Pa-s, nhi¢t bay hoi 250 kJ/kg, va nhiét dung riéng 1853 kJ/(kg-K), ti 1¢
luu huynh 14 0%.

Tinh todn diic tinh hén hop:
Céc thong sb ciia hdn hop dugc tinh theo cong thirc trung binh trong sd dya trén
ty 1¢ khéi lwong cia DME va Diesel No.2:
Low Heating Value (LHV):
LHVpiena = x LHVpyp + (1 = x)LHVjege; (2.1)
Density:
Poiena = X Ppomr + (1 — X)Ppieser (2.2)
Trong d6 (x) 1a ty 18 khéi lugng DME.
Hé sb do nhét dong hoc: Puoc udc lugng dua trén ty 1€ khdi lugng, véi hi¢u

chinh tr dir li¢u thyc nghiém [10].
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Nhiét hoa hoi dac trung va dung tich nhiét cia nhién li¢u: Pugc tinh todn theo phuong
phap trung binh trong s va hiéu chinh dé phan anh dic tinh cia hdn hop nhién liéu.
Nhip thong so hén hop vio Diesel-RK:

Trong muc, chon Engine Parameters" = chon "Fuel" = nhép céc théng sd cua
hdn hop 20% DME va 25% DME, bao gom:

— Thanh phan (ty 1¢ khéi luong): Ty 1é cac nguyén té C, H, O duoc diéu chinh
dua trén ham lugng oxy co6 trong DME.

— (14 tr1 nhiét thép, chi sb cetane, mat do, hé sd do nhét dong hoc, nhiét hoa hoi
dac trung, va dung tich nhiét ciia nhién li¢u dugc nhap theo bang dir li¢u tham
chiéu.

— Hésd cang bé mat: Puoc hiéu chinh dya trén gia tri cia DME (0.0012 N/m) va
Diesel No.2 (0.0028 N/m), véi hon hop dao dong trong khoang 0.0020-0.0021
N/m.

— Ning luong hoat hoa biéu kién cho qua trinh ty bdc chay: Pat 1a 0 do thiéu dir
liéu cu thé, phu hop véi giao dién cia Diesel-RK.

Hiéu chinh hé s bay hoi: Céac hé $6 bay hoi (evaporation coefficients) dugc diéu chinh
dé phan 4nh toc do bay hoi cao hon ciia DME. Hé s bay hoi ctia hon hop duoc giam
khoang 15-20% so véi Diesel No.2, tiiy thudc vao ty 1&6 DME trong hon hop.

Ciu hinh mé hinh chdy:

Diesel-RK 4p dung mé hinh chay da ving (multi-zone combustion model) d¢ mo
phong qua trinh chay ctia hdn hop. Cac théng sé dong hoc chay (combustion kinetics)
duogc t6i uu hoa dua trén chi sb cetane cao hon ciia hdn hop (50-51 so v6i 46 cua Diesel
No.2) va thoi gian tré chay ngin hon (0.9—1.5 ms cho 20% DME, 0.8—1.4 ms cho 25%
DME).

Hé s6 toc do chay (combustion rate coefficient) duoc ting 5—10% dé phu hop voi
dac tinh chay nhanh cia DME, dua trén dir li¢u tur [7].

Xir Iy hén hop nhién liéu trong Diesel-RK:

Diesel-RK xem xét hon hop nhu mot loai nhién li¢u méi vaoi cac dac tinh téng

hop. Phan mém tich hop cac phuong trinh dong hoc hoa hoc va khi dong hoc dé mo ta

cac qua trinh phun, bay hoi, va chdy, dya trén cac thong sb da nhép.



33

Céc thong s6 nhu hé s6 d6 nhét dong hoc (0.0018-0.0020 Pa-s) va hé sd cing bé

mit (0.0020-0.0021 N/m) dugc dwa vao dé mo phong chinh xac qua trinh phun nhién

liéu va hinh thanh hon hgp nhién liéu-khong khi.

Dudi day 1a bang thong s dic trung cua cac hdn hop 20% va 25% DME véi

Diesel No.2, dugc tinh toan va hi¢u chinh dya trén dir li¢u tir [1, 6, 10]:

Bang 2.3: Thong sb diic trung ciia cac hdn hop nhién liéu

DME 20% DME | 25% DME Diesel
Théng s6 Pon vi +80% +75% No.2
100%
Diesel No.2 | Diesel No.2 100%
. C:0.522 | C:0.522 C:0.522 C:0.522
Thanh phan
. , - H:0.130 | H:0.130 H: 0.130 H: 0.130
(thanh phan khoi luwgng)
0:0.348 | 0:0.070 0:0.087 0:0
Ty 1€ luu huynh trong
% 0 0.0016 0.0015 0.002
nhién liéu
Gia tri nhiét thép cua nhién
MJ/kg 28.4 39.8 38.9 42.5
liéu
Niang lugng hoat hoa biéu
kién cho qua trinh tu béc
chdy, hoac cho hién tugng g6 | kJ/mol 22 22 22 22
trong dong co danh ltra (SI
knocking)
Chi s6 cetane - 60 50 51 46
Mit @6 cia nhién li¢u ¢ 323
kg/m? 668 808 800 840
K
Heé s6 cing bé mat cua nhién
_ N/m 0.0012 0.0020 0.0021 0.0028
liéu 6 323 K
Hé s6 do nhot dong hoc cua
Pa‘s 0.000204 0.0020 0.0018 0.003
nhién liéu 6 323 K
Nhiét hoa hoi dac trung kJ/kg 410 350 360 250
Nhiét dung riéng ctua nhién
kJ/(kg-K) 1340 1800 1780 1853
liéu tai nhiét do voi phun
Khdi lwong phén tir ctia
- 46 180 170 190

nhién liéu
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Viéc thiét 1ap céc ty 1€ pha tron 20% va 25% DME véi Diesel No.2 trong Diesel-

RK dam bao mé phong chinh xac cac dic tinh chdy va phat thai ctia hdn hop nhién liéu.

Cac thong s6 nhu Low Heating Value, Cetane Number, Dynamic Viscosity Coefficient,

va Specific Vaporization Heat dwgc nhap va hiéu chinh can than dé phan anh dang tac

dong ciia DME trong budng dt. Két qua tir cac md phong nay s& dugc phan tich chi tiét

trong Chuong 3, cung cip co sé khoa hoc dé tdi wu hoa thoi diém phun va ung dung

DME trén dong co WP2.3/WP2.3N.

Bl Fuel — x
Project Fuel Library System Fuel Library
DME << +- & Propane+Buthane
+- & Bio Gas
% +- & Producer gas
+- & Coal Gas
>? - & Dymethin Ether
- DME
Project Fuel Library System Fuel Library
Fuel Title Fuel Group Class Fuel Title
DME Jymethin Ether Diese - DME D
Substance ’
%% Volume 0 0 1] Check_ 0 0 0
p— apply —
Composition (mass fractions) Composition
c H 8] C H ]
0.522 013 0.348 0522 013 0.348
Sulfur fraction in fuel, [24] 0 0
Low Heating Value of fuel. [MJfkg] 28.4 28.4
Apparent Activation Energy for Compression 99 29
Autaignition process, or for Sl Knocking, [kJ/mol]
Cetane Number 60 60
Density of fuel at 323 K, [kg/m3] 668 668
Surface Tension Factor of fuel at 323 K. [N/m] 0.0012 0.0012
Dwynamic Viscosity Coefficient of fuel at 323 K. [Pa s] 0.00024 0.00024
Specific Vaporization Heat, [kJ/kg) 410 410
Fuel Thermal Capacity attemperature of injector, 1340 1340
[Ji(kg*K)]
Molecular Mass of fuel 46 16
?/ Help | o Apphy |  OK ‘ > Cancel I

Hinh 2.6: Thong s sau khi nhip ciia nhién liéu 100% DME trong Diesel RK
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Bl Fuel o X
— Project Fuel Librany — System Fuel Library
25%DME+75%Diesel No.2 << $ Coal Gas
- & Dymethin Ether
X U DME
U 20%DME+80%Die |
- 25%DME+75%Die
~ Project Fuel Librany Systemn Fuel Likbirany
Fuel Title Fuel Group Class Fuel Title
25%DME+75%.Diesel No.2 Dymethin Ethe Diese v 25%DME+75%Diesel . D
Substance Diesel MNo.2 ' DME Diesel N
% Yolume |25 75 0 0 Check, Pl 75 0
— apply —
~Compaosition (mass fractions) Composition
c H 0 = H 0
0.522 013 0.087 0522 | 013 | 0.087
Sultur fraction in fuel, [%] 0.0015 0.0015
Low Heating Yalue of fuel, [MJ/kg] 389 38.9
Apparent Activation Energy far Compression 29 99
Autoignition process, or for Sl Knocking, [kJd/fmol]
Cetane Number 51 51
Density of fuel at 323 K, [kg/m3] 800 800
Surface Tension Factor of fuel at 323 K [N/m] 0.0021 0.0021
Dynamic Viscosity Coefficient of fuel at 323 K. [Pa s] 0.0018 0.0018
Specific VYaporization Heat, [kJ/kg] 360 360
Fuel Thermal Capacity attemperature of injector, 1780 1780
[Hkg™K)] —
Molecular Mass of fuel 170 170
1?7 Help | o Apply |  OK I X_Cancel |

Hinh 2.7: Thong s sau khi nhép ctia nhién li¢u 25% DME + 75% Diesel No.2
trong Diesel RK
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Bl Fuel o X

— Project Fuel Library — System Fuel Library
20%DME+80%Diesel No.2 <« - & Coal Gas

- 4 Dymethin Ether
. U DME
U 20%DME+80%Die |
Ll 25%DME+75%Die

— Project Fuel Library Systemn Fuel Librany
Fuel Title Fuel Group Class Fuel Title
20%DOME+80%Diesel No.2 Dymethin Ethe Diese ~ 20%DME+80%:Dieselh D
Substance Diesel No.2 ' DME Diesel N
% Volume |20 80 0 0 Check, 20 80 0
— apply —
~Composition (mass fractions) Composition
c H 0 C H 0
0522 013 0.07 0522 013 | 0.07
Sulfur fraction in fuel, [%] 0.0016 0.0016
Low Heating Yalue of fuel, [MJ/kg] 398 39.8
Apparent Activation Energy for Compression 99 99
Autoignition process, orfor 51 Knocking, [kJ/maol]
Cetane Number 50 50
Density of fuel at 323 K. [kg/m3] 808 808
Surface Tension Factor of fuel at 323 K. [N/m] 0.002 0.002
Dynamic Viscosity Coefficient of fuel at 323 K [Pa s] 0.002 0.002
Specific Vaporization Heat, [kJ/kg) 350 350
Fuel Thermal Capacity at temperature of injector, 1800 1800
[J(kg™K)] —
Molecular Mass of fuel 180 180
? Help |  Apply |  OK | X_Cancel |

Hinh 2.8: Thong s sau khi nhép ciia nhién li¢u 20% DME + 80% Diesel No.2
trong Diesel RK
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2.3 Cac thong s6 chinh dwgce nghién ciru va diéu chinh trong phin mém Diesel-
RK
2.3.1. Vai tro cua viéc lva chon thong $O nghién cuu

Qua trinh khoi chay va tdc do lan truyén ngon lira. Hiéu qua van hanh (bao gém
cong suét va murc tiéu thu nhién ligu). Luong khi thai (NOx, CO, HC, PM). Vi DME c6
kha ning bay hoi nhanh, thdi gian tri hodn chdy ngén va nhiét trj thap, cac yéu t6 lién
quan dén phun nhién liéu va sy hinh thanh hdn hop chay dong vai trd quan trong trong
viéc toi wu hoa hiéu suat [1], [2].
2.3.2. Cdc théng s6 nghién civu va Iy do lya chon

Bang 2.4: Cac thong s6 van hanh dwoc nghién ciu

STT Théng s6 Y nghia Ly do khao sat
, Quy dinh thoi gian | Tac dong truc tiép dén tién
Thoi diém phunnhién | , | ' _
1 _ o bat dau phun nhién | trinh chdy, hi€u qua van hanh
liéu (Thoi diém phun)

liéu vao budng dot va luong khi thai.

Ty trong phdi hop | Anh hudng dén dic tinh chay,
Phan trim nhién liéu | gitta DME va Diesel | ning lugng nhiét va khi thai do
(DME/Diesel No.2) | No.2 trong hdn hop | su khac biét vé dic diém nhién

dot licu.

Thoi diém phun (Injection Timing)
Mo ta:
Thoi diém phun 1a khoang thoi gian (theo d6 quay truc khuyu) trude diém chét
trén (TDC) khi kim phun bat d¢au hoat dong.
Anh huwéng ky thuit:
— Phun sém: ting 4p sudt budng ddt, nang hiéu suit nhiét nhung d& ting NOx [2],
[8].
— Phun tré: giam nhiét d6 dinh, han ché NOyx nhung cong sut va hiéu suit c6 thé

giam [4].
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Vi DME c6 thoi gian tré chay ngin, néu sit dung géc phun nhu Diesel No.2

chuan, qua trinh chay s& xay ra qua som trong ky nén, giy knocking, giam hiéu suat [1],

[19].

Dii khdo sat dé xuét: 5° BTDC dén 25° BTDC, méi 5°

Bang 2.5: Dy kién anh huwéng cia thoi diém phun dén cac chi tiéu van hanh

Thoi diém .| Mic tiéu hao
Cong suat
phun &W) nhién liéu NOx (ppm) | CO (ppm) HC (ppm)
(°BTDC) (g/kWh)
5° Giam nhe Tang nhe Giam nhe Tang nhe Tang nhe
10° On djnh On dinh On dinh On dinh On dinh
15° Tang nhe Tang nhe Tang nhe On dinh On dinh
Tang dang Tang dang
20° ] Giam nhe ) Giam nhe Giam nhe
ké ké
. Tang rat
25° Giam nhe On dinh Giam manh Giam nhe
manh

Ty l¢ nhién lieu (DME/Diesel No.2)

Mo ta:

Duea trén phan tich twe [1], [6], [10]

Ty 18 nhién liéu 12 phan tram thé tich hodc khdi lugng ciia Dimethyl Ether (DME)

duogc pha tron v6i nhién lidu Diesel No.2. Viéc thay doi ty 1& nay lam bién d6i dic tinh

chdy va phat thai cia hon hop nhién liéu.

Anh huwéng ky thuit:

- Tang ty 1¢ DME: Giam phat thai PM va CO do ham lugng oxy cao va khong co
lién két vong thom. Tuy nhién, do DME c6 nhiét tri thap (~28.4 MJ/kg), hdn hop

¢6 thé lam tang mirc tiéu hao nhién liéu (BSFC).

—  Giam ty 16 DME: Duy tri hiéu suit d6t chay gan v6i Diesel No.2 chudn, nhung

phat thai NOx va PM s€ cao hon.
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Pac biét véi DME:

Do DME c6 ap suét hoi cao va chi sb cetane 16n, viéc ting ty 16 DME gitp rat
ngan thoi gian tré chay va cai thién kha ning chdy sach. Tuy nhién, néu khong diéu
chinh hé théng phun hop 1y, hdn hop c6 thé gay mat 6n dinh chay hoic ting muc tiéu
hao nhién liéu do hiéu suit phun kém [1], [10], [14].

Dai khio sat dé xuit:
100% Diesel No.2 — 20% DME — 25% DME — 100% DME
Bang 2.6: Dy kién anh huwéng ciia ty 1& nhién liéu DME/Diesel No.2 dén cac chi tiéu

van hanh

Cong suat Mikc tiéu hao NOx co PM
Ty 1€ DME
(kW) nhién liéu (gkWh) | (ppm) (ppm) (mg/m?)
0%
(100% Diesel Chuan Chuan Cao Cao Rét cao
No.2)
20% Khong doi Tang nhe On dinh | giamnhe | Giam manh
Giam Giam
25% Giam nhe Tang nhe Giam manh
nhe manh
100% (DME . Tang | Giamrit | Gannhu
, Giam ro Tang manh .
tinh khiét) manh manh bang 0

Duea trén phan tich tir [1], [6], [10], [14].
2.4 Phuong phap mé phéng va thu thap dir liu
2.4.1. Phuong phdp mé phong tong quat
Mo phong duoc thyc hién bang phan mém Diesel-RK — cong cu chuyén dung
cho viéc nghién ctru qua trinh chdy, tdn swong nhién li¢u va phat thai khi thai trong dong
co diesel phun truc tiép (DI) [7].
Ly do chgn Diesel-RK:
— Hb tro tuy chinh nhién liéu méi (nhu DME) véi ddy du dic tinh vat 1y va hoa
hoc.
— MO hinh héa chi tiét qué trinh héa hoi, tré chdy, dong hoc chay va hinh thanh
phat thai.
— Tinh toén dy du céc chi tiéu hiéu suat va phat thai: cong suat, BSFC, NOy, CO,
HC, nhié¢t do khi xa.
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— Cho phép mo phong theo chu ky (Cycle-based Simulation) dé phan tich sau

duong cong ap suat budng chay (P—0 diagram).

Uu diém noi bat:

Cho phép thuc hién khao sat hang loat bién van hanh (thoi diém phun, ap suét

phun, AFR, khi nap) trong ciing mot mo hinh dong co, gitip tiét kiém thoi gian va ting

tinh dong nhit két qua.

2.4.2. Cdc bude tién hanh mé phéng chi tiét

Biang 2.7: Quy trinh md phéng chi tiét trong Diesel-RK

Buéc Noi dung thyc hién Ghi chua
. Xay dung mé hinh dong co | Pay du thong sé hinh hoc, hé thong nap
WP2.3/WP2.3N x4, hé thong phun
) Tu nhap LHV, Density, Cetane Number,
2 Thiét 1ap nhién liéu DME
Vapor Pressure, Evaporation Coefficients
, St dung Operating Mode dé chon Tdc
Xay dung ché do van hanh ) '
3 , do vong quay, ap suat nap, nhi¢t do nap,
chuin .
ty 1€ nap khi, tai dong co
A Khao sat bién doi cac thong | Quét dai: thoi diém phun va ty 1¢ nhién
s6 liéu DME (20% va 25%)
5 Chay mé phong, thu thap dit | St dung ICE Simulation dé chay hang
licu loat.
, Dung Python dé vé& xu hudng va phan
6 Xu ly va phan tich két qua ,
tich thong ké

2.4.3. Cac chi tiéu thu thdp va phuwong phap danh gia

Cong sudt higu dung (Effective Power)

— Do cong suat phat ra tai tryuc khuyu sau khi trir ton hao ma sat.

— Pon vi: kW.

— Phan tich theo bién thién goc phun va AFR.

Sudt tiéu hao nhién ligu (Brake Specific Fuel Consumption - BSFC)

— Luong nhién liéu tiéu thy dé tao ra 1 kWh cong suét hitu ich.

— Don vi: g/kWh.
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— Danh gid hi€u qua st dung nang luong.
Phat thdi khi thdi
— NOx (ppm): Chu yéu anh huong boi nhiét ¢ dinh va thoi gian chéy.
— CO (ppm): Bac trung cho su chay khong hoan toan.
— HC (ppm): Dai dién cho nhién liéu chua chay hét.
Duwong cong dp sudt - géc quay truc khuyu (P—0 Diagram)
— Cho biét chi tiét dién bién qua trinh chay.
— Phan tich @Pmax (gbc dat ap sudt dinh), toc d6 ting ap sudt (dp/do).

KET LUAN CHUONG 2

Chuong 2 d3 phét trién mo hinh mé phong cho dong co Diesel WP2.3/WP2.3N
bang phan mém Diesel-RK nham phan tich tac dong cuia thoi diém phun nhién liéu khi
st dung DME:

M6 hinh dong co: Pugc xay dung védi do chinh xéc cao, c6 dung tich 2289 cm?,
ty s6 nén 17:1, cong suit dinh mirc 85 kW tai 3000 vong/phit, ap suit phun 22 MPa va
ty s6 ap suat tang ap tir 1.8 dén 2.5:1 (WEICHAI).

Pic diém nhién liéu: Két hop DME (nhiét tri 28.4 MJ/kg, chi s6 cetane 60) va
hdén hop DME-Diesel No.2 véi ty 16 20% va 25%, diéu chinh mé hinh chay da ving,
giam hé s6 bay hoi 15-20%.

Céc thong s6 nghién ctru: Thoi diém phun nhién liéu tir 10° dén 25° BTDC; ty 18
phéi tron gitra DME va Diesel No.2 (100% DME, 20% DME, 25% DME).

Do chinh xé4c: Sai s6 ap suit tdi da dudi 4-5%, thoi gian tré chdy duoc hiéu chinh

(0.9-1.5 ms cho 20% DME) va ton that nhiét duoc t6i vu cho DME
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CHUONG 3: PHAN TiCH ANH HUONG CUA THOI PIEM PHUN
NHIEN LIEU DME VA HON HQP DME-DIESEL NO.2 PEN PAC TiNH

VAN HANH CUA PONG CO DIESEL WP2.3/WP2.3N

3.1 Thiét ké md phéng va phan tich anh huéng ciia thoi diém phun nhién li¢u

DME

3.1.1 Thiét ké mé phong

bé danh gia anh hudng ctia thoi diém phun nhién li¢u doi voi hi€u suat van hanh

va muc phat thai khi thai ctia dong co Diesel WP2.3/WP2.3N khi st dung Dimethyl
Ether (DME) va hon hop DME-Diesel No.2, cac kich ban m6 phdng dugc thuc hién trén

phan mém Diesel-RK véi céc dicu kién sau:

Pong co: WP2.3/WP2.3N, dung tich 2.294 lit, ty s6 nén 17:1, cong suét dinh
mirc 85 kW tai 3000 vong/phut, ap suat phun nhién liéu 22 MPa.
Nhién li¢u:
+ 100% Diesel No.2 (dbi chung).
+ 100% DME.
+ Hbdn hop 20% DME + 80% Diesel No.2.
+ Hon hop 25% DME + 75% Diesel No.2.
Thoi diém phun nhién lLiéu: 5°, 10°, 15°, 20°, va 25° trudc diém chét trén
(BTDC).
Ché @9 van hanh:
+ Tbc do quay: 2000 vong/phut va 3000 vong/phut.
+ Tai: 50% va 100% cong suat dinh mtc.
Thong s6 do lwong:
+ Cong suat hiéu dung (kW).
+ Suét tiéu hao nhién liéu (BSFC, g/kWh).
+ Ap sudt cuc dai trong budng dét (bar).
+ Nhiét d chay cuc dai (°C).
+ Phat thai khi thai: NOx (ppm), CO (ppm), HC (ppm), PM (mg/m?).
Mo phong duoc thuc hién tir thang 01/2025 dén thang 07/2025, sir dung mo hinh

chay da vung cua Diesel-RK vdi sai s6 ap suat cuc dai dudi 4-5% so véi thuc nghiém
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[7]. Cac thong sb ky thuat ciia dong co va dac tinh nhién li€u dugc nhép chinh xac dua
trén Bang 1.1, 2.2 va 2.3 tir Chuong 1 va Chuong 2.
Bon trudng hop van hanh duge phan tich cu thé:
— 2000 vong/phit, tai 50%: Dai dién cho diéu kién van hanh trung binh, thuong
gap trong giao thong do thi.
— 2000 vong/phut, tii 100%: Dai di¢n cho diéu kién tai nang, nhu van tai duodng
dai.
— 3000 vong/phut, tiai 50%: Dai dién cho van hanh tbc do cao, tai nhe, nhu xe
buyt & téc do trung binh.
— 3000 vong/phit, tai 100%: Pai dién cho diéu kién khic nghiét, nhu xe tai hoat
dong & tdc d6 cao véi tai toi da.
3.1.2 Két Qua Mé Phong
Nghién ctru st dung phan mém Diesel-RK dé mo phong hiéu suat va khi thai ciia
dong co Diesel WP2.3/WP2.3N khi stt dung cac loai nhién li¢u: DME 100%, Diesel
No.2 100%, hon hop 20% DME + 80% Diesel No.2, va 25% DME + 75% Diesel No.2.
Céc diéu kién van hanh bao goém téc d6 2000 va 3000 vong/phut, tai 50% va 100%, véi
cac goc phun sdm 5°, 10°, 15°, 20°, va 25° BTDC. Céc thong s6 phan tich chinh gom
cong suat hiéu dung (kW), suét tiéu hao nhién liéu (BSFC, g/lkWh), 4p suit cuc dai (bar),
nhiét do chay cuc dai (°C), va khi thai (NOx, CO, HC, PM). Hinh 3.1, Hinh 3.2, Hinh
3.3 va Hinh 3.4 minh hoa cac két qua mé phong & cac goc phun va cac diéu kién tai
khac nhau, cho théy su khac biét rd rét gitra cac loai nhién li¢u vé ap suat, nhiét do chay,

va khi thai.
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~g- Concentration of NOx, ppm (Modz: #1 :: "RPM=2000, PR=1.8, Load 50%, PS 5, Disel ", DieselNo2) | _...__._J.

-g-- Concentration of NOx, ppm (Mode: #2 :: "RPM=2000, PR=1.8, Load 50%, PS 5, DME100"; 100DME) '
i~ Concenration of NOx, ppm (Mode: H3 :: "RPM=2000, PR=1.8, Load 50%,PS 5, DMEBD"; BIDME] ~ |---------+-
~ Concentration of NOw, ppm (Mode: #4: "RPM=2000, PR=1.8, Load 50%, S 5, DMETS"; T5DME)

C&  Crank Angle, deg

i i :
: - Soot Concentration in cylinder, o/m3 (Mode m HPM =2000 FF\ 18, Luad Hflu PS ’w D\w\ ! D\nr—IHuZ] :
' - neentration in cylinder, a/m3 (M '
:, - Saat Concentration in cylinder urmE)[Mode iﬂ ”HPM UH,FF 1.8, Load rI] P55, EHE‘BD” B0DME) ,;
0 Soot Concentration in cphndﬂr @/m3 (Mode: #4:; "RPM=2000, PR=1.8, Load EU‘/ PS5, DMETS"; TSDME) \
- "“h—:——.._.cg_k_ ....................... : ....................................... : ....................................... :
| ‘1-—3—_4_*7__ [ !
| i — 1
Jiooccocrmaesmersemmaemaoesoaasarocsennd fessoemoseecemaemoceocemmemnoseermaeenoey rbosmeemeemocomcemnens oo :
400 425 450 475

«- Fuel Fraction on Cylinder Head '\HIHH—‘”V‘HdH #3 "HPM ‘HHH PF

~p- Fuel Fraction on Cylinder Head Surface (Mode: #4  "RPM=2000, PR= 18 Lnadﬁ FEE DMET5"; T5DME)

J
MEBD' HDHE]

'
U

Heat Release Rate, /deg (Mode 11
¥ Heat Release Rate, J/deq. (Mode: #3
0~ Heat Release Rate, J/deg. (Mode: #4:

)

(4 Crank Angle, deg

Hinh 3.1: Két qua mé phéng tir DIESEL-RK & 2000 vong/phiit, Tai 50% va goc

phun sém la 5°

-2 Heal Fielease Rate, J/deg. [Mode: 1 -
b Heat Release Rate, J/deg. [Mods: 3
- Heal Relzase Rate, J/deg. [Mode: #2
- Heal Release Rate, J/deg, [Mode: 31

HPM

: ; ; :
0 G 0 425 450
CA  CrankAngle, deg

Hinh 3.2: Bi¢u @6 téa nhiét (HRR) va ap suat budng chay theo géc quay truc
khuyu véi goc phun ¢ 2000 vong/phut, Tai 50% va goc phun sém la 5°
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EUDU - ...ir...................._................Er_..._............._..._............._if.._..........
000}~ ' :
«g= Concentration of N, ppm (Mode: #1: "RPM=2000, PR=2, Load 100%, P5 10, Disel *; Diesel No2)
4000) - Concentration of NOx, ppr (Mode: #2:: "RPM=2000, PR=2, Load 100%, PS 10, DME100"; 1000ME) [--====+--
00 . oncerliaion of N0, pom (Mode: #3 - "RPM=2000, PR=2, Load 100%, PS 10, DMES" BODME] |
«it+ Conceniration of NOx, ppm (Mode:; #4.:. "RPM=2000, PR=2, Load 100%, PS5 10, DMET5'"; TSDME)
2000 ‘ : e
1000 e gwu u-'*-
360 30 d[l[] 420 L]

CA  Crank Angle, deg.

b Sool Concentration in cylinder, g/m3 LMud- m HPM =2000, PR=2 LuadHJEV P"ﬂ[l []Il~| [‘Ipar‘ No2)
E P 100DM
PS 10, DHESL" EU[MEW

ot Concentration in cylinder, a/m3 (M

oot Conc enlnt\on in cylinder u'm3l mde iﬂ HP? -_'D'

T
'

B LT T ERE R
v
'

U‘Us e

0025 o -~ Fuel Fraction on Cylinder Head Surface (Mode: #1:: "RPM=2000, PR=2, Load 100%, P5 10, Disel " DieselNo2) ™™™
00 - Fuel Fraction on Cylinder Head Surface (Mode: #2:: "RPM=2000, PR=2, Load 100%, PS 10, DME100"; 100DME) |
] Fuel Fraction on Cyinder Head Suface (Mode: #3 0, PR=2, Load 100%, P5 10, DMEBD"; B0DME)
(i} Sesoccmemommesssacammasegl fianommmog  fasmmacamsssscacnmoraarseioameomsessssemmasmsesessaem == Fuel Fraction on Cylinder Head Suiace (Mode: #4 . " |, PR=2, Load 100%, PS 10, DMETS", 7SDME]  |-.---
e :, .....................................
L
|| — £ i
400

(4 Crank Angl, deg

actbe

~g Heat Release Rale, J/deg. (Mode: #1 : "RPM=2000, PR=, Load 100%, S 10, Disel " DieselNo2) [=*=*
-g- Heal Release Rate, J/deg. (Mode: 2 "RPM=2000, PR=2, Load 100%, PS 10, DMET00", 1000ME|

k- Heat Release Rate, J/deg. (Mode: #3 :: "RPM=2000, PR=2, Load 100%,PS 10, DMEBC"; BODME) ===
g Heat Release Rate, J /deg. (Mode; #4 . "RPM=2000, PR=2, Load 100%, PS 10, DMETS"; 750ME)

i
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I
'

. H
EH -+

(4 Crank Angl, deg

Hinh 3.3: Két qua md phéng tir DIESEL-RK & 2000 vong/phiit, Tai 100% va géc

phun som la 10°

Heatﬂe\aase Rate, J/deq. (Mode: #4  "RP) ZDDD PR=2Load!00%,P5 10, DME7S"; TEDME]
Hest Heleass Rate, J/dea. [Mode: #2: "R 000, PR=ZLoad] 00%,PS 10, DMEED" SODME]
(
i

Heat Release Rate, J/deg. (Mode: HZ ”F(FM ZUUU PR=2Load100%,PS 10, DME100"; 100DME]
Heat Releass Rate, J/den. (Mode: #1 : "RPM=2000, PR=2 Load100%, D\ase\Nu2]

: ; : h
360 380 400 420 440
CA  CrankAngle, deg

Hinh 3.4: Bi¢u @6 téa nhiét (HRR) va ap suat budng chay theo géc quay truc
khuyu véi géoc phun ¢ 2000 vong/phut, Tai 100% va goc phun sém la 10°
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-3 Concentration of N, ppr (Mode: #1:: "RPM=3000, PR=1.9, Load 50%, P5 15, Disel " Diesel No2)
Concentration of NOx, pom (Mode: #2 "RPM=3000, PR=1.9, Load 50%, P5 15, DME100"; 100DME) | ..
- Concentration of NO#, ppm (Mode: #3: “RPM=3000, PR=1.3, Load 50%, P5 15, DMEBD": 100DME)
=i Concentration of NOx, ppm [Mode: #4 - 'RPM=3000, PR=1.9, Load 50%, PS 15, DMES"; 100DME] |

- . .

a T a a
Y Y — oo

420 440
............................................................................................................. P

Soot Concentration in cylinder, g/m3 (Made ﬁ'l
ot Concentratior

"RPM=3000 FF’ 15 Load 50%, PS 15 Disel " Diesel No2)
h0% DME100 IME)
‘M=3[\DD,FF‘=1 9.L.n_5‘]':,F5M DMEBD"; 100DME) |
RPM=3000, PR=1.9, Load 50%, P 15, DME75"; 100DME)

Jlinder, g/m3 #
Soot Cancentration in f”hndr’f a/m3 (Mode: #
Sool Concentration in cylinder, g/m3 (Mode: #4

0.0
0.0

- Fuel Fraction on Cyinder Head Surface [Mode #1: "RPM=3000, PR=19, Load 50%, PS 15, Disel ", Diesel No2)

0.04f-- - Fuel Fraction an Cylinder Head Surface (Mode: #2: “APM=3000, PR=1.9, Load 50%, PS 15, DME100"; 1000ME) |-
1]1) S - Fuel Fraction on Cylinder Head Surface (Mode: I =3\]UU PR= 1 9 Load 50%, PS 15, Db

) ~p- Fuel Fraction on Cylinder Head Surface (Mode: #4

2= -memmmmmmmmm e et e

d Heat Flelease Rate, J/deg. (Mode: #1 :: "RPM=3000, PR=1.9, Load 50%, P5 15, Disel ", Diesel No2)
- Heat Release Rate, J/deq. (Mode: H2 - "RPM=3000, PR=1.9, Load 50%, PS 15, DME100": 100DME)
-I Heat Release Rate, J/deg (Mode: #3 : "RPM=3000, PR=1.9, Load 50%, PS 15, DMESD"; 100DME) ™™™
«q- Heat Release Rate, J/deq [Mode: #4: "RPM=3000, PR=1.9, Load 50%, PS 15, DME75"; 100DME]

............................... = ;
4

440

Crank Angle, deg.
Hinh 3.5: Két qua mé phéng tir DIESEL-RK 6 3000 vong/phiit, Tai 50% va goc

phun sém la 15°

Heat Release Rate, J/deg. (Mode: #4
Heat Fielease Riats, J/deg. [Mode: #3
Heat Pelease Rata. J/deg. [Mode: #2
- Heat Release Rate, J/deg. [Mode: #1

iz |
“APM=3000 PR=1 30 Load50% PS 15, DMETON": 100DME]
“RPM=3000, FR=1.90 Load30% PS 15, Disel"; Diesel NoZ)

Ca

Crank Angle, deg

Hinh 3.6: Bi¢u @6 téa nhiét (HRR) va ap suat budng chay theo géc quay truc
khuyu véi goc phun ¢ 3000 vong/phit, Tai 50% va goc phun sém la 15°
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- Fuel Fraction on Cylinder Head Surface (Mode: #3

 "RPM=3000, PR=22, Load 100%, P5 25, Disel “; "A/F eq. defines m_f")
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-t Heat Release Rate, J/dea. (Mode: #1
- Heat Release Rate, J/deg. (Mode:
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Hinh 3.7: Két qua mé phong tir DIESEL-RK ¢ 3000 vong/phut, Tai 100% va goc

HRR

phun som la 25°

Heat Felesss Pate. J/deg. (Mods: #1
Heat Filease Rate, J/deg, (Mode: -
Heat Fielease Rate, J/deg (Mode: #3
Heat Fielease Rate, J/deg (Mode: #2

RPM=3000, PR=2 2 Loadl
RPM=3000, PR=2.2 Load]
"RP=3000, PR=22 Loadl
"RP=3000, PR=2.2 Load]

Ca

Crank Angle, deg.

Hinh 3.8: Biéu do téa nhiét (HRR) va ap suét budng chay theo géc quay truc
khuyu véi goc phun ¢ 3000 vong/phut, Tai 100% va goc phun sé'm la 25°




48

a. Panh gia goc phun tdi vu

Qua mb phong, goc phun sém 15° duoc xac dinh 13 thoi diém tdi vu trong moi
diéu kién van hanh, mang lai su can béng gifta hi¢u suét dong co va muc khi thai. Goc
phun nay t6i wu hoa ap suit cuc dai (103—108 bar) va nhiét d6 chay (2140-2240°C),
d6ng thoi giam thiéu nguy co hién twong "knocking" (kich nd) do 4p sut ting qua
nhanh. Bang 3.1 tom tit cac thong sb chinh tai goc phun 15° BTDC, cho thiy cong suit
hiéu dung dao dong tir 41.0-85.0 kW, BSFC tir 200-223 g/kWh, NOx tir 2700-5200
ppm, va PM tir 0.1-14 mg/m?, thdp hon dang ké so véi cac goc phun khéc.

So vdi goc phun sém 5° BTDC, géc phun sém 15° BTDC ting cong suit hiéu
dung thém 4-7% (twong duong 2—5 kW) do ap suét cuc dai xay ra gan diém chét trén
(TDC, khoang 4°-6° ATDC), t6i wu hoa cong suat hitu ich. So v6i goc phun sém 25°
BTDC, goc phun sém 15° BTDC giam BSFC 3-5% (twong duong 5-10 g/kWh) nho
giai doan chay khuéch tan duoc kiém soat t6t hon, tranh lang phi nang luong trong giai
doan chay mudn. V& khi thai, géc phun sém 15° BTDC giam NOx 15-20% (6001400
ppm) va PM 10-20% (1-2 mg/m?) so v&i goc phun sém 5° va 25° BTDC, nho kiém soat
t6t nhiét do chay va thoi gian chay khuéch tan.

Ddnh gid thong ké: Dé xac dinh do 6n dinh va d tin cy cta két qua mo phong
qué trinh chdy khi str dung nhién liéu DME va hon hop nhién liéu DME-Diesel No.2
trén co sé dong co Diesel WP2.3/WP2.3N, cac thong sé duoc xir 1y théng ké tai goc
phun sém 15° BTDC. Pay 14 goc phun duoc xac dinh 1a phi hop nhét trong pham vi
khao sat theo két qua mé phong trén phan mém Diesel-RK.

Céc thong s6 dic trung duoc phan tich gdom:

+ Cong suit c6 ich:

+ Suét tiéu hao nhién li¢u

+ Phat thai oxit nito (Nitrogen Oxides — NOx, ppm)
+ Ham lugng mudi than

Bang 3.1: Két qua xir 1y théng ké tai 15° BTDC

Thong s60 | Khodng gia tri Do léch Dao dong
. , Nhan xét ky thuat
khdo sat trung binh chuan (6) | twong doi (%)
Cong suat 0,08 -0,10 Murc dao dong nho,
1,0-2,0 kW <6 ,
¢o ich kW mo hinh 6n dinh
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202 — 205 2-3 Mo phoéng 6n dinh,
BSFC ~ 1,5 .
g/kWh g/kWh hiéu suat cao
Phu hop vé1 xu
NOx 100 — 200 ppm | 4 —5 ppm ~4 huong tang nhe khi
phun som

Chay hoan thién,
0,10-0,50 0,02 - 0,05 )
PM <5 mudi  thap nho
mg/m? mg/m?

DME

Tir két qua trén, do léch chuan (o) cia cac thong sé dao dong trong khoang 1—
5%, cho thdy murc d6 6n dinh cao giita cac 1an mo phong. Sai s nam trong gidi han 4—
5%, hoan toan phu hop voi sai s6 cho phép cua phan mém Diesel-RK khi moé phong
dong co Diesel phun truc tiép.

Céc gia tri sai s6 nay twong dong vdi két qua cua [1], trong d6 mo phong bang
Diesel-RK cho sai 1éch nho hon 5% so véi thuc nghiém. Piéu nay khang dinh rang goc
phun 15° BTDC 1a géc phun tdi wu trong diéu kién tai trung binh ctua dong co
WP2.3/WP2.3N, gitp dat dugc ap suét chay cuc dai 6n dinh (Pmax = 90-95 bar), hi¢u
suat nhiét c6 ich khoang 37-38%, dong thoi giam dang ké phat thai NOx va PM so véi
khi str dung Diesel No.2 thuan.

Vé mat dong co hoc, & goc phun 15° BTDC, thoi gian tré chdy nam trong ving
t6i wru, hdn hop nhién liéu — khong khi 6 do ddng déu cao trudc khi chdy, gitp qué trinh
chay dién ra ém diu, ap suét tang déu, han ché hién tuong kich nd va gidm sy hinh thanh
mudi than (PM) trong giai doan chay khuéch tan.

Két qua nay chimg t6 mé hinh mé phong dat do tin cdy cao va c6 thé st dung dé
danh gia, t6i wu hoa cac gbc phun khac nhau trong diéu kién van hanh thuc té cua dong
co Diesel st dung nhién licu DME hoac hon hop DME-Diesel No.2.

Bang 3.2: Thong s6 tai goc phun 15° BTDC

Cong suat BSFC NOx PM
Nhién liéu
(kW) (g/kWh) (ppm) (mg/m?)
2000 vong/phut, Tii 50%
DME 100% 42.0 205 2700 0.1
Diesel No.2 100% 43.0 200 3600 11.0
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20% DME 42.5 202 3120 8.0
25% DME 42.5 202 3100 7.0
3000 vong/phut, Tai 100%
DME 100% 82.0 223 4200 0.1
Diesel No.2 100% 84.0 204 5200 14.0
20% DME 83.0 209 4700 10.0
25% DME 83.0 209 4600 8.0

b. Cong suit

Cong suét cua dong co chiu anh hudéng manh béi géc phun sém, loai nhién li¢u,
toc d6 quay, va mirc tai. Bang 4.2 trinh bay cong suat hiéu dung tai 3000 vong/phut, tai
100% theo céac gdc phun sém, vdi gia tri cao nhét dat duoc tai 15° BTDC (82.0-84.0
kW).
Bang 3.3: Cong suit hiéu dung tai 3000 vong/phiit, Tai 100%

Goc phun DME 100% Diesel No.2 20% DME | 25% DME
(BTDC) (kW) 100% (kW) (kW) (kW)
5° 78.0 80.0 79.0 79.0
10° 80.0 82.0 81.0 81.0
15° 82.0 84.0 83.0 83.0
20° 81.0 83.0 82.0 82.0
25° 79.0 81.0 80.0 80.0

Xu hwéng cong suit: Tai goc 15° BTDC, cong suit dat dinh (82.0-84.0 kW),
cao hon 5-7 kW so v6i 5° BTDC (78.0-80.0 kW) va 2—4 kW so véi 25° BTDC (79.0—
81.0 kW). Goc 5° BTDC déin dén chay sém, voi ap suét cuc dai xuét hién trude TDC,
lam giam hiéu qua chuyén d6i ning luong khoang 5—-7%. Nguoc lai, goc 25° BTDC kéo
dai giai doan chay khuéch tan, ddn dén mat nang luong trong giai doan chdy mudn, giam
cong suat 2—-3%. Hiéu suét nhiét tai 15° BTDC dat 37-39%, cao hon 3—5% so véi cac
gbc khac, phu hop vdi nghién ctru cua [1].

Anh hwéng nhién liéu: Diesel No.2 100% cho cong suit cao nhat (84.0 kW) nho
mat d¢ ning lugng cao (42.5 MJ/kg). DME 100% thap hon 2 kW (82.0 kW) do mat do
nang lugng thap hon (28.8 MJ/kg), doi hoi luong nhién liéu phun 16n hon 1.5-2 1an [10].
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Hdn hop 20%-25% DME dat cong suat 83.0 kW, chi thap hon Diesel No.2 1-2%, phu
hop cho céac g dung thyc té nhd can bang giita hiéu suat va giam khi thai.

Téc @) va tai: Tai 100% ting cong suat gip doi so véi tai 50% (41.0-43.0 kW),
do luwong nhién liéu cung cap ting (A = 1.2 so véi 1.8). Tc d6 3000 vong/phut lam giam
nhe cong sut (1-3 kW) so v6i 2000 vong/phit, do thoi gian chay ngan hon (1.2—1.5 ms
s0 v6i 1.8-2.0 ms), dan dén chay khuéch tan kém hiéu qua hon.

Duéi day 1a biéu dd cot minh hoa cong suat hidu dung tai 3000 vong/phut, tai
100% theo cac goc phun sém, gitp hinh dung 13 sy tdi wu cta 15° BTDC.

84

83
82
s
‘§ 81
w
5
80
) I I II
78 II I
5°BTDC 10° BTDC 15° BTDC 20° BTDC 25° BTDC
Géc phun sém (BTDC)
@ DME 100% @ Diesel No.2 100% @ 20% DME @ 25% DME
Hinh 3.9: Biéu do cong suat hiéu dung tai 3000 vong/phiit, tai 100%
theo cac goc phun sém
90
88
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=
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K =
w
[=2]
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Q aw
© 718e=""

76
75
5° BTDC 10° BTDC 15° BTDC 20° BTDC 25° BTDC

Goéc phun sém (BTDC)

© DME 100% (2000 rpm, 100% tdi) © Diesel No.2 100% (2000 rpm, 100% tai) © 20% DME (2000 rpm, 100% tai)
© 25% DME (2000 rpm, 100% tdi) © DME 100% (3000 rpm, 100% tai) © Diesel No.2 100% (3000 rpm, 100% tai)

Hinh 3.10: Biéu d0 cong suat hiéu dung theo géc phun sé'm tai tai 100%
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(2000 va 3000 vong/phut)
c. Suét tiéu hao nhién liéu
BSFC (g/kWh) chiu anh hudng bdi goc phun sém va loai nhién li¢u. Goc 15°
BTDC cho BSFC thap nhit, toi wvu hoa qué trinh chay. Bang 4.3 trinh bay BSEC tai 3000

vong/phut, tai 100% theo cac goc phun sém.

Bang 3.4: BSFC tai 3000 vong/phit, Tai 100%

Goc phun DME 100% Diesel No.2 20% DME 25% DME
(BTDC) (g/kWh) 100% (g/kWh) (g/kWh) (g/kWh)
5° 234 214 219 219
10° 229 209 214 214
15° 223 204 209 209
20° 226 207 212 212
25° 231 211 216 216

Xu hwéng BSFC: Thép nhat tai 15° BTDC (204223 g/kWh), ting ¢ 5° BTDC
(214-234 g/kWh) do chay khong hoan toan va ¢ 25° BTDC (211-231 g/kWh) do giai
doan chay khuéch tan kéo dai, 1am giam hiéu sudt nhiét. Hiéu suat nhiét tai 15° BTDC
dat 37-39%, cao hon 3—5% so véi cac goc khac, phu hop vdi nghién clru trude day [1].

Anh hwéng nhién liéu: Diesel No.2 100% c6 BSFC thap nhit (204 g/kWh) nhd
mat d§ nang lugng cao. DME 100% c6 BSFC cao hon 9% (223 g/kWh) do mat d§ ndng
luong thap. Hon hop 20%—25% DME dat BSFC 209 g/kWh, c4n bang giira hiéu suit va
moi truong.

Téc dd va tai: BSFC tai 3000 vong/phut cao hon 5-10% so v&i 2000 vong/phut
(197-214 g/kWh tai tai 100%) do thoi gian chay ngan hon. Tai 100% cai thién BSFC
s0 voi tai 50% (200-220 g/kWh) do hdn hop giau hon, ting hiéu suit chay.

Ddnh gid théng ké: Do 1éch chuan cia BSFC tai 15° BTDC 1a 2-3 g/kWh, cho
théy két qua 6n dinh. Sai s6 mo phong so voi1 thuc nghiém [1] dudt 5%, xac nhan do

chinh x4ac cua mo hinh Diesel-RK.
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Biéu d6 duong dudi ddy minh hoa xu huéng BSFC tai 3000 vong/phut, tai 100%,
gitip hinh dung 13 sy téi vu ciia 15° BTDC.

235
230
225
220

215

BSFC (g/kWh)

210
205

200
5°BTDC 10° BTDC 15° BTDC 20° BTDC 25° BTDC

Goc phun sém (BTDC)

O DME 100%  Diesel No.2 100% © 20% DME O 25% DME

Hinh 3.11: Biéu d6 BSFC tai 3000 vong/phut, tai 100%

2000 vong/phiit, 50% tai 2000 vong/phiit, 100% tai 3000 vong/phiit, 50% tai 3000 vong/phiit, 100% tai
Piéu kién van hanh

230

225

220

BSFC (g/kWh)
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o
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@® DME 100% @ Diesel No.2 100% @ 20% DME @ 25% DME

Hinh 3.12: Biéu d6 BSFC tai goc phun 15° BTDC theo toc d9 va tai

d. Nong d6 khi thai (NOx va PM)

Khi thai NOx va PM chiu anh hudéng manh béi géc phun sém, loai nhién li¢u, tde
do, va tai. Goc 15° BTDC giam dang ké NOx va PM so véi cac goc phun khac. Bang
4.4 trinh bay NOx va PM tai 3000 vong/pht, tai 100% theo cac gdc phun sém.
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Bing 3.5: Bang thong so khi thiai NOx va PM tai 3000 vong/phiit, Tai 100%

Goc phun Nhién liéu NOx (ppm) PM (mg/m?)
(BTDC)

DME 100% 5000 0.1

. Diesel No.2 100% 6000 16.0

: 20% DME 5500 12.0
25% DME 5400 10.0

DME 100% 4600 0.1

. Diesel No.2 100% 5600 15.0

o 20% DME 5100 11.0
25% DME 5000 9.0

DME 100% 4200 0.1

. Diesel No.2 100% 5200 14.0

. 20% DME 4700 10.0
25% DME 4600 8.0

DME 100% 4400 0.1

. Diesel No.2 100% 5400 14.5

20 20% DME 4900 10.5
25% DME 4800 8.5

DME 100% 4800 0.1

. Diesel No.2 100% 5800 15.0

> 20% DME 5300 11.0
25% DME 5200 9.0

Khi thai NOy:

NOx cao nhét tai 5° BTDC (5000-6000 ppm) do nhiét d6 chay cao (2245-
2355°C)va ap suét cuc dai xuét hién sém, kich thich phan Uimg gilra nito va oxy. Tai 15°
BTDC, NOx giam 15-20% (4200-5200 ppm) nho kiém soat nhiét do chay (2140-
2240°C) va thoi gian chay khuéch tan toi uu. Tai 25° BTDC, NOx ting nhe (4800—5800
ppm) do giai doan chidy mudn kéo dai, lam tang nhiét do trong budng dét. DME 100%
¢6 NOx thap nhat (4200 ppm tai 15° BTDC) nho thoi gian tré chay ngan (0.5-1 ms) va
ham luong oxy ndi tai (34.8%), giam nhiét do chay. Hon hop 20%-25% DME giam
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NOx 10-12% (4600—4700 ppm) so voi Diesel No.2 (5200 ppm). Tang ty 1¢ DME tur
20% 1én 25% gidam thém 100-200 ppm NOx, phu hgp véi nghién ctru ciia Park va Lee
(2013) [10]. Téc d6 3000 vong/phit ting NOx 600—1400 ppm so v&i 2000 vong/phit do
nhiét d6 chay cao hon. Tai 100% tang NOx 1000-2000 ppm so véi tai 50% do hon hop
giau hon (A =1.2 so véi 1.8).

Khi thai PM:

PM cao nhét tai 5° BTDC (0.1-16 mg/m?) do chy khong hoan toan trong giai
doan som, thip nhét tai 15° BTDC (0.1-14 mg/m?®) nhd hoa tron nhién liéu—khéng khi
t6t, va tang nhe tai 25° BTDC (0.1-15 mg/m®) do giai doan chay khuéch tan kéo dai.
DME 100% gan nhu khong tao PM (0.1 mg/m?) nho chay sach, khong chira luu huynh
va hydrocarbon phtrc tap. Hon hop 20%-25% DME giam PM 29-43% (8.0-10.0
mg/m?) so vo1 Diesel No.2 (14.0 mg/m?). Tang ty 1€ DME tir 20% 1én 25% giam thém
1-2 mg/m3 PM. Tai 100% ting PM 2—4 mg/m? so vdi tai 50% do hdn hop gidu hon. Toc
d6 3000 vong/phiit ting PM 1-2 mg/m? so véi 2000 vong/phut do thoi gian chay ngan
hon.

Biéu d6 cot dudi ¢y minh hoa NOx tai 3000 vong/phut, tai 100%, gitip hinh dung
su gidm NOx tai 15° BTDC.

6,000
5,800

5,600

5,400

5,200

5,000

4,800

4,600

4,400 I I

4,200 .

5°BTDC 10° BTDC 15° BTDC 20° BTDC 25° BTDC
Gac phun sém (BTDC)

NOx (pprn)

@® DME 100% @ Diesel No.2100% @ 20% DME @ 25% DME

Hinh 3.13: Biéu d6 Khi thai NOy tai 3000 vong/phut, Ti 100%
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Hinh 3.14: Biéu d6 Khi thai PM tai 3000 vong/phut, Tai 100%

NOx (ppm/100)

100

80

60
® DME 100%
® Diesel No.2 100%
® 20% DME

HC (ppm) PM (mg/m?)
® 25% DME
CO (ppm)

Hinh 3.15: Biéu do Radar so sanh khi thai ciia cac loai nhién liéu
& 3000v/p, tdi 100% va géc phun 15° BTDC
e. Phan tich dudng cong ap suat (p—6 diagram)

Dé hiéu rd hon vé qua trinh chay, cic duong cong ap suit theo goc quay truc
khuyu (P-0 diagram) duogc phan tich tir mé phong Diesel-RK. Puong cong niy cho thy
ap suat cuc dai (Pmax), goc dat ap suit cuc dai (OPmax), va toc do ting ap suét (dp/de),
anh huong truc tiép dén cong suét va khi thai.

Ap suit cuwe dai (Pmax): Tai 15° BTDC, Pmax dao dong tir 103—108 bar, xay
ra tai 4°-6° ATDC, t6i uu hoa cong suét hiru ich. Tai 5° BTDC, Pmax cao hon (110—
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115 bar) nhung xay ra trudc TDC, 1am giam cong suat 5-7%. Tai 25° BTDC, Pmax thap
hon (100-105 bar) do giai doan chay khuéch tan kéo dai, dan dén mat ning luong.

Téc dp ting ap suat (dp/d0): Véi DME 100%, dp/do cao hon (8—10 bar/°CA)
s0 v6i Diesel No.2 (6-8 bar/°CA) do thoi gian tré chay ngan (0.5—-1 ms). Hon hop 20%-—
25% DME c6 dp/df trung gian (7-9 bar/°CA), gidm nguy co knocking so véi DME
100% nhung van cai thién hiéu suét chay.

Anh huéng nhién liéu: DME 100% tao ap sut cuc dai cao hon 5-7% so voi
Diesel No.2 do tdc @6 bay hoi nhanh va chi s cetane cao (55-60). Hon hop 20%—25%
DME dat Pmax gan v6i Diesel No.2, phu hop vé6i ha tang phun nhién liéu hién tai.

120

Ap suét (bar)

10° 5 0° (TDC) 5o 10° 152 20°
Goc quay truc khuyu (°CA)

© DME 100% Diesel No.2 100% O 20% DME O 25% DME
Hinh 3.16: Biéu do Puong cong ap suat (P-0) tai 3000 vong/phut, tai 100%, géc
phun 15° BTDC
F. So sanh tong quan
Hiéu suat:

Goc phun sém 15° BTDC t6i vu hoa cong suit (42.0-85.0 kW) trong moi diéu
kién, nho 4p suat cuc dai (103—108 bar) xay ra gan TDC (4°-6° ATDC). Diesel No.2
100% cho cong suat cao nhat, nhung hdn hop 20%-25% DME dat hiéu suit gan tuong
duong (83.0 kW) voi loi thé vé khi thai.

Tai 100% ting cong suit gap do6i so véi tai 50%, nhung tbc 6 3000 vong/phit
1am giam nhe cong suat (1-3 kW) so véi 2000 vong/phut do thoi gian chdy ngin hon.
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BSFC:

BSFC thip nhét tai 15° BTDC (200-223 g/kWh), phan anh hiéu suét nhiét cao
nhat (37-39%). Diesel No.2 100% c6 BSFC thap nhét, nhung hdn hop 20%—25% DME
chi cao hon 2—5%, phu hop cho tng dung thuc té.

Téc d6 3000 vong/phit taing BSFC 5-10% so véi 2000 vong/phiit, nhung tai
100% cai thién BSFC so véi tai 50% do hon hop giau hon.

Khi thai:

Goc 15° BTDC giam NOx (2700-5200 ppm) va PM (0.1-14 mg/m?) so voi 5°
BTDC (3100-6000 ppm NOx, 0.1-16 mg/m* PM) va 25° BTDC (2900-5800 ppm NOx,
0.1-15 mg/m* PM). DME 100% c6 loi thé vuot troi vé PM (0.1 mg/m?) va NOx (15—
20% thap hon Diesel No.2). Hon hop 20%—25% DME giam PM 25-40% va NOx 10—
15% so v6i Diesel No.2, dap tmg tiéu chudn Euro V/VL.

Téc d6 3000 vong/phut ting NOx (600—1400 ppm) va PM (1-2 mg/m?) so voi
2000 vong/phut. Tai 100% tang NOx (10002000 ppm) va PM (2—4 mg/m?) so voi tai
50%.

Bang 3.6: So sanh tong quan cac loai nhién li¢u va thong so khao sat tai 15° BTDC

. Cong suit BSFC NOx PM
Dieu kién Nhién li¢u
(kW) (g/’kWh) | (ppm) | (mg/m°)
DME 100% 42.0 205 2700 0.1
Diesel No.2
2000 vong/phut, 43.0 200 3600 11.0
100%
50%
20% DME 42.5 202 3120 8.0
25% DME 42.5 202 3100 7.0
DME 100% 83.0 214 3800 0.1
Diesel No.2
2000 vong/phut, 85.0 197 4800 12.5
100%
100%
20% DME 84.0 202 4300 9.0
25% DME 84.0 202 4200 7.5
DME 100% 41.0 220 3120 0.1
3000 vong/phit, | Diesel No.2
42.0 215 4000 11.0
50% 100%
20% DME 41.5 217 3600 8.0
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25% DME 41.5 217 3500 6.5
DME 100% &2.0 223 4200 0.1
Diesel No.2

3000 vong/phut, &4.0 204 5200 14.0

100%
100%

20% DME &3.0 209 4700 10.0
25% DME &3.0 209 4600 8.0

Béang 3.7: Bang so sanh cong suat va tiéu hao nhién li¢u kém d¢ léch chuan cua cac

loai nhién liéu thir nghiém

Cong
Nhién , c BSFC c NOx c PM c
suat
li¢u (W) (kW) | (g/kWh) | (g¢/kWh) | (ppm) | (ppm) | (mg/m’) | (mg/m?)
DME
82.0 1.5 223 3.0 4200 150 0.1 0.1
100%
Diesel
No.2 | 84.0 1.8 204 2.5 5200 200 14.0 0.5
100%
20%
83.0 1.6 209 2.7 4700 180 10.0 0.4
DME
25%
83.0 1.6 209 2.7 4600 175 8.0 0.3
DME

Nghién ctru x4c dinh goc phun 15° BTDC 14 t6i wu, mang lai:

Hiéu suit: Cong suat cao nhit (42.0-85.0 kW) nhd ap sudt cuc dai gan TDC va
chay khuéch tan hiéu qua.

BSFC: Thép nhat (200-223 g/kWh), phan anh hiéu suat nhiét cao (37-39%).

Khi thai: NOx (2700—-5200 ppm) va PM (0.1-14 mg/m?®) thap hon dang ké so vai
céc goc phun khac, dap tmg tiéu chuan Euro V/VI.

Ty 18 nhién li¢u: Hon hop 20%—25% DME can bang hiéu suét (83.0 kW, 209
g/kWh) va khi thai (NOx gidam 10-15%, PM giam 25-40% so v6i Diesel No.2). DME

100% vuot troi vé moi truong nhung kém hon vé hiéu suit.
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Téc d6 3000 vong/phut ting ap suit (3—6 bar), nhiét d6 chay (25-120°C), va khi
thai (NOx tang 600—1400 ppm, PM tdng 1-2 mg/m?) so véi 2000 vong/phut. Tai 100%
ting cong suat gip d6i nhung ciing tang khi thai do hdn hop giau hon.

Tong hop lai, cac xu hudng bién thién cta ap suat, hiéu suat va phat thai khi thay
d6i goc phun trong nghién ctru ndy phi hop véi cac két qua cong bd trude d6 [19], [21],
khang dinh tinh tin cdy ctia m6 hinh mé phong st dung trong dé tai.
3.2 Phan tich chi phi vin hanh DME so véi Diesel No.2

Phan tich chi phi van hanh khi str dung DME va hon hop DME-Diesel No. 2 trén
dong co WP2.3/WP2.3N bao gém chi phi nhién liéu, cai tién hé thdng phun, bao tri, va
loi ich kinh té tir giam phat thai. Phan tich dwa trén dir liéu tir dé an [16], [19], cac nghién
ctru quoc té [1], [10], [15], va boi canh Viét Nam [3], [20], [21], [22], [25], noi nhu cau
nhién liéu thay thé tang do tiéu chuan khi thai Euro V/VI.
3.2.1. Chi phi nhién liéu

— DME 100%: [21], chi phi san xuit DME tir sinh khdi dao dong 500-700
USD/tan (12.5-17.5 triéu VND/tan, ty gia 25,000 VND/USD). Vi BSFC 223—
234 g/kWh (Bang 3.7), chi phi nhién liéu udc tinh 3,350-4,100 VND/kWh tai
cong suat dinh muc (82-84 kW, 3000 rpm, tai 100%). Do mat d6 ning luong
thap (28.8 MJ/kg so v&i 42.5 MJ/kg ctia Diesel No. 2), lugng DME céan cao hon
1.52 1an [10].

— Diesel No. 2: [22] bao cdo gia Diesel No. 2 tai Viét Nam nam 2025 1a 20.5—
21.5 triéu VND/tan (17,500-22,500 VND/lit, mat do 0.83 kg/lit). Vi BSFC
204-214 g/kWh, chi phi nhién li¢u la 4,200—4,900 VND/kWh.

— H6n hop 20%-25% DME: Hon hop nay c6 BSFC 209219 g/kWh, chi phi
nhién li¢u udc tinh 3,900-4,500 VND/kWh (gia trung binh 18,750 VND/Iit).
Park va Lee [10] chi ra hdn hop 20%-25% DME tiét kiém 8—12% chi phi nhién
lidu so v6i Diesel No. 2, nho chi s6 cetane cao (55-60) va ham luong oxy noi
tai [15].

Vi du thwe té: D6i véi xe tai nhe (WP2.3/WP2.3N, 84 kW, chay 50,000 km/nam, tiéu
thu 10 1it/100 km):

— Diesel No. 2: 5,000 lit x 20,000 VND/Iit = 100 tricu VND/nam.

— DME 100%: 7,500 lit x 15,000 VND/lit = 112.5 tricu VND/nam.

— Hon hop 25% DME: 5,250 lit x 18,750 VND/lit = 98.4 triéu VND/nam [22].
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3.2.2. Chi phi cdi tién hé thong phun

DME yéu cau bom ap suét cao va voi phun chuyén dung do 4p suit hoi 5.1 bar
va do nhét thap 0.1-0.2 ¢St [1]. Chi phi cai tién hé thong phun cho WP2.3/WP2.3N udc
tinh 40—55 triéu VND, bao gdm:

— Bom nhién li¢u: 15-25 triéu VND (Bosch/Delphi) [19].
— Voi phun: 15-20 triéu VND (16p phu DLC/ceramic, 4 xy-lanh) [10].
— Hé théng diéu khién: 10-15 triéu VND, tdi vu héa thdi diém phun [15]. Tran

Quéc Toan [25] xac nhan chi phi nay kha thi tai Viét Nam, véi khau hao 5 nim

(811 tri¢u VND/nam).

3.2.3. Chi phi bao tri

Do nhot thap cia DME ting mai mon bom/voi phun, ddn dén chi phi bao tri cao
hon 20-30% so véi Diesel No. 2, udc tinh 3—6 tricu VND/nam [1]. Phu gia boi tron
(Lubrizol, 1,250-2,500 VND/Ilit) tang chi phi van hanh 5-10% nhung gidm mai mon
15-20% [10]. Hon hop 20%25% DME giam chi phi bao tri xudng 2.5-5 triéu
VND/ndm nh¢ d§ nhot cai thién (1.5-2.5 ¢St) [3].

3.2.4. Loi ich kinh té tir giam phdt thdi

Hon hop 20%-25% DME giam PM xuéng 8—12 mg/m? va NOy xudng 4600—
5500 ppm (Bang 3.7) [16]. [21] udc tinh tiét kiém 10-20 triéu VND/nam nho giam chi
phi xir Iy khi thai (DPF, SCR). [3] nhan manh chinh sach trg gia nhién liéu sach tai Viét
Nam c6 thé giam thém 5-10% chi phi van hanh.

3.2.5. Ung dung thuc té

Hon hop 20%-25% DME c6 chi phi van hanh tuong duong Diesel No. 2 (98.4
tricu VND/nam so véi 100 triéu VND/nam), véi loi ich gidm khi thai dap ung Euro
V/VI. DME 100% c6 chi phi cao hon (112.5 tricu VND/ndm) nhung phu hop cho ting
dung uu tién moi truong. Pau tu cai tién (40-55 triéu VND) va bdo tri (36 triéu
VND/nim) cin cin nhic, nhung san xuat DME quy md 16n tai Viét Nam c6 thé giam
gia xubng dudi 12 triéu VND/tan, ting tinh canh tranh [22], [25].

Dé tong hop va minh hoa 1 rang céc chi phi van hanh, Bang 3.8 dudi day trinh
bay chi phi nhién liéu, cai tién hé théng phun, bao tri, va loi ich kinh té tir giam phat thai
khi sir dung céc loai nhién liéu trén dong co WP2.3/WP2.3N. Hinh 3.13 tiép theo cung
cAp biéu dd cot so sanh tong chi phi hang nam, giup danh gia tinh canh tranh ctia hdn

hop DME trong cac (mg dung thuc té.
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Bang 3.8: Bang tém tit chi phi van hanh va lgi ich kinh té (Xe tai nhe, 50,000

km/nam)
DME 100% Diesel No.2 20% DME 25% DME
Loai chi phi
(triéu VND) | (triéu VND) | (triéu VND) | (triéu VND)
Chi phi nhién
112.5 100.0 99.2 98.4
liéu
Chi phi cai tién | 40-55 (khau . 1015 (khau | 10-15 (khau
hé théng phun | hao: 8-11/nim) hao: 2-3/nam) | hao: 2-3/nam)
Chi phi bao tri 3-6 1.5-3 2.5-5 2.5-5
Loi ich kinh té
tir giam phat 12.5-25 0 10-20 10-20
thai
Tong chi phi
hang nam (wéc 103.5-109.5 101.5-103 91.7-97.2 90.9-95.9

tinh)

120

100

Chi ph (trigu VND)

-20

DME 100%

@ Chi phi nhién liéu @ Chi phi cdi tién (khdu hao/nam)
@ Tdng chi phi hang nam

Diesel No 2

Loai nhién liéu

20% DME

80
60
40
20
0 ;| — —
| N n

25% DME

Chi phi bdo tri @ Loi ich kinh té tir gidm phat thai

Hinh 3.17: Biéu d6 so sanh chi phi vin hanh nim (triéu VND) cho xe tii nhe

(50,000 Km/nam)

3.3 Panh gia vé do bén dong co
D6 nhét thap (0.1-0.2 ¢St) va ap sut hoi cao (5.1 bar) cia DME gay thach thire
cho d6 bén bom nhién liéu, voi phun, va vong dém trén dong co WP2.3/WP2.3N [1],

Duwea trén phan tich twe [10], [21]
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[10]. Phin nay danh gia tic dong cia DME 100% va hdn hop 20%—25% DME, dé xuat
giai phap cai tién dwa trén [3], [6], [10], [16], [23], [24].
3.3.1. Tac dong cia DME

— Mai mon bom/voi phun: [10] bdo cdo d6 nhét thip cia DME giam tudi tho

bom/voi phun tir 5,000 gior (Diesel No. 2) xubng 3,500—4,000 gid (DME 100%),
do mai mon tang 20-30%. Hon hop 20%—25% DME (dd nhét 1.5-2.5 cSt) giam
mai mon, nhung van cao hon Diesel No. 2 khoang 10-15% [3].

RO i va an mon: Ap suét hoi cao ctia DME gay ro ri ¢ vong dém cao su, doi hoi
vat liéu PTFE/Viton [1]. [23] lvu y nguy co dn mon ting & bom ap suét cao do
dac tinh héa hoc cia DME.

Ung suét nhiét/co hoc: M6 phong ANSYS (Hinh 3.10) cho thay 4p suat buong
d6t cia DME (114—120 bar) cao hon Diesel No. 2 (100—108 bar), ting tng suat
trén piston/xy-lanh 10-15% [16]. Nhiét d§ chay cao (2210-2355°C) cling lam
tang nguy co hu hong vt liéu [10].

3.3.2. Gidi phdp cdi tién

L6p phii chong mai mon: [23] dé xuat 16p phu DLC/ceramic, ting tudi tho
bom/voi phun 1é€n 4,500-5,000 gid, chi phi 5-7 triéu VND/linh ki¢n [1].

Phu gia boi tron: [6] khuyén nghi phu gia gbc ester (Lubrizol 539S), ting d6 nhét
1én 0.3—0.5 cSt, gidam mai mon 15-20%, chi phi 1,250-2,500 VND/lit nhién liéu
[10].

Vat liéu vong dém: St dung PTFE/Viton dé chong ro ri, chi phi 2-3 triéu
VND/dong co [1].

Thiét ké voi phun: [24] dé xuit voi phun da 16 (7-9 15, dudng kinh 0.12-0.15
mm), cai thién tia phun, giam mai mon va tang hiéu suat chay, chi phi 15-20 triéu
VND/dong co [19].

Dé tong hop cac tac dong cia DME va hdn hop DME-Diesel No.2 1én d6 bén

dong co ciing nhu chi phi cai tién, Bang 3.9 dudi day trinh bay tudi tho bom/voi phun,

ty 16 mai mon, va chi phi cac giai phap cai tién. Hinh 3.14 tiép theo minh hoa tryc quan

su khac biét vé tudi tho va mai mon giita cac loai nhién liéu, nhan manh lgi thé ctia hon

hop 20%-25% DME.
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Bang 3.9: Bang tom tit dd bén dong co va chi phi cai tién

Loai nhién liéu

@ Tudi tho bom/voi phun (gio) @ Ty I mai mon tang (%)

. Diesel
Thong so DME 100% 20% DME | 25% DME
No.2
Tudi tho bom/vdi phun 4,500— 4,500—
3,500-4,000 5,000
(gi0) 4,800 4,800
Ty I¢ mai mon tang so véi
. 20-30% 0% 10-15% 10-15%
Diesel (%)
Chi hi 16 hu 5-7/linh 5-7/linh
P P P 5-7/linh kién 0 _ ‘
DLC/ceramic (triéu VND) kién kién
Chi phi phu gia boi tron 1,000 1,000
1,250-2,500 0
(VND/lit) 2,000 2,000
Chi hi  von dém 1-2/dong 1-2/dong
P s 2-3/ddng co 0
PTFE/Viton (tri¢u VND) co co
Chi phi voi phun da 16 (triéu 10— 10—
15-20/dong co 0
VND) 15/dong co | 15/ddng co
Tong chi phi cai tién (triéu 17— 17—
27-37/d6ng co 0
VND) 24/dong co | 24/ddng co
5,000
4,500
< 4000
é 3,500
® 3000
; 2,500
g 2,000
£ 1500
E 1,000
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Hinh 3.18: Bi¢u do so sanh tudi tho bom/Voi phun va ty 1¢ mai mon khi sir dung

cac loai nhién li¢u

Duwea trén phan tich tur [23], [24]
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3.3.3. Pé xudt thir nghiém thuec té

Thir nghiém mai mon bé mit bom/voi phun bang SEM sau 1,000-2,000 gid van
hanh v&i DME 100% va hon hop 20%-25% DME, so sanh véi Diesel No. 2 [23].

Dénh gia tan suét bao tri va chi phi thay thé linh kién (3—6 triéu VND/nim cho
DME so v6i 1.5-3 triéu VND/nam cho Diesel No. 2) [6].

Mo phong tmg sudt nhiét/co hoc trén ANSYS/COMSOL dé x4c dinh ngudng hu
hong cua piston/xy-lanh [16].
3.3.4. Panh gid tong hop

Hdn hop 20%-25% DME ci thién d6 bén so voi DME 100%, nhung van can cai
tién dé dat tudi tho twong dwong Diesel No. 2 (4,500-5,000 gid). Cac giai phap nhu 16p
phua DLC, phu gia boi tron, va PTFE/Viton kha thi, nhung chi phi dau tu 20-30 triéu
VND/dong co can can nhic. Thi nghi¢m thyuc té 13 can thiét dé xac nhan hiéu qua va tdi
uu hoa chi phi [23], [24].
3.4 Phan tich tac dong kinh té — méi truwong dai han va so sanh véi cac tiéu chuin
mai

Pé danh gia toan dién hon vé viéc mg dung DME va hdn hop DME-Diesel No.2
trén dong co WP2.3/WP2.3N, phan nay mé rong phan tich tir chi phi van hanh ngin han
va d6 bén dong co sang tac dong kinh té-mai trudng dai han. Phan tich dua trén lifecycle
assessment (LCA) ctia DME, bao gém chudi tir san xuat dén str dung va thai bo, dong
thoi so sanh vai cac tiéu chuan méi nhu Euro VII va cac nhién lidu xanh khac. Két qua
nhim cung cép co s cho viéc ap dung bén virng tai Viét Nam, noi nhu cau ning luong
sach dang tang cao do cac quy dinh moi truong nghiém ngat.
3.4.1. Phan tich Lifecycle Assessment (LCA) ciia DME va hén hop DME-Diesel No.2

LCA déanh gia tac dong moi trudng toan chudi cia DME, tir nguyén liéu dau vao
(nhu sinh khéi hodc CO; thu hdi) dén phat thai cubi cing. Theo nghién ciru gan day,
viéc san xudt DME tir hydro xanh va COa thu hdi ¢6 thé giam phat thai COa toan chudi
1én dén 90% so voi Diesel No.2 truyén théng, dic biét khi str dung trong dong co diesel
nhu WP2.3/WP2.3N [26], trong giai doan san xuét, chi phi DME tir CO» hydrogenation
woc tinh 12.5-17.5 triéu VND/tan, nhung v6i quy mé 16n, ¢ thé giam xudng dudi 10
triéu VND/tdn nho cong nghé power-to-DME [27].

V& tac dong dai han (trén 10 nam van hanh), hdn hop 20%-25% DME c6 thé tiét
ki€ém 15-25% chi phi nhién li€u toan vong doi (well-to-wheel), v&i gidam phét thai NOy
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va PM 1én dén 30-50% so véi Diesel No.2, dya trén md hinh LCA cho déu thu hoi sur
dung DME [26]. Tuy nhién, néu khong thu hdi CO» tir khi thai, LCA cho thay phat thai
toan chudi co thé tang 10-15% do nang lugng tiéu thy trong san xuét. Tai Viét Nam,
viéc ap dung DME tir sinh khéi tai tao (nhu rom ra) c6 thé giam phu thudc vao nhién
liéu hoa thach, véi loi ich kinh té wée tinh 20-30 triéu VND/nam cho xe tai nhe chay
50.000 km/nim, bao gdém trg cip moéi trudng tir chinh sach xanh.
3.4.2 Tdc déng kinh té dai han

Phén tich kinh t& dai han (5-10 nim) cho thay chi phi ban dau cai tién hé théng
phun (40-55 triéu VND) c6 thé khiu hao trong 3-5 ndm nhd tiét kiém nhién liéu va giam
bao tri. V&i thi truong DME toan cau du kién dat quy mé 16n hon vao 2025, gia DME
c6 thé giam 20-30%, dan dén tong chi phi van hanh hon hgp DME thap hon 10-15% so
v6i Diesel No.2 [28]. Tuy nhién, rui ro kinh té bao gdm bién dong gia hydro xanh, c6
thé tang chi phi san xuat néu ngudn nang lugng tai tao chua 6n dinh tai Viét Nam.
3.4.3 So sanh véi tiéu chudn Euro VII va céc nhién liéu xanh khdc

Tiéu chuan Euro VII, du kién ap dung tir 2026, tip trung vao phat thai khong khi
thai (non-exhaust emissions) nhu bui phanh va 16p xe, v6i gidi han NOx 60 mg/km cho
tat ca xe (bao gdm diesel va xang), va yéu cau xe chay nhién liéu trung 1ap CO» sau 2035
[29]. DME va hdén hgp DME vuot troi so v6i Euro VII nho giam PM 25-40% va NOx
10-20%, dac biét khi so vdi biodiesel (giam PM chi 20-30% nhung tdng NOx do oxy noi
tai cao) hodc e-fuels khac nhu e-diesel (chi phi cao hon 20-30%) [30]. So v6i nhién li¢u
xanh nhu hydro hodc ammonia, DME c6 l¢i thé vé co s& ha téng (twong thich v&i dong
co diesel hién tai), nhung kém hon vé phat thai toan chudi néu khong st dung ngudn tai
tao.

Téng hop, LCA va phén tich dai han khang dinh DME 1a giai phap bén virng,

nhung can dau tu vao san xuat xanh dé t6i uu hoa loi ich kinh t€-moi truong.
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KET LUAN CHUONG 3

M6 phdng trén Diesel-RK cho dong co WP2.3/WP2.3N xé4c dinh goc phun 15°
BTDC t6i wu, dat cong sut 42.0-85.0 kW, BSFC 200223 g/kWh, giam NOx 15-20%,
PM 10-20%. Hdn hop 20-25% DME can bang hiéu suét (83.0 kW, BSFC 209 g/kWh)
va khi thai (NOx giam 10-15%, PM giam 25-40%). Chi phi van hanh hon hop DME
tiét kiém ~10%, nhung cai tién hé théng phun tén 17-37 triéu VND. DME 100% ting
mai mon 20-30%, hdn hop 20-25% DME giam mai mon con 10-15%. LCA cho thay
DME giam CO2 90% néu tir hydro xanh, dap ung Euro VII. Céan thuc nghiém thyuc té

dé xac nhan va to1 uu hoa.
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KET LUAN

Nghién ctru nay duge thyc hién nham giai quyét cac thach thirc vé hiéu suit va
phat thai cua dong co diesel trong bdi canh méi trudng, thong qua phwong phap md
phong dé phan tich anh huéng cua goc phun som, téc do, tai, va loai nhién liéu (DME
100%, Diesel No.2 100%, hdn hop 20%-25% DME). Cac két qua da duoc phén tich va
thao luan, cung cap co s& cho cac két luan va dé xuat dudi day.

1. Két Luan

Nghién ctru da dat dugc cac muc ti€u dé ra, véi nhiing két qua chinh nhu sau:
Géc phun toi wu:

Goc phun soém 15° BTDC duoc xéac dinh 1a thoi diém tdi wu trong moi diéu kién
van hanh, mang lai hi¢u suét dong co tdt nhat véi cong suét hiéu dung cao nhét (42.0-
43.0 kW tai tai 50%, 82.0-85.0 kW tai tai 100%) va suat tiéu hao nhién liéu (BSFC) thap
nhat (200-223 g/kWh). Khi thai (NOx 2700-5200 ppm, PM 0.1-14 mg/m?) ciing & mirc
tuong d6i thap so véi cac goc phun khac.

Anh hwéng cia téc dé va tai:

Téc d6 3000 vong/phit 1am ting 4p suat cuc dai (3-6 bar), nhiét d6 chay (25-
120°C), va khi thai (NOx tdng 600-1400 ppm, CO va HC tang 5-12 ppm, PM tang 1-2
mg/m?® tai tai 100%) so véi 2000 vong/phat, nhung 1am giam nhe cong suét (1-3 kW) va
tang BSFC (5-10%) do thoi gian chay ngan hon.

Tai 100% lam ting cong suat gip do6i (78.0-85.0 kW so v6i 40.0-43.0 kW tai tai
50%), ap suat (20-30 bar), nhiét do chay (200-300°C), va khi thai (NOx tang 1000-2000
ppm, PM tang 2-4 mg/m?), nhung cai thién BSFC (giam 5-15 g/kWh).

Anh hwéng ciia loai nhién ligu:

DME 100% giam dang ké PM (0.1 mg/m?®) va NOx (15-20% thap hon Diesel
No.2), nhung cong suit thap hon 1-3 kW va BSFC cao hon 5-10%.

Diesel No.2 100% dat hiéu suat cao nhét (cong suat 84.0 kW, BSFC 204 g/kWh tai 3000
vong/phit, tai 100%, 15° BTDC), nhung phat thai cao nhat (NOx 5200-6000 ppm, PM
14-16 mg/m?).

Hdn hop 20%-25% DME can bang giira hiéu suit (cong suit 83.0 kW, BSFC 209

g/kWh) va khi thai (NOx gidm 10-15%, PM giam 25-40% so v6i Diesel No.2).
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Chi phi vdn hanh:

Déi véi xe tai nhe chay 50,000 km/ndm (tiéu thu 10 1it/100 km), chi phi nhién
litu hang ndm: Diesel No.2 khoang 100,000,000 VND, DME 100% khoang
112,500,000 VND, va hon hop 25% DME khoang 98,437,500 VND.

Chi phi cai tién hé thong phun nhién liéu cho DME: 37,500,000—50,000,000
VND/dong co (khu hao 5 ndm). Chi phi bao tri ting 2,500,000—5,000,000 VND/nim
do d6 nhot thap cua DME.

Loi ich kinh té tir gidm khi thai: Tiét kiém 12,500,000-25,000,000 VND/ndm
nhd giam chi phi xtr Iy PM va NOx (theo tiéu chuén Euro V/VI).

Hon hop 20%-25% DME c6 chi phi van hanh twong duong Diesel No.2 trong
ngan han, voi tiém nang tiét kiém dai han néu gia DME giam.

Dé bén diong co:

Do nhét thap (0.1-0.2 cSt) va ap suét hoi cao (5.1 bar) cia DME lam ting mai
mon bom/voi phun, giam tudi tho khoang 20-30% so véi Diesel No.2 (tir 5000 gioy
xudng 3500-4000 gid). Hon hop 20%—25% DME cai thién do bén (mai mon ting 10—
15%).

St dung phu gia bdi tron (1,250-2,500 VND/Iit) hoac vat liéu cai tién
(5,000,000—7,500,000 VND/voi phun) gitip giam mai mon 15-20% va ting tudi tho.

2. D& Xuit

Dua trén cac két qua nghién ctru, cac dé xuat sau duoc dua ra:
Ung dung thuc té:

Str dung goc phun 15° BTDC dé t6i wu hoa hiéu suét va giam khi thai trong céac
diéu kién véan hanh thuc té cia dong co.

Ap dung hdn hop 20%-25% DME thay thé Diesel No.2 trong cac tng dung can
giam phat thai (PM, NOx) ma van duy tri hiéu sudt 6n dinh, pht hop vdi cac quy dinh
moi truong.

Nghién ciru tiép theo:

Tién hanh thi nghiém thuc té dé xac nhan két qua mé phong, dic biét ¢ téc do
3000 vong/phut va tai 100%.

Mo rong nghién ctru voi ty 16 DME cao hon (30%, 40%) dé danh gia tiém ning

giam khi thai, dong thoi xem xét anh hudng dén d6 bén dong co.
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Kham pha cac chién luoc phun nhién liéu khac (phun phan cap, phun mudn) dé
cai thién hiéu suit chay & tdc do cao.

Phaén tich chi phi san xuidt DME quy mé 16n tai Viét Nam dé danh gia tiém ning
giam chi phi nhién liéu (hién tai 12,500,000—17,500,000 VND/t4n).

Nghién ctru cac vat liéu méi (nhu 16p phi ceramic) va phu gia boi tron dé cai
thién d6 bén dong co khi st dung DME, giam chi phi bao tri (hién tai 2,500,000—
5,000,000 VND/nam).
3. Han ché ciia dé tai va hwéng nghién ciru twong lai

Mic du dé tai d3 dat duoc cac muc tiéu chinh, van ton tai mot s6 han ché can luu
¥ dé hoan thién hon trong cac nghién ciru tiép theo.
3.1 Han ché cua dé tai

Thi nhit, nghién ctiru cht yéu dwa vao mo phong trén phan mém Diesel-RK, dan
dén thiéu dir liéu thuc nghiém thuc té, co thé bo qua cac yéu t6 nhu bién doi méi truong
hozc mai mon thuc té, lam giam do chinh xac ctia két qua khi thai va hiéu suét. Thi hai,
pham vi chi gi6i han & hdn hop 20%-25% DME, chua kham pha céc ty 1 cao hon hoic
két hop v6i EGR/swirl ratio, von co thé toi wu hoa hon. Thir ba, phan tich kinh té-moi
truong tap trung ngén han, thiéu LCA toan dién dai han va so sanh véi Euro VII, dan
dén danh gia chua day du vé tinh bén viing. Thit tu, tai liéu tham khao chu yéu tir trude
2023, chua cap nhat cac tién bo méi nhu blend DME-LPG hoic power-to-DME tur 2024-
2025 [27]. Cubi cling, cau triic ¢6 phan l3p lai va thiéu sensitivity analysis cho cac thong
s6 mo phong.
3.2 Huong nghién ciru twong lai

bé khic phuc, dé xuat thuc hién thi nghiém thuc té trén dong co WP2.3/WP2.3N
tir thang 08/2025, do luong khi thai tryc tiép dé xac nhan mo phong. Mo rong pham vi
v6i ty 18 DME 30%-50% va tich hgp EGR, stt dung CFD dé phén tich budng dbt. Bo
sung LCA dai han véi dit liéu méi vé san xuat DME tir CO2 thu hdi, so sanh véi Euro
VII va nhién li¢u xanh khac nhu biodiesel dong vat [28]. Cap nhat tai li¢u tir 2024-2025
dé tang tinh thoi sy, va thém sensitivity analysis dé danh gia do nhay cua BSFC theo
gdc phun. Nhitng hudng nay s& gop phan thic ddy tng dung DME tai Viét Nam, hd tro

chién lugc nang lugng bén viing.
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