HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

Nghién ciru md phong anh hwéng ciia pha phoi khi dén tinh niing
ky thuat va phat thai cia dong co xang mot xylanh c& nhé

Simulation study on the effect of timing system to technical features and
emissions of a small single-cylinder gasoline engine

Nguyén Tudn Nghia'",

Nguyén Phi Trudng', Nguyén Thanh Vinh', Tran Piang Qudc’
"Trieong Pai hoc Cong nghiép Ha Néi

T ruwong Pai hoc Bach khoa Ha Noi

*Email: nghiant@haui.edu.vn

Mobile: 0982456798

Tém tit

Twr khoa:

AVL-BOOST; bong co
xdng mot xylanh; Xupap
nap; Xupap xa

Bai bao nay khao sat thay d6i tinh nang ky thuat va phat thai ciia dong co xang mot
xylanh sir dung phan mém mé phong AVL-Boot & cic ché do: tai nho (20% tat), tai
trung binh (50%) va tai 16n (90% tai) trong khi dong co lam viéc o toc do 5000
vong/phit. Cac goc mg sém dong mudn ciia xupap nap va xa dugc tién hanh thay
doi trong pham vi tir 2° dén 4° 80 v0i gbe dong mo nguyén ban. Dong co hoat dong
& cac tbe d6 khac nhau ma mdi téc do lai twong tmg v6i mot pha phan phéi khi tbi
wu dam bao cho hé sb nap dat cuc dai. Ché do tai nho c6 goc mé sém dong mudn
thay d6i nho so véi goc dong md nguyén ban dé ting tinh ning ky thudt va giam
phat thai cua dong co. Ché do tai trung binh vi dong co dugc thiét ké dé lam viéc
t6t nhat & 5000 (vg/ph) nén cac goc nguyén ban 1a t6i wu. Che do tai 1on goc thay
d6i 16n so v6i goc dong mo nguyén ban dé dat dugc goc t6i wu coa dong co. Két
quéa nghién ciru ndy 13 co s¢ dé cai thién két céu, thiét ké hé thong didu khién pha
phéi khi thong minh ding cho déng co mét xy lanh, nhdm lam cho dong co ¢6 hiéu
nang lam viéc cao nhat & cac ché do tai khac nhau.
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This paper investigatesthe change of technical features and emission of a single-
cylinder gasoline engine using AVL-Bootsimulation software in the following
modes: small load (20% load), medium load (50%) and large load (90% load)
while the engine working at 5000 rpm. The late intake valve closing and early
exhaust valve opening were changed in the range of 2° to 4°compared to the
original angles.The engine runs at different speeds corresponding to determined
optimal air distributions, ensuring peak load factor.In small load mode, the late
intake valve closing and early exhaust valve openinghave smaller changes than
the original angle in order to increase the technical features and reduce engine
emissions. In mediumload mode, the enginewas designed to work best at 5000
rpm, thus the original angle is optimal. In large load mode, the angle underwent
major changes compared to the original angle in order to achieve the optimum
angle of the engine. The research results serve as the basis for structure
improvement andintelligent control system design of single-cylinder engines, in
order to achieve optimal performance at different load modes.
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1. GIOI THIEU

Déi v6i dong co dbt trong, nham ting kha ning nap diy mdi chat méi trong ky nap va thai
sach khi thai trong ky thai, nguoi ta thuong thiét ké c6 cac goc mé som va dong mudn cia cac
xupap nap va xa [1],[2]. Tuy nhién, gia tri cdc goc mo som dong mudn nay thuong dugc tinh
toan toi wu cho ché do6 hay lam viéc cua dong co (thuong la ché d¢ tai trung binh), con cc ché
d6 khac thi khong t6i vu. Nham t6i wu hoa tai tat ca cac ché do lam viéc cta dong co, thoi dlem
mé va khoang thoi gian md cac xupap sao cho dong co hoat dong voi hidu qua cao nhat giam toi
da muc tiéu ton nhién lidu dong thoi khi thai phat ra it gay 6 nhiém mdi truong. Co cau phan
phdi khi bién thién linh hoat la mdt trong nhitng cong nghé tién tién nham t6i vu hoa hiéu qua
ctia dong co dugc rat nhidu ky su thiét ké dong co trong nudc va trén thé gidi nghién ctru ché
tao. Trén thé gioi hé thong phdi khi thong minh ngay cang dugc phd bién trén 6 t6 va duoc biét
dén nhu: Hé théng VVT-I cua Toyota, h¢ théng VTEC cua Honda, hé théng VCT cua Ford, hé
thdng MIVEC cua Mitsubishi...

Hau hét cac dé tai nghién ctru trong va ngoai nudc déu di co nhitng két qua nghién ctru rat
bai ban vé sy thay d6i ciia pha phdi khi trén 6 t6 va mot sb xe may doi mdi. Mot trong céc
phuong an do la thay d6i bién dang cam [8] hodc thay dbi thot diém dong xupap [6], [7]. Tuy
nhién, tai Viét Nam van con str dung hau hét cac xe may c¢6 co cdu phdi khi c¢b dinh. Vlec nghlen
ctru thay d6i pha phdi khi trén cac dong co nay nham dinh hudng cho viée thiét ké cai tién co cau
phdi khi nhdm nang cao hiéu qua lam viéc ciia dong co ciing nhu dap tmg cac tidu chuan khi thai
méi sap duoc ap dung. Bén canh d6 phu:ong phap mo hinh hod - mé phong dé va dang dugc ing
dung rong rii va ngay cang duogc cai tién dé phu hop v6i xu huéng nghién ctru méi trong linh
vuc dong co dot trong (DCDOT). Viéc tng dung phan mém md phong trong qua trinh nghién ciru
co tac dung rat ngan thoi gian nghién ciru, thiét ké, ché tao va chay thir nghiém... Ngoai ra, (mg
dung phan mem md hinh hod - md phong con cho phép tdi wu hoa cac qua trinh cong tac, két cdu
DCDT dé tdi wu hoa tinh kinh té, hiéu qua va giam 6 nhiém moi truong.

2. XAY DUNG MO HINH MO PHONG

Dong co xang mdt xylanh duge mé hinh hoa va mé phong trén phan mém AVL-Boost va
thyc hién tai Phong thi nghi¢ém Pdng co dot trong, Truong PHBK Ha Noi.

2.1. Pdi twgng nghién ciru

Déi tuong nghién ctru la dong co xe may cua co co cau phéi khi ¢d dinh véi cac thong sd
k¥ thuat duogc thé hién trong bang 1.

Bang 1. Thong s6 k¥ thuat ctia dong co xang mot xylanh

STT Théng s6 Gia tri
1 Dung tich 108 cm’
2 Puong kinh xy lanh 50 mm
3 Hanh trinh piston 55 mm
4 Ti s6 nén 11:1
5 Cong suét toi da 6.5 kW /7500 v/ph
6 Momen xoan ti da 9,1Nm / 5500v/ph

2.2. M6 hinh d§ng co xidng mot xylanh

Mb hinh dong co duoc xay dung trén co sd 1y thuyét vé cac mo hinh nhu: M hinh chay;
mo trinh trao doi nhiét; M6 hinh nap thai; M6 hinh phat thai... Tat ca cdc mo hinh nay déu duogc
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lya chon trong phﬁn mém AVL-Boost. Ngoai ra, dua vao cAu tao dong co thuc té tién hanh lya
chon va nhép dir liéu cho céc phan tir thugc moé hinh mé phong. SO lugng cac phan tir cua mo
hinh dugc trinh bay & bang 2.

Bang 2. Céc phan tir trong mo hinh

Tén phan tir Ki hiéu S6 lwgng
Dong co E 1
Xylanh C 1
Loc gi6 CL 1
Voi phun I 1
Binh tiéu am PL 1
Cac diém do MP 8
Phan tir can R 3
Diéu kién bién SB 2
Cac duong ong 8

Sau khi két ndi cac phﬁn tr ta dugc mot mé hinh hoan chinh ctia dong co mét xylanh dugce
thé hién trén hinh 1.

Hinh 1. M6 hinh dong co trén phan mém AVL-Boost

2.3. Danh gia do tin ciy ctia mo hinh

Do tin cay cua mo hinh dugc danh gia thong qua su so sanh dugc dac tinh ngoai Vé cong
suat va md men khi chay thuc té trén bang thir va trén mé hinh moé phong. Két qua dugc thé hién
trén bang 3.

Bang 3. So sanh mo men, cong suat trong thyc nghiém va mo phong

Tée dp (vg/ph) Ne Me . Sai léch
i M0 phéng Thuc nghi¢ém M0 phéng Thuc nghi¢ém Ne Me
3000 2,21 2,16 7,04 6,88 2,31% 2,26%
4000 3,42 3,45 8,17 8,24 -0,87% -0,88%
5000 4,79 4,85 9,15 9,26 -1,24% -1,25%
6000 5,74 5,83 9,14 9,28 -1,54% -1,57%
7000 6,33 6,45 8,64 8,80 -1,86% -1,90%
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Két quéa cho théy s;li 1éch 16n nhat vé cong suét 1a 2,31%, vé mémen 1a 2,26%. Nhu vay,
tat ca cac sai léch déu nam dudi mirc cho phép (5%). Do d6, c6 thé thay mo hinh ddm bao do
tin cay.

2.4. Ché d9 md phong

_ Ché d6 md phong duoc tién ¢ 2 ché df tai (20%, 50% va 90%) tai toc do 5000 (vg/ph). Tai
moi ché do tien hanh thay d61 goc mé sém dong mudn xupap so voi goc nguyén ban lan lugt tir
2% dén 4°.
3. KET QUA MO PHONG
3.1. Ché do tai nhé
3.1.1. Mo som xupap nap

Két qua vé anh hudng ctia viéc mé sém xupap nap dén tinh ning k¥ thuat va phat thai dugc
thé hién trén hinh 2.
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G6c m& sé&m xupap nap (°TK) G6¢c mé sém xupap nap (°TK)

Hinh 2. Tinh nang k¥ thuat va phat thai khi m¢ sém xupap nap

+ Tinh nang k¥ thuét: Két qua md phong cho thdy cong sudt va md men dong co tang cao
nhit & goc mé som 2° va giam & cac goc md mudn di so véi goc nguyen ban. Didu nay co thé
dugc giai thich la khi mo xupap nap som hon nira s€ tao diéu kién cho viéc nap hdn hop nhiéu
hon. Tuy nhién, néu mé sém qué (4°) thi khong tét vi goc trung diép tang 1én tao diéu kién cho
khi x& quay nguoc vao duong nap.

+ Phat thai: Ché do tai nho khi m¢ som xupap nap thi ham lwong NOx thay d6i khong
dang ké, trong khi ¢6 ham lwgng HC va CO giam nhanh. Diéu nay c6 thé duoc giai thich do hon
hop dugc dugce tiép xuc voi nhiét do cao cua buéng chdy sém hon nén hoda tron tdt hon va két
quéa hdn hop chay triét & hon.

3.1.2. Déng mudn xupap nap

Anh hudng ciia viéc dong mudn xupap nap duoc thé hién trén hinh 3.
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Hinh 3. Tinh nang k¥ thuat va phat thai khi déng mudn xupap nap

+ Tinh ning k¥ thuat: Cong suit v md men ting 1én it va giam khi dong sém hon. Trong
khoang dong som 2° va dong mudn 2° cong suit dong co gan nhu 1a khong d6i. Khi dong mudn
hdn hop khi duoc nap thém vao dong co 1am ting hiéu sut qua trinh chay.

+ Phat thai: Ham luong phat thai khi NOx khong c6 bién dong. Nhung cling v6i d6, do hdn
hop khi nap duge vao nhiéu, hdn hop khi nap chiém nhiéu khong gian budng chay hon va cho
chét lugng chéy duogc cai thi€n nén ham luong CO va HC trong khi thai gidm nhanh. Pac biét la
ham lugng CO giam tGi 25% khi dong mudn xupap nap di 4°.

3.1.3. Mo som xupap thdi
Anh hudng ciia viéc mé sém xupap thai duge thé hién trén hinh 4.
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Hinh 4. Tinh nang k¥ thuat va phat thai khi m¢ sém xupap thai

+ Tinh nang k¥ thuat: Khi mé sém xupap xa tinh ning ky thuat ctia dong co khong thay
d6i nhiéu, vi khi mé sém xupap thai khong anh hudong nhiéu dén cong suat va mé men dong co.

+ Phat thai: Ham luong CO va HC gin nhu khong thay d6i. O ddy, ham luong khi NOx
tang 1én khi chiing ta md sém xupap thai va ¢ chidu hudng giam khi m¢ mudn xupap.

3.1.4. Dong mupn xupap thai
Anh hudng ciia viéc dong mudn xupap thai dugc thé hién trén hinh 5.
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Hinh 5. Tinh nang k¥ thuat va phat thai khi dong mudn xupap thai

+ Tinh ning k¥ thuat: Két qua cho thiy cong suit va mé men gan nhu khong bi anh hudng
khi dong sém 2° va dong mudn 2°. M6 men dong co ting nhe khi dong mudn 4°.

+ Phat thai: Pong mudn khi dong co chay ¢ ché do tai nho thi ham luong khi CO khong
thay d01 ham luong khi NOx co tang 1én nhung khong dang ké, trong khi do ham luong HC
giam xudng. Piéu nay co thé dugc giai thich nhu sau: khi d6 qua trinh chay van tiép dién nén
ham lugng HC trong hdn hop tiép tuc phan tng va két qua 1a ham luong HC trong khi thai giam,

3.2. Ché d9 tai trung binh

3.2.1. Mo som dong mudn xupap nap

Hinh 6 thé hién anh hudng cta goc mo som, dong mudn cla xupap nap dén cong suat va
md men dong co & ché do tai trung binh. Két qua cho thay, su thay d6i vé cong sudt va md men

1d khong nhiéu, goc nguyén ban van cho gia tri cao nhat.
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Hinh 6 Tinh ning ky thuat khi thay d6i géc mé sém, dong mudn xupap nap

Hinh 7 trinh bay két qua vé phat thai cho thy khi giam thoi gian nap thi CO va HC tang
Ién do giam thoi gian bay hoi va ngugc lai, trong khi NOx 1a khong thay d6i dang ké. Tuy nhién,
dé dam bao cong sudt va mdé men thi goc nguyén ban van nén dugc lya chon.
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Hinh 7. Phat thai khi thay d6i goc md sém, déng mudn xupap nap

3.2.2. Mo som dong mudn xupap thdi

Hinh 8 thé hién sy anh huéng cia goc mé sém dong mudn xupap nap dén tinh ning ky
thuat. Tuong tu nhu hinh 8, c6 thé thay anh hudng 1a khong nhi€u va goc nguyén ban van cho gia
tri lon nhat. Co thé giai thich do day la cac géc toi uu duogce thi€t ké cho ché dd tai trung binh.
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Hinh 8. Tinh ning k§ thuét khi thay ddi goc mé sém, dong mudn xupap thai

Hinh 9 trinh bay két qua vé phat thai. Anh hudng cua cic goc md sém va dong mudn
xupap thai dén cac phat thai ddc hai 1a khong nhi€u. Do d6, goc nguyén ban cling nén dugc
lya chon.
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Hinh 9. Phét thai khi thay dbi goc mé sém, dong mudn xupap thai
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3.3. Ché a6 tailén
3.3.1. Mo som xupap nap

Hinh 10 thé hién cta sy thay d6i goc mé sém xupap nap anh hudng dén tinh ning k¥ thuat
va phat thai dong co ¢ ché do tai lon. ’

+ Tinh ndng k¥ thuat: Khi m¢ sém xupap nap thi cong suat va mdé men ctia dong co tang va
giam khi mé mudn so géc nguyén ban. O ché d6 tai 16n can phat ra cong suét cling mé men 16n,
do do can md xupap nap sém hon nita nham tang lwong hon hop cho dong co.

—t—Ne (kw) =—ll—Dne (Nm) ——eCO == HC NOx
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Hinh 10. Tinh nang k¥ thuat va phat thai khi m& sém xupap nap

+ Phat thai: Phat thai cua dong co khi md sém xupap nap so voi géc nguyén ban thi ham
lwong CO va NOx giam trong khi d6 ham lwong HC thay d6i khong dang ké. Nguoc lai, khi mo
muon hon thi NOx va dic biét 1a CO ting nhanh. Nguyén nhan 1 do thoi gian nap giam gy bét
loi cho qua trinh chay.

3.3.2. Dong mudn xupap nap
Hinh 11 thé hién anh huéng ciia goc ddng mudn xupap nap & ché do tai 16m.
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Hinh 11. Tinh nang k¥ thuat va phat thai khi dong mudn xupap nap

+ Tinh ning k¥ thuat: Cong sudt va mé men cua dong co ting 1én khi goc dong mudn cia
xupap nap tang. Khi dong mudn lam cho lugng khi nap vao nhi€éu hon. B¢ dat dugc tinh nang
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cao thi goc dong mudn s& 16n hon. Cung v6i d6 khi dong sém xupap nap ciing dan dén cong suit
va mo men dong co giam.

+ Phat thai: Pong co & ché do nay khi dong mudn xupap nap thi ham lwong CO va NOx
giam, dac bi¢t la CO. Cung véi do 1a sy tdng nhanh ctia ham lugng HC vi khi d6 lugng hoa khi
trong budng dbt 16n chat luong chay ting 1én. Khi dong sém xupap nap ta c6 thé giam duoc ham
lugng HC nhung kéo theo su tdng nhanh ctia ham lugng CO.

3.3.3. Mo som xupap thdi
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Hinh 12. Tinh néng k¥ thuét va tinh phat thai khi m& sdém xupap thai

+ Tinh ning k¥ thuat: Khi mé sém xupap xa & ché do 16n khong nhiéu nhung van lam
giam cong suit va mo men dong co. Dong thoi khi mé mudn xupap xa, tinh niang ky thuat cta
dong co tang.

+ Phat thai: Khi m¢ sém xupap x4 ham lugng khi thai khéng c6 nhiéu thay dbi so voi goc
mé tiéu chuan. ham lwong CO giam nhe khi m& sém va ting nhe khi mé mudn xupap xa.

3.3.4. Dong mupn xupap thai

—p P (ki) el P (N e OO0 =l HC N O
25000 1800
‘\-\.\'ﬂ - 1600 _
20000 i E
= 1400 =
) i 1200 3
Taitrong: 90% O 15000 & i P 1000 Q
& o - = Wl o
E o000 Taitrong: 90% 800 =
- & -— E soo £
o *  sooo 400 =E
200
2 o o
-4 -2 o 2 a -4 -2 o 2 4
Goc dong mudn xupap xa (°TK) Goc dong mudn xupap xa (°TK)

Hinh 13. Tinh nadng k¥ thuét va tinh phat thai khi dong mudn xupap thai
+ Tinh ning k¥ thuat: khong co nhiéu thay ddi vé cong suat con mo men ting nhe khi dong
mudn xupap xda. Nguyén nhan 1a vi khi d6 lugng khi thai trong budng dot dugc thai sach hon
dam bao chat lugng khi nap trong buong dot.
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+ Phat thai: Khi thay d6i goc dong muodn xupap xa, ham lugng CO va NOx khong thay di
nhiéu nhung ham luong HC thi giam khi dong mudn hon so véi nguyén ban. Nguyén nhan cling
duogc giai thich tuwong ty nhu ¢ ché dg tai nho.

4. KET LUAN

Thoi diém mo sém va dong mudn cia cac xupap theo goc quay truc khuyu anh hudng rat
16n dén tinh ning k¥ thuat va phat thai cua dong co.

Ché d6 tai nho c6 goc mé sdm dong mudn tdi wu thay ddi nhod so véi goc dong mé nguyén
ban dé tang tinh nang ky thudt va giam phat thai cia dong co.

Ché d6 tai trung binh c6 cac goc nguyén ban 1a tdi wu vi dong co duoc thiét ké dé lam viéc
t6t nhat & ché do tai nay.

Ché d6 tai 16n goc thay ddi 10n so v6i goc dong md nguyén ban dé dat duge goc tdi wu cia
dong co. ‘

Bai bao 13 co s dé mé rong hudng nghién cru nhu: nghién ctru sy truyén nhiét cua dong
co mdt xylanh co hé théng pha phdi khi linh hoat, nghién ciru diéu kién tng dung lap dat hé
thong phdi khi linh hoat trén dong co mot xylanh, nghién ctru nang cap lip dat hé thong phdi khi
linh hoat cho dong co mdt xylanh ¢ Viét Nam...

TAI LIEU THAM KHAO

[1]. Nguyén Tat Tién, “Nguyén Iy déng co dot trong”, NXB Gido duc, 2012.

[2]. Pham Minh Tuén, “Dong co débt trong”, NXB KH&KT 2012.

[3] Nguyén Tudn Nghia, Lé Hong Quan, Pham Minh Hiéu, “Két cdu va tinh todn dong
co”, NXB KH&KT 2014.

[4]. NguyénVin Tuan, Vii Ngoc Khiém, Pao Trong Thing. “Nghién ciru dnh hwéng ciia
pha phoi khi téi ché dg lam viéc ciia ddng co xang dinh hudng g dung cho xe Hybrid”, Tap
chi GTVT s thang 10/2012.

[5]. Murata, Y., Kusaka, J., Odaka, M., Daisho, Y., Kawano, D., Suzuki, H., Ishii, Y. Goto,
“Achievement of Medium Engine Speed and Load Premixed Diesel Combustion with Variable
Valve Timing”, SAE 2006-01-0203, 2006.

[6]. Osama H. Ghazal, Yousef S. Najjar, Kutaeba J. AL-Khishali, “Effect of varying inlet
valve throat diameter at different IVO, IVC, and Overlap angles on SI engine performance”,
Proceedings of the World Congress on Engineering 2011 Vol III, WCE 2011, July 6 - 8, 2011,
London, U.K, ISBN: 978-988-19251-5-2, ISSN: 2078-0958 (Print); ISSN: 2078-0966.

[7]. Can CINAR and Fazil AKGUN, “Effect of intake valve closing time on engine

performance and exhaust emissions in a spark ignition engine”, Journal of Polytechnic, Vol: 10
No: 4 pp.371-375, 2007.

[8]. G. Fontana and E. Galloni, “Variable valve timing for fuel economy improvement in a
small spark-ignition engine”, Applied Energy 86 (2009), pp: 96-105.



