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BO GIAO DUC VA PAO TAO
TRUONG PAI HOC SU PHAM KY THUAT
THANH PHO HO CHI MINH

LUAN VAN THAC Si
PANG NHU PHUC

NGHIEN CUU CAC GIAI PHAP
NANG CAO HIEU SUAT PONG CO CUA XE MAY

NGANH: KY THUAT CO KHI PONG LUC - 60520116
Huaéng dan khoa hoc:
PGS.TS PO VAN DUNG

Tp. Hb Chi Minh, thang 10/2019




BO GIAO DUC VA PAO TAO CONG HOA XA HOI CHU NGHIA VIET NAM

TRUONGDAIHOCSU PHAM KY THUAT Poc lap - Tw do - Hanh phiic
THANH PHO HO CHI MINH
S6: 1653/QD-DHSPKT Tp. H6 Chi Minh, ngay 28 thdng 8 nam 2018
QUYET PINH

Vé viéc giao deé tai luan vin tot nghiép va ngwoi hwong dan nam 2018
HIEU TRUONG TRUO'NG PAI HOC SU PHAM KY THUAT TP. HO CHI MINH

Can ct Quyét dinh s6 426/TTg ngay 27 thang 10 nam 1976 cia Thu twong
Chinh phti vé mét s6 van dé cdp bach trong mang luéi cac trwong dai hoc va Quyét
dinh 6 118/2000/QD-TTg ngay 10 thang 10 nam 2000 cta Thi twéng Chinh phu vé
viéc t8 chirc lai Pai hoc Quéc gia Thanh Phé HO Chi Minh, tdch Truong Dai hoc
Sw pham Ky thuat Thanh phd H6 Chi Minh tryc thudc Bo Gido duc va Pao tao;

Cin ctr Quyét dinh s6 70/2014/QDP-TTg ngay 10 thang 12 ndm 2014 cia Tha
twéng Chinh pht vé viéc ban hanh Piéu 1¢ trudng Pai hoc;

Cin ctr Quyét dinh s& 937/QP-TTg ngay 30 thang 6 nam 2017 vé viéc phé
duyét dé an thi diém déi méi co ché hoat dong cla Trwong Pai hoc Su pham
Ky thuat Tp. H6 Chi Minh;

Can ctv Thong tw s6 15/2014/TT-BGDDT ngay 15/5/2014 cta B Gido duc va
Pao tao vé viéc Ban hanh Qui ché dao tao trinh dd thac si;

Cin cit vao Bién ban bao vé Chuyén dé ctia nganh Ky thuat co khi dong lwc vao
ngay 26,/08/2018;

Xét nhu ciu céng tac va kha nang can bo;

Xét dé nghi ctia Trwdng phong Dao tao,

QUYET DINH:

Piéu 1. Giao de tai Luan van tdt nghiép thac si va nguwdi hudéng dan Cao hoc

nam 2018 cho:

Hoc vién : Ddng Nhw Phiic MSHV: 1820509
Nganh : Ky thudt co khi déng luc
Tén dé tai : Nghién civu cdc gidi phdp nédng cao hiéu sudt dong co

ctia xe mdy

Ngudi hwéng ddn : PGS.TS. P6 Vin Diing

Thoi gian thwe hién: Tir ngay 28/8/2018 dén ngay 28/02/2019

Piéu 2. Giao cho Phong Pao tao quan ly, thuc hién theo diing Qui ché dao tao
trinh do thac si ctia B6 Gido duc & Pao tao ban hanh.

piéu 3. Trudng cac don vi, phong Dao tao, cac Khoa quan nganh cao hoc va cac
Ong (Ba) c6 tén tai Diéu 1 chiu trach nhiém thj hanh quyét dinh nay.

Quyét dinh c6 hiéu lwc ké tir ngay ky./. \»F{'

No’i nhdn :

- BGH (dé biét);

- Nhu diéu 3;

- Lwu: VT, SPH (3b).




BO GIAO DUC VA DAO TAO CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG DAIHQC SU PHAM KV THUAT Pic lip - Tr do - Hanh phic
THANH PHO HO CHi MINH

BIEN BAN CHAM LUAN VAN TOT NGHIEP THAC SI_NAM 2019
NGANH: Ky thuat Co khi dong lwe_KHOA 2018-2020

Hoi dong chém LVTN theo QD sé: 2168/QD-DHSPKT-SDH, ngay 09/10/2019

20717 S < PR AU e SRS T Soulis Soced |, Yo e Vang mat: .......%.
Chii tich Hoi ddng LTS, Nguyén Vin Trang -
Thur ky Hoi dong : TS. Tréin Thanh Thudng

Hoc vién bao vé LVTN : Dang Nhw Phiic MSHV: 1820509

Gidng vién hudng dén : PGS.TS. D& Vdn Ding
Giang vién phén bién  : PGS.TS. Ly Vinh Dat
TS. Pham Tudin Anh

Tén dé tai LVTN : NGHIEN CU'U CAC GIAI PHAP NANG CAO HIEU SUAT DONG €O CUA XE MAY
LKETQUABAOVE: -

[17] Thanh vién hji déng__ Két qui biové | Ghi chil

. 1_TS. Nguyén Van Trang B 65

| 2 |TS. Tran Thanh Thwong ?.D

i_s_ |PGS.TS. Ly Vinh Dat B éo |

4 TS.Pham Tuén Anh : Gis . ] cxore ol

__5 |TS. Duong Hoang Long 6,5

Tong diém _ 325

Piém trung binh | 65 |
IL KET LUAN:
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BO GIAO DUC VA DAO TAO _
, TRUONG DAI HQC SUPHAM KY THUAT
) THANH PHO HO CHI MINH

HCMUTE
PHIEU NHAN XET
LUAN VAN THAC SY - HUONG UNG DUNG
(Danh cho giang vién phan bi¢n)

Tén dé 1ai ludn van thae s5: NGHIEN CUU CAC GIAI PHAP NANG CAO HIEU
SUAT DONG CO CUA XE MAY
Tén tac gia: Ddng Nhw Phic MSHV: 1820509
Nganh: K¢ thudt co ki djpng lwc Khéa: 2018-2020
Ho va tén ngudi phan bié¢n: PGS.TS. Ly Vinh Dat
Chire danh: Pho Gidio st - GIAng Vién Ca0 CAP ....vvvveeeeersemsrssrssssssnrsssssssns Hoc vi: Tién Si
Co quan cdng tac: Co Khi Pdng Lyrc
Di¢n thogi lién hé:

1. Y KIEN NHAN XET

1. V& hinh thirc & két cdu lufn viin.
Hinh thic trinh bay 10 ring, hop 1§. Két cdu lugn viin ph hop véi yéu cdu cia mot

LV Thoc si.
2. V& nji dung

2.1 Nhiin xét vé tinh khoa hpc, ré rang, mach lac, khiic chiét trong lufin vin.
Dé tai nghién ctru cdi tién xody 16c wén dudng dng nap 14 co s khoa hoe trong viée
ning cao hi¢u sult trén ddng co dbt trong. DE ti trinh bay rd rang ,mach lac khic chiét
2.2 Nhiin xét ddnh gid vigc sic dung hodc trich din két qua NC cia ngudi
khdc c6 dang qui dinh hi¢n hanh cia phdp lufit s& hitu tri tug.
Sir dyng va trich diin két qua NC ctia ngudi khic ding qui dinh hién hinh cda phap
lud s¢ hitu trf
2.3 Nhin xét vé muc tiéu nghién cicu, phwong phdp nghién cicu sie dung
trong LVTN.

Muyc tiéu dé tai trinh bay chung chung cén trinh biy rd ring va cy thé hon. Phuong
phép nghién ciru phir hop.
2.4 Nhiin xét Téng quan ciia dé tdi.

Dé tai 43 trinh by céc cong trinh nghén ciru trong va ngodi nuéc lién guan tume
d6i dly da va hop 1y, tay nhién tic gid cdn phdi phin tich céc vu va nhuge diem cia
cae cong trinh nghién cilru hién quan, W d6 néu ra phuong phéap thyc hién va tinh md
cua dé tai nghién ciru cia minh,

2.5 Nhin xét dinh gid vé nji dung & chit lwpng cia LVTN.

NI dung cua lulin viin 42 dat duge mdt s6 két qui vé cdi tién goe nghiéng hé thing
nap nhim nény cao hi¢u qui xody 16¢ trén dong cu. Tuy nhién lugn viin chus néu ra
duge &nh huong cia xody 1bc dén dc tinh cia dong co nhu hiu sult, cong sult, md
men xoan... (nhu néu ra trong phin nhi¢m vy), cing nhu chua phén tich, danh gié duge
g6e nghiéng cai tién nao 14 101 uu ing véi ché do hoat dong o thé.



2.6 Nhin xét ddnh gid vé khd ndng ieng dung, gid frj thyc tién cia dé tai.
Pé tai néu hoan thi¢n 14 co s& cho viée (mg dung ndng cao hi¢u sult ddng co bing
cdi tién hé théng nap, gép phin ning cao cdng sudt, gidm tiéu hao nhiéa ligu va khi thii

trén ddng co ddnh lira cudmg bire
2.7 Lugin vin cén chinh sica, b6 sung nhitng nji dung gi (thiét sét va tén tgi).

- Phiin t6m tdit cén trinh by tém tit phuong phép thyc hién, két qua dat duge clia LV
(cdc thong sd cai tiét cy thé dat duge bao nhiéuy, cii tién bao nhiéu % so vdi ddng co
nguyén thuy)

- Phiin tdng quan: Cén trinh bay phuong phép lugn, tinh méi cia LVTN

- Chuong 2: Ciin trich diin trong 1 s ndi dung trinh bay. Céc ndi dung 2.9 cén bo vi
khdng pheS vy viéc mb phong va tinh toén chuong 4

- Chuong 3: céin b8 sung ndi dung phin 3.4 (myc dich va so 43 didu khidn ciia md to
buée dbi véi hé thdng nap).

- Chuong 4: Bd sung két qua v phan tich mé phéng cta hinh 4.17,

- Chuong 5: Trinh bay két lufin qua cde b lidu cu thé nhu: két qua dat dugce hidu qua
(%) img v&i gbe nghilng nao?

Déxux‘u:cin sung thém ndi dung vi qué so sdi

II. CAC VAN DE CAN LAM RO
(Céc clu hoi cia gidng vién phan bién)

1.S0 v6i céc ludin viin truée, ndi dung lufin viin ¢6 tinh méi, khdc bigt nhu thé
nao?

111 PANH GIA
] ) ' _ Dinhgis |
TT‘ Muyc dinh gid ‘ B "" I Khﬁ""’j
| Pe dat
1 [Tinh khoa hoc, rd rang, mach lac, khic chiét trong lugn vin. X |

2 |Dénh gi4 vigc sir dung hoc trich diin k&t qua NC ciia ngudi khic, x
¢6 dang qui dinh hi¢n hanh cia phép lujt s¢ hiru tri wé.
| 3 [Muyc tiéu nghién ctru, phuong phap nghién ciru sir d.ung rong X
. LVIN.
‘—rﬁﬁg quan cua dé tai. g X l o
[_s Pénh gid vé ndi dung & chét hwong ciia LVTN. T

6 [Dénh gid vé ki ning (mg dyng, gi i thye G coa 0 1. | x | |

Ddnh déu chéo (x) vao 6 mudn Dinh gia '
IV. KET LUAN

(Gidng vién phan bign ghi rd.y kién “Tdn thank lufin vin" hav “Khiing tdu thiub lufiv xiv ")

Dong ¥ cho bio vé

TP Hé Chi Minh, ngay 22 thang 10 ndm 2019

Ngudi nhiin xét
(Ky & ghi rd hp 1én)

PGS.TS. Ly Vinh Dat



e i enens i N OO DG I DI TS
TRUONG DAI HQC SU PHAM KY THUAT
THANH PHO HO CHI MINH

HCMUTE
PHIEU NHAN XET
LUAN VAN THAC SY - HUONG UNG DUNG
(Danh cho giang vién phan bién)
Tén dé ti lufin viin thae s9: NGHIEN CUU CAC GIAI PHAP NANG CAO HIEU

SUAT DONG CO CUA XE MAY

Tén téc gia: Dgng Nhw Phic MSHV: 1820509
Nganh: Ky thufit co khi djpng lyc Khéa: 2018-2020
Ho vi tén ngudi phan bi¢n: TS. Pham Tudn Anh

Chirc danh: Gidng vién Hoc vi: Tién ST

Co quan cdng téc: Trudmg Dai hoe Nguy&n Tt Thanh
Dién thogi lién hé: 0905164625

I. Y KIEN NHAN XET

1. V& hinh thire & két cdu lufin viin
Lugn vin gbm 05 chuong c6 4 di 83 trang, dép img duge céc yéu clu co bin cla
luéin vin thac s¥.

2. Vé ni dung

2.1 Nhiin xét vé tinh khoa hoc, ro rang, mach lac, khiic chiét trong lujn vin.

Dé tai ké thira hudéng &@m clru trude cda ThS. L& Thanh Quang (hoc vién ¢6 néu

trong tai li¢u tham khao s6 2 cia ludn vin). Déi twgng va pham vi nghién ciru dugre xéc
dinh 13, ¢6 can cir. Trong d6, tc gid nghién clru dnh hudmg sy thay ddi dong khi nap
dén viée ting hiéu sudt ddng co va gidm thiu phét thai khi 6 nhim mdi trudng. Bing
céch tiép cdn ding phwong phép nghién ciru Iy thuyét md phong, h¢ thong hong ngp
cle dong co duge d& xult cdi tién theo hudng tip trung vio vige ting hé sé xody 16¢
ngang va doc nhim dép img myc tiéu cba nghién clu djt ra.

2.2 Nhiin xét dinh gid vigc sir dung hodc trich din két qua NC ciia nguoi

khdc co dang qui dinh hi¢n hanh cia phdp lug@t so hivu tri tug.

Téc gid ¢6 trich déin céc nghién ciru lién quan trong va ngodi nude & Chuong 1. Céc
trich ddn nay ding véi qui dinh hi¢n hanh cla phap luft s& hiru tri tug; tuy nhién, cin
1am rd tinh m&i cta d& ti so véi tai lidu tham khao sd 2 trong lugn vin.

2.3 Nhin xét vé muc tiéu nghién cieu, phwong phip nghién cicu sic dung
trong LVTN.

Céc muyc tiéu dit ra cta nghién clru con mang tinh chung, chua rd rang cy thé;
phuong phdp nghién ciru chi yéu sic dung trong lufin viin la sir dyng phuong phgg
nghién ctru Iy thuyét md phong c6 tinh phi hop véi céc nhi¢m vy diit ra ban diu cla
tdi nhim dénh gia dnh hudng cia viée thay ddi bién dang hong ngp dén syt thay ddi cia
dic tinh xody lb¢ trong vi¢ce hinh thinh hoa khi coa ddng co xe gin may nham tim ra
gidi phip ning cao hi¢u suit ddng co cia xe may.



274 Nlign xét Torg quan clia dé .
Phéin 1ng quan tudn theo format cia ludn viin thac s§; tuy nhién téc gia cdn phén
tich nhimg wu diém va mit han ché clia dé i nghién ctru trude nhitm dua ra duge tinh
méi ho@é: tinh ké thira ciia d& tai. T d6, hogeh dinh dugce véin dé cy thé va myc tiéu ¢dn
gidi quyét,
2.5 Nhin xét danh gid vé nji dung & chit legng ctia LVTN.

N§i dung cia lufin vin co ban @& dép img duge céc nhiém vy clia @& tai djt ra ban
diu; tuy nhién chit lugng cua ludn viin cdn duge cdi thién. Téc gid chua duge ra duge
méi lién hé gita vige chon ddng co bude va viée sir dung lya chon ndy va tinh twong
thich v6i cdc két qua @2 trinh bdy trong lufin viin. Két qua md phong chi trinh bay cho
mét phuong én (phuong tic ddng cha AYng co dbude 30 4Y) va chua Xhdo sét O cac
phuong 4n khéc, tir d6 chua dua ra duge két qua chu hinh lya chon phi hop cla bién
dang hong ngp. Ngodi ra, phuong phép chia luéi khi md phéng chua duge néu rd (ty
dGng hay thi cdng), va cdn phdi ¢d 1y gidi rd ring vé viée chon md hinh mé phong cho
dong chiy rbi, ddng thai gidi phép dé ning cao d chinh xéc cia bai to4n mod phong sir
dung phin mém Ansys.

2.6 Nhiin xét ddnh gid vé kha ndng leng dung, gid trj thuee tién cia dé tai.

- D& tai ¢6 kha ning {mg dung néu hoc vién chinh stra ¥ tudng cia dé i nhu sau:
hoc vién khio sét anh hudng cla vige thm ddi bién duimg Ong ngp cta ddng co
xe gfin mdy dé ddnh gid dnh huémg cia chit lugng nap dén hiu sudt cla dong co; tir d6
lam co s¢ dé xdy dung nguyén Iy didu khién ddng co bube didu chinh sy thay déi coa
phuong tic dong & cic ché 4 tai khac nhau, Cy thé, dé ti nén gidi hen ¢ viée di giai
quyét bai todn hign nay ciia xe gin mdy la viéc nang cao higu sut & ving tai thip, va
tdc 44 thip (xe chay trong dudmg thanh phd, va bj ket xe).

2.7 Lugin vdn can chinh sica, bo sung nhitng nji dung gi (thiéu sét va ton
1qi).

- P& 13 cin tip trung 1am 13 tinh mdi so voi tai lidu tham khio s6 2; goi ¥ 4l néu &
Muyc 2.6; va hoc vién ciin vié lgi myc tdng quan nghién ciru trong v ngodi mude.

- Myc tiéu nghién ciu cla dé tai cdn duge viét lai d¢ phit hop véi tinh méi;

- D¢ néng cao 4 tin cfiy, ludn van cln néu rd phuong phép chia Judi, vi vie chia
lu6i khéc nhau s& dnh huéng dén két qué va do tin cdy; nén viée dua nghién clru vé tha
thudt chia Judi vao hudng dé xult dé cai tién dé tai & céc ndi dung nghién ciru sau la
viée cdn thiét;

- Céin diln giai vigc sir dung céc két qua tir h§ sb xody 16¢ ngang va doc vio md hinh
thufit todn xdy dumg trén phdn mém Matlab d¢ so sénh sy khac nhau vé dgc tinh ddng
¢o clia céc phuong 4n dé xufit va ddng co nguyén thiy;

- Cin ¢6 ké qua mod phong nhiéu hon cho vige thay d8i phuong téc dong cia ddng
co budc;

- Clin chinh sira lgi ndi dung cta t6m tit; format danh myc chir viét tit, hinh anh va
bing hiéu trich diin cdn tufin theo hudmg diin cta ludn viin thge s§. Céc hinh dnh vi dy
2.1 -2.13 va hinh 4.1, 4.2 céin bd sung tai li¢u tham khéo trich dén;

- Bd sung tai liéu tham khéo cho céc ¢dng thire trich din & Chwong 2; dénh déu cong
thirc & Mypc 2.8 trang 28;

- Bb sung ti liéu tham khio cho céc cdng nghé T-VIS, SCW, va STCS;

- Sira lgi cée 18i chinh t& trong lujn viln, chinh sim lgi cdch ghi céc ky higu (ddu 8
clin duge ghi diing theo quy wéc).



T T IR CAC VAN DE CANEAM RO
(Céc cdu hoi cia gidng vién phan bién)
I. Tinh méi cia dé tai so véi nghién ciru trude ddy nhu d2 néu & tai ligu trich
din s8 2 trong myc tdi li¢u tham khao?
2. Hay néu phuong phap chia ludi va co si dé chon md hinh mé phong, hoc vién
hdy trinh bay c4ch kiém tra d tin cdy cia két qua md phong?
3. Ly gidi sir lién hé giira viée sir dung dong co bude va ndi dung clia d& 1ai?

I1I. DANH GIA
~ Diah gid i |
T Muyc dinh gid ' Khﬁng
Dﬂ dat |

1 |Tmh khoa hoc, rd rang, mach lae, khic chiét trong ludn vin,

2 Dénh gia viée sir dung hodic trich dén két qua NC cia ngudi khic

chd dung qui dinh hi¢n hanh cia phép lugt s hivu tri wé.

3 Muyc tiéu nghién ciru, phwong phdp nghién ciru st dung trong) x

LVTN,

4 |Tong quan cda d¢ (ai.

5 'Dénh gid vé ndi dung & chét lugng ctia LVTN.

| 6 |Dinh gid vé kha ning (ing dung, gid trj thyc tién cia dé ti. [ x|
Dinh ddu chéo (x) vio 6 muon Ddnh gia

IV. KET LUAN
(Gidng vién phan bign ghi rd y kién " Tin thanh ludn vin " hay “Khéng tin thanh ludn vin ")

Péng ¥ cho bao vé

TP Hé Chi Minh, ngayXthing 0 nam 2019
Nguoi nhiin xét
(Ky & ghi rd ho tén)

s MR
TS. Pham Tuén Anh



Ludn van cao hoc GVHD: PGS.TS D6 Vin Diing

LY LICH KHOA HOQC

I.LY LICH SO LUQC:

Ho va tén: Bang Nhu Phuc Gigi tinh: Nam

Ngay, thang, nam sinh: 02/03/1972 Noi sinh: Binh Pinh

Qué quan: Binh Binh Dan toc: Kinh

Ché ¢ riéng hoic dia chi lién lac: 38/7 Phan Van Tri, P.2, Q.5, TP.HCM.
bién thoai co quan: bién thoai nha riéng:

Fax: E-mail: dangnhuphuc@gmail.com

II. QUA TRINH PAO TAO:
1. Trung hoc chuyén nghiép:

14
A

H¢ dao tao: Thoi gian dao tao tir ...... [o..... dén.../...
Noi hoc:
Nganh hoc:
2. Pai hoc:
Hé¢ dao tao: Chinh quy. Thoi gian dao tao tir 09/1990 dén 07/1995.

Noi hoc: Truong Pai hoc Thuy san Nha Trang.

Nganh hoc: Co khi.

Tén luan vin tét nghiép: Nghién ctu anh huéng caa mot vai chat pha vao
nuéc bién boi tron tdi ma sat va hao mon cap Thép - Gd.

Ngay va noi bao vé luan vin tét nghiép: 26/06/1995 tai Truong Dai hoc Thuy
san Nha Trang.

Nguoi huéng dan: PTS. Duong Dinh Di.

3. Thac si:
Hé dao tao: Chinh quy. Thai gian d3o tao tir 04/2018 dén 10/2019.
Noi hoc (truong, thanh phd): Truong Pai hoc Su pham Ky thuat Thanh phé
Hb Chi Minh.

Nganh hoc: K¥ thuat Co khi Bong luc.
Tén luan van: Nghién ctru cac giai phap nang cao hiéu suat dong co cua xe
may.

HVTH: bang Nhw Phuc i MSHV: 1820509



Ludn van cao hoc GVHD: PGS.TS D6 Vin Diing

Ngay & noi bao v¢ luan van: 27/10/2019 tai Truong Pai hoc Su pham Ky
thuat Thanh ph H5 Chi Minh.
Ngudi huéng dan: PGS.TS. D6 Vin Diing.

I11. QUA TRINH CONG TAC CHUYEN MON KE TU KHI TOT NGHIEP
PAI HQC:

Thaoi gian Noi cong tac Cong viéc dam nhiém
10/1995 — o
Cuc bang kiem Viét Nam Ky su
10/2019
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LOI CAM POAN

To6i cam doan day la cong trinh nghién ctru cua toi.
Cac sb lieu, két qua néu trong luan van 1a trung thuc va chua ting duoc ai
cong bd trong bat ky cong trinh nao khac.
Tp. Hé Chi Minh, ngay 05 thang 10 ndm 2019

Dang Nhu Phuc
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LOI CAM TA

Trong qué trinh hoc tap va nghién ctiu tai Truong Pai hoc Su pham Ky thuat
Thanh phé H6 Chi Minh, duoc sy hudng dan tan tinh caa quy thay cd va diéu kién
hoc tap thuan loi cua quy trudng, t6i da tiép thu duoc mot luong kién thie thiét thyuc
hiru ich phuc vu cho qua trinh lam viéc va nghién ctru cia minh sau nay.

Xin cam on dén quy thay co tham gia giang day I6p Cao hoc Co khi Bong luc
da trang bi cho tdi nhiéu kién thuc nén tang gidp t6i hoan thanh luan van tt nghiép.

T6i xin danh loi cam on sau sic dén thay huéng dan PGS.TS Bd Vin Diing,
nguoi thay da thip 1én trong toi niém dam mé va khat vong “chay” hét minh trong
nghién ctru khoa hoc.

Du t6i dd hoan thanh luan vin nhung chac s& con thiéu s6t, mong nhan dugc y
kién déng gop cua quy thay co dé luan van dugc hoan thién tét hon.

Cudi ciing, xin giri 1oi cam on chan thanh va 15i chic sic khoé dén quy thay
cd, gia dinh va ban bé than hitu.

Hoc vién thuc hién

Dang Nhu Phuc
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TOM TAT

Ngudn ning lugng hoé thach toan cau dang ngay cang can kiét song nhu cau
sir dung xe 6 t6 va xe may dang dan tang 1én doi hoi cac nha nghién ctu va thiét ké
dong co dbt trong can téi wu hoa hiéu suat cua xe. Trong diéu kién hoat dong hién
nay cua xe gan may la chay trong duong thanh phd va hay bi ket xe nén nhu cau
nang cao hiéu suit cua dong co xe may & ving tai thap va toc do thap la rat cap
thiét. Va mot trong nhitng cach thirc dung dé cai thién hiéu suat cia dong co 1a ting
cudng do xody cua dong khi nap trong dong co. Nho su gia ting xoay 16¢ ma sy hoa
tron cua hon hop khong khi - nhién lidu duge ting cuong, gilp cho qua trinh chay
dugc tot hon. Qua d6 hiéu suat cia dong co dugc nang cao va giam 6 nhiém moi
truong. Bang cach sir dung phan mém thiét ké Catia va phan mém mé phong dong
luc hoc luu chat Ansys Fluent két hop véi Matlab, nghién ctu tac dong cua dong co
buéc vao hé thong nap cua dong co xe may. Phan mém Matlab dung dé tinh toan
cdng suat, mo-men xoin va suat tiéu hao nhién lidu cua dong co xe may, tir d6 chon

ra md hinh phd hop nhat. Panh gia hiéu qua cai tién cua mo hinh tdi vu do.

Tir khoa: Pong co; dong co budc; hé thdng nap; vong xoay; céng suat.

Abstract

Nowadays, the global fossil energy resources are increasingly exhausting,
but demand using car and motorbike is gradually rising. This requires researchers
and engineers design and optimize the performance of the internal combustion
engine. In the current operating condition of motorcycles is running in city streets
and traffic is often congested so the need to improve the performance of motor
engines in low load areas and low speed is very nesseary. And one of the ways to
improve the efficiency of the engine is to increase the swirling of the intake air in
the engine. The increasing vortex ring, the blending of the air-fuel mixture is
enhanced, resulting in better combustion. Thereby the efficiency of the engine is

enhanced and reduced environmental pollution. By using Catia design software and
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Ansys Fluent fluid dynamics simulation software in conjunction with Matlab, study
the impact of the motor stepping on the engine's charging system. Matlab software
is used to calculate the power, torque and fuel consumption of motor vehicles, from
which to choose the most suitable model. Evaluate the improvement effectiveness
of that optimal model.

Keyword: Engine; step motor; intake system; vortex ring; power.
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DANH SACH CAC CHU VIET TAT VA KY HIEU

% Danh sach cac ky hi¢u khoa hoc:

A: dién tich bé mat budng dbt (m?).

Ao: dién tich 16 dong chay (m?).

Ach: dién tich bé mat phan dau xy-lanh (m?).

Ap: dién tich bé mat dinh pit-tdng (m?).

Ay: dién tich cta xu-pap nap (m?).

A.i :dién tich hiéu dung xu-pap nap (m2).

A,: dién tich than buém ga (m?) (mot ham cua vi tri buém ga).

A A

iva v twong ung la thanh phan nho nhat tiét dién dong khi va dién tich
pit-tong (m?).

a: théng sb hiéu chinh trong cong thuc tinh ti 1é xoay 16¢.

B: duong kinh caa xy-lanh (m).

Cq: hé sb luu luong dong chay.

Cm: van toc trung binh cua dong khi (m/s).

Cr: ti s6 nén dong co.

Cs: hé sb xoay 16c.

D: duong kinh 16 buém ga (mm).

d: duong kinh truc buém ga (mm).

h: hé s truyén nhiét d6i luu (W/m?/K).

e - ma-men dong luong .

i biéu thi cho xy-lanh th it

J. :thong lugng cua mo-men dong luong trong xy-lanh.
k: s6 xy-lanh trong dong co.

L: Chiéu dai thanh truyén (m).

L .
VI: @6 nang cua xu-pap nap (mm).
m: hé s6 da bién trung binh cua khéng khi.

"0 Juwu lwgng khéi luong khi di qua phan dau éng gop nap (kg/s).
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m
i . luu lwong khéi luong khi 1y tuong gop chung vao dng gép nap riéng

tung xy-lanh thir in (Kg/s).
e m¢: khéi lwong nhién liéu bi dot chay (kg).
e Ni: cong suat chi thi (kW).
e n:s6 vong quay (vong/phut).
e Pi: 4p sut chi thi (Pa).
e p: ap suat trong long xy-lanh (Pa).
e po: thé hién cho &p suit moi truong (Pa).
e pa: &p suat cudi qua trinh nap (Pa).
e p,:4apsuat & xy-lanh tha in (Pa).
e pr:ap luc ma sat hiéu dung trung binh (Pa).
e Pm: &p suat 6ng gop hut (Pa).
e pr 4p suat khi sot (Pa).
e Quv: nhiét tri thap (MJ/kg) (khi &t chay nhién liéu co gia tri: 42-45MJ/kg).
. Ohr. nhiét phat ra (MJ/kg).

o Cht: nhiet truyén di (MJ/kg).

e R:hang sé khi (J/kg.K).
e r:ban kinh quay truc khuyu (m).
e ro: ban kinh cta xu-pap nap (m).

S ,
e P:vantdc trung binh pit-tdng (m/s).

e T:nhiétdo (K).
e T, :mo-men masat (N.m).

e Tk nhiét d trude xu-pap nap (K).
e Tuw: nhiét do thanh budng dbt (K).

e Tp: mb-men xoan thyuc té (N.m).

e Ti: m6-men xoan biéu thi (N.m)..

e Ti. md-men xoan do ton that ma sat (N.m).
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e AT: d6 tang nhiét d6 cua khi nap mai (K).

e U(t): van tdc tac thoi caa dong khi nap.

o U van téc trung binh (m/s).

e Vo van tdc dic trung ctia dong xody (m/s) (c6 ngudn gdc tir viéc roi ap trong
qua trinh do dugc).

e Vm: thé tich dng gop (m3).

e V,:lathé tich xy-lanh thir i (m3).

e V,:thé tich cua xy-lanh (m?3).

e V,: thé tich phan 16m xy-lanh (m3).

* v;ivan téc cuc b (m/s).

e Xp: phan khdi lugng nhién lidu bi chay (kg).

ey :chi sd nén da bién trung binh.

e ¢ :tisbnén cua dong co.

* oy téc d6 goc cua pit-tdng voi n 1a s6 vong quay (rad/s).
e . :Vvan tdc goc cua dong xody (rad/s).

e . hésd nap thém.

e 1,: hé sb quét buong chay.

e % hé s hiéu dinh ti nhiét.

*  @q:96C m& ban dau buém ga (d5).

o % g6c bit ddu danh lira dé dbt chay nhién liéu (rad).
e (:go0c quay truc khuyu (rad).

e Af:t4ng cac gdc quay cua truc khuyu tinh tir thoi diém nhién liéu chay (rad).
e 7 :sbky cua dong co.

e <i:héshcan,

p: khéi luong riéng khong khi.

7,7, : thoi gian ddc trung riéng dau va sau do (S).
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% Danh sach cac ché viét tit:

- AQI: Air Quality Index — Chi sé chat lugng khdng khi.

- CA: Crankshaft Angle — Géc quay truc khuyu.

- CPU: Central Processing Unit — B phan xtr ly trung tam.

- DCD: Diém chét dudi.

- DCT: biém chét trén.

- ECU: Electronic Control Unit — Hop diéu khién dong co bang dién tir.

- EGR: Exhaust Gas Recirculation — Hé thong luan hoi khi xa.

- EVC: Exhaust Valve Close — Xu-péap thai dong.

- EVO: Exhaust Valve Open — Xu-pap thai mé.

- GDI: Gasoline Direct Injection — Phun xing truc tiép.

- HCCI: Homogeneous Charge Compression Ignition — H3n hop dong nhét tu
bdc chay.

- ICE: Internal Combustion Engine — Pong co dét trong.

- IVC: Intake Valve Close — Xu-pép nap dong.

- IVO: Intake Valve Open — Xu-pap nap mé.

- PM: Particulate Matter — Chat dang hat.

- PPM: Part Per Million — Mot phan triéu.

- RON: Reasearch Octance Number — Chi sé ¢ tan xac dinh theo phuong
phéap nghién cuu.

- SCV: Swirl Control Valve — Van diéu khién xody ldc.

- STCS: Swirl Tumble Control System — Hé thdng diéu khién xody I6c doc va
xoay l6c ngang.

- T-VIS: Toyota Variable Induction System — Hé thong bién thién dong khi
nap.

- VVT: Variable Valve Timing — Hé thong diéu khién van bién thién théng
minh.

- VCR: Variable Compression Ratio — Hé thdng thay doi ti s6 nén bién thién.
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Chuong 1
TONG QUAN

1.1 Dén nhap

Pong co dot trong ra doi, d6 1a mot budc tién 1on cua nhan loai khi da thay thé
strc lao dong cua con ngudi bang cac may moc. Piéu ndy lam cho ning suat lao
dong tang 1én vuot bac. Pong luc cua dong co dét trong tao ra gop mot phan rat Ion
vao su phat trién san xuat, ciing nhu nganh giao thong. Pong co dbt trong thay thé
c4c ¢d may hoi nudc chay bang than, cai cong kénh hiéu suat thap. Nhan loai tiép
tuc nghién cau va phét trién cac loai doi dong co méi vai rat nhidu wu diém nhu
hiéu suat cao hon dong co thé hé trude do.

Pong co d6t trong ludn duoc cai tién khéng nging theo huéng ting cong suat
va giam luong khi thai gay hiéu ang nha kinh. Hang loat cac cai tién co thé nhac
dén & céac hé théng nap, hé théng xa, hé thong nhién liéu ...v.v. C4c nghién ctu nay
phai dugc dua trén cac duong dac tinh cua dong co, ciing nhu tinh trang lam viéc
thuc té. Vi thé viéc nghién cau dic tinh dong co ciing nhu céc cai tién cho dong co
t6i wu hon dugc céc nha khoa hoc dic biét quan tam.

Mot trong nhirg mdi quan tdm hang dau cua viéc thiét ké dong co 1a giam mic
d6 phat sinh 6 nhim ngay tir ngudn phat thai ciia dong co. Mudn lam duoc diéu dé
trudc tién phai 1am sao cho hoa khi trude khi vao trong budng dét phai duoc tron
déu, nghia 1a qua trinh xody 16¢ phai t6t va qua trinh chdy phai triét dé, sinh it khi
ddc hai nhat. Vi vay, cac nha thiét ké dong co khong chi chu trong don thuan vé
cong suat hay tinh kinh té ciia dong co ma phai can nhac giita cc chi tiéu d6 va
muc do phat sinh 6 nhiém.

Tinh hinh 6 nhiém & cac thanh phé 16n & Viét Nam nhu: Thanh phd Ho Chi
Minh va Ha Ndi trong nhitng nim gin diy ngdy cang ting, 6 nhiém khong khi chu

yéu 1a do phat thai tir dong co dot trong.

Pong co xe may la dong co danh lira cudng buc do d6 dbi v6i dong co nay ba

HVTH: bang Nhu Phuc 1 MSHV: 1820509



Luan van cao hoc GVHD: PGS.TS D6 Vin Diing

chéat 6 nhiém chinh cin quan tdm 1a: NOx, HC va CO. Trong két qua cta cac phan
ung hoa hoc nhitng HydroCacbon cua nhién li¢u véi khong khi, cung véi nhitng
thanh phan co ban cua san vat chay khi chay hoan toan: CO3, H20 va N thi ba chét
NOx, HC va CO la thanh phan gy phat thai cao nhat. Thanh phan va khéi luong
ciia ching phu thudc vao dic trung thuc hién qua trinh d6t chay hén hop trong
budng d6t, phu thudc vao két cau budng ddt, thoi diém danh ltra, thoi gian chay va
nang lugng tia lira...Do vy, can sit dung tat ca cac bién phéap hitu hiéu tac dong dén
qua trinh hinh thanh hoa tron hoa khi va qua trinh chay nham loai bé bét thanh phan
doc hai trong khi thai. Cac chat doc hai nay hinh thanh tir cac thanh phén sau:

Oxit Cacbon c6 trong khi thai do thiéu Oxy nén Cacbon chay khong hoan
toan, hoat dong voi hoa khi dam (@ <1), tuy nhién (@ >1) van xay ra hién tuong
chay khong hoan toan CO c6 thé téi 0,5%. V&i ba chat 6 nhiém nay cé nhiing tac
hai sau day:

Bang 1.1: T4c hai chinh cua khi thai dong co ddt trong

Chat 6 nhiém Téc hai chinh

CO -Lam can tré qua trinh trao doi Oxy trong mau va gy ra ngd
doc CO. Néu ndng do CO trong mau tir 30 dén 40 PPM sé&
lam té liét hé than kinh thyc vat. O nong do 500 PPM hay

cao hon s¢ gay dau dau. Khi cao hon nira s€ gay chét nguoi.

HC -Kich thich thanh bén trong cua co quan ho hip.
-Mot nguyén nhan gy hién tugng mu quang hoa. Khoi
quang hoa giy can tam nhin, kich thich mét va 13 nguyén

nhan gay bénh ung thu va tan rui rung.

NOx -Néu ndng do NOx trong khi quyén tir 10 dén 30 PPM thi
lam cho con nguoi bét dau bi kich thich mat, miii, hong. Néu
tir 30 dén 50 PPM thi c6 thé gy ho, dau dau va hai phdi.

-Nguyén nhan chinh cua khéi quang hoa.
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O dong co thé hé méi 1am viée voi hdn hop nghéo, ngudoi ta khdng ché thém
van dong rdi cia hdn hop nhién liéu - khong khi trong qué trinh chay dé lam giam
néng dd cac chit 6 nhiém, dic biét 1a HC. Su tang cuong chuyén dong roi s& lam
tang téc d6 lan tran mang ltra va han ché viéc xuit hién nhitng ving “chét” (gan
thanh budng chay). Gia ting van dong rdi co thé thuc hién bang cach gia ting dong

x0ay cta hdn hop trén dudng 6ng nap.

1.2 Ly do chen tai

Thé gi6i ngay nay véi su phat trién manh mé cua nén cdng nghé ung dung trong
linh vuc giao théng, gop phan vao sy phat trién nén kinh té. Thoi gian van chuyén
hang hoa thuong mai va nhu cau di lai con nguoi ngay cang duoc rit ngan. Sy phéat
trién cong nghé trong dong co dot trong da lam thay doi diéu nay. Trong ba loai
phuong tién dudng bo, duong bién va dudng hang khdng thi sé lugng phuong tién
duong bo chiém sé luong Ion nhat. Nhu cau st dung phuong tién ca nhan dé di lai
va chuyén ché hang hoé thiét bi ting cao. O cac nudc dang phat trién, dic biét 1a
c4c qudc gia tai chau A, nhu cau sir dung Xe gan may ngay cang ting. Su tién dung,
co dong ciling nhur gia thanh gitp nguoi dan dé dang sé hitu mot phuong tién ca
nhan riéng biét cho nhu cau di chuyén.

Khong nam ngoai quy luat phét trién cia chau A, & nudc ta hién nay xe may 1a
phuong tién chiém da sb trong giao thong duong bo. Bai su phi hop cua phuong
tién nay trong di lai, lao dong san xuat cua ngudi dan. Su gia ting nhanh vé s6
luong xe may ¢ nudc ta bén canh nhitng wu diém ma phuong tién nay dem tai thi
khong it nhitng van dé lo ngai. M6t trong nhitng van dé& d6 1a sy 6 nhiém mai
truong do mot luong khi xa I6n thai ra tir dong co xe may. Pong co xe may thai ra
mot luong khi thai 16n gay 6 nhiém méi truong song, gay ra hién tuong hiéu ung
nha kinh. Lugng khi thai ndy anh huong truc tiép dén stuc khoé con ngudi, khoi buyi
noi thanh phd 16n do s6 luong xe may Ion. Mot van dé nira 1a hién nay hiéu suat
trén dong co d6t trong 13 chua cao, qua trinh hoa tron va chay chwa hoan thién nén

chua tao ra cong suit téi wu. Thé gii ching ta dang lo ngai vé van dé can kiét
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ngudn nhién liéu hoé thach ciing nhu phuong huéng tim ngudn nhién liéu thay thé.
Pong co d6t trong hién nay thi ¢ hiéu suat thap va chua tiét kiém nhién liéu téi uu,
van con mot phan nhién liéu chay chua sach thai ra méi trudng, gay tiéu hao nhién
lieu va 6 nhidm. Trudc khi tim ra ngudn nhién liéu mai thi vin dé nghién ctu cai
tién dong co dét trong nham muc dich nang cao hiéu suat va giam tiéu hao nhién

lieu mang tinh chat cap thiét.

Tinh hinh nghién ciru trong va ngoai nwéc:

1.2.1 Nghién ctru trong nwée

Tran Xuan Dung [1] d4 nghién cttu md phong dic tinh dong co xang dé xuat
bién phép ting hiéu suat.

Pé tai duoc thuc hién mo phong trén dong co Toyota 1 NZ — FE. Xay dung co
so ly thuyét cac dac tinh cua dong co va mé hinh toan cho viéc md phong cac qué
trinh cia dong co. Trén co so d6 nghién cau hé thong VVT-i viéc thay doi thoi
diém dong mo xu-pap dén kha ning cai tién hiéu suat dong co.

Qua nghién ciu cho thay viéc thay doi thoi diém dong mo xu-pap anh huong
dén cong suat dong co. Lam ti wu hoa qué trinh chay, giam dugc luong khi thai
dong co va nang cao dugc cdng suit. Tao mot co sd ly thuyét tin cay cho viéc

nghién ctru dic tinh dong co xang, mod phong sir dung phan mém Matlab/Simulink.

Lé Thanh Quang [2] d4 nghién ctu, d& xuat bién phép nang cao hiéu suat dong
co xe may thong qua mé phong.

Pé tai dugc thyc hién md phong trén dong co xe may 125 cc. St dung phan
mém Catia xay dung md hinh hinh hoc ding trong mé phong qué trinh chay cua
dong co dot trong danh loa 4 ky 1 xy-lanh véi cac goc nghiéng c6 nap khi khac
nhau (tir 15° dén 45° véi gia sb 1a 5°). Dung phan mém Ansys Fluent (véi md-dun

ICE dic trung cho phan tich dong co d6t trong) md phong cai tién hé thong nap
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thong qua cac hé sé xody l6c doc (Tumble) va xody l5c ngang (Swirl) twong tng
véi cac treong hop khac nhau.

Qua nghién ctu cho thay ¢ goc nghiéng cua cd nap 30° c6 hé sé xody 16¢ doc
(Tumble) va xody 16¢ ngang (Swirl) 1a tdi wu nhat. Bong thoi, dic tinh cdng suit,
mo-men xoan cia dong co cd hé théng nap cai tién (goc nghiéng 30°) Ia cao nhat,
trong khi suit tiéu hao nhién liéu cua dong co 1a thap nhat so véi cac trudng hop
khac.

Nguyén Phu Thuong Luu va Nguyén Thanh Nhan [3] dd nghién ctru dic tinh
dong chay khdng khi nap trong dong co dua trén md phong CFD.

Bai bao nay trinh bay nghién ciru qué trinh nap cua dong co xang bang phuong
phap mo phong sé sir dung chuong trinh md phong AVL-Fire tir thoi diém pit-tdng
& diém chét trén dén khi dong van nap hoan toan (220° CA) dé xem xét dac tinh cua
dong khi nap trong xy-lanh. M6 hinh réi k-e tiéu chuan, cho su xé4c dinh van toc, ap
suat tai cac ving thé tich s cung véi nhitng diéu kién dong chay nhét, khéng déu
cua luu chat nap dugc ap dung trong suét qué trinh mé phong.

Nghién ciru thé hién rang, théng qua phuong phap md phong cho qua trinh nap
dong co, dac tinh cua khi nap thé hién mot céch truc quan va cd y nghia cao trong
cdng tac nghién cau, tim hiéu ang xtr phac tap cua khi nap. Su hinh thanh caa
nhitng viing xody l6¢c ngang (Swirl) va su xody l6c doc (Tumble) caa khi nap bai
anh huong cua van nap lén dic tinh dong khi nap. Phan bd nhiét do trong xy-lanh
trong sudt qua trinh nap ma két qua tir sy hoa tron cua khi nap maéi véi khi sot va sy
truyén nhiét giira vach xy-lanh, budng dét, pit-tong vai khi nap méi. Dién bién cua
qua trinh khi nap di vao trong xy-lanh va &p suét trong xy-lanh theo ¢6 mo caa van
nap va chuyén dong cua pit-téng. Nghién ciru c6 thé ma rong cho su xem xét anh
huong cua thoi diém dong mé van nap; hinh dang pit-tdng, cira nap va céc téc do

khac nhau dé xem xét anh huong caa ching.
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V& Danh Toan va Huynh Thanh Cong [4] d& m06 phong nang cao tinh nidng lam
viéc cho dong co Diesel 1 xy-lanh bang thiét ké cai tién hong nap.

Bai b4o nay trinh bay nghién ctu cai tién hong nap cho dong co Diesel 1 xy-
lanh RV165-2 nham ting hiéu suat nap va nang cao tinh ning lam viéc thdng qua
md hinh hoa va mé phong trén phan mém chuyén dung AVL BOOST. Céc phuong
an cai tién dugc dé xuit va danh gia so véi md hinh hé thdng nap hién hiru. biéu
kién md phong ban dau duoc dua trén két cau cua dong co va thdng sé diéu kién
van hanh tir thuc nghiém. Cac thdng sb vé dac tinh cong suét, su chay va khi thai
duogc lya chon 1am tiéu chuan danh gia.

Nghién ctu thé hién rang, bang phuong an cai tién hong nap da ting hiéu suat
nap, kha ning hoa tron hdn hop nhién liéu va khéng khi, gilp qué trinh chay tbt

hon, ting cong suat dong co, giam suat tiéu hao nhién liéu va khi thai.

Huynh Diép Ngoc Long [5] dd nghién ctu thiét ké miu dong co 3 xy-lanh
Diesel phun gian tiép c6 buong chay Three Vortex Combustion (TVC), sir dung
nhién li¢u sinh hoc Bio-Diesel (tham khao dong co 3 xy-lanh Kubota D1703-M-
E3B).

Pé tai dé cap dén nghién ctru cach thiét ké mau chi tiét dong co bang k¥ thuat
thiét ké nguoc, dua trén nén tang mau 1a dong co Kubota D17-M-E3B. Qua cach
thu thap so liéu va két hop nhiéu phan mém thiét ké, mé phong tinh toan cho chi tiét
ché tao.

Dé tai da thu thap dir liéu tinh toan va nghién ctru diéu kién 1am viéc cac chi tiét
va md phong trén phan mém Catia, Ansys. Thiét ké duoc 5 chi tiét chinh cua dong
co mau: pit-tdng, thanh truyén, truc khuyu, than may va nip may. Kiém nghiém sirc

bén cua 5 chi tiét chinh: pit-tdng, thanh truyén, truc khuyu, thAn may va nap may.
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1.2.2 Nghién ctru ngoai nwée

Weeks va Moskwa [6] dd mé hinh hoa dong co 6 t6 cho kiém sodt thoi gian thuc
dung Matlab/Simulink.

Bai b4o sir dung phan mém Matlab d¢é mo phong mot dong co xang 4 ky. Cach
xay dung mot mo hinh déng co trong phan mém Matlab/Simulink. Huéng dan cach
sir dung phan mém. Su can thiét cia md hinh hod dong co trong md phong va cai
tién dac tinh giam khi thai.

Xay dung duoc 5 mo hinh chinh trén dong co xing trong phan mém: M6 hinh
diéu khién nhung dién tir, danh lira, cam bién diéu khién va md hinh truyén luc.

Wu va c4c cong su [7] dd mé hinh hoa dong co véi tac dong dau vao va ra cho
kiém soét thoi gian thuc.

Bai bao n6i vé noi dung md phong cac dic tinh cua dong co Yamaha dung tich
125 cc. T4c gia da tinh toan cac dic tinh dau ra cua dong co xe may dua trén dé
xuat 2 mé hinh md phong: md hinh chitc ning moé-men xoin (torque function
model) va md hinh téc d6 toa nhiét cua qua trinh chay (heat release model). M6
phong cac qua trinh 1am viéc ciia dong co dua trén phan mém Matlab/Simulink bao
gom cac mo hinh dau vao truyén nhiét, ma sat va dong hoc sinh ra cua dong co.

Ca hai md hinh dugc dé xuat trong nghién ciru déu c6 két qua gan sat véi thuc
nghiém. Tuy nhién mdi mé hinh c6 dic diém khéc nhau: mé hinh chac nang mo-
men xo0dn c6 wu diém trong viéc md phong tinh toan dic tinh dong co véi thoi gian
ngin va phi hop véi md phong diéu khién céc trang thai trong xe Hybrid. Trong khi
d6, mo hinh téc d6 toa nhiét co wu diém trong viéc md phong diéu khién hé thong
truyén luc trong dong co va xét cac anh huong cua su dich chuyén dong khi nap dén

qua trinh chay dong co.
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Myung va cac cong su [8] dd nghién ctu anh huéng cua viée diéu khién thoi
diém dong mé van va chuyén dong dong khi nap trén dic tinh tao thanh khi HC va
NOx qua trinh chay.

Anh huéng cua khi nap vao budng dbt dong co s& anh huéng dén qua trinh chay
sach. Bai b4o 1a mot thi nghiém nham kiém tra qua trinh d6t trong dong co & cac
thoi diém dong mé xu-pap nap khac nhau ¢ diéu kién khong toan tai.

Bai b4o két luan rang thoi diém mé xu-pép nap sém co hiéu qua, qué trinh hoa
tron nhién liéu va khong khi déu hon, phan phdi khi téi wu lam giam HC va diéu
chinh d¢ ting NOx thai ra méi truong. Vai su xody 15¢ doc (Tumble) thi ham luong
HC giam 12% & ché do ti 16 xoay 16¢c doc chiém 50% va giam thém dugc 16% HC

khi xody 16¢ doc tiép tuc diéu chinh 1én 75%. Can can chinh lai lugng NOx thai ra.

Li va cac cong su [9] di phén tich cac chuyén dong cua xody 16¢ doc (Tumble)
va xody léc ngang (Swirl) trong dong co chay cudng bic (SI) ¢6 4 van.

Bai bao dé cap dén van dé ti 1¢ tao xody loc doc (Tumble) va xoday ldc ngang
(Swirl) trong budng dét caa mot dong co xiang 4 ky c6 4 van xu-pap. Xay dung
dugc mo hinh thi nghiém va mé phong ti 1 xoay l6¢ ngang trong long xy-lanh dong
co & 2 Ky la nap va nén ciia dong co, thiét lap cac mo hinh va do thi ti 1¢ ¢ ting thoi
diém quay cua truc khuyu dong co.

Bai bao da mo phong dugc su xoay l6¢ trong budng dot dong co va xét tinh anh
huong cua ti 18 xody 15¢c doc (Tumble) va xoay 15¢ ngang (Swirl) dén sy hoa tron &
ky nap va nén. Nghién ctru dugc ning luong xody 16¢ ngang tét cho qua trinh nén

trong dong co.

Habchi va cac cong su [10] da nghién ctru anh huong cua nhiét do vach 18n hon
hop hoa tron trong dong co xang phun truc tiép.

Bai b4o dé cap anh huong cua nhiét @6 vach 18n hdn hop hoa tron trong dong co
xang phun truc tiép. Cac mo hinh tuong tac phun vach va mang chat long duoc phat

trién, xac nhan va st dung dé cung cap hiéu biét tét hon vé nhién liéu phan phdi
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trong dong co xing phun truc tiép voi khai niém rong hon. Cac phép tinh sé bao
gom qua trinh d6t chay 1a duoc thuc hién dé nghién ciru anh huong cua nhiét do pit-
téng dén viéc chuan bi hdn hop trong diéu kién hoat dong cua hé théng phan tang.
Trong qua trinh hoat dong lanh hozc bit dau lanh, 1én dén 25% khéi lwgng phun tao
thanh mot mang chét long trén mat dinh pit-tng. Diéu nay phan I6n anh huéng dén
hiéu suat chay. Tang nhiét d6 pit-tong giam luong xing khong bi chay. Khong c6
mang chat long dang ké nao con sot lai trén pit-tdng khi nhiét do cia né vuot qua
nhiét do sbi va nhiét do Leidenfrost. Két qua nay ciing phi hop Véi cac quan sét
thuc nghiém c6 sén dé xac nhan sy bién mat caa mang chat léng khi nhiét do pit-
tobng vuot qua 460°K.

Céc tinh toan dong co xang kiéu phun tryc tiép thé hién tinh hitu dung tiém
ning cua mod hinh twong tic phun vach va mang dé du doan hdn hop chuan bi.
Nghién ctu ndy cho thay rang cho dén khi nhiét do pit-tong dat 400°K, dén 20%
luong xang duoc phun van giir dugc chat long (gidng nhu khong nung) trén bé mat
dinh pit-tdng. Khong c6 mang chat long dang ké nao trén pit-tdng khi nhiét do cua

no6 vuot qué nhiét do soi va nhiét do Leidenfrost.

Sherazi va Li [11] da nghién cttu tong quan dong co hdn hop dong nhét tu bdc
chay (HCCI).

Bai bao dé cap dén dong co hon hop dong nhat tu bc chay (HCCI) 1a su két
hop cua ca Spark Ignition (chay cudng buc, dong co SI hay dong co Otto) va
Compression Ignition (tw béc chdy, dong co Diesel). N6 sir dung hdn hop khong khi
nhién liéu dong nhat nhu dong co SI va st dung ti 1 nén cao thuong cho phép hdn
hop ty dong d6t chay nhu dong co Diesel. Hon hop dong nhat nghéo trong HCCI
lam giam phat thai hat va hdn hop khong khi nhién liéu nghéo gidp tu dong dbt
chéy, 1am giam phat thai Oxit Nito NOx khoang 90 - 98 %. Pong co HCCI cung cap
mot sy gia ting hiéu qua nhién liéu 1én dén 15-30%, so v&i dong co SI. Tuy nhién,
HCCI chi hoat dong tét trén mot pham vi hoat dong twong di hep, trir khi hinh hoc

dong co hoic c4c thong s6 van hanh dugc diéu chinh. Trong qua trinh d6t chay
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dong co HCCI duoc bit ddu thong qua dién tich dong nhat, va khong cé co ché
trong xi-lanh truc tiép dé diéu khién tu dong danh ltra. Bai bao nay tap trung vao
hiéu suat cua dong co HCCI, nhitng thach thac, phuong phap dé gay ra su chay,
thiét ké bo diéu khién va huéng va xu hudng trong tuwong lai.

Sau khi xem xét cac dong co HCCI, tac gia thu duoc mot phan tich rang, dong
co HCCI ¢6 tiém ning manh mé& dé cai thién hiéu suat nhién liéu hon so véi dong
co hién dang sir dung, giam NOx, va phét thai bd hong so véi dong co Diesel. Viéc
trién khai dong co HCCI doi hoi ba rao can chinh: kiém soat qua trinh d6t chay,
phat thai HC va CO va pham vi hoat dong can dugc khic phuc dé van hanh HCCI
thanh cong. Qua trinh d6t HCCI rat phy thudc vao dong hoc hoé hoc. HCCI ¢6 thé
duoc ap dung cho nhiéu loai nhién liéu va lya chon nhién liéu s& c6 tac dong dang
ké dén ca chién lugc thiét ké va kiém soat dong co. M6 hinh ving don va tat ca cac
tham sé duoc st dung dé nghién ctru hanh vi dot chay, phat thai va hiéu suat da thao
luan. Nam chién luoc kiém soat chinh ciing duoc danh dau, ¢ thé duoc st dung dé
duy tri, on dinh hoat dong HCCI. Cudi cing, viéc kiém soat thoi gian danh lua, Xac
dinh qua trinh dt chay chinh va do d6 c¢6 anh hudng manh dén hiéu suat va pham
Vi hoat dong cia dong co HCCI, béi vi qua trinh d6t chdy sém va mudn co thé dan
dén viéc dot chay kiéu va dap manh 1am hong dong co. Do d6, nhu cau kiém soét

qua trinh dét chay tot 1a can thiét dé dat duoc hoat dong HCCI thanh cong.

T nhitng tong quan trén cho thay da co nhiéu cong trinh khoa hoc tap trung
giai quyét cac van dé néu trén cua dong co dot trong. Nghién ciiu ting cuong xody
l6c trong duong dng nap 1a mot trong nhitng huéng nghién citu nham tao ra nhiing
dong co xe may tot hon, tiét kiém nhién liéu, giam luong khi xa ra méi truong.
Trong diéu kién hoat dong cua xe gan may la chay trong duong thanh phé va hay bi
ket xe nén nhu cau nang cao hiéu suat cua dong co xe may & ving tai thap va téc do
thap 1a rat cap thiét. Nhan thiy dwoc tim quan trong cua van dé nay tac gia quyét
dinh chon dé tai: “Nghién ctiu cac giai phap nang cao hiéu suat dong co cua xe
may.’’
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1.3 Muc tiéu deé tai

Muc tiéu dé tai 1a tim giai phap nang cao hiéu suit dong co cua xe may khi hoat
dong & vung tai thap va téc do thap. Sau khi nghién ciru cac co so Iy thuyét vé cac
giai phap nang cao hiéu suat dong co, chon giai phap ting cuong xody loc va tién
hanh thir nghiém trén dong co mot dong xe may cu thé. Xu Iy sé lidu thu thap duoc

va rut ra két luan vé hiéu qua cua giai phap da chon.

1.4 Nhiém vu dé tai

Dé tai can lam duoc rd cac noi dung sau:
- Nghién ctru co sé Iy thuyét tinh toan cac dic tinh dau ra trong dong co (cong
suit, md-men xoan, suat tiéu hao nhién liéu).
- Xét sy anh hudng cua cac thong so trén hé thong nap dén dic tinh dong co.
Trén co sé d6, dé xuat giai phap ting cudng hiéu qua qua trinh nap cho dong
co xe may Honda 125 cc.
- Thu nghiém bang phuong phap mé phong dong co, xay dung mo hinh hoa
md phong cic dic tinh dong co bang phian mém Ansys Fluent,
Matlab/Simulink.
- Xu ly s6 liéu thir nghiém va dua ra két luan vé giai phap da chon.
1.5 Gi6i han caa dé tai

Nghién ctru dic tinh dong co dé tir d6 ting hiéu suat dong co va giam 6 nhiém
moi trudng 1a mot van dé nghién cau kha rong. C6 nhiéu su lién quan céc thong sé
va cac hé théng trong dong co trong qua trinh nghién ctru. Trong dé tai nay tap
trung vao nghién ctru dac tinh céng suat tir d6 dé xuat giai phap ting cudng qua
trinh nap trong dong co hoat dong & ving tai thip va téc do thap dé dugc mot hiéu
suat t6t hon.

Anh hudng cuia cac cai tién hé thong nap dén cac thong sé cong suat va khi thai

S0 v6i ban dau chua cai tién. Panh gia duoc két qua nghién ciru dem lai su tot hon

cho dong co. Pé tai chi ding lai @ mac md phong.
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1.6 Doi tweng nghién ciu

Dé tai nghién ctu 1a cac giai phap nang cao hiéu suat dong co ciia xe may.
Qua trinh nap va xoay 15c la van dé duoc tap trung nghién ciru trong dé tai. Su ting
cudng xody loc trong budng ddt & giai doan khoi dong dong co va ché do tai thap
dugc nghién ciu anh huong dén hiéu suat dong co thong qua su thay doi hiéu suat
nap. Tt nghién ctru ndy dua ra tai liéu co so |y thuyét tin cay vé tac dong thay ddi

cac thdng sb nap anh huong dén hiéu suat, khi thai dong co.

1.7 Y nghia khoa hoc va thuc tién

a. Y nghia khoa hoc

Dé tai xay dung mot ngudn tai lidu 1am co sé tin cdy cho qué trinh nghién cau
dong co. Nghién ctru duoc sy anh hudng thay doi dong khi nap anh huéng dén hiéu
suat dong co va giam thiéu luong khi thai gay 6 nhiém méi truong. Nghién ctu cai
tién hé thdng nap mai nham ting cuong xody l6¢c dong khi nap danh gia kha ning

cua cai tién mai so vé6i chua cai tién.

b. Y nghia thyc tién

Tim thém cac giai phap méi dé nang cao hiéu suit dong co cua xe may hoat
dong trong ving tai thap va toc do thap 1a nghién ctu thiét thuc trong viéc cai tién
dong co dét trong. Viéc xay dung va md phong dong co bang phan mém Ansys
Fluent va Matlab/Simulink s& dem lai mot sé vu diém nhu tiét kiém thoi gian, chi

phi, céng stc... Piéu nay phd hop véi tinh hinh nghién ctu caa nudc ta hién nay.

1.8 Phwong phap nghién ciru
Qua trinh nghién ctru dé tai da st dung cac phuong phap sau:
- Phuong phap khao sat ddi tugng.
- Phuong phap nghién cuu tai liéu.

- Phuong phap xay dung mé hinh toan va mo phong.
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- Phuong phap thiét ké, mé phong CFD va md phéng so.

- Phuong phép so sanh ddi chiéu két qua.

1.9 K& hoach thuc hién.

hoi gian

Cong viéc

Thang 5/2018 - thang 03/2019

05

06

07/08(09|10|11|12|01 02

03

1.Ding ky tén dé tai.

2. Xac dinh dé tai nghién cuu,

xac dinh hudng nghién cuu.

3. Tim hiéu, thu thap tai liéu vé

van dé nghién ciu.

4. Viét chuong I, II.

5. Viét chuong II1.

6. Viét chuong IV, V.

7. Hoan chinh tha tuc, bao vé

luan vian. Két thac nghién cuu.
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Chuong 2
CO SO LY THUYET

2.1  So lwgc vé xoay léc

Ta da biét muén cong suat dong co ting 1én thi qua trinh chay phai tdi vu va
qua trinh nap phai tt, qué trinh xa phai sach, hoa khi phai tron déu.

Trén 6 t6 da c6 nhiéu ung dung lam cho qué trinh nap t6i wu ma lién quan
dén xody ¢, d6 1a: hé thdng T-VIS (Toyota Variable Induction System), dong xe
Nissan thi c6 hé théng SCV (Swirl Control Valve) va trén xe may c6 hé thong STCS
(Swirl Tumble Control System).

Xody 16¢ ¢6 hai dang chinh, dé la: xody l6¢c ngang (Swirl) va xoay 16¢ doc
(Tumble). Ngoai ra con c6 xody loc nguoc véi xody 16¢ doc.

Xoay lbc trén dong co dbt trong 13 mot thong sé quan trong dé tao nén hé sb
nap, su hod tron nhién liéu va khong khi c6 téi wu hay khong. Chi tiét vé hién tuong
x0ay 16¢ s& duoc trinh bay cu thé duéi day.

2.2 Pinh nghia vé hién twong xoay léc
Qua trinh chuyén dong caa dong khi nap trong dong co 1a yéu té chinh quyét
dinh dén qua trinh chay va sy hoa tron hoa khi, d6 chinh 1a van dé xody l5c trong

dong co.

Vian dé xody 16¢ bi chi phdi bai yéu té nhu: hinh dang cua duong ong nap,
hinh dang dinh pit-tdng. Nhu vay: xody ¢ thudng duoc dinh nghia 1a su chuyén

dong xoay tron ciia dong méi chat nap vao trong xy-lanh caa dong co.

Xoay 16¢ duoc tao ra do &p suat chan khong cua qué trinh nap khi mdi chat c6
dong ning ban dau. Su xody l5c nay giam khi ¢ su ma sat xay ra trong chu trinh
hoat dong cua dong co. Su xody l6¢c nay c6 thé ton tai trong cac chu trinh caa dong
co nhu qua trinh nap thi hoa khi di vao tao nén xody I4c, qué trinh nén duéi su dich
chuyén cua pit-tdng di tir DCD dén DCT thi ciing gay nén su xo0dy Idc, ky no ciing

vay khi hoa khi bbc chay thi do su gidin ng cua 4p suit qua nhanh nén ciing giy
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xody 16c, ky xa thi moi chit thoét ra ngoai ciing gdy su x0dy l6c nhung it do su
chénh léch ap suét gitra bén trong budng dét va ngoai budng dét, khi hoan thanh qué
trinh chay thi téi ky xa Iic nay &p suat trong budng dbt rat 16n nén khi xu-pép thai

mé thi lvong khi dd chay thoat ra ngoai, do dé it gay hién tuong xoay lbc.

Trong qué trinh thiét ké dong co, pit-tdng thudng duoc lam 16m dé tao xoay
l6c, con trong dong co Diesel va dong co nap phan tang (Stratified Charge) thi hién
tuong xoay ldc duogc thé hién 13 do 1a su chuyén dong nhanh caa hoa khi khi hoa
khi duoc nap vao va qua trinh phun nhién liéu. Sy xody lc cling dugc thay & qua
trinh danh Itra voi chu ky nhiéu (khi xe tang toc), trong dong co hai ky thi su xody
l6c duoc thé hién ¢ qua trinh quét thai khi. Trong mot sé dong co co budng ddt phu
thi qua trinh xody 16c xay ra. O budng d6t phu thi qua trinh xody loc 1a rat quan

trong.

Xoay 16¢ dugc phan loai thanh hai thanh to chinh, d6 1a: xody loc ngang

(Swirl) va xoay l6¢ doc (Tumble).

Swirl Tumble

Hinh 2.1: Xoay l6c ngang va xoay l6c doc
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2.3 Van téc trung binh caa dong xody lac
Van téc trung binh cua dong xody l6c dugc thiét 1ap tir cac cong thirc toan hoc
xa@y dung trén mo hinh déng co, dwoc xac lap qua cong thurc sau:
U(t)=U +u(t)
2.1)

Nhin vao cdng thire trén ta thdy rang: Van tdc tac thoi ciia dong khi duogc tinh
théng qua mot van tdc tic thai (cha thich cac gid tri duoc dé cap & muc ky hiéu).

Déi vai dong khi nap 1a on dinh thi ta 4p dung theo cdng thic sau:

lj Ut

e (2.2)

Trong d6 : 7,7, lan luot 12 thoi gian dic trung riéng dau va sau do.

Nhu vay, van téc trung binh cia dong khi nap khi c6 hién twong xody I6c
duoc tinh théng qua mot van téc gidi han ¢ chia van tdc tac thai cua dong khi.[12]

U =Ilim

2.4 Heé sb xoay l6¢ va van téc cihia mé-men ddng lwong

Khi cac xody l6¢ dugc tao ra thi ban than n6 xuat hién mé-men dong luong
c4c thanh phan van toc cia mé-men dong luong tir xody l6¢ doc va xody 16¢ ngang.
M6-men xody nay twong duong véi thong lugng cia mé-men dong lugng trén may
bay, nghia 14 khi may bay hoat dong thi tao ra nhitng viing c6 mo-men xody giong
Vi truong hop nay. Hién thi rd ¢ hinh sau:

BULK FLOW MOTION

Hinh 2.2: Van téc goc cuia mo-men dong lugng xody 16¢ doc va ngang
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Xoay 16¢ ngang dugc dic trung bai van toc goc cuaa mo-men dong luong
chinh la 75 Xoay 16¢ doc duoc dic trung boi van tc cua moé-men dong luong

chinh 1a 7. . Hop hai van téc nay tao thanh van téc téng hop.

T) :\/1T2+752 2.3)

B 1a goc nghiéng hop giita hai véc to van téc z, Va r,
Khi d6 goc g dugc tinh bai cong thic sau:

p=tan (%)

o (2.4)
Hé s6 xoay 16¢ (Swirl Coefficient) 1a diéu kién thiét yéu dé so sanh véi dong

chay cia md-men dong lugng Véi truc cia md-men dong luong ay. No dugc Xac

dinh bai cong thure sau:

w. .B
Cs=-—"

Yo (2.5)

Hé s xody loc Cs dugc tinh thong qua cdng thac tir thuc nghiém co lién

quan dén toc do goc cua pit-tdng véi n 1a s6 vong quay o =2.m.1n/60, dudng kinh

p

B cua xy-lanh va vo-vén téc dic trung caa dong xody, nd c6 ngudn gbc tir viée roi

ap trong qua trinh do va duoc x4c dinh qua cong thac v, = [w]“. Trong do

Po, Pc lan luot 13 &p suat trong xy-lanh va &p suat tham chiéu, p la mat do caa moi

chat.

Hé s6 dong chay dugc tinh dua trén luu lwong Q ciia méi chat nap vao, dugc tinh:

_Q
.=
A (2.6)
Véi: A la dién tich cua xu-pép, Vo la van téc riéng cia dong khi.

Khi @6 hai thanh t6: x0ay 16¢ ngang va xoay 16¢ doc duoc tinh nhu sau:
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A A P z CUSB 8.Ts
H¢ so xoay loc ngang: Co=—"- -
o 2.7)
. . B 8=
He sb xo8y léc doc: C, = “T— :TT
Vg MBy, 2.8)

Trong dé:
B 1a duong kinh cua xy-lanh.
o og lan luot 1a van toc goc cua xody 16¢ doc va xody 16¢ ngang.

m la khéi lugng cua dong khi nap vao.

Hé s6 xoay l6c tong hop: C, = m [13]
(2.9)

2.5 Xoay léc tao ra trong qué trinh hat

Hién twong xody I4¢ tao ra trong qué trinh hat hod khi chu yéu 1a do hai phét
sinh chinh, d6 1a: dong khi nap khi hat vao tao véi thanh xy-lanh theo phuong tiép
tuyén khi pit-tdng di tir DCT dén PCD va xody 16¢ duoc tao ra phan 16n khi di qua
Xu-pap nap. Dong khi sé tao ra sy xoay tron quanh than xu-pap truée khi di vao
budng dbt. Su xody l6¢c xung quanh chu vi cua xu-pap nap la khong ddng nhat, vi
vay xoay l5¢ tai xu-pap nap c6 mot mo-men dong luong déng ké. Xoay 16¢ trong
qua trinh nap thuong 1a xody 16¢ ngang (Swirl) vi loai xody 16¢ nay l1am hoa khi

duoc hoa tron ti vu theo thé tich cong tac.

lntqke Ports

Axis of
Rotation

Hinh 2.3: Xoay l6c ngang (Swirl) trong qua trinh nap
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Xoay 16¢ ngang (Swirl) thuong duoc ¢ng dung nhiéu vi 1am cho hoa khi
duoc hoa tron téi wu, nhu vay dé xay ra hién tuong xody 16¢ ngang (Swirl) thuong

nha thiét ké tao cho xu-pap nap c6 ranh hoic ché tao duong dng nap cé bién dang
tao ra xody 16¢ ngang.

(a)

b) (d)

Hinh 2.4: Céc bién thé cua cac dang duong ong tao ra xody 16¢ ngang (Swirl)

Hinh 2.5: Xu-pap nap duoc tao ranh dé tao xody Ioc
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2.6 Xoay léc khi vao xy-lanh

Khi dong khi nap di qua xu-pép thi c6 mé-men dong lwong ban dau, do d6 khi
buéc vao trong budng dbt thi md-men dong luong bat dau giam trong ky nap do c6
su ma sat cua dong khi véi thanh xy-lanh va cac phan tir cua dong khi véi nhau.
Dic biét 12 su xody 16¢ nay s& giam 1/4 dén 1/3 khi cudi qua trinh nén. Tuy nhién,
van tc cua xody l6¢ 1a ting 1én trong qué trinh nén tuy theo thiét ké phi hop cua
budng d6t. Theo dinh luat bao toan dong lwong thi:

di._; _r
dt (2.10)

Nhin vao cong thic ta thiy rang:

Pao ham cua mo-men dong luong chinh 1 hiéu sb gitra thong luong ciia mo-

men dong lugng trong xy-lanh va mé-men ma sét.

Tai mdi diém cua qué trinh nap J, duoc tinh theo cong thic:

‘]i = J. prvo'dA\/
A (2.11)
Tai mdi diém cua qué trinh nap thong luong caa md-men dong lugng trong

xy-lanh dugc tinh trén mién tich phan toan phan theo dién tich ciia xu-pap nap nhan

v6i mat d6 dong khi nap, ban kinh xu-pap nap va van téc trung binh cua dong khi.

Trong khi d6 m6-men dong lugng ctia dong khi khi di vao xy-lanh trong qua

trinh nap duoc tinh béi cong thirc sau:

tivc

I, = I j Prv,.dA dt
o A (2.12)
M6-men dong luong tai thoi diém nap s& bi giam dan do ma sat giita cac

phan tir khi va ma sat giita dong khi véi xu-pap nap, ma séat s& tiép tuc ting dan
trong ky nén, do d6 mo-men dong luong caa ching s& giam dan theo thoi gian.

Cong thirc tinh chinh xé&c vé ma sat duoc trinh bay & cong thirc sau:
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2
z‘zlp(ws'Bj C.

27\ 2 (2.13)

Ma sat duoc tinh nhu cong thirc ¢ trén ta thay rang:

Khi tang duong kinh B 1€n thi ma sat tang 1én theo ti I¢ binh phuong vi dién
tich tiép xdc gitra xy-lanh va pit-téng 1a nhiéu, khi van téc dong xody lén ciing
khong tét vi néu 16n qué thi s& gay ra hién tuong hoa khi hoa tron khong déu, chd
dam chd nhat, viéc d6t chay khdng hoan hao sinh ra mudi than nhiéu nén gay ma
sat.

Cr 12 hé s6 ma sat dugc tinh boi cong thuc:

C. =0.037A(Re,) 2 [13]

Khi vao xy-lanh thi hién tuong xody 16¢ ngang (Swirl) 1a chii yéu do thiét ké
dinh pit-tdng c6 bién dang 16i, 16m. Ngoai ra, con xody ¢ doc chu yéu la phun
nhién liéu. Xody I6¢c doc (Tumble) con duoc tao ra khi xu-pép dat trén dong co
phuong cua duong tdm doc than xu-pép va phuong vudng goc cua xy-lanh la co

mét goc léch, con xody I16¢ ngang (Swirl) tao ra khi goc Iéch nay Ia nho.

Hinh 2.6: Xoay léc doc (Tumble) chi yéu do phun nhién ligu
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&
Hinh 2.7: Xoay 16¢ doc (Tumble) duoc tao ra khi xu-pap thuong dat nghiéng

Qua trinh xo4y 16¢ ngang (Swirl) trong xy-lanh duoc tao ra do nha thiét ké
ché tao dinh pit-tdng c6 bién dang cac khoang véi bién dang 16m.

Hinh 2.8: Pit-tong duoc tao bién dang 16m dé ting xody 16¢ ngang (Swirl)
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2.7 Phwong phap do xoay 16¢ (Swirl Measurement)

Qua trinh trinh hat khi ty nhién trong qué trinh nap cua dong co 1a rat kho
khin vi @6 thuong la dong chay cua méi chat 1a dong chay réi. Theo d6, phuong
phap dong chay 6n dinh (Steady Flow) thuong dugc Kiém tra dic tinh cia sy xody
l6c. Piéu d6 duoc hiéu 1a trong qua trinh nap thi dong khi di vao tai vi tri xu-pép thi
bang véi dong madi chat trong xy-lanh, vi ¢ diy dé don gian hoa ngudi ta bo di su
t6n that vé su mat mat caa dong khi, néu khong dung phuong phap 6n dinh dong
chay thi khi qué trinh nap xay ra pit-tdng di tir diém chét trén xubng diém chét dudi
tao ra d6 chan khdng hut khi vao tai xu-pap cé luc can nén cd su xoay lbc, thi hién
tugng do6 1a sy xody 16¢ roi, dé don gian ngudi ta bo sy xody 16¢ rdi d6 di va chuyén
vé dong chay 6n dinh.

Trong ky thuat do vé hién tuong xody 16¢ ngudi ta ding thiét bi gidng tuong
tu nhu pit-tdng lap vao trong 6ng xy-lanh, pit-tdng nay vira chuyén dong xoay tron
cling véi d6 1a vira chuyén dong tinh tién di xubng, nhu vay thiét bi nay vira chuyén
dong quay vira chuyén dong tinh tién. Viéc chuyén dong xoay tron nhim muc dich
tao x0dy loc cho dong khi va viéc chuyén dong tinh tién di xudng nham muc dich
tao d6 chan khong cho hoa khi di vao. CAu tao ctia n6 nhu sau:

e Pit-tdng (Paddle wheel): tao d6 kin khit dé cho hoa khi hat vao dé dang hon.
e Truc: duoc lap chinh tdm véi pit-tdng c6 nhiém vu chiu luc va cu thé hon d6

Ia tao ra sy chuyén dong xody cua dong moi chat. Bugc thé hién rd trong hinh sau:
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Restraining torque

Hinh 2.9: So db vé phuong phap do dong chay 6n dinh

Qua trinh l6¢ xody cua dong khi nap trong dong co ddt trong duoc thé hién

boi xody 16¢ ngang (Swirl) va xoay 16¢ doc (Tumble). Qua trinh do tuong tu.

HONEY COMB

VALVE LIFT AIRIN

—
= (W[
—

el
é |

AIR MOTION

EEEEEEN verer | SWIRL

| —— i

TUMBLE MEASURING
SWIRL MEASURING SYSTEM

SYSTEM
Hinh 2.10: Thiét bi xody l6c ngang (Swirl) va 16¢ xody doc (Tumble)
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2.8 Cac yéu té anh hwéng dén qua trinh nap va cong suit cia dong co
2.8.1 Heé s6 nap va cac yéu to anh hwéng

Qua trinh nap cua dong co duoc thuc hién khi pit-tong di tir DCT xudng
DBCD, hoa khi dugc nap vao trong xy-lanh ctia dong co, qua trinh nap la qua trinh
rat quan trong ¢ anh huong dén hé s6 nap. Quéa trinh nap phu thudc vao nhiéu yéu
t, khién cho méi chat méi nap vao trong xy-lanh méi chu trinh nho hon luong nap
ly thuyét. Hinh anh dudi ddy hién thi phan d6 thi céng ctia qué trinh thay d6i mai

chat trong xy-lanh, cu thé 1a qua trinh nap.

F 1 I'd

\ b
l"_f.: ] l — E'::-
- ~. ﬂl
. Ry
J:"\\—*———__})ﬁ
< ove | Vi | &
Fo L Va £ P

Hinh 2.11: Phan d6 thi cdng trong qua trinh nap
Nhin vao db thi ta thdy rang gia tri 4p suat Pk cia dong co 4 ky khong ting
ap ludn nho hon 4p sut khi troi Po vi khi vao duong dng nap thi gap can caa bo loc
khi. Do d6, ton that &p suat tai binh loc khi duoc tinh bai cong thic sau:
AP, =P, —P,

Muén giam ton that trén duong 6ng nap ta can:
(1) Giam hé sé can bang céch tao duong 6ng nap co khi dong hoc tbt, tiét

dién luu thong 16n hon va phuong huéng luu dong dugc thay doi mot
cach tur tir it chd ngoit.
(2) Tang dién tich cua xu-pap nap hoic tao nhidu xu-pap.

(3) Dung Turbo tang ap.

HVTH: bang Nhu Phuc 25 MSHV: 1820509



Luan van cao hoc GVHD: PGS.TS D6 Vin Diing

Va hé s6 nap caa chu trinh nap dugc tinh boi céng thuc sau:
1

1 T P ~ &H
M AT A | ﬂ*'ﬂ”z{pa}

(2.14)

Nhin vao cdng thirc trén ta thiy rang:

Hé s6 nap 1a mot thong s quan trong quyét dinh dén hiéu suat dong co vi
néu hé s6 nap thap thi qué trinh chay khéng hoan hao, dong co sinh céng khong tdi
wu. Hé sb nap phu thudc vao rat nhiéu yéu t6 nhu: Hé s6 nén da bién trung binh cua
khong khi, ti s6 nén caa dong co, nhiét do trudc Xu-pap nap, ap suat khi sot, ap suat
cudi qua trinh nap... C4c yéu té nay anh huéng truc tiép dén he sé nap mot céach truc
tiép va gian tiép thong qua su tac dong 1an nhau vé nhiéu chiéu. Ngoai ra viéc anh
huong nay can ké dén trong qua trinh tinh toan d6 1a hé sé nap thém, hé sé hiéu

dinh ti nhiét va hé sé quét budng chay.

Luong moi chat mai nap vao xy-lanh trong mdi chu trinh dong co 4 ky phu
thugc nhiéu nhat vao chénh léch ap suat, suét qua trinh nap &p suat trong xy-lanh
thip hon, chénh 1éch dy tao nén dong chay caa méi chat vao trong xy-lanh, né phan

anh trg luc cua xu-pap nap ddi véi dong chay.

Cheénh ap gitta duong nap va mdi chat trong xy-lanh con duy tri & dau qué
trinh nén cho t&i khi 4p suat trén duong nén dat téi gia tri Pk do két qua cia viéc nén
khi. Dwa vao hién tuong iy ngudi ta dwa ra cac bién phap méi dé nap méi chat méi
vao trong xy-lanh. Ngoai ra, hién tuong xoay 16¢ con c6 anh huéng dén qua trinh

nap do su tuong quan gitra dong khi trudc va sau.

2.8.2 H@ s6 khi st va cac thong s6 anh huwong

Hé s6 khi sot ciia dong co d6t trong dugc tinh bai cong thic sau:

:ﬂ,zx(l'k+AT)X&X 1
T P

r a

Vr

a

EXA —A xﬂzx(Pr]m
X (2.15)
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Ciing gidng nhu hé s nap, l0c ndy hé sb khi sot cling anh huéng truc tiép
dén cong suat dong co théng qua nhiéu yéu to nhu: Hé sé nén da bién trung binh, ti
s6 nén dong co, nhiét d6 trudc xu-pap nap, ap suat khi sét va ap suat cudi qua trinh

nap.

Trong qué trinh nghién ctu tinh toan ta can phai ké dén céc hé sé c6 anh
huong dén hé sé khi s6t nhu: hé s6 hiéu dinh ti nhiét, hé sé quét budng chay.

Ciing nhu vay, qua trinh nap mudn c6 hiéu qua cao tic 12 hé s6 nap tdi vu thi
hé sb khi sét phai nho, néu luong khi s6t qua 16n thi méi chat kho di vao xy-lanh
duoc 1a vi luong khi s6t c6 &p suat 16n hon luong khi nap va khi sét choang chd do
d6 qua trinh nap khdng téi wu.

Nhin vao cong thizc hé sb khi sot ciing anh huang nhiéu boi ap suat khi sot

va &p suat khi nap, nhiét o khi nap, khi sot, ti s nén, ...
2.8.3 Anh hwéng ciia xoay 16c dén dong khi nap

Xoay l6¢ trong dong co d6t trong cé anh huong dén qua trinh nap.

Hé sb xoay 16c (Swirl Coefficient) dugc xac dinh bai cong thic (2.5) nhu

Sau.

Can cha y rang:
Cs 1a hé s xoay loc.
wp=2.11.1/60 la tbc do gdc cua pit-tdng vai n 1a s6 vong quay.
B la duong kinh cua xy-lanh.
Vo 1a van toc dic trung cua dong xody, nd co ngudn gdc tir viéc roi ap trong

qua trinh do va duoc xac dinh qua cong thac v, = [M]O'S. Trong do po, Pc
P

lan luot 14 4p suat trong xy-lanh va &p suat tham chiéu, pla mat d6 cua moi
chat.

Tu day ta ¢6 nhan xét nhu sau :
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Hé s6 xody l6c phu thudc vao nhiéu yéu té nhu téc d6 goc cua pit-tdng, khi
téc do ciia dong co tang thi hé s xoay ¢ tang. Puong kinh B cua xy-lanh cang Ion
thi hé s6 xody Idc cang ting. Néu van téc dic trung vo ciia dong xody 16n thi hé sb
x0ay 16¢ nho, do cac phan tir caa moi chit truot 1&n nhau.

2.9 Pong luc hoc dng gop nap va trong xy-lanh
2.9.1 Pong luc hoc dng gop nap

Hé thong nap duogc chia thanh mot s6 phan duoc thé hién hinh duéi day, bao
gom: phan dau 6ng gop nap, dng gop nap, xy-lanh. Cac phan d6 duoc xem nhu 1a
thé tich xac dinh bang phuong phap “Filling and Emptying Methods”. Cac phuong
trinh dong hoc dic trung duwa trén dinh luat khi Iy tuong, dinh luat bao toan khoi

luong va dinh luat bao toan nang luong.

\ Exhaust manifold

Intake manifold

Piston work
In cylinder Heat
traner

Hinh 2.12: So' @6 6ng gop nap va xa

Trong phuong phap “Filling and Emptying”, nguoi ta st dung mot mé hinh
dong chay gan nhu 6n dinh di qua 16 dé suy ra mé hinh dong luu luong di qua phan
dau ong gop nap, éng gop, xy-lanh va xu-pap nap. Méi quan hé gan nhu 6n dinh
ctia dong khi di qua xu-pap mo dua trén gia thiét cua dong maot chiéu, 6n dinh, chiu

nén cua khi 1y tuong. Luu luong khéi lwong khi duoc tinh bang cong thic:
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mZCdAOdO(pl’ pziTlsz) (216)
- -50[&] Khi p, < p,
VRT, AP (2.17)

va do(pll pZ’T17T2) =

I 1 P, ;
-0y | —= khi >
RTl 0 [ ) ] P> P,

voi

(r+1)/2(7-1) yI(r-1)
7,1/2 i khi ﬁg L
y+1 P, 1

0,(X) = ” 5 = 5 y1(7-1)
(&] 2 (1_[&} khi 2> (—]
p,) \7-1" U, P, \r+1 (2.18)

2.9.2 Phéin diu dng gép nap

. 4@’ Intake —DI Cylinder

Manifold

™ i (M3 = Mg ) M ag|
Hinh 2.13: M®& hinh dong khi nap di vao xy-lanh

DPong hoc dng gop nap cd thé duogc tinh boi phuong trinh vi phan bac nhat ¢6
lién quan dén mirc d6 thay do6i ap suat 6ng gop nap, Pm, vai luu luong khéi luong
<N
My _Zizl mri

):

khi vao va ra khéi dng gép chung (twong Gng Véi mq)va

m, =, — >,
= (2.19)
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d V i

m

B, | i-1.k (2.20)
=1

DPao ham theo thai gian caa &p suat khi nap phu thudc boi nhiéu yéu té nhur:
Thé tich 6ng gop nap, luu luong khéi lwong khong khi di qua dau dng nap trong 1
gidy, sb xy-lanh dong co, nhiét do khi nap va luu luong khi 1y tuéng gop chung vao
dng nap riéng cua tirng xy-lanh. Cong thtc 2.20 1a cong thic tong quat dé tinh &p
suat khi nap cho dong co dét trong tuy thudc vao sé luong xy-lanh ma hé sé n khéc
nhau va &p suat ciing khac nhau.

Luu lwong khéi lwong khi di qua phan dau éng gop nap dugc tinh dya trén

hai diéu kién vé ti s6 gitra 4p suat khi nap va &p suat khi troi, céng thic duogc tinh

nhu sau:
m, = A,(#)Cyd Py Do) (2.21)
wa
. P 2 1
neu = >| ——
P [7+1)
1 74
. P, P 2y P\~
" RT, w((p)(Poj y-1 [Po] (222
r
néuis(—2 Jyl
0 y+1
P L2 <7+1>
= 2(y-1
m = 0 C A 2 | _—
= TRT o (@) 7 (7+1 (2.23)

Véi hai diéu kién trén ta c6 nhan xét tong quan nhu sau:

Luu lwong ciia mdi chat nap vao tuy thudc vao: po: thé hién cho ap suat moi
truong, pm: 4p suat éng gop hat, » : chi s nén da bién trung binh va khong thé

khong ké dén d6 1a dién tich than buém ga.
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A,: dién tich than buém ga (m?), 1a mot ham cua vi tri buém ga. Vi thé A,

duoc tinh bang phuong trinh sau:

A((p)z_d'_D. 1_(1) 2+d'_D. 1- EL(%) 2+D—2-Sin’1 1_(9j i
2 D 2 D cos(p, +¢) 2 D

D cos(g+9) o !1[%,%((@)JT (2.24)
Gy T @

Khi o> cos™ [%,Cos(%)}_% budm ga dat gid tri dién tich 16n nht.

1 1
D? dY | d-D d V|
Alp)=—-sin*|1-| = 2 =1 =
(p)=5 s { (D” 2 { [D”
(Céc chd thich ky hiéu duoc dé cap ¢ phan ky hiéu & phan dau).

2.9.3 Dong luc hoc trong xy-lanh

Pong luc hoc trong Xy-lanh thé hién qua ap suét trong ting xy-lanh. Mirc do
thay d6i ap suit trong xy-lanh thu duoc tir phuong trinh sau:

@z_yﬁd_VJr?/—l(de _thrj (2.25)
do vVdo V do do

Céc thong sb: Pnr nhiét phat ra, Ont nhiét truyén di, p &p suat trong 1dng xy-
lanh va thé tich cong tac duoc thé hién cu thé ¢ cong thic trén, cac thdng sé 4y anh
huong truc tiép dén &p suat cua dong co.

Sy thay doi ap suat trong xy-lanh, Pei, 1a mot ham cua luu lugng khéi lugng

khi vao xy-lanh, ,, va su thay doi thé tich xy-lanh, v_

Cl
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Sy thay doi &p suat trong xy-lanh 1a mot ham phu thudc vao khéi lwgng khi
nap di vao trong xy-lanh dong co va thé tich cdng tac cua xy-lanh &ng véi tirng goc
quay truc khuyu. Gia tri cua thé tich duoc tinh (ng véi ting goc quay cua truc

khuyu dugc thé hién & cong thic sau:
V() = \%(1— c0sf)+V, (2.27)
Can cha y rang :
V, : thé tich cua xy-lanh (m3).
V, : 1a thé tich phan 16m xy-lanh (m3).

Luu lugng khéi luong khi di qua xu-pap nap m, duoc tinh bang céng thic:

My = A\/i(Lvi)d(pcil pri) (2-28)

Luu luong cta khdi luong khi di qua xu-pap nap duoc tinh phu thudc vao

nhiéu yéu té nhu sau:

L . )
VI: @6 nang cua xu-pap nap (mm).
0.14

Aji="3 VR

va '+ dién tich hiéu dung xu-pap nap (m?) véi IVP la bién dang

XU-pap nap.

2.9.4 Nhiét lwong toa ra va truyén nhiét
» Nhiét lwong toa ra:

Trong qua trinh dong co d6t trong 1am viéc thi c6 xuat hién nhiét luong nha
ra va qua trinh that thoat nhiét. Nhiét luong nha ra khi d6t chay nhién liéu n6 duoc
tinh toan nhu sau:

Theo ly thuyét chay, qua trinh nha nhiét dugc dic trung bai théng sé y duoc
tinh bai cong thuc:
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dx — _
b _a M @by oypa (T oy (2.29)
0 6, AO o,

Théng sb y bi anh huong cua nhiéu yéu t nhu: phan khéi luegng nhién liéu bi
chéy, goc quay cua truc khuyu khi bat ¢au danh lira dé dt chay nhién liéu. Va quan
trong hon 13 hai théng sé a, m 1a théng sé hiéu chinh. Dic biét 1a a=5, m=2 khi chua
ké dén xody l6c. Con danh gia vé tinh xody 16¢ thi phai tinh boi cong thic cu thé.
Khi d6 luong nhiét nha ra duoc tinh bai ti € sau:

dQ,,
d_Hh =¥.(Quy)-m; (2.30)
Pao ham caa nhiét lvgng nha ra theo goc quay truc khuyu chinh bing tich s6

cua: Quv la nhiét tri thap (MJ/kg) khi d6t chay nhién liéu né nam trong khoang gia
tri tir 42 dén 45 (MJ/kg) va ms 1a khdi luong nhién liéu bi d6t chay va théng sé anh

hudng cua qua trinh chay duoc trinh bay o trén.
Bing céch lay tich phan phuong trinh (2.30) ta dwoc nhiét lugng nha ra khi
d6t chay nhién liéu.
> Truyén nhiét:

Téc d6 truyén nhiét d6i lwu dén thanh budng ddt trong dong co danh lira co

thé duoc tinh nhu sau:

% =hAT-T,) (2.31)

Qua trinh truyén nhiét 1a co s¢ dé danh gia duoc lwong nhiét duoc dot chay
va truyén dén céc chi tiét. N6 1a mot ham phu thudc vao cac yéu to nhu: Nhiét do
thanh budng dét, nhiét d6 trung binh cua dong khi va hé sb truyén nhiét d6i luu va
khong thé khdng ké dén do chinh 1a dién tich bé mat budng dét A.

Gia tri A: dién tich bé mat budng @6t (m?) duoc tinh bang cong thic:

L LY ., P
A=A, +A +7rB ?+1—cose—((?) —smze]
(2.32)
Nhin va cong thirc trén ta thay rang: Gia tri A lai phu thudc vao nhiéu yéu té
khac nhau nhu: dién tich bé mat phan dau xy-lanh, dién tich bé mat dinh pit-tong,

ban kinh quay truc khuyu, duong kinh xy-lanh va chiéu dai thanh truyén. Viéc tinh
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dién tich bé mit cua budng ddt 1a viéc rat quan trong vi khi biét dugc dién tich bé
mat budng ddt thi ta mai biét duoc lwgng nhiét bi truyén 13 bao nhiéu.

Hé s6 truyén nhiét d6i luu co thé thu dugc tir phuwong trinh thyc nghiém, 1a
mot ham cua ap suat xy-lanh p (bar), nhiét d6 khi chay T(K), va van tc trung binh
khi Cm (m/s).

h=1.92210° p0-63>7 1430 (c +1.4)0'052 (2.33)

Hé so truyén nhiét ddi luu duoc tinh boi cong thirc trén né ciing 1a mot yéu
t6 anh huong dén qué trinh truyén nhiét trong qua trinh chay cua dong co dét trong.
NG phu thudc vao céac yéu té chinh nhu: Van téc trung binh cua dong khi va van téc
trung binh cua pit-téng.

Khi d6, Cm van téc trung binh cia khi, dugc tinh bang cong thuc:

C, =228*§ (2.34)

S .
Véi P van tée trung binh pit-tdng (m/s).

2.10 Pac tinh dong co

Pic tinh dong co 1a nhimng thong sd rat quan trong dé xem xét dong co co
tinh chat nhu thé nao, can cai tién ra sao, tir 46 dua ra giai phap t6i wu dé nang cong
suit dong co 1én nhung dam bao yéu cau véi 3 bai toan duoc dit ra d6 1a ky thuat,

kinh té, méi trudng.

béc tinh dugc phan ra lam hai phﬁn d6 1a dic tinh tdc do ngoai va dac tinh
bd phan. Pac tinh tbe do ngoai dugc xac dinh khi goc mé budém ga la tdi da va
nhién li€u dugc cung cép 14 t6i wu, con d6i véi dong co Diesel 1a khi thanh rang cép
nhién liéu dugc kéo vé phia cap nhién liéu nhiéu nhat. Con dic tinh b phan dugc

xac dinh & cac ché d0 goc mo budm ga tung phan trng véi tung tdée do dong co.

2.10.1 Cong suit chi thi

HVTH: bang Nhu Phuc 34 MSHV: 1820509



Luan van cao hoc GVHD: PGS.TS D6 Vin Diing

Ap sut tic thoi trong xy-lanh p tuwong tng véi sy thay doi thé tich xy-lanh V
thé hién cong chi thi:

dw _dv

JW _ 8V 2.35
do "o (2.3)

Ap suat trong xy-lanh duoc tinh bang cong thic:

%z_yﬂd_v+7_l dQ, dQ,
dé Vdo V (dé dé

(2.36)

Nhin vao cong thirc 2.40 ta thay rang:

Ap suét trong xy-lanh dugc tinh toan qua cac thong s6 duoc xay dung tir qua
trinh trudc nhu: Nhiét lugng phét ra, nhiét luong truyén di, thé tich xy-lanh, viéc
tinh 4p sut ndy theo goc quay truc khuyu.

Thé tich tic thoi cia dong co va muc do thay doi cua thé tich xy-lanh duoc

thé hién trong cac phuong trinh sau:

Va2 g T 2.37
V= 5 {Cr _1+1 cos(0)+4L(l cos(2¢9))J ( )
> dav Vv, (. r.
a Qv _Ya - 2.38
Vv 10" 2 (sm(9)+ 2Lsm(ze)j ( )

O cong thirc 2.42 thé tich xy-lanh dugc tinh toan théng qua:
Vq: thé tich cong tac cua xy-lanh.
r: ban kinh quay truc khuyu dong co.
L: chiéu dai thanh truyeén.
. goc quay truc khuyu.
Dé tinh cong c6 ich cia dong co bang cach don gian thyc té nguoi ta do bang
thiét bj do cong suat Dynamometer bing cach hdm truc khuyu cua dong co lai va
do lyc vong tir lyc vong tinh dugc md-men xoan roi suy ra cong suat cia dong co.

T d6 tinh nguoc lai cong chi thi.
Ngoai ra ta ¢ thé 4p dung cbng thuc sau néu biét duoc &p suat chi thi cua
dong co:
N, = PV,.i.n
T 307 (2.39)
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Nhin vao cdng suit chi thi cia dong co ta thay rang:

Muén ting cong suat dong co 1én thi ap suét khi chay phai ting 1én, thé tich
cong tac phai ting 1én va sd xy-lanh phai ting 1én, va giam sb ky, diéu do bi chi
phdi bai nhiéu yéu té nhu gia thanh, cong nghé... Do do, can c6 lya chon thich hop
dé vira dam bao cdng nghé vira dam bao gia thanh va tinh phd bién caa no.

Nhu vay, céng suit dong co ting 1én ddng nghia véi hod khi 1a chay triét dé,
dung thoi diém, didu d6 phu thudc it nhidu vao dong xody caa khi nap (hoa khi hoa

tron cang nhuyén thi céng suat cang cao).

2.10.2 Ma sat

T6n that ma sat anh huong dén cong suat biéu thi va céng suét thuc té caa
dong co xing. Téng ap luc ma sét hiéu dung trung binh 1a mot ham cua toc d6 dong

co tuong ung vai mot phuong trinh ¢6 dang:

( n ) (2.40)

p, =0.97+0.15| — |4+0.05]
1 1000

000

Ton that &p suat hiéu dung trung binh phu thudc vao téc do dong co, d6 1a
diéu hién nhién.

Nhu vy, ton that ma sat ciing phu thudc 16n vao tc do dong co, nhung ciing
c6 nhan xét rang néu hoa khi chay khdng triét dé thi sinh ra céc san vat chay c6
muoi than 1am cho viéc mai mon giira pit-tdng va xy-lanh nhiéu, diéu dé lién quan
dén su hoa tron hdn hop déu hay khéng (xody 16¢c) va chay c6 dung thoi diém hay
khong, nang luong tia lra du 16n hay khong, ngoai ra n6 ciing con phu thudc vao

viéc boi tron co tot hay khéng.

2.10.3 Ton that ma sit trén dwong 6ng nap

Ap suat trong Xy-lanh pc nho hon 4p suit méi truong po trong sudt ky hut, do
ma sat bén trong moi phan cta hé thdng nap. Toéng ton that 4p sudt tao ra boi cac
nguyén nhan nhu: loc gi6, ng gop nap, dng goép nap riéng timg Xy-lanh va xu-pap

nap. Su khac biét ap suét giira xy-lanh va khi quyén phu thudc vao binh phwong van
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tdc. Ap dung phuong trinh Bernoulli cho mdi phan, ta nhan duoc d6 bién thién ap
SUat nhu sau:
Ap; =¢&,pV; (2.41)
Tén that do ma sat phu thudc vao tinh chat hinh hoc cac phan trong hé théng
nap va van tdc cuc bd. Ching ta gia dinh rang dong chay gan nhu 6n dinh. T day

téng ton that ap suit do ma sat 1a:

_ ALY
P,—P = Ap;=> &pvi=pSiY ¢ [?"J (2.42)

Ton that &p suat do ma sét phu thudc vao nhiéu yéu t duoc thé hién rd trong
cong thic ¢ trén nhu:
Si:hé sb can
Aiva % : twong tng 14 thanh phan nho nhét tiét dign dong khi va dién
tich pit-tong (m?).
p: khéi luong riéng khong khi.
"I van téc cuc bo (m/s).

Sp:van téc trung binh pit-tong.

Dé giam ton that trén dudng 6ng nap ta can:
v' Giam hé sb can bing cach thiét ké duong ong nap téi wu nhét, giam
ngoan ngogo it uén luon nhat.
v' Tang duong kinh xu-pap nap.
v Dung tang ap dong co.

2.10.4 MoO-men xoin va cong suat

Md6-men xoan thuc té va cong suat thuc té co duoc do md-men va cong biéu
thi trir di ton that ma sat. Md-men xoin thuc té duoc tinh biang cong thuc:
Tb =T, T, (243)
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M6-men xoan thuc té chinh 1 hiéu sé gitta mé-men xo4n chi thi va mé-men
xoan do ma sat, Néu mo-men xoan mat mat do ma sat ting 1én thi mé-men xoan
thue té 1a giam, do d6 can phai c6 hé thong boi tron tot dé giam md-men xoan mat
mat do ma sét.

Md-men xoin biéu thi dugc tinh bai cong thuc:

Toa = (PuiVy) [ (47) (2.44)

Trong do:

Vq: thé tich xy-lanh dong co.

Pmi: &p suat hiéu dung chi thi trung binh dugc tinh bang cong thuc:

P =W IV, (2.45)
Md-men do ton that ma sat T (N.m) duoc xac dinh boi:
T, = p, x10°x V& (2.46)
Ar

Thuce té tinh md-men xoan ¢6 ich cua dong co dugce tinh nhu sau:

Nguoi ta ding mot thiét bi do cong suat trén bang thi thiét bi d6 duoc goi la
Dynamometer thiét bi nay dung dé him dong co lai khi thir nghiém. Hinh sau thé
hién thiét bi do cong suét.

| ] DYNAMOMETER

N

Hinh 2.14: M6 hinh thiét bi do cong suat dong co
Ch thich:
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e (1): Pong co can do

e (2): Truc khuyu

e (3): Khép nbi cac dang

e (4): Truc cac dang

e (5): Thiét bi hdm (Dynamometer)
e (6),(7): Gia c6 dinh

Thiét bi do hoat dong nhu sau: Khi viéc lip g4 chac chin thi tién hanh cho
dong co hoat dong Iuc nay thi khuyu truc quay kéo theo truc cac dang quay khi do
Dynamometer & ché d6 quay tu do, khi cho dong co tng voi canh buém ga mé hét
& (ddi véi dong co xdng) hodc thanh ring kéo hét vé phia cung cap nhién liu 1a
nhiéu nhat (ddi véi dong co Diesel), lac ndy ta cho Dynamometer ham lai luc hdm
nay duoc xac dinh qua cam bién lrc, khi ¢6 dugc lyc hdm (chinh 1a lyc vong) thi ta
tinh dugc md-men rdi tir mO-men ta tinh dwoc cdng suat. Nhu vay bang cac nay ta
c6 thé xac dinh dugc céng suat c¢d ich va md-men co ich, sau d6 khi ta c6 duogc hiéu

SuAt ma sat co gi6i thi ta xac dinh nguoc lai cdng suat va mo-men chi thi.

Viéc xac dinh cdng suét chi thi cho cua 1 xy-lanh dong co 4 ky c6 thé duoc

tinh tir cong chi thi nhu sau:

P :lvvin _1 pmivdn

. = 2.47
' 260 2 60 (2.47)

Pong co thang duoc ton that ma sat. Vi thé ap suat co ich trung binh duoc

viét:
Tir ddy cong suét co ich cd thé duoc tinh:
_ 1 PpeVan (2.49)
2 60
Mbi quan hé giira m6-men xoan va cdng suat duoc thé hién:
p_ 2znT (2.50)
60
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2.10.5 Suat tiéu hao nhién li€u va hi¢u suat nhién liéu

Viéc tinh suét tiéu hao nhién liéu nham muc dich biét chinh xac dong co tiéu
hao nhiéu liéu bao nhiéu, c6 nhiéu hay khong tir d6 dé ra phuong phép cai tién dong
co 1am sao cho lugng tiéu hao nhién lidu 1a nhé nhat nhung téi wu dugc cong suat
ctia dong co dam bao toi wu ba bai toan: kinh té, k¥ thuat, méi trudng.

Suét tiéu hao nhién ligu m, duoc do bang toc do luu lugng - luu lwong khéi
lugng trén don vi thoi gian. Muc tiéu hao nhién liéu riéng (sfc) duoc tinh bang ti 16
lwu lwong nhién liéu trén don vi cdng suat dau ra, 1a thdng sb co duoc dua vao cong
thuac:

sfc:m—f (2.51)
P

Ning luong nhién liéu cung cap dugc xac dinh boi khdi lwong nhién lidu
cung cip cho dong co tuong tng vai mot chu ky so vai nhiét tri caa nhién liéu. Vi
thé hiéu suat chuyén d6i nhién liéu duoc xac dinh boi cong thuc:

w (") e

Ny =—<—=7= =— (2.52)
I’anHV mfnR mfQHV
( AJQHV

Hiéu suat chuyén doi nhién liéu dugc cho boi cong thic trén, nhin vao cong

thirc ta c6 nhan xét rang:

Gia tri cua hiéu suat chuyén d6i nhién liéu phu thuoc vao cac yéu té nhu:
khéi luong nhién liéu hiéu dung ddi véi mot chu trinh, céng cua chu trinh va gia tri
nhiét tri cua nhién liéu.

Ta c6 thé viét lai:

1
= 2.53
T sfeQu (2.53)

Ngoai ra, trén 6 to nguoi ta con tinh suat tiéu hao nhién liéu nay theo quéng

duong.
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2.10.6 Hiéu suit nap 1y

Hiéu suat nap 1a mot thong sb rat quan trong trong viéc danh gia hiéu qua
qua trinh nap cua dong co. Ly tudng nhat, khéi luong khong khi nap vao xy-lanh
bang v&i mat d6 khi quyén. Tuy nhién, khdi lugng khong khi nap vao xy-lanh Ia it
hon khéi lugng khéng khi 1y twéng nap vao xy-lanh do nhitng han ché nhu d6 sach
khong khi, ton that trén duong 6ng nap, ng nap riéng cho mdi xy-lanh, xu-pap hut.
Vi thé, hiéu suat nap ny 1a ti sé gitra luong hoa khi thuc té nap vao xy-lanh ¢ dau
qua trinh nén khi di dong cac cira nap va cira thai so véi khoi luong hoa khi Iy
thuyét cd thé nap day vao thé tich céng tac cua xy-lanh & diéu kién &p suat va nhiét
d6 hoa khi phia trudc xu-pap nap. Hiéu suat nap dugc tinh bang céng thic:

2m m

77\/ = a = a (2.54)
Pa,in N pa,ivd

Hiéu suat nap phu thudc vao rat nhiéu yéu té nhu:

Khoi luong khi di vao xy-lanh, néu gié tri nay Ién thi déng nghia 1a hiéu
suat nap Ién, khi hiéu suat nap Ion thi dong co sinh cong t6i wu khi qué trinh
xoay 16¢ tot. Ngoai ra né con chiu anh huong caa nhiéu yéu té khac nixa.

Hiéu suat nap 1a mét trong nhitng thdng sé quan trong nhat dé danh gia
tinh ning cua dong co khi cac thong sé nhu xoay 16c tot, ma sat it va qua trinh

chay la hoan hao.

HVTH: bang Nhu Phuc 41 MSHV: 1820509



Luan van cao hoc GVHD: PGS.TS D6 Vin Diing

Chuwong 3

GIAI PHAP NANG CAO HIEU SUAT PONG CO CUA
XE MAY

Nhu di trinh bay ¢ phan trudc, cac giai phap nham ning cao hiéu suat cua
dong co thudng duoc st dung nhu: thay doi thoi diém dong ma xu-pap, cai tién
hé thdng nap bang cach thay d6i goc nghiéng cua cb nap, ...

Giai phap cai tién hé thong nap nham muc dich ting cudng xody loc trong
qua trinh nap duoc st dung pho bién.

Ung dung cua giép phap nay trong thuc té ching ta c6 thé tham khao &
phan tiép theo dudi day.

3.1 Ung dung hién twgng xoay l6¢c & mét sé6 hang xe

Trén 6 t6 thi hién tuong xody l6¢ tao ra dé t6i wu hoa cong suat phai ké dén hai
hang xe 16n d6 1a Toyota va Nissan. Trén xe may thi c6 hdng xe SYM.

Toyota goi hé thong d6 1a hé thdng bién thién dong khi nap T-VIS, viét tat cua
tir tiéng Anh Toyota Variable Induction System, nham cai thién céng suat caa dong
co & téc do thap, vi ¢ tée do thap thi dong khi nap nap vao mot cach tur tir do do it
tao xody l16¢c, muén cho hoa khi tron déu thi can co dén hé théng nay. N6 bién thién
dong khi nap bang cach thay ddi dang hinh hoc cua dng ¢é nap dén téc d6 dong co.
Hé thong nay tng dung cho dong co ¢6 hai xu-pap nap, mot xu-pap thi cd canh

budm thay d6i va céi con lai thi khong.
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Hinh 3.1: Hé thong T-VIS

Canh buém nay duoc thay d6i nhd co cau chap hanh chan khéng bén ngoai
ong co nap. Bo diéu khién dong co bang dién tir (ECU-Electronic Control Unit) s&
cho phép &p suit chan khong di qua co cdu chap hanh nay théng qua mot van dién
tir (Solenoid Valve) khi dong co quay & toc do thap. Khi dong co quay ¢ téc do cao
thi luong chan khéng nay sé cét giam va [0 xo hdi vi trong co co cu chap hanh nay
s& lam cho canh van mé hét ¢&. Nhu vay qua trinh dong canh budm dé tao xody loc
xay ra chu yéu khi dong co hoat dong ¢ toc do thap.

O hang Nissan goi hé théng nay 14 SCV (Swirl Control Valve) ciu tao ciing
giong tuong tu nhu T-VIS & ché do cam ching va téc do thap dé ting cong suét
dong co thi canh van déng nho lai dé ap suat chan khong Ion, dong thoi khi canh
van déng nho lai thi tiét dién hoa khi di vao xy-lanh 1a nho, tac 1a van téc hoa khi s&
tang, diéu d6 gop phan vao viéc tao nén hién tuong xoay lbc.

Trén xe may phai ké dén d6 1a hé thong STCS (Swirl Tumble Control System).
Hé thong dua vao téc do va tai cua dong co, bo xir Iy trong ECU sé tiép nhan tin
hiéu dé tir d6 thay doi luu lwong gid vao trong xy-lanh Ia tét nhit dé nang cao cong
suit dong co. ECU s& kich hoat van Swirl dén luong khi nap vao trong xy-lanh,
x0dy l6¢ ngang phu thudc vao viéc thiét ké budng dot la do nha ché tao, con xoay
16¢c doc (Tumble) dya vao viéc phun nhién liéu truc tiép va sy dich chuyén cua pit-

téng. So voi dong co truyén thdng thi viéc sir dung hé théng STCS cong suat ting
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I&n 9,8% va luogng tiéu hao nhién liéu la nho hon (giam 12%) va lugng khi xa la
giam do qué trinh chéy tdi uu.

3.2 Chon giai phap nang cao hiéu suat dong co

Qua tham khao céc giai phap di duoc tng dung trong thuc té két hop voi
phan co s& Iy thuyét da duoc trinh bay & phan trudc, tac gia chon giai phap nang
cao hiéu suat ciia dong co 1a giai phap tang cuong xody ¢ cho qua trinh nap

bang céach str dung dong co budc ¢ ché do tai thap.

3.3 Chon ddng co dé thir nghiém

DPong co duoc chon 1a dong co lip trén xe Honda Future 125 cc.

Cac thdng sb ky thuat cua dong co nay duoc trinh bay ¢ Bang 3.1.
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Bang 3.1: Thong s6 k¥ thuét xe Honda Future 125 cc

Muc Théng sb ky thuat
PONG CO buong kinh xilanh va hanh trinh pit- | 52,4 x 57,9 mm
téng.
Dung tich xilanh 1249 cm?®
Ti s6 nén 9,3:1
Truyén dong Xu-pap Hai xu-pap truyén dong
xich don SOHC
Xu-pap hat: Mg khinang 1én 1 mm | 2° trude diém chét trén
Pong khi nang 1én 1 mm | 25° sau diém chét dudi
Xu-pap thai: Mé khinang 1én 1 mm | 34° trude diém chét dudi
Pong khi nang 1én 1 mm | 0° tai diém chét trén
Hé thong boi tron Boi tron wot va &p suat
cudng buc.
Kiéu bom dau Bom banh rang
Hé thong lam mat Lam maét bang khdng khi
Loc gid Loc gi6 gidy nho
Khdi luong dong co 24,6 kg
B4 tri xilanh Xilanh don nghiéng 80°
S0 Vi phuong thang
dang.
NHIEN LIEU | Loai: Ché hoa khi Loai van pit-tdng

PGM-FI
Try ga: Ché hoa khi
PGM-FI

Phun xang dién tr
18 mm

24 mm
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3.4 Dong co buéc
3.4.1 Giéi thiéu vé dong co budéc

Pong co budc (Step motor) 13 loai dong co dong bo dic biét duoc thiét ké
dé quay theo goc xac dinh (buéc) véi mdi xung dién duoc cap tir bo didu khién.
Cac budc thuong dung la 7,5°, 15° hoac 1én hon. Bong co bude dugc dung trong
hé théng diéu khién vi tri dang s6 (Digital) theo ché d6 ha. Cac lénh vao 1a dang

dady xung lam quay truc theo goc xac dinh.

Hinh 3.2: Dong co budc (Step motor)

Str dung dong co budc ¢6 hai vu diém: Mot 13 twong thich véi hé théng sé
(Digital); hai 1a khdng can bo cam bién vi tri va van tdc, ma nhan tryc tiép bang
cach dém xung vao va dém tuan hoan néu can thong tin van tc. Pong co budc
c6 pham vi ttng dung rong, cac dong co dua gidy vao may in, dau ghi trong 6 dia
ctng va mém, chuyén vi dau in, ... Pham vi ung dung ting 1én khi cac dong co

nay cd cong suat 16n hon va gia thanh ngay cang giam [14].
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Stepmotor 86 dai 113mm
86BYCGH450B-06D-34]

]
|
> L - Stepmotor 86 dai 76mm
™ o

86BYGH450A-06

Hinh 3.3: Dong co budc 86BYGH450B-06D-34J va 86BY GH450A-06

Vé cau tao, dong co budc co thé duoc coi la tong hop caa hai loai dong
co: Pong co mot chiéu khdng tiép xtc va dong co dong b giam tdc cong suat
nho.

Pong co budc theo ciu tao dugc phan thanh 3 loai: Pong co budc bién tir
tré, dong co budc nam cham vinh ctru va dong co budc hon hop (dong co budc
lai).

Vé diéu khién dong co budc hoat dong & 3 ché do: Full step, Half step va
Micro step.

3.4.2 Co ché tac dong ciia dong co budc ddi véi hé théng nap

Khi dong co hoat dong ¢ téc do thap, cam bién d6 mé cua budm ga dua tin

hiéu vé ECU. Tai day ECU xir ly va truyén tin hiéu xung diéu khién dong co budc.
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DPong co budc hoat dong diéu chinh d6 nghiéng cua cd nap nho co ciu banh ring -

thanh rang.

\4

Do nghiéng cé nap Cam bién d6 mé buém ga

Pong co budc ECU

A

Hinh 3.4: So d6 diéu khién caa dong co budc dbi vai hé thong nap

3.4.3 Chon déng co budéc dé thir nghiém

Sau khi tham khao cac loai dong co budc trén thi truong (xem phan phy
luc) va xem xét cac tham sé dap ung yéu cau dé thir nghiém tac gia chon loai
dong co budc 86BYGH450B-06D-34J.

a
i i
.‘ > . A
L 1
Co
Truc ¢t ® 12,7mm 88mm

hoic ® 14mm

Hinh 3.5: Kich thudc dong co budc 86BY GH450B-06D-34)
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Céc thong sb ky thuat cia dong co buéc 86BYGH4A50B-06D-34] dugc

trinh bay ¢ Bang 3.2.

Bang 3.2: Thong sb k§ thuat dong co budc 86BYGHA50B-06D-34]

[Loai dong co budc 450A

[Mé-men xoan 6.5N.m

[Budc Goc 1.8°+5%

[Dién trd 500V DC - 100MQ/Min
[Bén dién mai 50Hz/minute - 500V/Min
INhiét do moi truong  [20°C ~ + 50°C

INhiét do 80°C Max

[Runout 0.02mm Max

[Runout truc 0.1-0.3mm

[Giai doan 4 Giai doan

[Cong suat 5A

[Cam khang 3.5mH

>Md-men xoan tinh toi da

4.2 (Kg.cm)

[Moment quén tinh 2700 (g.cm2)
[Chiéu dai than 113 mm
[Chiéu dai truc 37 mm
wong kinh truc 12.7/14 (tay chon) voi ranh then
Day mau dé -A, Day mau vang -B,
[Day Day mau xanh la cdy -C, Day mau xanh duong -D
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STEPPING MOTORS TYPE  86BYGHA50B-06D- 34]

Parameter Connection Drawing
Step Angle 1.8°%5% Voltage 3.5V " ("\
Phase. e Current/Phase 2.0A N ___i \ /;
Moment of Inertia XX Inductance’Phase 2.2mH e ~—
Hoiding Torque XX Rosistanco/Phase 0.6£10%Q [ ""”[
nsulation Resistance| '00#c~520v 0O | Max, Static Torque | SUKG® Cr o
|_insulation Ciass 1 B Net. Weight 3.5 Kq e
D ra . n Unit:MM
wing
1s 8581
202045

U321

|
Ll | =|r €
|

=

70:03S
8521

960-8“_‘

24,

L8 i

Hinh 3.6: So d6 hoat dong dong co budc 86BYGH450B-06D-34]
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Chuong 4
MO PHONG VA KET QUA

4.1 Phuwong phap moé phéng

M6 phong dong co dugc thuc hién theo nhiéu phuong phap khac nhau. Trong do,
¢ bén loai md hinh hoa tinh toan chinh xac dong nap va xa dugc phat trién va sir

dung:

(1) Mb hinh Quasi-steady: duoc st dung cho diéu khién, nhu diéu khién van
EGR. Khuyét diém 1a dung qua nhiéu phuong trinh thyc nghiém nghiém nén két
qua tinh toan khong dat do chinh xac cao.

(2) Mb hinh Filling and empting: duoc st dung cho tinh toan hiéu suat. Sir dung
phuong trinh khéi luong va ning lugng hoic entropy. Thuong hay st dung nhat.

(3) M6 hinh Wave action: Dung cac phuong trinh dong luc cua dong chay mat
chiéu. Thoi gian tinh toan kha dai. D6i véi cac dudng ng co ti 1 chiéu dai chia
duong kinh Ién hon 10, anh hudng caa ban chat séng khéng nén bo qua.

(4) Mb hinh CFD (Computial Fluent Dynamic): M6 phong dong chay 3 chiéu.

Thoi gian tinh toan khé dai. Puoc ding cho mot thiét ké dong co mai.

Tinh toan toc d6 dong khi vao dong co 1a mot ham sb theo: A (dién tich), Po (4p

suat khi quyén) va Pm/Po (ti 18 &p suat ciia p suat duong 6ng va ap suat khi quyén):

. P,
m= f (A, PO,FJ (4.1)

0

Trong dé tai nay la tinh toan hi¢u suét, suit tiéu hao nhién hiéu, hiéu suét nap
ctia dong co d6t trong. Vi vdy, dé tai st dung phuong phap "Filling and empting" dé
mo phéng dong co. Chia thanh cdc mo hinh sau day: (1) Nap (Intake), (2) Chay
(Combustion), (3) Truyén nhiét (Heat transfer va Heat Release), (4) Ma sat
(Friction), (5) Lam vi¢c (Workdone).

HVTH: bang Nhu Phuc 51 MSHV: 1820509



Luan van cao hoc GVHD: PGS.TS D6 Vin Diing

Dé mo phoéng tinh dwge phwong phap “Filling and empty” tac gia ding
phuong phap CFD tinh toan mo phong bang phan mém ANSYS (M6 phéong 3
chiéu) bang dong chét long tir 46 méi xuat ra dit liéu tinh toan theo phwong phap

“Filling and Empty”.

M6 hinh dong co dét trong danh ltra 4 ky véi kim phun & ¢6 gép duoc st dung
trong nghién ctu nay. Hiéu suat cua dong co phu thuéc vao nhiéu qua trinh phuc
tap nhu phun tron xang - khi, qué trinh chay va xa.

Viéc tim hiéu ban chat dong hdn hop khi - xang va qua trinh chay trong budng
d6t dong co 1a rat quan trong trong viéc nghién ctu cai thién hiéu suat dong co dét
trong. Dong hdn hop khi - xing trong dong co c6 thé duge dic trung boi ti 1& xody
l6c ngang, ti & xody loc doc va ti 1¢ nén cia xy-lanh. Chuyén dong caa dong hdn
hop khi - xing anh huong manh dén qué trinh chay va vi vy ciing anh hudng dén
su burc xa khi thai cua dong co.

Str dung giai phap tang cudng xody 16¢ bing tac dong cua dong co budc thi ti 16
x0ay 16¢ ngang va ti I¢ xoay 16¢ doc duoc tao & ky nap 1a két qua cua hinh dang, dic
biét Ia phuong tac dong cua dong co budc. Vi vay, phuong tac dong cua dong co
buéc 14 mot théng sé anh huong truc tiép dén hiéu suat dong co ciing nhu luong
btrc xa khi thai ra moi truong.

M6 phong qua trinh chay ciia dong co ddt trong dénh lira 4 ky 1 xy-lanh véi céc
phuong tac dong cua dong co budc khac nhau duoc tao hinh hinh hoc bang Ansys
Design Modeller, dugc chia ludi va mo phong trong Fluent st dung md hinh k-e
turbulence [15]. M6 phong va phan tich dong luc hoc luu chat (CFD) cé thé dé dang
hinh dung phé van téc trong ky nap, nén, nd, xa.

4.2 Thiét 1ap trong md phéng Ansys ICE

Pong co duoc st dung trong dé tai dé md phong 1a dong co trén xe Honda
Future 125 cc véi cac thong sé dugc miéu ta trong bang 4.1. Thong sé dong co cua
xe duoc 4p dung vao cac thdng sb tinh toan dé tao ra mé hinh toan. Tir thong s6 két
CAu nay Xuét ra cac dd thi trong qua trinh nghién ctu cai tién tir dong co hién tai

sang dong co mdi.
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Bang 4.1: Bang thong sé dong co dung trong md phong Ansys ICE

Théng sb Gia tri Pon vi
Téc d6 vong quay truc khuyu 1.200, 1.500, 1.800 vong/phut
D6 dai thanh truyén 101,5 mm
Ap suit vao (tuyét d6i) 140 Pa
Khéi lugng khong khi 324E-6 kg
Khéi luong nhién lidu 18,03E-6 kg
Duong kinh xy-lanh 52,4 mm
Thé tich budng dot 15 cm?
Ban kinh tryc khuyu 28,95 mm
Puong kinh ¢6 nap khi 23,2 mm
Ti s6 nén 93:1
S6 van 2
Go6c mo van hut (IVO) 82 Crank Angle Degree
Goc dong van hut (IVC) 212 Crank Angle Degree
Do mé van hut 0,2 mm
Go6c mo van xa(EVO) 521 Crank Angle Degree
Goc dong van xa (EVC) 640 Crank Angle Degree
Po mo van xa 0,2 mm
Fuel-rail pressure 10 Mpa
L oai xing o5 RON Octane (CgH1s) va khong
khi (O2+ 3,773 N2)
Nhiét @6 nhién liéu truéc khi phun 40 °C
Duong kinh ti phun 0,6 mm
G6c bat dau phun xing (CA) deg FI Piéu khién theo goc quay
Goéc ngung phun xang (CA) deg Fl Diéu khién theo goc quay
Goéc Bugi danh Iva 345 Gac quay truc khuyu
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4.3 MO0 hinh phan tich

Mo hinh phén tich duoc tham khao tir mé hinh thuc té cum chi tiét hé thong
nap cua dong co Honda Future.

Hinh 4.1: M6 hinh thuc té cua hé thong nap dong co Honda Future

Tién hanh xay dung md hinh hinh hoc hé théng nap va xa dong co Honda
Future tir cac thong sé k¥ thuat caa né.

Qua trinh xay dung mé hinh hinh hoc sir dung phan mém Catia P3V5R21.

Mo hinh dugc xay dung trong md-dun Part-Design. Mo hinh phén tich la dang
khéi dic (Solid) va trong khong gian ba chiéu (3D).

Mo hinh déng co dot trong 4 ky 1 xy-lanh gom cé:
+ Ong gop nap va éng gop xa;
+ Xy-lanh va pit-téng;

+ Van nap va van xa.
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Hinh 4.2: M6 hinh duoc xay dung trong phan mém Catia

M5 hinh dugc thiét ké béi cac dac diém sau:
+ Puong kinh xy-lanh: 52,4 mm;

+ Thé tich budng chay: 15 cm?;

+ Puong kinh ¢6 nap khi: 23,2 mm.

Theo céc phan tich & phan trude thi théng sé anh huong I6n nhat dén su phan
bd va d6 xody léc cua hdn hop khi xing trong budng dot 1a phuong tic dong cua
dong co budc. Cac md hinh hinh hoc can chuan bi cho qué trinh tinh toan bao gém
c4c thong s6 cho cac phuong tac dong cia dong co budc 15°, 30° va 45° so Vi truc
cua dong co. Cac qué trinh s& duoc thuc hién véi s6 vong quay lan luot 1a 1.200

vong/phat, 1.500 vong/phat va 1.800 vong/phat.
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Hinh 4.3: M6 hinh déng co v&i phuong tac dong ciia dong co budce 15°

Hinh 4.4: Mo hinh dong co vdi phuong tac dong cua dong co budc 30°

Hinh 4.5: M6 hinh dong co v&i phuong tac dong cta dong co budc 45°
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‘& IC Engine

ﬁ ICE Solver Setup

@ Setup

*'.E Solution
@ Results
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Hinh 4.6: Cac budc thiét lap tong quat trong Ansys Workbench

4.4 Lwéi tinh toan

Phuong phap luéi dong MUMMI (Multiple Mesh Motion and Mesh to Mesh
Interpolation) duoc sir dung trong dé tai ndy. Ludi tinh toan bao phu toan bo chu ky
nap - nén - nd - xa cua dong co. Ludi dugc thay ddi trong khoang thoi gian nhat
dinh va khi chat luong cua ludi qué thap, két qua tinh todn duoc noi suy trén ludi
maoi.

Trong qua trinh giai theo phuong phap CFD, luéi mé hinh anh huong rat nhiéu
t6i két qua. Hinh dang luéi, kich thude ludi dugc chia dya vao dic tinh caa dong
khéng khi [16].

Nhitng ving du doan c6 van téc 16n, thay doi dong dot ngot, hay trao doi nhiét
I6n, nhitng vaing tiép xc gitta khdng khi vai thanh dng, khong khi véi xy-lanh, pit-

téng can chia ludi min [17].

Modes 304545
Elements 1096258
fesh Metric Skewness
kin 3.2032e-007
hax 0.90163
Average 0.24705

Standard Deviation 0.13897

Hinh 4.7: Ludi tinh toan cho mé hinh dong co v&i phuong tac dong 15°
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Ludi tinh toan cho mé hinh phuong tac dong cua dong co budc 15° co
1.096.258 phan tir va 304.545 nit. S6 luong phan tir ludi te dién (Tetra) phan b
cha yéu tai khu vuc c6 bién dang cong, khdng tuyén tinh, tuy nhién tai bé mat tiép
xuc vai cac thanh dng van dugc chia theo dang 16p bién, tirc dam bao khu vyc sat
thanh dng c6 dang chay tang. Khu vyc tinh toan trong budng dét luéi s& tu sinh ra,
c6 dang phan tar luéi luc dién (Hexa) dam bao d6 xién (Skewness) tai khu vuc
budng d6t dudi gié tri tiéu chi 12 0,6. Ludi phi hop cho tinh todn dong co d6t trong.

Modes 292409

Elements 1059031
Mesh Metric Skewness
Kin 7.76842-007
. Max 0.90266
1; Average 0.24661

Standard Deviation 0.13925

Hinh 4.8: Ludi tinh toan cho mé hinh dong co v&i phuong tac dong 30°

Tiép theo 1a ludi tinh toan cho mé hinh phuong tac dong cua dong co budc 30°
6 1.059.031 phan tir va 292.409 nit. Ludi ciing pht hop cho tinh toan dong co dot

trong theo nhu céc tiéu chi da phan tich & trén.

N statistics

Modes 206342

Elements 1072134
Mesh Metric Skewness
Min 9.1523e-009
hax 0.93533
IZ; Average 0.2509

Standard Deviation 014409
Hinh 4.9: Ludi tinh toan cho mé hinh dong co v&i phuong tac dong 45°
Va ludi tinh toan cho mé hinh phuong tac dong cua dong co budc 45° co

1.072.134 phan tir va 296.342 nat. Ludi ciing phi hop cho tinh toan dong co dét

trong theo nhu céc tiéu chi da phan tich & trén.
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45 Thiét 1ap thong sé

Viéc thiét 1ap thong s6 cua qué trinh md phong dugc thuc hién truc tiép trong

mo-dun Setup cua Ansys ICE. Hinh 4.12 thé hién céc gi4 tri thiét 1ap caa qua trinh.

A B £ D
1 Property Value Unit F
2 a
3 Component ID ICE
4 Directory Name ICE
5
[ Motes
7
8 Last Update Used Licenses Mot Applicable
9
10 imulation Type Combustion Simulation s
11 ombustion Simulation Type Full Engine Full Cydle >
12
13 Connecting Red Length 101.5 mm ¥ | =]
14 Crank Radius 28.95 mm >} ]
15 Piston Offset/ Wrench 0 mm =| ]
16 Minimum Lift 0.2 mm =[]
17 Valve Lift And Piston Motion Profile | ICEVICEVift.prof

Hinh 4.10: Thiét 1ap céac lua chon tong quat cho qué trinh mé phong

Céc thong s6 can duoc thiét 1ap bao gom kiéu phan tich, kiéu md phong chay,
c4c thong sé dic trung cua dong co, do dai thanh truyén, ban kinh truc khuyu, do

nang van nap, van xa. toc do dong co.

Thiét 1ap céc thong sé va qua trinh trong toan bo chu ky 1a budc thiét 1ap quan
trong nhat, nham thiét 1ap toan bo céc thong sé anh huong dén qua trinh md phong,
goc quay truc khuyu, téc do dong co, diéu kién bién, tham sé phun xang, ché do

danh lua ...

Thiét 1ap kiéu dong co, SI Engine, danh lra bang bu-gi, mé hinh hoé hoc cua
hon hop xang-khi 1a Premixed, c6 nghia 1a xing va khi s& duoc tron trude khi vao
budng chay, ¢ day st dung xiang RON 95, ¢ cong thic hoa hoc 12 CgHis, hdn hop
khdng khi bao gdm 0.233% Oxy va 0.767% Nito. Ké dén, chuyén sang thé Premix

dé dinh nghia phan &ng chay gitra nhién liéu va khéng khi khi co tia lura.

Trong thé dinh nghia mé hinh Premix, lya chon phuong trinh C Equation, thiét
lap céc théng sé Turbulent Length Scale 1a 0,37, Turbulent Flame Speed 14 0,52,
Stretch Factor Coefficient 1a 0,26, tat ca cac thdng s6 nay cd lién quan dén sb

Reynolds trong qué trinh phan tich, anh huong dén dong chay réi trong budng chay.
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N Solver Settings = = . N Solver Settings = (=] “
Basic Settings | Physics Settings | Boundary Conditions | Monitor Definitions | Initialization | Solution Control || 4 Basic Settings | Physics Settings | Boundary Conditions | Monitor Definitions | Initialization | Solution Control || ¢
Combustion Model Combustion Model
Engine Type SIEngne v Engine Type SIEngne v
Spedies Model Partisl Premised v Spedes Model Partisl Presmised v

Premixed Model

Chemistry| 3ouncary Jlpremi | injection | Sperk | Inert | Polutant Chemistry | Boundary ecuon Spark | Inert | Polutant
[

Species Fuel Onid € Equat
quation

cBh18<iso> 1 0

— m n G Equation

chd 0 0 Flame Speed Model

02 ] 0.233

n2

o 0.767 Flame Speed Model Zamont v
Turbulent Lenght Scale Constant 0.37
Turbulent Flame Speed Constant 0.52
Stretch Factor Coefficient 0.26
Wial Damping Coefficient 1
Turbulent Scmidt Number 0.7
- e oK Cancel

Hinh 4.11: Binh nghia phan @ng chay va cic thanh phan tham gia
Ké dén, thiét 1ap kiéu phun xing va ché d6 danh lira, cac thong sé duoc tham
khao tur tai liéu ky thuat chinh hdng cta xe Honda Future, goc danh Itra 1a trudc 15°
so vé6i diém chét trén. Toa do tim danh lua 14 (0, 0, 0.0082). Gi4 tri toa do tam dugc
ldy tir md hinh hinh hoc trong phan mém Catia. Thoi gian danh lira 1a 0,003 s, ning
lugng sinh ra 14 0,2 J. Kim phun xing dugc thiét lap, kiéu nhién liéu phun ra ton tai

& trang thai hoi suong. Nhiét do 93,7°C, goc cone 9°, vat liéu [a RON 95 (CgHys).

Toa do kim phun ciing duoc tham khao trén md hinh thuc té.
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- O
Injection Properties -clEH| [B SolerSetings
Basc Settngs tings ' Boundary Conditio
Combuston Model Basic Settings | Physics Settings | Boundary Conditions | Monitor Definitions | Initialization | Solution Control || ¢ *
Name
kol Combuston Model —_—
ke T o Material deseliaud v N Spark Properties - o IEl
Diameter Distribution o
Speces Model [T — oo Engine Type SlEngne
Species Model Partial Premixed
jon(m) 0 r Name Spark-0
e e P =i Y-Poston(s o r X-Center(m) )
2 0ston(; r Y-Center(m) o
Chemistry | Boundary | Premix | Injectionff Spark | fhert
s 0 r 2-Center(m) 0.0082
i r Initial Radius(m) 0.0005 r
A
ZRa r Spark-0 Fixed Transiton Radus | yes
Dameter(m) 0.000302 r

Transition Radius(m) 0.0007
Start Crank Angle(deg) 345

Duration(s) 0.003

CENCTRT TR T

Energy() 0.2

Flame Speed Model Turbulent Curvature v

g

8

2

)

S
CTRC TR T

" /s) 33;
Total Flow Rate(kg/s) | 1.333305 I [constant v oK Close

Veloaty Magritude(mi) s I |constant

Hinh 4.12: Thiét lap théng s6 phun nhién liéu va ché do danh lua.

Cubi cung, tién hanh thiét 1ap cac thong sé lién quan dén diéu kién bién, kich

hoat cac su kién Xay ra trong qua trinh phén tich, phuong phap thiét lap nhu sau:

Vé diéu kién bién: T4t ca cac bién duoc thiét 1ap 1a Wall, co xét trao doi nhiét
qua thanh vach ra bén ngoai, riéng mién bién cua pit-tong va xy-lanh, hai van nap,
xa phai thiét 1ap theo phuong phap ludi dong luc duoc dinh nghia bang ham UDF.
Bién ngoai ciing cia c6 nap khi duoc thiét 1ap theo kiéu bién Inlet Velocity véi van
téc bang 0 va chénh Iéch &p suét so véi &p suat tham chiéu 1a 0 [Pa]. Ong xa duoc
thiét lap dua trén kiéu bién Pressure Outlet vai chénh léch ap suat so voi ap suat
tham chiéu 13 0 [Pa].

Cac su kién xay ra trong qué trinh phan tich duoc thiét lap nhu sau. Tai thoi
diém goc truc khuyu dat 82,5°, kich hoat van hat mo, tai thoi diém goc truc khuyu
dat 211,3°, kich hoat van hat déng, tai thoi diém goc truc khuyu dat 521,8°, kich
hoat van xa ma, tai thoi diém goc truc khuyu dat 639°, kich hoat van xa dong. Thoi
diém 720°, géc quay truc khuyu cham dén diém chét trén. Tai thoi diém goc quay
tryc khiy trude diém chét trén lan trong ky nén 15°, tic 1a goc quay truc khuyu dat
345°, kich hoat ché do danh Itra dan dén ky n6. Nhién liéu duoc phun vao trong ky

hat nhu da dinh nghia trong thé Injection.
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N Solver Settings - N Salver Settings Sl=
Boundery Conditons [ Monitor Definitons | | soluton control [[ <]+ | Basic Settings | Physics Settings | Boundary Conditions | Moritor Defiitions | | solution Controfl [T+ ]
Boundary Conditions Solution Conral | Salution Summary |
Name Desaiption Create Save Case/Data Equation Events
eyt Type=wall;Profie Option=Constant;Temperal — Crank Ande | Comment | Egaution | StartCA | EndCA RE‘%’?"!':“‘”‘
eyl-quad Type=wall;Profile Option=Constant; Temperal 825 Valve Open FOF 0
cyl-piston Type=wall;Profile Option=Constant; Temperal Delete 2113 Valve Open Premix 394
cyl-head Type=wall;?rofile Option=Constant; Temperal 521.8 Yalve Close
Copy 639 Walve Close
720 TDC
< >
< >
Adaptive Time Step
Enable Adaptive Timestep o |

1: Valve Lifts

1.00e-03
5.00e-04 o 5
00000000000 00000000000 0000000000000000000000000000000 000000000
0.00e+00
i 100 200 300 400 500 600 700 200

Crank Angle (deg)

Hinh 4.13: D6 thi biéu dién géc ma van hit, van xa va d6 mé cia van

Hinh 4.13 biéu dién thoi diém van hat, van xa mo, déng theo nhu goc quay
cua truc khuyu. Quéa trinh mo dong duoc thiét 1ap tuyén tinh nham don gian hoé

tham sé va rdt ngan thoi gian giai tong thé.
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4.6 Tién hanh md phéng

Sau khi thiét 1ap cac thong sb co ban va chia ludi cho chu trinh ciing nhu xé4c
dinh bién dang cua cac chi tiét trong mé hinh, lic ndy trén mé-dun c6 biéu tuong
“Check” cac d6i twong di hoan thanh ting chu trinh d6 thi ta méi tién hanh mo
phong duoc, nghia 14 cac dau “ Check” nay di c6 ta Click vao Solution chinh 1a tién

hanh mo phong.

0} Geometry
@ Mesh

ﬂ ICE Salver Setup

ﬁ Setup

WE Solution
@ Results

ICE

- T T T R |

v
v
v
v 4
v
v
v

Hinh 4.14: Biéu tuwong thé hién dau “Check” thi mai tién hanh mé phong
4.7 MO6 hinh md phéng dic tinh dong co

Sau khi md phong CFD tir phan mém Ansys ta duoc ti 1é Xody & cac phuong
tac dong cua dong co budc khac nhau, toi day ta danh gia hé sd nay c6 anh huong

t6i cong suat va mo-men xoén ciing nhu suat tiéu hao nhién liéu.

Tiép theo ta xay dung Model tir viéc nghién cau Iy thuyét chuong 2 ta co
Model nhu hinh duéi. Model ndy bao gom xay dung nhiéu khi c6 trong Simulink
khac nhau nhu: Fen, Gain, Ramp, Constant,...Vai cac thdng sé dau vao va dau ra

duoc cu thé hoa nhu sau:

+ Thdng s dau vao la nhitng théng sé dugc thiét 1ap tir cac thong sé cua dong
co nhu: duong kinh 6ng nap, ti s6 nén, géc mé budm ga, thong sb két cau, nhiét do

khi xa, nhi¢t do thanh xy-lanh, ...

+ Bo phan xu ly bao gom céc khéi duoc xay dung tir trong mo-dun Simulink.
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+ Thong s6 dau ra bao gom: cac qua trinh duoc tinh toan bang cac ham duoc
nhap trong Matlab, théng sé dau ra bao gom: cong suat, mé-men xoin va suit tiéu

hao nhién liéu.

i

6.94710%(-3)

PO

1300 >

g
- |
E .

247107(-3) 287

300

127710%(-6) Vd 800 Tg
vd mito gas temperature
m theta(Rst)
=]

D!Q

wall temperature

42000

T

x =107
0.926*pi/180) @ 10 c Qhv 2.32710%-3),
===ace area combustion chamber

heta0_of_throttle
Compresstion ratio 0.25

!‘l

i o
5

Structural Parameter (/L)

Hinh 4.15: Céc thdng s dau vao cua dong co xe may Honda Future 125 cc

Bang 4.2: Céc thdng sé dau vao caa mé hinh hoa hé thdng

Cac khéi thong sé dau vao cia khéi (SubSystem) M0 ta
buong kinh tru ga
6.94"0M-3)— d
d
’ L+ PO Ap suit khi troi (bar)
PO
Thé tich cong tac cua
127%10%(-6) ——({ Vd © gtaccu
dong co (m?)
\Vd
10 _E Ty sb nén cua dong co
Compresstion ratio
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e huong dén qua trinh chay

Thong sb xody 16¢ anh
I—i g p——»( f

Indicate Torque

Friction Torque
H f(u)
i
Pe
pe (e
E Rst of 15deg[ ™ :\‘* Rst
iz
Engine Parameter

B

rpm to rad/s

Ge Ge2

")

Rst of 30deg

Rst of 45deg

[

Rst of bare

Hinh 4.16: Xay dyng mb hinh dong co xe Honda Future 125 cc bang Simulink

Model trén thé hién diy du céc thong sé dau vao, bo phan xt ly va thong sé
dau ra cua dong co xe may Honda Future 125 cc. N6 bao gém céc qué trinh nhu:
(1) Nap (Intake), (2) Chay (Combustion), (3) Truyén nhiét (Heat transfer va Heat
Release), (4) Ma sat (Friction), (5) Lam viéc (Workdone).

Can cha y 1a cac hé sd xoay 16¢c duge md phong tir phan mém Ansys ndy s&
dugc tng dung vao trong Model nay véi 3 phuong tic dong cia dong co budc.
Thong s anh huong dén xody 16¢ bao gdm a, m s& dugc trinh bay cu thé trong phan

Sau.
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48 Kétqua
4.8.1 Qua trinh tao lwéi trong toan chu ky

Sau khi thiét 1ap cac thong s6 va tién hanh md phong thi qué trinh tao ludi
toan chu ky duoc tao ra theo cac thong sé thiét ké va thé hién duéi hinh sau:

e e e o
—

AT Pt " L g Cp—— e

o

St o (Tiwwed M) e e ] A 20 11 1--«-4.»-: Ao 2% 1T
T2 s, byt 1 o St | || - p— . T, - i o S|

Hinh 4.17: Tao ludi toan chu ky
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Qua trinh tao ludi nay twong rng véi Cac goc Xu-pap nap Mo va xu-pap thai
mé ding vai thoi diém da thiét 1ap, qua trinh chia ludi nay 1a tu dong phan mém
tinh toan trude khi di cung cap cac théng sé co ban ciia dong co nghia 14 ta da thiét
lap ¢ phan truge. Qué trinh tao ludi twong tng 4 qué trinh xay ra khi mot dong co
hoat dong: ky nap, ky nén, ky no va ky xa, su phdi hop cac xu-péap twong (ng véi

tirng thoi diém 1a pha hop.

Theo nhu két qua trinh bay trén hinh 4.19, pit-tong s& di chuyén xudng dén
diém chét duéi, ludi dong dugc tao ra sau mdi budc thoi gian, sau d6 di chuyén Ién
diém chét trén ludi dong duoc thu hoi, tai day xay ra ky no, sau do pit-tong sé tiép
tuc di chuyén xudng dén diém chét dudi, ludi dong duoc tao ra sau mdi budc thoi
gian, sau d6 di chuyén l1én diém chét trén ludi dong dugc thu hdi. Xen ké gitra cac
ky 1a bién cia van nap va van xa lan luot mé ra. Tai day, ludi ti dién s& duoc tao,
do khu vuc nay sé& xuat hién dong roi, xody va cé dang hinh hoc 1a duong cong, do

d6 ludi tir dién duoc sir dung thay thé cho luc dién.

Mat d6 chia lu6i nhitng chd cé cac khéi giao nhau 1a rat min cu thé 1a chd vi
tri gan cac xu-pap va nip may, khong gian rat hep, do do sé& sinh ra hé s réi cao,
van toc va &p suat ting dot ngot, do do ta dung ludi t dién tai khu vuc nay. Khu
vuc ngay tai hai mép caa xu-pap va thanh xy-lanh s& c6 mat do luéi day hon, phan
tr nho hon cac khu vuc lan can, teong tu 1a khu vye Iudi xung quanh thanh xu-pép
hit. Sau mdi budc tao ludi, phan mém s& tu dong thuc hién qué trinh kiém ra gia tri
tiéu chi, diéu nay gitp cho nguoi lam tiét kiém thoi gian kiém tra tha cong. Lop
luéi tao ra tai khu vyc sat thanh xy-lanh phai dugc hinh thanh theo phuong phap 16p

bién, vi khu vuc gan sat thanh xy-lanh s& cho ra dap tng dong chay tang.
4.8.2 Phé van téc toan chu ky

Qua trinh phd van téc toan chu ky duogc thé hién qua bang mau sic, nhin vao
bang mau ta c6 thé nhan xét phd van téc 1a 16n hay nho, phé van téc tir xanh duong

dén d6 tuong ang vai van tac tir thap nhat dén cao nhat.

HVTH: bang Nhu Phuc 68 MSHV: 1820509



Luan van cao hoc GVHD: PGS.TS D6 Vin Diing

el 1iaie 40 A 001
AR Pt e 15 S Sy 4, U, S

\V/gu

ke

o -, - (T AT 6 28 30
AETS Pt 1210 . . 5, U wert) | || Com ageias g

1| | | oo of vy wgetn (vt (Tt Mowos 4

5 Ao | || - 1 2300 40 A 30N
TS Pt e 145 . Sy . e Sareet) | || G gt By AR Pt — 1 . p— . (0. )

Hinh 4.18: Phé van tbc toan chu ky

Nhin vao hinh trén ta thy rang vi qué trinh nap cua dong co khi pit-tong di

tir diém chét trén xudng diém chét dudi lGc nay van téc 1a rat nho do dé phd vén téc

HVTH: bang Nhu Phuc 69 MSHV: 1820509



Luan van cao hoc GVHD: PGS.TS D6 Vin Diing

¢6 mau xanh duong, khi qua trinh nén thi van téc bat dau ting dan, dén cudi qua
trinh nén thi bu-gi danh lra som va nhién liéu bbc chay lic nay ky sinh céng thi van
téc tirc thoi tai thoi diém nay 1a twong ddi 16n (chi mot thoi gian ngén) sau dé thi
bién mat do bi gisi han khdng gian nén van téc bi cham lai, van téc chay dugc thé
hién trong pho 1a khoang 10 m/s diéu nay 1a hop 1y véi téc d6 chay cua dong co
ngoai thyc té néu téc do chay 16n hon rat nhiéu thi chiing té khdng tét do bi kich nd.
Van toc cudi qua trinh chay dau qua trinh xa 1a 16n nhat do IGc nay sy chénh léch ap
suat bén trong budng dét va bén ngoai 1 rat 16n nén khi xu-pép vira hé mo thi su

chénh léch gitra khi chay va 4p suat moi truong nén khi chay thoét ra ngoai rat

nhanh va gia tri van téc 1 rat 16n khoang 230 m/s.

(3
0 0.060 (m) L_. Y

Hinh 4.19: Phd duong dong dong khi trong 1ong xy-lanh cudi ky hat

Hinh 4.21 thé hién rd hinh anh cua cac dong khi xody trong long xy-lanh, gia tri
ctia pho 1a gia tri van toc, nhin phd duong dong theo hudng mit cat ZY, xody loc

doc (Tumble) cua dong khi thé hién 5. Bé hién thi duong dong cua xoay 16¢ ta phai
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quan sat theo huong mat phang XY. Gid tri ti s6 xody 16¢ ngang va ti sé xoay 15¢
doc s& dugc tinh toan ra tir cac thong sé van toc bang phuong phap tich phéan theo
ba phuong, tir d6 gia tri s& duoc cap nhat dan theo thoi gian, twong tng goc quay
cua truc khuyu. khu vuc day xy-lanh, dinh pit-tong 1a khu vuc ma su xody l5¢ doc
dién ra nhiéu nhat, do phuong tac dong cia dong co budc nghiéng it so vai truc doc,
diéu nay c6 nghia 1a dong khéng khi s& c6 do 16n véc-to van téc theo phuong —Z
(huéng &m cua truc Z) cao, dan dén luong khong khi s& di chuyén thang xudng dinh
pit-tdng va gay ra su xody ldc doc cuc bo tai ddy, 1am giam di sy phan bd déu cua
mat d6 xang-khi trong budng chay. Bé khic phuc trudng hop nay, cac phuong tac
dong cua dong co budc tir 15° dén 45° véi gia sé 1a 5° dd dugc chon theo nhu trinh
bay & phan trudc, twong ¢ng Voi tiing gi4 tri cua phuong tac dong, ta s& ¢ cac
duong cong xody 16¢ ngang va xody I6c doc tuwong tmg, day 1a tiéu chi quan trong

dé danh gia hiéu suat dong co, tir d6 dwa ra mo hinh tdt nhat.

AN T T W\ ““**-
| DS
0.000e+000

z

®
0 0.060 (m) L—» Y

L
0.03

Hinh 4.20: Phd duong dong dong khi trong 1ong xy-lanh trong ky nén
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Hinh 4.20 trinh bay phan b duong dong cua dong khi trong 1ong xy-lanh trong
ky nén. Khong khi tai ky nén bat dau c6 su phan bd déu, dya vao ti sé xoay 15¢
ngang va xoay 16¢ doc ma ta c6 thé quyét dinh goc danh ltra som hay muon. Khi
pit-tong di chuyén 1én trén diém chét trén, khong khi bi nén lai, p suit trong budng
d6t tang cao, van toc dong khi mic du déu nhung khong con gia tri 16n do thé tich
budng di bi thu hep lai. Tai thoi diém nay, ti sb xody 16¢c ngang va xody 16¢ doc s&
quyét dinh truc tiép dén hiéu suat dong co, do ti s xody l6¢c ngang, xody 16¢ doc
cang cao thi mat d6 xang-khi phan bd déu, sy chay hét dién ra 6n dinh hon, hiéu
suit dong co dugc cai thién dang ké. Ngoai ra, quan sat phd cho thay khu vuc dong
khi tai ¢ nap va cd xa co gia tri gan nhu bang 0, nguyén nhan Ia do hai van (xu-pap
hat, xu-pap xa) da dong lai, khdng khi khdng tran vao bén trong xy-lanh nira, nén
khu vuc nay van tdc tién vé gia tri 0. Ngoai ra, pho van tdc tai khu vuc nay c6 gia tri
bang 0 ciing chi ra rang mién ludi dong giita xu-pap va thanh xy-lanh du kin, phan
tr di nho dé khong khi khong di chuyén ra ngoai. Ta c6 thé két luan rang qua trinh
tao ludi dong theo cac tidu chi dé ra du dé nghiém hoi tu, phl hop véi dép tng cua

hé trong thuc té.

4.8.3 Nhiét dg theo goc quay truc khuyu

Truong nhiét do dugc tinh toan va phan tich 1a két qua caa qué trinh md phong
chay trong xy-lanh. Hinh 4.21 dién ta dap ung nhiét d6 theo géc quay cua truc
Khuyu. Tir d6 thi nhiét do, nhiét o trong sudt qua trinh nap hdn hop xang - khi 1a
27°C (300°K) va sau khi nén, nhiét o dat gia tri 16n nhat & dau ky no la 477°C
(750°K). Pay chinh 1a thoi diém ma ky nd xay ra, trong mot thé tich hep, khi pit-
téng gan diém chét trén, &p suat cao, danh lra xay ra va hinh thanh qua trinh n6 hén
hop xing - khi, nhiét d6 tai thoi diém nay vot cao 1én dén gié tri cuc dai sau d6 giam
dan khi pit-tdng di chuyén xuéng. Diéu ndy s& anh hudng dén gia tri ap suat (sé dé
cap trong muc tiép theo). Ap suat s& ti I thuan hoan toan véi dap ung cua nhiét do

trong ky no.
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Monitor: Mass-Average Static Temperature (fluid-piston
fluid-layer-cylinder fluid-ch)
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Hinh 4.21: Bap ung nhiét d6 theo gdc quay cua truc khuyu

Sau ky no, khi pit-tong di chuyén xuéng, phan nhiét lugng s& dugc truyén qua
thanh xy-lanh va tiép xdc véi co ché lam mét. Trong thoi diém ky no dién ra, ciing
s& c6 mot phan nhiét luong that thoat qua thanh xy-lanh, day 1a mot phan nguyén
nhan 1am giam hiéu suat. Tuy nhién, luong nhiét mat di nay rat nho, khong dang ké.
Dua trén gié tri nhiét do, ta sé tinh toan dugc nhiét lugng toa ra va thong luong

nhiét. Nhitng thong sé nay sé duoc sir dung dé tinh todn suat tiéu hao nhién liéu.

Dua vao dap ung cua d6 thi nhiét do, ta thdy rang dudng dap ung 1a mot
duong cong tron, khong gap khuc, diéu nay c6 nghia 1a budc thoi gian ding cho
phan tich 1a phu hop, nghiém nhiét o hoi tu tot, gia tri lién tuc khdng bi gian doan
hay gap khlc qué trinh tinh toan céc hé sb s& d& dang hon. Tai ky nap, nhiét luong
hau nhu khong tang, gia tri nam & mac 27°C (300°K), diéu nay phi hop véi thuc té,
do trong ky nap, khdng khi chi Iuu thong va khong c6 su chdy xay ra, nhiét do
khong tang, sau ky no, ky xa dién ra, khong khi néng duoc day ra ngoai, nhiét do

budng chéy giam xudng.
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4.8.4 Ap suit theo gdc quay truc khuyu

Truong ap suat 12 két qua cua céc qué trinh di chuyén mat phang pit-tbng va su
nd xay ra. Hinh 4.24 biéu dién dap tng ap suat trong budng chay theo goc quay cua
truc khuyu. Do thi trén biéu dién ap suit trong 1ong xy-lanh cho ta thay duoc su
thay doi cua ap suat theo tirng gdc quay cua truc khuyu twong Gng vai tirng chu Ky
hoat dong. Ta thdy d6 thi trén md ta bién dang la hoan toan phu hop cho dong co
thuec.

Db thi hinh 4.22 thé hién anh huéng cia phuong tac dong cia dong co budc 1én
thong sé quan trong nhat cua dong co 1a ap suét, theo do, gia tri dinh cua &p suat la
0,8 MPa dbi Vi dong co ban dau va 1,1 MPa d6i voi dong co co tac dong cia dong
co budc. Tir két qua duong cong P-V trong toan bé chu trinh cua dong co dét trong,

ta c6 thé tinh md-men xoan, céng suat, hiéu suat bang mé phong trén Matlab.

Monitor: Volume-Average Static Pressure (ice-fluid-
piston ice-fluid-chamber-top ice-fluid-chamber-

bottom)
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Hinh 4.22: Pap tng ap suét trong budng chay theo goc quay cua truc khuyu
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Tir d6 thi &p suat, sudt ky nap, 4p suat gan nhu 14 hang sb. Cudi ky nén va dau
ky no, ap suat ting dat ngudng 1,1 MPa. Ap suat budng xy-lanh ting ngay sau thoi
gian danh lira phd hop thuc nghiém. Dua vao dap ung cua do thi &p suat, ta thay
rang duong dap tng 1a mot dudng cong tron, khong gip khuc, diéu nay ¢ nghia 1a
budc thoi gian dung cho phan tich ap suat 12 phi hop, nghiém &p suat hoi tu tét, gia
tri lién tuc khéng bi gian doan hay gap khic giGp qué trinh tinh todn cac hé sé s& dé
dang hon. Tai ky nap, &p suat hau nhu khong ting, gia tri 4p suat tuong doi nam &
muc 0 Pa, diéu ndy phu hop véi thuc té, do trong ky nap, khéng khi chi luu thong
va khéng c6 su chdy xay ra, khong khi luu thong vao thanh binh khi pit-tbng di
xudng, ap suat van can bang véi 4p suat bén ngoai, ap sut twong d6i khong ting,
sau ky no, ky xa dién ra, khong khi nong dugc day ra ngoai, ap suat budng chay

giam xuéng.

Ap suét chinh 1a thong sé lién quan tryc tiép dén mé-men xoan cua truc khuyu,
dan dén cong suit dong co. Luong &p suit s& dugc tich phan theo bé mit dinh pit-
téng, tao thanh luyc don c¢6 hudng, luc ndy s& thdng qua thanh truyén va truyén
xudng tay don cua truc khuyu, gdy ra mé-men xodn. TUy theo sé vong quay ma ta
c6 dap ttng cdng suat twong tng. Viéc cai thién 4p suat dugc thuc hién bang céch
cai thién mat o6 phan bo khi-xing trong long xy-lanh, va van dé nay sé duoc giai

quyét bang viéc cai thién ti s6 xody l5¢c ngang va xody léc doc.

4.8.5 Ti 1é xoay léc

Do rdi caa hdn hop khi trong xy-lanh dugc thé hién qua cac do thi duéi day.
Duya vao d6 thi ti I8 ti 6 xoay 16¢ theo phuong ngang va xoay 16¢ theo phuong dirng
danh gia phuong tac dong cua dong co budc tot nhat. Dwa vao hinh dang dong khi,
ta c6 thé quan sat duoc cac khu vuc xody l6¢c ngang (Swirl) va xody léc doc
(Tumble).

4.8.5.1 So sanh ti 1& xody loc ngang dwéi tic dong cia dong co' bwéc theo cac
phwong 15°, 30° va 45°
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Hinh 4.23: Ti Ié xo4y 16¢ ngang cia mo hinh dong co ¢ tac dong cia dong co
budc theo cac phuong 15°, 30° va 45°

Tir cac dd thi trén ta thay: gié tri cuc dai cua ti 1é xody 16¢ ngang cua dong co
c6 tac dong cua dong co budc theo cac phuong 15°, 30° va 45° lan luot la: 1,31,

1,38 va 1,26. Vay tac dong theo phuong 30° |4 ti wu nhat.
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4.8.5.2 So sanh ti 18 xody l16c doc duéi tac dong cia dong co' buéc theo cac

phwong 15°, 30° va 45°
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Hinh 4.24: Ti Ié xoay 16¢ doc ctia mé hinh dong co 6 tac dong cua dong co budc

theo cac phuong 15°, 30° va 45°
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Tir cac d6 thi trén ta thdy: gia tri cuc dai cua ti 16 xody l6c doc cua dong co c6
tac dong cua dong co budc theo cac phuong 15°, 30° va 45° lan luot 14: 0,65, 0,75
va 0,59. Vay tac dong theo phuong 30° 14 tdi wu nhat.

4.8.5.3 So sanh ti ¢ xody I6c ngang ciia dong co nguyén miu va dong co dudi

tac dong caa dong co buwdc theo phwong 30°

Swirl Ratio

12 : ) y A=0.13

Swirl Ratio
=
ES
1
o
’.-F'"

[ — ———TT T T ——
300 350 400 450 500 550
Crank Angle

Swirl Ratio

i \\
0.4 \
0.2 1 \_' T

.Uj I
1N

[ T T — T T T
300 350 400 450 500 550
Crank Angle

-0.2

Hinh 4.25: Ti I¢ xo4y I6¢c ngang cia mo hinh dong co nguyén mau va dong co cO
tac dong cua dong co budc (phuong 30°)

Tir @6 thi ti 16 do xody, mic dao dong do xody 16¢ ngang cua dong co Honda
Future dat tir -0,1 dén 1,25 va cia dong co co tac dong cua dong co budc theo

phuong 30° 14 tir -0,15 dén 1,82. Két qua cho thdy dong co ¢ tac dong caa dong co
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buéc theo phuong 30° c6 d6 xody léc ngang dao dong lén hon dong co nguyén
mau. Pong thoi, gid tri cuc dai cua ti 18 xody 16¢ ngang cua dong co cé tac dong cua
dong co budc theo phuong 30° 1a 1,38 Ién hon dong co nguyén mau 1a 1,25. Gia tri

tang cua ti 18 xody ldc cuc dai 12 0,13.

4.8.5.4 So sanh ti 1é xody 16¢c doc ciia dong co nguyén miu va dong co dwéi tac

dong cia dong co budc theo phwong 30°
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Hinh 4.26: Ti I¢ xoay I6c doc cia mé hinh dong co nguyén mau va dong co c0 tac
dong ciaa dong co budc (phuwong 30°)
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Ti 18 xo4y 16c doc cta hai mé hinh dugc thé hién & Hinh 4.28. M6 hinh dong
co nguyén miu c6 do xoay l6¢ doc dao dong tir -0,75 dén 0,56 va mé hinh dong co
¢ tac dong cua dong co budc theo phuong 30° c6 do xody Idc doc dao dong tir
-0,76 dén 0,75. Ngoai ra, gi tri cuc dai cua ti 1& xody l5c doc cua dong co co tac
dong cua dong co budc theo phuong 30° 1a 0,75 cao hon han gid tri cua dong co
nguyén mau la 0,56. Nhu vay, gia tri cuc dai va do dao dong cua ti 1& xoay l5c doc
cua dong co co tac dong cua dong co budc theo phuwong 30° I6n hon so véi dong co
xe Honda Future nguy&n mau.
4.8.5.5 Panh gia chung vé ti 1& xoay léc

T nhitng két qua md phong dong co dét trong & trén, ching ta thiy rang
phuong tac dong cia dong co budc ¢d anh huong dang ké dén do xoay 16¢ cua dong
co néi riéng, cling nhu anh huong dén hiéu suat cua dong co néi chung. Pidu nay
duoc thé hién qua d6 thi ti 1é xody 16¢c ngang va dic biét 1a ti 1 xody 16¢ doc cua

dong co dot trong.

Nhu vay, dong co xe Honda Future 125 cc khi ¢6 tac dong cua dong co budc
theo phuong 30° 12 t6i uu nhat. Theo phuong tac dong nay ti I& xody 16¢ ngang dat
1,38 (gié tri ban dau 1a 1,28) (ting 10%) va ti 1&é xody l6c doc dat 0,75 (gia tri ban
dau 12 0,56) (tang 12%).

4.8.6 Cong suat ciia ddng co wng Vi cac phwong tac dong ciia dong co bwéc

Cong suat cua dong co danh gid dugc tinh nang hoat dong cua dong co. Sau
khi chay md phong ta duoc cac thong sé cua ti 1& xody 16¢, tir thdng sé xody l6¢ nay
ta tinh dugc nhiét luong toa ra va tir 4p suét ta tinh duoc céng suat bang phuong

phép “Filling and Empty”.

Sau buéc chay md phong ta dugc gid tri ciia cac hé sb ti & xody 16¢ cuc dai

theo 3 phuong tac dong cua dong co budc khac nhau.
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Bang 4.3: Gia tri c4c ti & xody l6c theo cac phuong tac dong cua dong co budc

Phuong tic dong cua dong co budc 15° 30° 45° | Bare
Ti Ié xo4y 16¢ ngang 1,31 | 1,38 | 1,26 | 1,25
Ti ¢ xody loc doc 065 | 0,75 | 059 | 056
Tong hai ti 1€ xoay loc 1,96 2,13 | 1,85 | 1,81

Qua trinh chay va nha nhiét lién quan dén cong suat dong co. Khi ta c6 duoc
cac hé s xoay 14c¢ thi ta tinh lai cac hé sé a va m. Céc hé sb nay chinh 1a cac théng
s6 hiéu chinh caa qué trinh nap khi tinh dén hé sé xoay l6¢c ngang va doc (Swirl va
Tumble).

Cong thirc anh hudng toi xody 16¢ bao gdm hé sé a, m ¢6 anh huong dén qua

trinh nha nhiét ctia dong co dugc cho boi cong thuc:

a =5+0,1. Rst. exp(Rst -2) (4.2)
m = 2+ 0,4. Rst. exp(Rst -2) (4.3)
|
1.96 —»
_O\G—PO\Q a d
Rst of 15deg |”*D g el -
m
2.13
Rst of 30deg
1.85 g, |
—Ppo
Rst of 45deg
1
1.81
Rst of bare

Hinh 4.27: Cac hé sb a, m dugc dua vao Model dé danh gia t6i cong suat
Sau khi chay trong Simulink ta duoc dd thi cdng suat véi 3 phuong tac dong cua

dong co budc tuong ttng vai cac mau:

e Mau den 13 (tng voi phuong 15° véi tong hé sb xoay 16¢ 1a Rst = 1,96.

e Mau d6 la ttng véi phuong 30° véi tong hé sé xody 16c 1a Ry =2.13.
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e Mau xanh tng vé&i phuong 45° véi tdng hé sé xody 1¢ 1a Rs=1.85.

8 —
159 Rst=1.96
7w 30°Rst=2,13
45° Rst=1.85
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—_ 5 i
=
2
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2
(@)
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Hinh 4.28: Cong suit cua dong co tng vai cac phuong tac dong cua dong co budc
Nhin vao d6 thi ndy ta c6 nhan xét nhu sau:

Theo tdc do vong quay truc khuyu tir toc do thap dén téc do cao cong suat cua

dong co tng v&i phuong 30° la lubn [6n hon véi cac con lai.

O toc d6 thap (dudi 2000 vong/pht) thi cong suat cua dong co tng véi phuong
tac dong cua dong co budc 30° dat 3,2 kW, phuong 15° la 2,8 kW va phuong 45° la
2,6 KW. So véi dong co nguyén mau thi cdng suat cua dong co tng voi phuong tac

dong cua dong co budc 30° ¢ toe do thap ting 10%.

Nhu vay, Viéc tac dong cua dong co budc theo phuong 16n hon 30° thi cong suat

dong co cd xu hudng giam xubng. Do d6, tng véi phuong tac dong 30° thi cong
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suit 1a cao nhat, néu dong co budce tac dong theo phuong 30° thi céng suit dong co
tang 1én nén tinh co dong cua dong co ting, thay vi phai lap cac thiét bi dit tién nhu
turbo ting ap thi ta chi can diéu khién phuong tac dong cia dong co budc phd hop
(30%) thi xody I6¢c xay ra tdt, viéc hoa tron ti 1é hoa khi déu thi cong suat dong co

phét ra 16n, viéc cai tién nay 1a gia thanh ré nhat nhung dem lai hiéu qua cao.

4.8.7 Md-men xoin ciia ddng co' véi cac phwong tac déng cia dong co buwéc

10 r
ol 15° Rst=1.96
30°,Rst=2,13
8 45° Rst=1.85

Momen (Nm)
(&3]

O 1 ! ] 1 1 J
0 2000 4000 6000 8000 10000 12000

Crankshaft Speed (rpm)

Hinh 4.29: Mé-men xoan dong co tng Véi cac phuong tac dong cia dong co budc

Nhin vao d6 thi trén ta thiy rang mo-men xoan ciia dong co co phuong tac dong

ctia dong co budc 15° va 45° 13 thap hon so véi md-men xoan theo phwong 30°.

O téc d6 thap (duéi 2000 vong/phat) gia tri md-men xoin cua dong co xe may
Honda Future 125cc & phuong tac dong ctia dong co budc 30° la 7,8 Nm, phuong
15° 1a 7,4 Nm va phuong 45° 12 7,6 Nm. So véi dong co nguyén mau md-men xoan

ctia dong co ung voi phuong tac dong ciia dong co budc 300§ toe do thap tang 5%.

HVTH: bang Nhu Phuc 83 MSHV: 1820509



Luan van cao hoc GVHD: PGS.TS D6 Vin Diing

Véi phuong tac dong cua dong co budc 30° thi gia tri mé-men xoén 1a cao nén
tinh co dong cua dong co 16n, do d6 kha ning ting téc cua xe la tét. Luc nay ta
khing dinh rang ti 1é xody 15¢ 1a c6 anh huong dén mo-men xoan cua dong co. Gia
tri xody 16¢ cua phuong tac dong 30° 12 16n nén ti 1& hoa tron hoa khi 1a déu nén qué
trinh chay hoan hao sinh cong l6n. Do d6 néu mudn cai tién dong co thi chi can diéu

chinh phuong tac dong cua dong co budc 30° 13 ti wu nhat.

4.8.8 Suit tiéu hao nhién liéu &¥ng véi cac phwong tic dong ciia dong co budc
Hai phan trén ta ban luan vé tinh ning dong luc hoc cia dong co, hai tinh ning

ay anh huong dén tinh ning ky thuat cia dong co, dén phan nay ta s& ban luan vé

suat tieu hao nhién liéu cua dong co, chi tiéu nay anh huéng dén tinh kinh té cua

nguoi dung.

;x‘lO'4
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Hinh 4.30: Suat tiéu hao nhién liéu cua dong co tng véi cac phuong tac dong cua

dong co budc
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Suét tiéu hao nhién liéu 1a chi tiéu danh gia tinh ning kinh té cua qua trinh cai
tién c6 hiéu qua hay khdng, xu thé cua thé giéi hién nay la lam sao giam duoc
luong tiéu thy nhién liéu hoa thach, tir 46 giam 6 nhiém méi trudng. Véi van dé nay

ta c6 nhan xét nhu sau:

Xét nhin tong quét theo sé vong quay truc khuyu thi suat tiéu hao nhién liéu co
xu huéng giam dan téi mot gia tri nao d6 va sau do6 tang dan, gia tri cua phuong tac
dong caa dong cia dong co budc 15° va 45° 12 ludn 16n hon phuong 30°. Do d6 néu
theo phuong 30° la t6i wu nhat va gié tri caa suat tiéu hao nhién liéu & phuong 30°
dat cyc tiéu 110 g/kW.h & toc do thap (dudi 2000 vong/phut). Pay 1a két qua co y
nghia nhat d6i giai phap da chon. Vi phuong 30° thi ti 1¢ xody 16¢ thich hop do do

luong nhién liéu duge phun vao dong co duoc tinh toan bai ECU 4 téi wu nhat.
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Chuong 5
KET LUAN

5.1 Két luan

Nghién ctru da thanh cong trong viéc str dung dong co bude dé tic dong ting
cudng van dong xody ldc trong qué trinh hoa tron hén hop khi - xing trong dong co
dbt trong 1uc mai khai dong va & ché do tai thap, gilp qué trinh chay triét dé hon,
giam 6 nhiém moi truong. Dung phan mém Catia xay dung md hinh hinh hoc ding
trong md phong qué trinh chay cua dong co dot trong danh lta 4 ky 1 xy-lanh véi
cac phuong tac dong cua dong co budc khac nhau (15°, 30°, 45°). Van dung duoc
phan mém Ansys Fluent véi md-dun ICE dic trung cho phan tich dong co dot
trong. Ky thuat luéi dong duoc van dung thanh cdng vao bai toan nhim mé phong
chu trinh cua dong co 4 ky. Hon thé, cac do thi mo ta do xoay cua dong co dét trong
nhu d6 thi ti 16 xody 16¢ ngang va ti 1é xody I6c doc da phan anh ding (ng Xt cua
hé théng dong co ddt trong (g vai cac phuong tac dong cua dong co budc. Két qua
md phong cho thiy véi phuong tac dong cia dong co budc 30° 14 t6i wu nhat. So
v6i dong co nguyén mau, trong ving téc do thap (nhé hon 2000 vong/phut) thi
dong co voi su tac dong cua dong co budc theo phuong 30° ¢6 ti s6 xody ld¢c ngang
tang 10%, ti s6 xoay l5¢ doc ting 12%, cong suat dong co ting 10%, mo-men xoin
dong co ting 5% va dac biét gia tri suat tiu hao nhién liéu dat gia tri nho nhat trong

viing toc do thap nay.

5.2 Pé xuat

Trong qué trinh thuc hién dé tai, vi thoi gian ¢ han nén tac gia chi thuc hién
dugc & mot loai dong co budc. Dé taing mirc d6 tin cay cling nhu phat hign thém
nhitng wu khuyét diém cua giai phap nay can mé rong thém & cac loai dong co budc
khac.
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Ciing vi han hep vé thoi gian va kho khin vé céng nghé nén dé tai chi dung lai
& mic do mo phong. Vi vay dé khang dinh do tin cay cua giai phap nay dé nghi tién

hanh bing thuc nghiém dé kiém chuang.
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PHU LUC

Phu luc 1
Bang gia mot s6 loai dong co budc trén thi truong
(Pon vi tinh: d6ng)

Bang gia

~ Stepmotor - Gia

 57BYGH311D-12 ' 600.000

' 86BYGH450A-06 (Dai 76mm) | 850.000

' 86BYGH450B-06D-34)J (Dai 110mm) | 1.150.000 |

' 86BHH150-600-42J (Dai 150mm)  1.550.000
Phu luc 2

Thong sé k¥ thuat dong co budc 57BYGH311D-12

Budc goc 1.8°+5%

Nhiét dé 80°C Max

Nhiét dé mdi trrdng -20°C ~ 50°C, Lén nhat 80°C
Dién tro 500vDC 100MQ /Min
Ap luc (Cudng do dién moi)[50Hz/Phut 500VAC/phut
Chieu cao 76mm

Truc 6.35/8mm (tay chon)

M& men xoan 1.8N.m

Doéng 4 Dong 6/8 Line - 3A
Runout 0.02mm Max

Truc runout 0.1-0.3mm
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Phu luc 3
Thong sb ky thuat dong co budc 86BYGH4A50A-06

[Budc Goc 1.8°+5%

[pién Tro 500VDC/100MQ/Min

[Bén dién moi 50Hz/minute | 500V/Min

INhiét d6 m6i truong  20°C ~ + 50°C

INhiét do 80°C Max

[Runout 0.02mm Max

[Runout truc 0.1-0.3mm

[Giai doan 4 Giai doan

[Cong duat 4A

[Cam khang 3.5mH

[M&-men xoan tinh t6i da2,5 (Kg.cm)
[Moment quan tinh 2700 (g.cm?2)

[Kich thudc than 76 mm

[Kich thudrc truc 34 mm

|€)u0ng Kinh truc 12,7/14 mm (tay chon) véi ranh then
Day Day mau dé -A, Day mau vang -B,

Day mau xanh la cay -C, Day mau xanh duong -D
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NGHIEN CUU CAC GIAI PHAP NANG CAO HIEU SUAT PONG CO CUA
XE MAY

RESEARCH SOLUTIONS TO IMPROVE MOTORBIKE ENGINE
EFFICIENCY

P6 Vin Diing’, Ping Nhw Phic?
Y Truwong dai hoc sw pham kj thugt TPHCM
2 Hoc vién cao hoc Truong DHSPKT TPHCM

TOM TAT
Hién nay xe méy chay trong thanh phd véi toc do thap va thuong xuyén bi ket xe. Bai
bao trinh bay ket qua nghién ciru nang cao hi¢u suat dcf)ng co xe may bang cach st dung dong co
budc tac dong 1én h¢ thong nap nham tang cuong xody loc trong ving toc do quay thap. Nghién
ctu st dung phan mém Ansys mé phong céc phuong tac dong cua dong co budc 1én hé thong
nap cua dong co, st dung ¢éng cu Matlab/Simulink d¢ tinh toan cong Suat, md-men xoan va suat
tiéu hao nhién ligu cua dong co xe may. Két qua md phong cho thay dudi tac dong cua dong co
budc theo phuong 30° trong vung tdc do thap (dudi 2000 vong/phat) 12 tdi wu nhat véi cong suat

tang 10%, mo-men X0an tang 5% va suat tiéu hao nhién liéu c6 gia tri nhé nhét so véi dong co
nguyén mau.

Tir khoa: Déng co; dong co buéc; hé thang nap; vong xody; cong sudt.

ABSTRACT

Nowaday, motorbikes run in cities with low speed and often get stuck in traffic. The
paper presents the research results of improving motor engine efficiency by using a stepper
motor acting on the intake system to increase vortex in the area of low rotation speed. Research
using Ansys software to simulate the impact of the motor stepping on the engine's loading
system, using the Matlab / Simulink tool to calculate power, torque and fuel consumption of the
engine motorbike engine. Simulation results show that under the action of the 300 stepper motor
in low speed areas (below 2000 rpm) is the most optimal with a 10% increase in power, 5%
increase in torque and 5% consumption. The fuel has the smallest value compared to the
prototype engine.

Keywords: Engine; step motor; intake system; vortex.
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Giéi thigu

Hién nay c6 rat nhiéu cong trinh da duogc
cong bd nghién cau céc yéu t6 anh huong
dén dic tinh cua dong co. Pic biét 1a su anh
huéng caa xody 16¢ anh huong dén sy hoa
tron nhién liéu, qua do cai tién dang ké hiéu
qua qua trinh chay trong dong co. Két qua 13
nang cao hiéu suat ciing nhu giam khi xa gay
0 nhiém mai trudng do dong co phat ra.

Tran Xuan Dung [1] d3 nghién cau md
phong dic tinh dong co xing dé xuat bién
phap tang hiéu suat.

Dé tai duogc thuc hién mé phong trén dong co
Toyota 1 NZ — FE. Xay dung co so ly thuyét
cac dac tinh cua dong co va mé hinh toan cho
viéc mb phong cdc qua trinh cua dong co.
Trén co s& d6 nghién ciu hé théng VVT-i
viéc thay doi thoi diém dong mo xu-pap dén
kha ning cai tién hiéu suat dong co.

Qua nghién ciru cho thay viéc thay doi thoi
dlem doéng mé Xu- pap anh hudng dén cong
suat dong co. Lam t6i wu hoa qué trinh chay,
giam duoc lugng khi thai dong co va nang
cao dugc cdng suat. Tao mot co so ly thuyét
tin cay cho viéc nghién ctru dac tinh dong co
xdng, moé phong sir dung phan mém
Matlab/Simulink.

Lé Thanh Quang [2] dd nghién ctru, d& xuat
bién phap nang cao hiéu suat dong co xe may
théng qua mo phong.

Dé tai dugc thyuc hién md phong trén dong co
xe may 125 cc. Str dung phan mém Catia xay
dung mo hinh hinh hoc dung trong mé phong
quéa trinh chay cua dong co ddt trong dénh
lra 4 ky 1 xy-lanh véi cac goc nghiéng cd
nap khi khac nhau (tir 15° dén 45° véi gia s6
la 5°. Dung phan mém Ansys Fluent (voi
mO-dun ICE dac trung cho phan tich dong co
d6t trong) md phong cai tién hé thdng nap
thong qua cac hé sé xody 16¢ doc (Tumble)
va xody l16¢c ngang (Swirl) tuong Gng véi cac
treong hop khac nhau.

Qua nghién ctiu cho thdy & goc nghiéng cua
co nap 300 ¢6 h¢ so xody 1oc doc (Tumble)
va xody l16c ngang (Swirl) 1a téi wu nhat
béng thoi, dac tinh cong suat, mo- men X0in
cliia dong co c6 hé thdng nap cai tién (g6c
nghiéng 30°) la cao nhat, trong khi suét tiéu
hao nhién liéu cua dong co 1a thap nhét so
véi cac truong hop khac.

Wu va cac cong su [3] da st dung phan mém
Matlab dé xay dung md hinh mé phong dong
co xe may 125cc. Nghién ctru xem xét anh
huong caa cac truong hop hé sé xody 16c doc
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va ngang (tumble and swirl ratios) khac nhau
bang cach thay d6i thoi diém m¢ cua van
diéu khién trén hé théng nap, nham tao ra téc
do chuyén dong dong khong khi & cac truong
hop khéc nhau. Két qua mo phong duoc kiém
nghiém tir thuc nghiém chi ra rang: toc do
chuyén d6 dong khi cang cao cang tao ra
nhiét lugng toa ra caa qua trinh chay cang
nhanh. Vi vay téc d6 chay cang nhanh din
dén cong suat dau ra dap ung kip thoi dic
biét & ché do tai nho. Bé xem xét anh huong
cua cac hé s xody léc dén khi xa va qua
trinh chay, S. Lee va cac cong su [4] da thuc
nghiém trén dong co 1 xy lanh phun xadng
tryc tiép, tc gia da so sanh cac trudng hop
dong co nguyén thuy vai 2 truong hop: dong
co cai tién c6 xody loc doc va xoay léc
ngang. Két qua thuc nghiém chi ra rang d6i
V6i cac trudong hop xoay l6c doc va ngang
giam dang ké nong ¢6 HC trong khi thai, anh
huong cua xody I6c c6 thé giam dén 10%
nong dé HC so voi dong co nguyén thuy o
ché d6 hoat dong lanh. Dong thoi, xody 15c
doc va ngang anh huong dén su bay hoi, hoa
tron nhién liéu, dac biét anh huong cé lgi cua
xoay l6¢c dén thoi diém danh Itra S6m qua d6
nang cao téc do chéay cai thién dang ké dic
tinh dong co.

Qua trinh chay va nha nhiét lién quan dén
cong suat dong co. Qua trinh nha nhiét cua
dong co duge dic trung boi tée do chay cua
cac khdi lugng cac nhién lidu da chay y, nhiét
tri cua nhién liéu Qv va khéi lwong nhién
liéu trén 1 chu ky ms theo cong thurc sau [5]:

thr —
a0 ) Q) m M

Trong d6, thdng s6 y bi anh hudng cua nhiéu
yéu té nhu: phan khéi luong nhién liéu bi
chéy, goc quay cua truc khuyu khi bit dau
danh lira dé @6t chay nhién liéu. Va quan
trong hon 13 anh hudong cua xody I16c doc va
ngang theo qua 2 théng sé a, m duogc wdc
lwong qua mo hinh chay Wiebe function:

dx

a- Dby ep-a( by

d d (2)

Hé sb xody l6c ngang Rs cua dong co duogc
dinh nghia bang téc d6 quay cua khi quanh
truc doc chinh cua xy lanh chia cho téc do
quay cua truc khuyu. Hé sé xody doc R: duoc
dinh nghia bang téc do quay cua khi quanh
truc ngang di qua trong tam cua xy lanh [6].

y=
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R, =2
Trong do:
Qgwirt Toc d6 quay quanh truc doc (rad/s).
'QTumble:TéC d6 quay quanh tryc ngang
(rad/s).

Q5 Tc d6 quay khuyu (rad/s).

Saswirl R QTumble
Qg ™ ag

(3)

Déi voi cac hé sd xody 16¢ thi ta tinh lai cac
hé sd a va m, d6 chinh 1a cac théng sb hiéu
chinh cta qué trinh nap khi tinh dén hé sé
xody 16¢c doc va ngang (Swirl va Tumble).
Cong thirc anh huong téi 16¢ xody bao gom
hé s a, m ¢6 anh huong dén qué trinh nha
nhiét cua dong co dugc cho boi cong thac
[7]:
a=5+0.1. Rst. exp(Rst -2) 4)
=2+ 0.4. Rst. exp(Rst '2) (5)

Trong d6: Rst: tong hé sb xody 16¢ doc va
ngang

Trong nghién cau nay, mé hinh hinh hoc
dung trong md phong qua trinh chay cua
dong co ddt trong danh lira 4 ky mot xy lanh
Vi cac phuong tac dong khac nhau (15°, 30°,
45°) duoc xay dung bang phan mém Catia,
chia lugi va md phong trong Ansys Fluent
[8], dua trén mo hinh rdi k-e. Bang céch st
dung mo6 phong va phén tich dong luc hoc
chat Iuu (CFD), ta co thé d& dang mo ta ph
van toc trong cac ky nap, nén, nod, xa. Hon
thé, cac do thi dién ta do xody 16¢ cua dong
co dét trong nhu d6 thi hé s xody 16¢ doc va
ngang dugc thuc hién mot cach dé dang va
thuan tién. Tur d6, chung toi danh gia dac tinh
dong co ciia mo hinh cai tién ctia dong co dbt
trong dung tich 125 cc so véi nguyén ban cua
né nhd vao phan mém Matlab.

Hinh 1. Hé thang nap thyc té trén xe may
125cc

1. M6 phéng va téi wu hoa hé théng nap
2.1. Thiét 1ap mé phéng hé théng nap

Cac thong s hinh hoc cua ciu tric tac dong-
xy lanh -pit téng theo cac tai liéu cua héng
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Honda danh cho xe Future va m6 hinh cai
tién duoc tién hanh thiét ké trén phan mém
CATIA V5. Phuong phap thiét ké md hinh la
sir dung k§ thuat bé mat (Surface), xay dung
ting cum chi tiét (Part) va tién hanh lap rap
(Assembly). Nghién ctru st dung phan mém
dé thiét ké theo cac thong sé duoc liét ké
trong bang 1.

Bang 2. Thong sé déng co Honda Future

Théng so Giatri | Pon vi
Do dai thanh truyén | 101.5 mm
Duong kinh xy lanh 52.4 mm
Thé tich xy lanh 124.8 cm?
Ban kinh truc khay 28.95 mm
Duong kinh tac dong 23.2 mm
Ti s6 nén 9.3 --
S6 XU pép 2 --
Cong suit cyc dai & 7.06 KW/ 7500
v/p vong/phut
M6-men xoan cuc dai | 10.6 N.m/ 5500
G v/ip vong/phat

Vi chuyén dong cua pit tong lam bién dang
mién giai trong mot chu ky dong co dot
trong. Ludi tinh toén tai mot sé diém méo
mo, dan den 15i tinh toan. Mot giai phap dé
giai quyét van dé nay 1a dung ludi tlnh toan
bao phu toan bo chu ky nap nén nd xa cua
dong co.

Pé md phong dic tinh dong co d6t trong 4
ky, tic gia st dung phan mém ANSYS
Fluent. Téc do quay truc quay gia tang tir
1200 vong/ phat dén 1800 vong/ phuit.

Statistics
Nodes 304545
Elements 11096258

Mesh Metric 'Skewness

' Min |3.2032e-007
Max |0.90168
Average 10.24705
Standafd Deviation

0.13897
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Elements 1059031

: Me'sh M-et'ric' ‘ Skewheés

' Min |7.7684e-007
Max |0.90266

[ | Average |0.24661
‘Standard Deviation | 0,13925

[ Nodes | 296342

| Elements (1072134

| Mesh Metric | Skewness
1 Min 19.1523e-009
(7 Max 1093588

|| Average |0.2509
Siéndérd Deviation 014409

Hinh 2. Ludi tinh toan cho mé hinh dong co
125 cc Véi phuong tac dong 15°, 30°va 45°,

Toan bo cac théng s anh huong dén qua
trinh md phong, goc quay truc khuyu, téc do
dong co, tham sd phun xing [9] duoc dinh
nghia trong bang 2.

Bang 3. Cac diéu ki¢n thiét Iap md phong hé
thong nap

Thong so Giatri | Pon vi
Téc d6 vong quay truc 1200- | o
Khuyu 1800
Ap suat vao (tuyét doi) 140 Pa
Khéi luong khdng khi | 324E-6 kg
Khoi lugn nhién ligu 18.03E-6 | kg
G6c ma xU pap nap 82 bo
Goéc dong xa pap hat 212 D6
nap
Do mo xd pap nap 0.2 mm
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Géc ma xu pap xa 521 bo
Goc dong xa pap xa 640 bo
Do mo xa pap xa 0.2 mm
95 RON Octane
Loai xdng (CgH1s) va khéng

khi (O2+ 3.773 N2)

Nhi’ét dé_nhién licu 40 oC
trudc khi phun
Due —

uong kinh ti kim 0.6 mm
phun
Goc bugi danh Iira 345 bo

2.2. Két qua mo phéng

2.2.1. Anh hwéng hé thong nap dén hé sé
xoay léc

Phé van toc cua luu chat bén trong dong co
d6t trong trong toan bo chu ky duoc liet ké
bén dudi. Theo d6, gia tri pho thay doi dan
theo chu trinh 18n xuéng cua pit tong, phd
van toc thé hién qua trinh Iuu chuyén khong
khi trong xy lanh, tir khi XU pap nap ma, xd
pap nap dong cho dén khi xi pap xa mo va
dong, mau sac phd dic trung cho gia tri van
téc trong xy lanh. Qué trinh xoéy 16¢ doc va
xody I8¢ ngang cua dong khi ciing dugc thé
hién thdng qua su phan bd mau sic, nhiing
noi khi xody 16¢ doc va ngang c6 van tc s&
cao hon so véi mién luu chat xung quanh.
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Hinh 3. Hinh dang dong heu chdt trong
déng co dot trong diroc phan mém ANSYS.
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Hinh 1. Hinh dang dong lwu chat trong xy
lanh dong co.

Duya vao db thi hé sé xody l5¢ theo phuong
ngang (xoay I6c ngang) va theo phuong dung
(xody l6c doc) dugc thuc hién theo phuong
cac tac dong khac nhau dugc mé phong. Dua
vao hinh dang dong khi, ta c6 thé quan sat
duoc cac khu vic xody 15¢ ngang (swirl) va
doc (tumble).
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Hinh 2. Hé sé xoay loc ngang ciia mé hinh
dong co theo cac phuong (15°) (30°)va (45°)

Tir cac do thi trén ta thiy: gia tri cuc dai cua
ti 1¢ xody 16¢c ngang cua dong co c6 tac dong
cta dong co budc theo cac phuong 15°, 30°
va 45° lan luot 12: 1,31, 1,38 va 1,26. Vay tac
dong theo phuong 30° 12 tdi uu nhat.
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Hinh 3. Hé s xoay loc doc ciia mé hinh
déng co khi thay déi phwong (15°) (30°)va
(45°)

Tir cac dd thi trén ta thiy: gia tri cuc dai cua
ti 16 xody l6c doc cua dong co c6 tac dong
cta dong co budc theo cac phuwong 15°, 30°
va 45° lan luot 1a: 0,65, 0,75 va 0,59. Vay tac

dong theo phuong 30° 12 tdi wu nhat.

Bdng 3. Hé sé xody loc ¢ Cac phuong tdc
dong cua dong co buoc

wong tac dgng | 15° | 30° | 45°
Heé so xoay loc
Hé s6 xo0dy 16¢ doc Ry 0,65 | 0,75 | 0,59
Hé s xody loc ngang Rs 131138 | 126
Tong hai hé so6 xo0dy 16¢c Ry 19 | 2,13 | 1,85

2.2.2. Anh hwéng hé sb xody l6c dén dic
tinh dong co
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15° Rst=1.96
30°Rst=2,13
45°Rst=1.85

Power (kW)
e

0
0 2000 4000 6000 8000

Crankshaft Speed (rpm)

10000 12000

Hinh 7. Cong sudt déng co twong g Véi
cac phuong 15°, 300 va 45°

Theo téc d6 vong quay truc khuyu tir toc do
thip dén téc do cao codng suat cua dong co
ung vaéi phuong 300 1a ludn 16n hon véi cac
con lai.

O tbc d6 thap (dudi 2000 vong/phut) thi cong
suat cua dong co @ng v6i phuong tac dong
ciia dong co budc 30° dat 3,2 kW, phuong
15° 13 2,8 kW va phuong 45° 14 2,6 kW. So
V6i dong co nguyén mau thi cng suét caa
dong co ng vo1 phuong tac dong cua dong
co budc 30° & tde do thap ting 10%.

Nhu vay, viéc tac dong cua dong co budc
theo phuong 16n hon 30° thi cong suat dong
co ¢6 xu huéng giam xubng. Do dé, tng véi
phuong tac dong 30° thi coéng suat la cao
nhat, néu dong co budc tac dong theo
phuong 300 thi cong suit dong co ting lén
nén tinh co dong cua dong co tang, thay vi
phai ldp cac thiét bi dit tién nhu turbo ting
&p thi ta chi can diéu khién phuong tac dong
cua dong co budc phu hop (30°) thi xoay 15¢
xay ra tot, viéc hoa tron ti 1& hoa khi déu thi
cdng suit dong co phat ra 16n, viéc cai tién
nay la gia thanh ré nhat nhung dem lai hiéu
gua cao.

S

15°Rst=1.96
30°Rst=2,13
45° Rst=1.85

Momen (Nm)
o - N w -~ (5.} (=] ~ © ©

4000 6000 8000 12000

Crankshaft Speed (rpm)

=}

2000 10000
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Hinh 8. M&-men xodn déng co tuwong g
Voi cac phuong 15°, 300 va 459

Nhin vao do thi trén ta thiy ring mo-men
x0an cua dong co co6 phuong tic dong cua
dong co budc 15° va 45° 1a thap hon so véi
mo-men xo04n theo phuong 30°.

O tc @6 thap (dudi 2000 vong/phit) gia
tri mo-men xoan cua dong co xe may Honda
Future 125cc ¢ phuong tac dong cua dong co
bude 300 1a 7,8 Nm, phuong 150 1a 7,4 Nm
va phuong 450 la 7,6 Nm. So v6i dong co
nguy&n mau md-men xoan cua dong co ung
Vo1 phuong tac dong cia dong co budc 300 &
toc do thap ting 5%.

Vi phuong tac dong cua dong co budc 30°
thi gia tri mé-men xo0in 1a cao nén tinh co
dong cua dong co lén, do d6 kha nang tang
téc cua xe 1 tot. Llc nay ta khang dinh rang
ti 1¢ xody l6¢ 12 ¢6 anh huéng dén md-men
xoin cua dong co. Gia tri xody l6c cua
phuong tac dong 30° 1a Ién nén ti 1¢ hoa tron
hoa khi 1a déu nén qua trinh chay hoan hao
sinh ¢6ng 16n. Do d6 néu mudn cai tién dong
co thi chi can diéu chinh phuwong tac dong
ctia dong co budc 30° 1a tdi wu nhét.

x10*

16° Rst=1.96 |
30°Rst=2,13|
4t 45° Rst=1.85

Fuel consumption (g/kWh)
o = N w
o s N o w o

o

4000 6000 8000
Crankshaft Speed (rpm)

0 2000 10000 12000

Hinh 9 Sudt tiéu hao nhién liéu déng co
twong 1ng Véi cac phwong 15°, 30°va 45°
Suit tiéu hao nhién li¢u 1a chi tiéu danh
gi4 tinh ning kinh té ciia qué trinh cai tién c6
hiéu qua hay khéng, xu thé cua thé gigi hién
nay la lam sao giam dugc lugng tiéu thu
nhién liéu hoa thach, tir d6 giam 6 nhiém moi
truong. Véi van dé nay ta c6 nhan xét nhu
sau:

Xét nhin téng quat theo sb vong quay
truc khuyu thi suat tiéu hao nhién liéu c6 xu
hudng giam dan téi mot gid tri nao do va sau
d6 ting dan, gia tri suat tidu hao nhién liéu
cua phuong 15° va 45° la ludn 16n hon
phuong 30°. Do d6 phuong tic dong 30° la
t6i wu nhét va gia tri caa sut tiéu hao nhién
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lieu & phuong 30° dat 110 (g/kW.h) & ving
tbc do thap (dudi 2000 vong/phat), con suat
tiéu hao nhién liéu caa hai phuong con lai ¢c6
gia tri 16n hon. V&i phuong 30° thi hé sé
xo0dy l6¢ doc va xody 16¢c ngang pht hop, dan
dén su hoa tron hdn hop hoa khi tét hon. Vi
vay qua trinh chay hoan thién hon nang cao
dugc dic tinh cong suit, momen xoan cua
dong co, dong thoi giam suat tiéu hao nhién
lieu g6p phan cai tién hiéu suat dong co.

3. Két luan

Nghién ctru da thanh céng trong viéc sir dung
dong co budc dé tac dong ting cuong van
dong xoay 16¢ trong qué trinh hod trén hdn
hop khi - xdng trong dong co d6t trong luc
méi khoi dong va ¢ ché do tai thap, giup qua
trinh chéy triét dé hon, giam 0 nhiém moi
truong. DUng phan mém Catia xay dung mo
hinh hinh hoc dung trong mé phong qua trinh
chéy cua dong co ddt trong danh lua 4 ky 1
xy-lanh véi cac phuong tac dong ctia dong co
busc khac nhau (15° 30° 459). Van dung
dugc phan mém Ansys Fluent véi md-dun
ICE dic trung cho phan tich dong co dét
trong. Ky thuat ludi dong duoc van dung
thanh cong vao bai toan nham mé phong chu
trinh cia dong co 4 ky. Hon thé, cac do thi
md ta do xody cua dong co dbt trong nhu d6
thi ti 1& xody 16¢ ngang va ti I& xody I6c doc
da phan anh dung Gng xur cua hé thong dong
co ddt trong Gng véi cac phuong tac dong
ciia dong co budc. Két qua md phong cho
thdy voi phuong tac dong cia dong co budc
30° la t6i wu nhat. So voi dong co nguyén
mau, trong ving téc do thap (nhé hon 2000
vong/phut) thi dong co vaéi su tac dong cua
dong co bude theo phuwong 30° 6 ti sb xody
I6c ngang tang 10%, ti s6 xody I6c doc ting
12%, cong suat dong co ting 10%, mo-men
x0an dong co ting 5% va dac biét gia tri suat
tiéu hao nhién liéu dat gia tri nho nhét trong
viing téc do thap nay.
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