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Chinh stra gido trinh dién tur
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1. Théng tin vé tac gia
PGS.TS. Nguyén Duy Tién
CBGD: B6 mén dong co dot trong- Khoa co khi- DPHGTVT Ha ndi
Chuyén nganh: Pong co ddt trong
Hudng khoa hoc da nghién cuu:
- Tao hdn hop va chay trong dong co dbt trong
- K§ thuat phun nhién liéu trong dong co
- Khai thac dong co 6 t6 do1 mdi trong diéu kién nhiét déi
- Sir dung moi trudng sach than thién moi trudng séng
Dbién thoai lién hé: 0989376773 Tel: 0435564303

Email lién hé: nquyenduytienPGS@gmail.com

2. Pham vi va dbi twong str dung gido trinh

- Giao trinh str dung tham khao cho sinh vién nganh co khi va co khi
dong luc khoa co khi truong Pai hoc Giao thong Van tai

- Cung c6 thé dung cho cac nganh co khi dong luc hoc ndng, 1am
nghiép va thuy loi

Kién thirc yéu cau ctia mon hoc trude:
- Nhiét k¥ thuat

e 10 tir khoa dé tra ctru:
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LOI NOI PAU

DPé gop phan vao viéc ning cao chit krong dao tao can bd nganh Co khi Giao
thdng van tai, trong d6 c6 mon hoc Pong co dét trong, ching toi bién soan gido trinh
""Nguyén ly dgng co dét trong” Gido trinh chu yéu phuc vu cho viéc hoc tap va nghién
ctru cua sinh vién nganh Co khi chuyén dung thudc khoa Co khi Truong dai hoc Giao
thong van tai. Pong thoi c6 thé Bm tai liéu tham khao cho can bo ky thuat dang lam
viéc trong nganh Co khi giao thong.

NOi dung cua gido trinh gidi thiéu mot cach co hé thong nhitng van dé co ban vé
nguyén ly lam viéc cia dong co dbt trong, tinh toan cac qua trinh nhiét dong, cac thong
s6 co ban va dic tinh ctia dong co dbt trong. Dong thoi gido trinh néu ciu tao va nguyén
ly hoat dong thiét ké, tinh toan hé thong cap din nhién liéu dong co xing va dong co
diesel thé hé méi dang drgc st dung trong nginh Co khi giao thong & Viét Nam
hién nay.

Gido trinh duoc viét trén co s nhirng bai giang d4 duoc giang day nhiéu nim cho
nganh Co khi chuyén dung - khoa Co khi - Truong dai hoc GTVT, ¢6 bd sung nhirng
Kién thirc méi va nhitng céng trinh nghién ciru khoa hoc cua tac gia trong qua trinh
giang day va nghién ctru khoa hoc.

Téc gia chan thanh cam on tap thé can bd giang day bd mén Pong co dbt trong,
khoa Co khi, Truong Pai hoc Giao thong van tai d@ dong gop cho giao trinh nhirng y
kién quy bau.

Kinh mong céc ban dong nghiép, sinh vién va ban doc dong gop ¥ kién xay dung
cudn gido trinh ndy dé 1an tai ban duoc hoan thién hon.

Tac gia
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PHAN I
CAC QUA TRINH CO BAN

CHUONG 1
NGUYEN LY LAM VIEC CUA PONG CO POT TRONG

1.1. KHAI NIEM CHUNG
DBong co dét trong noi chung, dong « xang va dong co diesel noi riéng ké}l
piston chuyén dong tinh tién thudc loai dong co nhi¢t. Hoat dong nho qua trinh bién doi
hoa nang sang nhiét ning do nhién liéu bi dot chay roi chuyén sang co nang. Qua trinh
nay dugc thuc hién ¢ trong xylanh cua dong co.
1.2. PHAN LOAI
Theo nhién li¢u str dung:
+ Pdng co xang: dong co dung nhién li¢u xang.
+ Ddng co diesel: dong co dung nhién li¢u diesel.
Theo phuong phap tao hoa khi va dot chay:

+ Pong co tao hoa khi bén ngoai, 1a loai dong co ma hon hop nhién liéu va
khong khi duoc tao thanh & bén ngoai xylanh nho mdt bo phan c6 cau tao ddc biét (bd
che hoa khi - carbuarettor) sau d6 duge dua vao xylanh va dugce dot chay ¢ day bang tia
ltra dién (ddng co xang dung bd ché hoa khi).

+ Pong co tao hoa khi bén trong, 1a loai dong co ma hon hop hoi nhién liéu va
khong khi dugce tao thanh ¢ bén trong xylanh nho mot bo phén c6 cau tao dic bi¢t (bom
cao ap va voi phun,...) va hon hop nay tu boc chay do hon hop bi nén & nhiét do cao
(dong co diesel).

Theo sb ky thuc hién mot chu trinh cong tac:

+ Pong co bdén ky (4 strokes): Chu ky 1am viéc duoc hoan thanh sau bén hanh
trinh cua piston hodc hai vong quay cua truc khuyu;

+ Pdng co hai ky (2 strokes): Chu ky lam viéc dugc hoan thanh sau hai hanh
trinh cta piston hoac mot vong quay cua truc khuyu.

Theo qué trinh cip nhiét va ty sé nén (g):

+ Pong co lam viée theo qua trinh cip nhiét dang tich, loai ndy bao gém nhirng
ddng co cb ty sO nén thap (¢ = 5+12), nhu dong co stir dung xang, nhién li¢u con va khi;

+ Pong co lam viéc theo qué trinh cip nhiét dang ap, loai ndy bao gom nhirng
dong co co ty s6 nén cao (g = 12+24), nhu dong co phun nhién liéu bang khong khi nén
va tu boc chay, dong co str dung bot than;
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+ Dong co lam viée theo qua trinh cap nhiét hdn hop, loai ndy bao gém nhirng
dong co c6 ty s6 nén cao (g = 12+24), nhu dong co diesel.
Theo phuong phap nap:
+ Nguoi ta phan loai khi nap c6 droc nén trude khi nap hay khong, trong
duong véi 2 loai do c6 dong co tang ap va dong co khong tang ap.
Theo ty s6 S/D
+Pong co c6 hanh trinh ngdn khi: S/D<1
+ Dong co ¢6 hanh trinh dai khi: S/D>1
Theo tc do dong co:
Tuy theo tdc do truot trung binh cua piston:
~S.n
m E’
+ Khi Cm = (3 + 6) nvs duoc goi 1a dong co téc do thip;
+ Khi Cm = (6 + 9) nv/s duoc goi 1a dong co téc do trung binh;
+ Khi Cm = (9 + 13) m/s duoc goi la dong co toc do cao;
+ Khi Cm> 13 m/s dugc goi la dong co si€u cao tde.
Theo sb lwong va cach bd tri xylanh:

+ Sb lwong xylanh: dong co mot xylanh va dong co nhiéu xylanh (dong co 2, 3,
4, 6, 8,.. xylanh);

+ Céch bb tri xylanh: dong co c6 xylanh dit thing dung, dat nghiéng va nim

C m/s (1-1)

ngang;
+ Theo s6 hang xylanh: dong co 1 hang, ddng co chir V va dong co hinh sao;

+Theo s truc khuyu: dong co mot, hai hodc ba truc khuyu, thAim chi c6 dong
co khong c6 truc khuyu (nhu dong co piston quay- Wallkel).

Ngoai ra c6 thé phan loai dong co theo cong dung, phuong phap lam mat va dung
tich lam viéc...

1.3. NHUNG THONG SO CO BAN CUA PONG CO
DPong co bao gdm cac bd phan chinh sau day:
+ Co céu truc khuyu thanh truyén;
+ Co cau phdi khi;
+ Heé thdng nhién liéu;
+ Hé théng boi tron;
+ Heé thong lam mat;
+ Hé théng tu dong diéu chinh toc do dong co;
+ Heé thong khoi dong.
O dong co xing con c6 thém hé théng danh lira.
1.3.1.Nhirng thong s6 co ban ciia dong co

Nhitng thong sb cu tao co ban cia dong co, hinh 1-1 gdm co:
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Diém chét: diém chét 13 diém ma piston doi chiéu chuyén dong.

Diém chét trén (PCT) 1a diém xa nhét cua piston so voi dudng tam truc khuyu.

Diém chét dudi (PCD) la diém gan nhat cta piston so v6i duong tam truc khuyu.

Hanh trinh piston S (stroke) la khoang cach tur vi tri cao nhit cta piston (diém
chét trén DCT) dén vi tri thap nhét cua cua piston (diém chét dudi DCD) khi piston dich
chuyén. S = 2.R; trong d6 R- la ban kinh quay cua truc khuyu.

Thé tich Bm viéc ciia xylanh W, 14 thé tich cia xylanh gigi han
trong khodng mét hanh trinh cia piston:

r.D?
V, = C 1-2
=T (1-2)
Thé tich 1am viéc ctua dong co Vi
Vy = Vhi; (1-3)
Trong d6: i - la sb xylanh cua dong co.
é Ve o
1

Hinh 1-1. Piston & diém chét trén va dudi

’ Thé tich budng chay V. 1a thé tich phan khong gian gitra dinh piston, xylanh va
nap xylanh khi piston & BCT.
thé tich chtra hoa khi (thé tich toan bo) V, 1a tong thé tich 1am viéc cua xylanh Vi,
va thé tich buong chayVe.
Va=Vp+ V¢, (1-4)
Ty s6 nén cua dong co € 1a ty sb gitra thé tich chtra hod khi cia xylanh V, va thé
tich buong chay V..
vV, V,+V
pVe VatVe VeV
\Y \Y \Y e-1
Ty s6 nén biéu hién hoa khi (dong co xang) hodc khong khi (dong co diesel) bi
nén nho di bao nhiéu Ian khi piston dich chuyen tir BCD 1én DCT. Ty s6 nén co anh
huwong 10n dén cong suét ciing nhu hiéu suat cia dong co.

(1-5)

c c c

Ty s6 nén tly thudc vao loai dong co va thuong ¢ tri sé nhu sau:
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Pong co xdng: €=3,5+ 11,
DONG CODIESEL: &=13+22;
1.4. NGUYEN LY LAM VIEC CUA PONG CO BON KY
1.4.1. Pong co xing bén ky
~ Khi dong co lam viée hinh 1-2, truc khuyu 1 quay (theo chiéu mi tén) con piston
iy:]aénihbzén 1€ v&i truc khuyu qua hanh truyén 10, s€ chuyén dong tinh ti€n trong

MJi chu trinh 1am viéc cua dong co xing bon ky bao gdm 4 hanh trinh 1a: nap,
nén, chay- gian no, thai, thuc hién mot lan sinh cong (trong hanh trinh chay- gian ng).
Pé thuc hién duoc nhu vy thi piston phai dlCh chuyen 1&n xudng bén 1an twong tng voi
hai vong quay cua truc khuyu dong co (tir 0° dén 720°). Qua trinh dién ra khi piston di
tir DCD 1én BCT hodc ngugc lai duoc goi la mot ky.

Chu ky 1am viéc ctia dong co xing bon ky nhu sau:

1. truc khuyu, 2. xylanh, 3. piston, 4. éng nap,
5. bo ché hoa khi, 6. XUpAp nap, 7. bu gi, 8. xupap thai,
9. 4ng thai, 10. thanh truyén

Hinh 1-2: Cac hanh trinh lam viéc cuia dong co xang 4 ky

Hanh trinh ngp: trong hanh trinh nay (hinh 1-2a), khi truc khuyu 1 quay, piston 3
s& dich chuyén tir DPCT xudng DCD, xupap nap 6 md, xupap thai 8 dong, 1am cho ap
suit trong xylanh 2 giam va do dé hoa khi & bo ché hoa khi 5 qua dng nap 4 dugc hut
vao xylanh.

Trén d6 thi cong hinh 1-3 (d6 thi biéu dién mdi quan hé giita ap suat va thé tich
lam viéc cua xylanh tng v6i mdi vi tri khac nhau cua piston), hanh trinh nap dugc thé
hién biang duong ra (r-a).

Trong hanh trinh nap, xupap nap thudng mé sém trude khi piston 1én diém chét
trén (biéu thi bang diém d;), dé khi piston dén DCT (thoi diém bat dau nap) thi xupap
d4 duoc mo twong d6i 1on 1am cho tiét dién lwu théng 1on bao dam hoa khi di vao
xylanh nhiéu hon. Géc tmg a4 v6i doan dir d6 duoc goi 1a géc mé sém ctia xupap nap.
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¥ | P K& thic chdy

bdt ddu chdy

b’ - bdt ddu xa

¢’ - ddnh Itta sém
d1 - bdt ddu nap
d2 - két thiic nap

Ve Vh

Hinh 1-3. D6 thi cong Hinh 1-4. D6 thi phoi khi ciia
dong co xang 4 ky.

Dépg thoi xupap nap cing dugc dong mudn hon mét chat so véi vi tri piston ¢
DCD (diém dy) dé lgi dung d6 chan khong oon lai trong xylanh va lec quan tinh cta
dong khi nap, 1am tang thém lugng hoa khi nap vao xylanh (giai doan nap thém). Goc
ng o V6i doan ad, d6 duoc goi la goc dong mudn cua xupap nap. Vi vay, qua trinh
nap khong phai két thic tai DPCD ma mudn hon mot chit, nghia 1a sang ca hanh trinh
nen. Tuy nhién trong mot so ché do toc do thap do quan tinh cua dong khi nap con nho,
(do pgz>po) Mot phan moi chat d@ dugc nap vao trong xylanh bi lot ra ngoai trong giai
doan goc dong mudn xupap nap khi dé nguoi ta goi 1a "hién tuong thoai lui®.

Vi vay, géc quay truc khuyu twong trng cua qua trinh nap 1a (o1 +ougo + o2 ) 16n
hon goc trong hanh trinh nap 180°.

Cubi qua trinh nap, ap suat va nhiét d6 ctia hoa khi trong xylanh Ia:

Pa = 0,8 + 0,9 kG/cm?
T =350 + 400° K.

Hanh trinh nén: trong hanh trinh nay (hinh 1-2b), xupap nap va xupap thai déu
dong. Piston dich chuyén tir PCD En DCT, hoa khi trong xylanh b nén, ap suat va
nhiét d6 ctua no tang 1én.

~Hanh trinh nén dugc biéu thi bang duong ac” (hinh 1-3), nhung qua trinh nén thuc
te chi bat dau khi cac xupéap nap va thai dong kin hoan toan, tuc la ldc ma hoa khi trong
xylanh da cach ly vai moi truong bén ngoai. Do do6 thoi gian thuc té ctia qua trinh nén
(180° - 015) nho hon thoi gian hanh trinh nén Iy thuyét (180°).

Cubi hanh trinh nén (diém ¢’ hinh 1-3) bu-gi 7 cta hé théng danh hra phong tia
lra dién dé d6t chay hod khi. GOc tng voi doan cc’ (hinh 1-3) hay goc ¢s (hinh 1-4)
duoc goi la géc danh Itra sém cua dong co.

Cubi hanh trinh nén, ap suat va nhiét do caa hoa khi trong xylanh 1a:

pe = 11,0+ 15,0 kG/cm®; T =500+ 700° K.
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Hanh trinh chay gian no sinh cong: trong hanh trinh nay (hinh 1-2c), xupap nap
va thai dong. Do hoa khi duoc bugi dot chay ¢ cudi hanh trinh nén, nén khi piston vira
den DCT thi toc d6 chdy cua hoa khi cang nhanh, lam cho ap suét cua khi chay tang 1én
rat 1on trong xylanh va dugc bi€u thi bang duong ¢’z trén do thi cong. Tiep theo qua
trinh chay la qua trinh gidn no cta khi chay (duong zb) piston bi day tir PCT xuong
DCD va phat sinh cong.

Ap suit va nhiét d6 caa khi chay 16n nhét trong xylanh 1a:

p, = 40 =70 kG/cm? T, = 2300 + 2800° K

Hanh trinh thdi: trong hanh trinh nay (hinh 1-2b), xupap nap van déng coOn xupap

thai mé. Piston dich chuyén tir DCD 1én DCT day khi da chay qua dng thai 9 ra ngoai.

Trude khi két thuc hanh trinh chay — gian no sinh cong, xupap thdi duoc mé sém
mot chat trude khi piston toi DCD (diém b’) d€ giam bot ap suat trong xylanh 6 giai
doan gidn no, do d6 giam duoc cong tiéu hao de day khi ra khoi xylanh. Ngoai ra khi
giam ap suat nay thi lugng san pham chay con lai trong xylanh ciing giam, do d6 giam
duogc cong trong qua trinh thai chinh va giam duogc lwong khi soét dong thoi tang duoc
lugng hoa khi nap vao xylanh. GOc ting véi doan b’b hay géc oz goi 1a goc mo sém cua
Xupap thai.

DPong thoi dé thai sach khi chay ra khoi xylanh, xupap thai ciing dugc déng mudn
hon mot chut so v&i thoi diém piston & DCT (diém r°). Goc tng véi doan rr’ 12 goc o
goi la géc dong mudn cua xupap thai.

Do xupép thai mé sém va dong mudn nén goc quay truc khuyu danh cho qua trinh
thai (o3 +ou1gp + os ) 16n hon goc cua hanh trinh thai (ousg ). Ap suét va nhiét do cua khi
thai 1a:

pr=1,0+1,20 kG/ecm® ; T,=900+ 1200° K

Trén dd thi cong doan dir biéu thi thoi ky trung diép ctiia xupap nap va xupap thai,
ture 1a thoi ky ma hai xupdp cung mé, goc ung véi doan dir’ la goc (o + o ) (hinh1-4)
goi la géc trung di€p cua hai xupap.

Sau khi hanh trinh théiqké’t thic, thi dong co xdng 4 ky mot xylanh da hoan thanh
mot chu ky 1am viéc va chuyén sang chu trinh tiép theo.

1.4.2. Pong co diesel bon ky khong ting ap

10  NLS8CST



1. truc khuyu; 2. xylanh; 3. piston; 4. éng nap; 5. bom cao ap;
6. Xupap nap; 7. voi phun; 8. xupap thai; 9. ong thai;  10.thanh truyen.

Hinh 1-5. Cac hanh trinh lam viéc ciia dong co diesel 4 ky

Qua trinh lam viéc ctia dong co diesel bén ky cling gibng nhur dong co xing 4 ky,
nghia 1a piston cling phai thuc hién bon hanh trinh nap, nén, chay gian no, thai. Trong
dong co diesel 4 ky qua trinh nap va nén moi chat 1a khdng khi (ma khéng phai hoa khi)
va nhién liéu tu chay, do khong khi nén c6 nhiét d6 cao (ma khéng dung tia ltra dién).

Chu ky 1am viéc cua dong co diesel 4 ky nhu sau:

Hanh trinh ngp: trong hanh trinh nay (hinh 1-5a), khi truc khuyu 1 quay, piston 7
s€ dich chuyén tr DPCT xudng DCD, xupip nap 4 md, xupap thdi 6 dong, lam cho ap
suat trong xylanh 2 giam, khong khi ¢ bén ngoai dugc nap vao trong xylanh.

Cubi qua trinh nap, ap suat va nhiét 6 ctia hoa khi trong xylanh Ia:

Pa=08+09kG/ecm? ;  T,=330-380° K.

Hanh trinh nén: trong hanh trinh nay (hinh 1-5b), xupap nap va xupap thai déu
dong. Piston dich chuyén tr BPCD kn DCT, hoa khi trong xylanh bi nén, ap suat va
nhiét do cua no tang 1én. Hanh trinh nén dugc biéu thi bang duong ac’ (hinh 1-6), nhung
qua trinh nén thuc té chi bat dau khi cac xupédp nap va thai dong kin hoan toan, tuc 1a
lac ma hoa khi trong xylanh da cach ly v&i moi truong bén ngoai. Do do6 thoi gian thuc
té ctia qua trinh nén (180° - a2) nhé hon thai gian hanh trinh nén 1y thuyét (180°).

Cubi hanh trinh nén (diém ¢) voi phun 5 cia h¢ thong nhién ligu s& phun nhién
liéu xylanh dé hoa tron véi khong khi ¢6 nhiét d6 @o, roi tu boc chay (dong w tu
chay). Goc tmg véi diém ¢’ (goc @s) (hinh 1-4) duoc goi 1a géc phun nhién liéu sém cua
dong co.

Cubi hanh trinh nén, &p suit va nhiét do cua hon hop khi & nhién liéu trong
xylanh la:

pe =40 + 50 kG/cm® ;  T.=800 +900° K.

Hanh trinh chay gian no sinh cong: trong hanh

trinh nay (hinh 1-5c), xupép nap va thai dong. Do nhién P& | 7 kéthicchay
ligu phun vao xylanh & cudi hanh trinh nén da duoc 5 bét ddu chéy
chuan bi va tu boc chay, nén khi piston deén DCT thi b:—bleft dé‘lllfji e
nhién ligu chay cang nhanh, lam cho &p suat khi chay o ;;i;‘;;uf;f“
tang 1én, hoa khi chay cang nhanh, lam cho &p suat trong dz - ket thic nap
xylanh tang 1€n rat lon va day piston tr DCT xudng ¢
DCD qua thanh truyén lam quay truc khuyu va phat sinh L
Cﬁngl polr d1 d2 A :”
A A Y A A r A 5 ’ , T
Ap suat va nhiét d6 16n nhat ctia khi chay tong e i -V
xylanh la: Ve

p, = 60+ 80 kG/em? ; T,=1900 -+ 2200° K
Hanh trinh thai: trong hanh trinh nay (hinh 1-5d),
Xupap nap van dong oon xupap thai mo. Piston dich Hinh 1-6: 6 thj cong
chuyén tir BCD 1én BCT day khi chay qua xupap thai ra déng co diesel 4K
ngoai. i
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Trude khi két thuc hanh trinh chay gian no sinh cong, xupap thdi dugc mg sdm
mot chat trude khi piston toi BCD (diém b’) dé giam bot ap sudt trong xylanh & giai
doan cudi qué trinh gian ng, do do giam dugce cong tiéu hao dé day khi ra khoi xylanh.
Ngoai ra khi giam ap suat nay thi hrong khi chay con lai trong xylanh ciling giam, nho
do tang duoc luong hoa khi nap vao xylanh. Géc ung véi doan b’b hay gbc oz goi la
goc md sém cua xupap thai.

DPdng thoi dé thai sach khi chay ra khoi xylanh, xupap thai ciing dugc déng mudn
hon mot chut so v&i thoi diém piston & DCT (diém r°). Goc tng véi doan rr’ 14 goc o
goi la géc dong mudn cua xupap thai.

Do xupép thai m¢ sdém va dong mudn nén goéc quay truc khuyu tng véi qua trinh
thai (o3 +ougo + o) I6n hon ctia hanh trinh thai (oug). Ap sudt va nhiét do cua khi
thai 1a:

pr = (1,1 +1,2) kG/em? ; T, =(800 +900) °K

Trén dd thi cong doan dir’ biéu thi thoi ky trung diép ctia xupap nap v& XUpap
thai, tirc Ia thoi ky ma hai xupdp cung mo, goc ung vaoi doan dir’ la goc (o + o)
(hinh1-4), goi la gbéc trung di€p ctia hai xupap.

Sau khi két thac hanh trinh thai, dong co lai lip lai chu trinh [am viéc tiép theo.

Trén hinh 1-6 1a d6 thi cong cua dong co diesel bon ky. Do thi phdi khi cta nd
cling tuong tu nhu cua dong co xang.

Tim hjéu nguy@n Iy 1am viéc ctia dong co xing va dong co diesel bon ky ta co thé
rat ra mot sd6 nhan xét sau:

Trong bdn hanh trinh caa piston, chi c6 mot hanh trinh chay gian n¢ sinh cong, ba
hanh trinh con lai 1a nhitng hanh trinh chuan bi va dugc thuc hién nho dong nang hay

quan tinh cua cac bd phan chuyén dong quay tron (truc khuyu, banh da) va mot phan
cong sinh ra cta nhirng xylanh khac déi v6i dong co nhiéu xylanh.

Thoi diém mo va dong cua céc xupap nap & thai khong tring voi th(‘)’iqdiém
piston ¢ DCT va BDCD duoc goi la “thoi di€ém phoi khi”. Dy cling 1a mét dac diem co
ban d€ phan bi¢t gilta chu trinh lam viéc thyc t€ v6i chu trinh lam viée 1y thuyet. Trong
chu trinh lam viéc 1y thuyét cac xupap thai khong mé sdém va dong mudn nhu dd noi &
trén.

Thoi diém phéi khi cling nhu cac goc ing voi thoi gian mo va dong cua cac xupap
nap va thai dugc bi€u thi trén do thi phoi khi.

Céac goc mo sém va dong mudn (goc phdi khi) cung nhu goc phun nhién liéu hodc
goc danh lira & cubi hanh trinh nén c6 anh hudng nhidu dén cong suat, hiéu sudt va suit
tiéu hao nhién liéu.

Thong thudng cic goc my dugc xac dinh bing phrong phap thrc nghiém
(bang 1):

Bang 1. Géc phéi khi, goc phun nhién liéu (géc danh lira)

12 « NLSCST



Xupap nap Xupap thai Gaéc phun
Loai nhién liéu
done co Mo sém | DPong mudn Mo sém Mo s6m (gbc danh
one trude sau BCD trudc DPCD | trudec BCT ltra sdm)
bCT
Dong co 50:-40° | 10°+50° | 30°-60° | 5°+35°
Xang
10° + 30°
Pong co 0 . A0 0. 520 0. a0 0. an0
diesel 10"+ 30 45" + 75 30" + 60 5 +30

1.5. NGUYEN LY LAM VIEC CUA PONG CO HAIKY (2 STROKES)

Chu trinh lam viéc cua dong co hai ky cling bao gém bbn qua tinh: nap, nén,
chay gian no va thai, nhung khac véi dong co bon ky la dé hoan thanh mot chu trinh
lam viéc, truc khuyu cua dong co hai ky chi quay mot vong (360 ) tuong rng Vvdi piston
dich chuyén hai hanh trinh. Do d6, trong mdi hanh trinh cua piston s& c6 nhiéu qua trinh
cung xay ra.

Dong co hai ky thuong dung hai kiéu phdi khi: loai c6 ctra thoi (cira nap), cira thai
(khdng c6 xupap) va loai c6 ctra thoi va xupap thai.

1.5.1. Pong co xiing hai ky , loai ¢6 cira théi va cira thai

Pong co xing hai ky, loai c6 ctra thdi va cira thai (khong diing xupép) c6 chu trinh
lam viéc nhu sau:

Hanh trinh nén: trong hanh trinh nay (hinh 1-7a), khi truc khuyu 2 quay, piston 5
dich chuyén tr DCD 1én DCT, khi ctra thai 4 dugc piston dong kin, hoa khi ¢6 san trong
xylanh 6 bi nén, 1am cho ap suat va nhiét do cua no téng, den khi piston gan t6i DCT thi
no bi dot chay nho bugi 7 phong tia ltra dién.

Khi piston di Ién dé nén hoa khi, ¢ phia dud¢i piston, trong céacte 1 ap suét» giam va
hoa kh[ tir bd ché hoa khi, qua ong nap va cira nap dugc hat vao cacte dé chuan bi cho
viéc thoi hoa khi vao xylanh ¢ hanh trinh sau.

O cudi hanh trinh nén, &p suat va nhiét d6 cua hoa khi trong xylanh Ia:

=(6+10) kG/cm®* ;  T= (400 +600)° K.

6

. cac te;

. truc khuyu;

. thanh truyén;
. Ctra thai;

. piston;

. ndp xylanh;

. Xylanh;

. Clra théi ;

0o N o O B~ W N -
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9. duong thong.

a) b)
Hinh 1-7. Nguyén li lam viéc dong co xang hai ki

Hanh trinh sinh céng va thay khi: trong hanh trinh nay (hinh 1-7b), do hoa khi
d4 dugc dbt chay ¢ cubi hanh trinh nén, nén khi piston dén BCT, thi hoa khi cang chay
nhanh hon, 1am cho 4p sudt khi chay tang 1n va ddy piston di xudng PCD qua thanh
truyén 3, 1am quay truc khuyu 2 phat sinh cong.

Khi piston dich chuyén dan téi DCD ctra thai 4 mé, dong thoi sau d6 cira thoi 8 co
chiéu cao thip hon ctra thai ciing dugc mé va cira nap dong lai. Do d6, khi chdy sau khi
d4 1am viéc, co ap suit (3 - 4 kG/em?) 16n hon ap suat khi troi (po = 1kG/em?), dugc thai
ra ngoai va hod khi & dudi cacte bi nén c6 ap suit (1,2 — 1,3 kG/cm?) cao hon 4p suat
cua khi chay con lai trong xylanh (~1,1 kG/cm?) s& theo duong 9 theo cira thdi 8 vao
xylanh ¢ phia trén dinh piston, gop phan 1am sach hoa khi chay trong dé va tao diéu
Kién cho hanh trinh sau:

P | W két thiic chdy
bdt ddu chdy

b’ - bt ddu x4
>~ d4nh Iita sém
- bt diu théi

- két thiic théi
- két thic x4,
bit diu nén

-0 Q0

P, a v
Ve Vh L
Va
bCT bCD
a) b)

Hinh 1-8. D6 thi céng va dé thi phéi khi ciia déng co xang 2 ky loai khéng cé xupdp
Ap suit va nhiét d6 cua khi chay trong xylanh 1:
p = (40 = 70) kG/cm? ; T =(2000 -+ 2300)° K.

Sau hanh trinh sinh céng va thay khi, néu truc khuyu van quay thi qua trinh 1am
viéc cuia dong co xang hai ky lai lap chu ky nhu trén.

1.5.2. Pong co diesel hai ky, loai c6 cira théi va xupap thai

DPong co diesel hai ky c6 déc diém’ 1d khong dung cacte dé chira va thoi khi ma
dung may nén khi riéng dé thoi khi truc ti€p vao trong xylanh.
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Chu trinh lam viéc ctia dong co nay nhu sau:

. truc khuyu;

. thanh truyén;
. may nén khi;
. Xylanh;

. VOi phun;

. Xupéap thai;

. piston;

. budng khi;

. Clra thoi.

© 00 N O Ol b W DN B

Hinh 1-9. Cac hanh trinh lam viéc cuia dong co diesel hai ky coé xupdp thai.

Hanh trinh nén: Trong hanh trinh nay (hinh 1-9a), khi truc khuyu 1 quay, piston
7 dich chuyén tir DCD 1én DCT. Cira thdi 9 duoc piston ddy kin va sau d6 xupap thai 6
cling dugc dong lai, khong khi ¢ san trong xylanh 4 bi nén, 4p suit va nhiét do cua nd
tang 1én cho dén khi piston gan dén BPCT, voi phun 5 cia hé thong nhién liéu s& phun
nhién liéu véi ap suét cao (100 =140 kG/cm?) hinh thanh hdn hop véi khong khi nén c6
nhiét d6 cao lam cho nhién li¢u nay tu chay dugc.

p Az
——____ két thic chdy

bdt ddu chdy

b’ - bit ddu x4 .

¢’ - phun nhién liéu sém

d - bdt ddu thSi

e - két thiic thdi

f - két thiic xa, -
bit ddu nén

b?

po bCD

V¢ Vi
Va

DCT bCD

Hinh 1-10. Bé thi cong va dé thi phéi khi cia déng co diesel 2 ky, logi ¢6 xupdp thdi.

Cubi hanh trinh nén &p suat va nhiét d6 ctia khong khi nén trong xylanh 1a:
p = (40 = 50) kG/ecm? ; T =(800 + 900)° K

~Hanh trinh sinh cdng va thay khi: trong hanh trinh nay, do nhién li¢u da dugc
dot chay, nho khong khi nén c¢6 nhiét d6 cao ¢ cudi hanh trinh nén, nén khi piston dén
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DCT, thi nhién li¢u nay cang chdy nhanh hon, lam cho ap sudt tang 1én va day piston tir
DCT xuong BDCD, qua thanh truyén 2, lam quay truc khuyu 1 phat sinh cong.

Khi piston dich chuyén gan t6i PCD, xupap 6 mé, dong thoi sau d6 ctra théi 9
cling duoc piston mo ra. Do d6 khi chdy sau khi da lam viéc, c6 ap suat (4-5 kGlcm?)
I6n hon ap suat khi troi, duoc thai ra ngoai va khdng khi méi ¢ bén ngoai, qua binh loc,
nho may nén khi 3, budng khi 8 va ctra thoi 9 dugc cung cap vao xylanh véi ap suat
khoang (1,4+,5) kG/cm? 16n hon ap suét khi thdi con lai trong xylanh (1,1+1,2 kGlem?)
gop phan lam sach khi chay trong d6 va tao di€u kién cho hanh trinh sau.

Ap suit va nhiét d6 cua khi chay trong xylanh 1:

p = (80 + 100) kG/cm* ; T= (1900 + 2100)° K.

Sau hanh trinh sinh cong va thay khi, néu truc khuyu van quay thi qua trinh 1am

viéc cua dong co lap lai nhu trén.
~ Tim hiéu nguyén ly lam viéc cua dong co xdng hai ky va dong co diesel hai ky, c6
thé rat ra mot sO nhan xét sau:

Trong hai hanh trinh cua piston, thi chi c6 mdt hanh trinh sinh cdng con cac hanh
trinh con lai dugc thuc hién nho dong nang hay quan tinh cua cac by phén chuyén dong
quay tron (truc khuyu, banh da) va mot phan cong sinh ra tir nhitng xylanh khac doi voi
ddéng co nhicu xylanh.

Ap suat ctia hod khi hodc khong khi th6i vao xylanh I6n hon ap suat khi troi. Do
do, phai dung bom thoi khi hay may nén khi do truc khuyu dan dong rén cbng suat
dong co cling phai giam di.

Trong qué trinh 1am viéc c6 mot phan hanh trinh ciia piston dung d¢ thoi va thai
khi. Khi thoi khi c6 mot phan nhién liéu va khdng khi mai theo khi thai ra ngoai.

Ap suit va nhiét do cua hoa khi hodc khong khi ¢ cuéiﬂqué trinh nén cling nhu qua
trinh chay va gian n¢ phu thudc nhi€u vao vi tri ctia ctra thoi, ctra thai va ty so nén cuia
dong co.

Ty s6 nén cua dong co hai ky duoc tinh nhu sau:

g=—N41 (1-6)

Trong do:  V’h— Thé tich 1am viét thuc té cia xylanh, duoc tinh tir lac piston bét
déau day kin ctra thai hodc xupap thai dong, khi piston dich chuyén tu
DCD Ién BCT cho dén luc piston & BCT.
Vc — Thé tich budng chay.
~ Trong dong co hai ky, qua trinh thoi (nap), nén, chay gidn nd va thai khong duogc
the hién 0 rang & moi hanh trinh nhu dong co 4 ky. Do do, dong co hai ky, hanh trinh
thir nhat ciing c6 the 1a hanh trinh thoi, thai va nén, con hanh trinh thir hai la hanh trinh
sinh cbng, thai va thoi,v.v...

1.6. SO SANH PONG CO
1.6.1. So sanh dong co hai ky véi dong co 4 ky
1.6.1.1. Uu diém
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Pong co hai ky c6 sé hanh trinh sinh cong gap d6i ( khi cling s6 vong quay n) va
c6 cdng suat 16n hon khoang (50+70)% (khi cling thé tich 1am viéc V,, va s6 vong quay
n) so vai dong co 4 ky.

DPong co hai ky chay déu va ém hon dong co 4 ky, vi mobi vOng quay cua truc
khuyu c6 mot hanh trinh sinh cong. Do d6 véi cac dicu kién nhu nhau (S,D,i va n), thi &
dong co hai ky co thé dung banh da, lap trén truc khuyu c6 kich thudc va trong hrong
nho hon so va&i dong co 4 ky.

~ Dong co hai ky khong c6 xupap nap va néu dung cacte dé thoi khi vao xylanh, thi
cau tao don gian va dé stir dung hon so véi dong co bon ky...
1.6.1.2. Nhuoc diém

Hiéu suét cta dong co hai ky nho hon so vo1 dong co bdn ky, do ¢6 sy hao phi
nhién liéu trong qua trinh trao doi khi.

Nhiét do trong qua trinh lam viéce cia dong co hai ky 16n hon so v&i dong co 4 ky,
do c6 sé 1an sinh cdng nhiéu hon, 1am cho dong co bi d6t nong va dic biét ddi voi dong
co diesel dé bi bAm mudi than & buong chay.v.v.

Trong dong co xang hai ky, néu dung cacte chira dau boi tron dé thoi khi, thi dé
lam hong dau boi tron.

Can ctr Vao nhitng wu diém trén, dong co xing hai ky thudng duoc dung 0 dong
co c6 cong suat nho. Vidu dong co phu & may kéo, dong co may phun thudc va mot s6
dong co motd xe may,.. Con dong co diesel hai ky lai dugc dung nhiéu & dong co co
cdng suat trung binh va lon, vi du dong co 6t0, tau thuy, dau may xe hira, may xay dung
va may phat dién.

1.6.2. So sanh dong co’ xang va dong co diesel
1.6.2.1. Uu diém

Hiéu suét ctia dong co diesel 16n hon dong co xing, do hao phi nhién liéu it va ty
s6 nén cao. Vi du, néu dong co xing c6 suat tiéu hao nhién liéu 1a ge= (150+240)g/kW.h
thi dong co diesel 1a ge= (110+190)g/kW.h, nghia la lugng nhién liéu ti€u hao ¢ dong co
diesel 1a it hon dong co xang khoang (30-35)%.

Nhién liéu ding trong dong co diesel 1a dau diesel ré tién va it gdy chay hon so
V&1 xang dung trén dong co xang.

Hé thong nhién li¢u cua dong co diesel (bom cao ap, voi phun) it bi hu hong Va,dé
dung hon hé thong nhién liéu cta dong co xang (dung bd ché hoa khi, hodc hé thong
phun xang dién tu,..).
1.6.2.2. Nhuoc diém

Kich thudc va trong luong ctia dong co diesel 16n hon dong co xdng vi 4p suat
khi chay trong dong co diesel lon. Do d6 trong hrong riéng cua dong co diesel (trong
lugng trén mot don vi cong suat tinh bang kW) 16n hon trong luong riéng cua dong co
xang (40-70)%.

DPong co diesel, dic biét 1a hé thong nhién liéu, ché tao khé hon dong co xing. Do
do, gia thanh ctia dong co diesel thuong cao hon dong co xang.
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bong co diesel dung nhién liéu nang khé chay va phuong phap tao hoa khi gitra
nhién liéu phun swong voi khong khi khdng t6t nén kho khoi dong hon dong co xang.
Do d6, cong suit cia dong co diesel, thuc té coi nhu bang cong suat cua dong co xang
(khi cung thé tich cong tac va s6 vong quay midc dU hiéu sudt cua dong oo diesel
cao hon).

1.7. NHUNG THONG SO LAM VIEC CO BAN CUA PONG CO

~ Nhing thong s6 am viéc co ban cua dong co bao gdm: cong suat, hiéu’suét va
suat tiéu hao nhién li¢u. Nhitng thong so nay duoc chia ra lam hai loai: Thong so chi thi
(hodc thong so tinh todn) dac trung cho chu trinh 1am viéc cia dong co va thong s6 hitu
ich hoac thong so str dung dac trung cho kha nang 1am viéc thuc té ctia dong co.
1.7.1. Théng s6 chi thi
1.7.1.1. Cong sudt chi thi

’ Muél} xac dinh cong sut chi thi can phai xac dinh 4p suét chi thi, 1a ap Suit gia
thict khong doi tac dung 1én piston trong mot hanh trinh lam viéc d€ sinh ra mot cong
bang cong chi thi cua khi chay trong mét chu trinh lam viéc ctua dong co.

~ Khi ¢4 do thj cong hay db thi chi thi thuc té (hinh 1-11), ¢6 thé x4c dinh dugc

ap suat chi thi trung binh nhu sau:

F
c=—.m 1-7
Pi=_ (1-7)
Trong d6:  pi- Ap suét chi thi trung binh (N/m?).
F- Dién tich cta dd thi cong hay d th1 chi thi, dugc gio1 han gitta
dudng cong nén va chay gian no, (mm?).
L- Chiéu dai cua d6 thi cong (mm).
m- Ty 18 xich &p suét cia dd thi cong (N/m*/mm).
Trisb cua ap suét chi thi trung binh p; chinh la chiéu cao cta hinh chit nhat ABCD
cé dién tich bang dién tich cta do thi cong hay do thi chi thi.
Cong suat chi thi 1a cdng do khi chay thuc hién duoc ¢ xylanh cta dong co trong
mot don vi thoi gian.
Cong chi thi do khi chay thuc hién dugc ¢ xylanh ctia dong co sau mot chu trinh
lam viéc sé 1a:

Li = pi.Vh;  Nm/chu trinh. o
Trong d6: pi - Ap SUat chi thi trung
binh (N/m?).

Vp- Thé tich Bm viéc cua
mot xylanh (m?).

Néu goi t 1a s ky cua dong co hay sb
hanh trinh cia piston sau mdt chu tinh lam
viéc, thi cdng suat chi thi do khi chay thuc hién
duogc ¢ xylanh sau thoi gian mot gidy s¢€ 1a: -

o

bCT bCD
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p; V,..2n
L; ST ()
60.7
(1-8)

Trong d6:  pi - Ap suét chi thi trung binh (N/m?).

mot xylanh (m®).

n — S6 vong quay cua dong co (ve/ph).

7 - S6 ky cua dong co.
Cong suét chi thi ciia dong co nhiéu xylanh, khi sé xylanh 14 i, 6 dang:

pi.\/h.n.i
N.=—— :(k 1-9
= (kW) (1-9)
pi'Vh'”'i
ha N:i =———— (ml 1-10
Y I 22,071 (mh (1-10)

1.7.1.2. Higu sudt chi thi
Hiéu sudt chi thi n; 1a ty sd gitra nhiét hrong bién ddi thanh cdng chi thi caa chu
trinh so va&i nhiét lwgng cua nhién liéu tiéu hao:
i (1-11)
ni= ; .
Gnl 'QH
Trong d6:  Lj— Cdng chi thi (J);
Gn— Luong nhién liéu tiéu hao (m* kg):;
Qn — Nhiét trj cia nhién liéu (J/m®, J/kg).
Hiéu suét chi thi thuong co6 gia tri nhu sau:

Pong co xang ni= 0,25+0,35
Pong co diesel ni= 0,38+0,50
1.7.1.3. Sudt tiéu hao nhién ligu chi thi

Tinh Kinh té ciia dong co ciing c6 thé danh gia bang suét tiéu hao nhién liéu cho
mot kW chi thi trong mot gio.

Gl
gi:N—n.103; (g/kW.h). (1-12)
i
G 3
hay: gi:ﬁ.lo ; (9/ml.h) (1-13)
I

Trong d6:  Gn— Luong nhién liéu tiéu hao trong mot gio (kg/h);
N; — Cong suét chi thi (kW).
Suét tiéu hao nhién liéu chi thi thuong co gia tri sau:
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bong co xang: gi = 140 + 180; g/kW.h;

hay: gi = 190 =+ 250; g/ml.h;
bong co diesel: gi = 96 + 125; g/kW.h;
hay: gi = 130 =+ 160; g/ml.h;

1.7.2. Théng s6 ¢6 ich
1.7.2.1. Cong sudt cé ich

Cong suat chi thi phat sinh trong xylanh dong co khong bién d6i hoan toan thanh
cong hiru ich, ma mdt phan s& bj tiéu hao dé khic phuc ma sat giita cac bé mat 1am viéc
cia nhiing chi tiét (xylanh \a piston, truc khuyu va 6 truc,...) gitta nhitng chi tiét
chuyén dong va khong khi (truc khuyu, thanh truyén va banh da,...). Mot phan khac dan
dong cac co cAu va hé thong phu (bom, quat gi6, may phat dién, may neén khi,... ). Do
do6, cong suat co ich trén truc khuyu ctua dong co Ne s& nho hon c6ng suat chi thi mot gia
tri br:ing cong suat dung dé khic phuc nhitng trd Iuc trén goi 1a cdng ton that co hoc Ny

Ne = Ni—=Np ; (KW). (1-14)
Cong suat ton that co hoc, tuong tu cong suét chi thi, ¢6 thé xac dinh nhu sau:
N, = M : (kW) (1-15)
307

Trong d6:  pm - Ap suat ton that co hoc trung binh, la mot phan cua ap suét chi
thi trung binh dugc tiéu hao cho ton that co hoc (N/m?).

Néu lay ap suét chi thi trung binh p; trir di ap suit ‘Eén tht co hoc trung binh thi
con lai mot phan ap suat khong doi tac dung 1€n piston d€ sinh ra mdt cong bang cong
cé ich trén truc khuyu dong co. Tri sO nay la &p suat cé ich trung binh pe.

Pe=Pi—pm;  (N/m?). (1-16)

Ap suit co ich trung binh pe cia cac dong co, khi lam viéc véi cong suit dinh
Mire, duoc tinh nhu sau:

PV, .Nni

N = - (K 1-17
e 300 (kw) (1-17)

. Pe Vi,
hay: N, =—="— (ml. 1-18
y ¢ = 90077 (ml) (1-18)

bé danh gia nhitng ton thit co hoc, thuong dung hi¢u suat co hoc Mm , la ty s6
gitra ap suat co ich trung binh pe va &p suat chi thi trung binh.
P _PPu_; Pa.
1 1
Pi P; Pi
Hoic ciing c6 thé biéu thi hiéu sudt co hoc bang cong suit co ich N, va cong suat
chi thi nhu sau:

(1-19)

=& =—t M =] (1-20)
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Nhu vay, khi ting phuy tai cia dong co, ma van giir nguyén s6 vong quay, thi cong
suat ton that co hoc Ny hau nhu khong thay doi. Do d6, hiéu suat co hoc nm tang 1én.
Nhung khi dong co chay khong tai, tirc 1a cong suat co ich bang khong (Ne = 0) thi hi¢u
suit co hoc cling bang khong (nm = 0) va lic nay toan bo cong sut chi thi dung dé tiéu
hao cho ton that co hoc, nghia 1 cOng sudt chi thi bang cong suét tonthit co hoc
Ni = Np.

Hleq suit co hoc phu thudc vao loai d@ng co va chat luong ché tao fiéng co, ngoai
ra hiéu suat co hoc con phy thudc vao cac dicu kién stir dung. Do do, néu dicu kién sur
dung khong tot, thi hi€u suat co hoc cua dong co cling giam.

Trong diéu kién 1am viéc binh thudng, hiéu suit co hoc ctua dong co nhu sau:

Nm = 0,70 = 0,85 ;
1.7.2.2. Higu sudt cé ich

Hiéu sudt co ich ne 1a ty s6 giita nhiét lwong bién d6i thanh cdng c6 ich trén truc
khuyu dong co so vdi nhiét lugng cta nhién liéu tiéu hao:

L. .
n, G0, (1-21)
Trong d6: L.— Coéng cd ich (J).
G — Lugng nhién lidu tiéu hao (m?, kg).
Qn — Nhiét trj thip cua nhién liéu (J/ m® J/kg).
Hiéu suat co ich thuong c6 gia tri nhu sau:

Pong co xang Ne=0,18 + 0,30 ;
Pong co xang Ne=0,27+0,42;
1.7.2.3. Sudt tiéu hao nhién liéu cé ich

Suét tiéu hao nhién liéu c6 ich twong tu nhu suét tiéu hao nhién liéu chi thi c6 thé
xac dinh nhu sau:

3
0,222 (ghwhy (1-22)
hay: g G—103 (g/ml.h). (2-23)
' ° 17355.N,

Trong d6:  Gpi: Luong nhién liéu tiéu hao trong mot gio (kg/h).
N, — COng suat hitu ich (kW).
Suét tiéu hao nhién liéu hiru ich thudng c6 gia tri nhu sau:

bong co xang: ge = 150 + 240; g/kW.h;
hay: ge =210 + 280; g/ml.h;
Pong co diesel: ge =110 + 150; g/kW.h;
hay: ge =160 + 210; g/ml.h;
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