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DCDT bao ham qua trinh chay xay ra bén trong dong co,
va thwong xét loai dong co dét trong kiéu piston.

DCDT thue hién cac qua trinh: hat (nap), nén, gian no
(nd) va thai (x3)
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Phan loal
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How Gasoline Engine Works




o o e PHENIKAA )
®% 5. 1. Khai niem
Phan loal
2. Theo s6 hanh trinh piston dé hoan thanh 1 chu trinh
nhiét

C )

Pong co 4 thi } [ Pong co 2 thi

(¥

)




%)
©@ 5 1. Khai niém

Phan loal

UNIVERSITY

3. Theo qua trinh cap nhiét ciia déng co

e

A

-
Chu trinh cap

nhiét dang tich
J

U

e

A

Chu trinh cap
nhiét dang ap

oY

)

/

(&

Chu trinh cap
nhiét hon hop

>

)




% 5.2. Chu trinh c&p nhiét dang tich -/
(chu trinh Otto)

Thuong gap 0 dong co xang hoac khi




& 5.2. Chu trinh cAp nhiét dangfich
(chu trinh Otto)

P a T, 3
3 qlﬂ
q, |
D> 1 2 i
4 F 3
) o)
| I
a 1 | d,
> >
~ V ] & S
a-1: nap hon hop 3-4: hh gian no
1-2: nén hg)n ho’p 4-1: Thal khi Chéy

2-3: d6t chay hh 1-a: Quét khi chay
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% 5.2. Chu trinh c&p nhiét dang tich -/
(chu trinh Otto)

P a :
Cac thong so dac trung: N
Ty sO nén:
v 0 4 qd;
_ 1 —>
E = : I
V)
? n v /s A\
Ty sO tang ap:
A=

P>
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% 5.2. Chu trinh c&p nhiét dang tich -/
(chu trinh Otto)

Céac tinh chat cia qua trinh:
- Hon hop khi la ly tuéng
- Cac qua trinh:

1-2: nén doan nhiét —» plvlk = Pz"gt

2-3: cap nhiét ding tich y P2 _Ps
T2 T3
3-4: gidn nd doan nhiét —» psvy = p,vy
Py _ P

4-1: thai nhi¢t dang tich > T, - T,

13



& 5.2. Chu trinh cAp nhiét dangfich
(chu trinh Otto)

Nguyén tic tinh toan chu trinh cap nhiét dang tich

- Tt cac thong s6 da biét trudc:

+ Biét thong so trang thai cua 1 trong 4 diém 1, 2, 3,4 (vi dup,, T))
+ Tisdnén: g=-L
v, »
+ Ti s0 tang ap: A==
P-

- Két hop tinh chét cac qua trinh:

+1-2 va 3-4: DOAN NHIET

+2-3va4-1: PANG TICH

—> Thong s6 trang thai (p, v, T) cia cac diém 1, 2, 3, 4
==>  Nhiétcap ¢, (kJ/kg), nhiét thai g, (kJ/kg), cong chu trinh w (kJ/kg)

> Hiéu suat nhiét cua chu trinh n,
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& 5.2. Chu trinh cAp nhiét dangfich
(chu trinh Otto)

Tinh toan cu thé (gia sir biét thong so6 ban dau p,, T,)

Biét: | - Thong so & trang thai 1, ti s6 nén € , ti sO tang ap A

—» Can tinh thong ) trang thai tai 2, 3, 4, nhiét luong, cong va
hiéu suat cua chu trinh

. RT
Diém I: bictp,, T, —> v,=—L (m’/kg)
P
- ] - X W V 3
Diém 2: biet €=—| —> v, =— (m /kg)
Vs £ . k
1-2 12 qué trinh doan nhiét —— p,=p,|—L| =p, &

Diém3: biét A= _, p -ip =ap et

P i

2-3 1a qua trinh dang tich — v, =v, = k] (m’ [ kg)
£

T=,22=72=27 "
2 15



& 5.2. Chu trinh cAp nhiét dangfich
(chu trinh Otto)

Diém 4:
b r 1 2 r RT-;
4-1 la qua trinh dang tich —— v, =y, =
P, L
: v v
3-4 la qué trinh doan nhi¢t —— p, = p3[—3J = p, [—ZJ =Ap,
% 2

4
k-1 k-1
I, =T, n =1 e =AT
Vy Vi

* Nhiét lugng cap vao chu trinh: g, =¢, 5 =¢C (T3 - Tz) (kJ /kg)

* Nhiét lvong thai ra cua chu trinh: ‘%‘ = ‘q4_]‘ = c,{,(T4 - T,) (kJ | kg)

* Cong cua chu trinh: w=gq, — |q2‘ (kJ ] kg)

* Hiéu suét nhiét cua chu trinh cép nhiét déng tich :

_ﬂqu_|‘12‘: (T, -T,)
(Ts_Tz) Ts_Tz

I
[E—
I

C
Vv

t 1-
CV

q, q,
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% 5.2. Chu trinh cAp nhiét dang fich -
(chu trinh Otto)

Ty —T AT, —
po=1— 2 =1 - i - T
Ts~Ty Ty~ 4 - ek~ 1
~1-_1
k-1
£

Bﬁ.l’lg 11-1 Hy = f(?, k)

- o
k = 1,35 k=14

3 320 ' 36 0
4 38.0 43,0
5 42,5 47,5
6 46,5 51,5
7 49,4 55,0
8 51,7 57,0
10 1 25,2 61,5
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5.2. Chu trinh cap nhiét dang ti tich =
(chu trinh Otto) - Vi du

Pong co dbt trong lam viéc véi chu trinh cé{tp nhiét ding tl'ch Cac théng sb cua
chu trinh nhu sau: p=1 bar T, =320 K, ti sO nén € = 4, ti s ting ap A = 4, moi
chat cong tac xem gan glong khong khi R =287 J/kg.do, k= 1.4

a) Xac dinh thong s6 tai cac diém, hiéu suét nhiét va cong cua chu trinh
b) So sanh véi chu trinh Carno ¢6 cung nhiét d6 nguon néng va nguon lanh

18
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®2 5.2, Chu trinh cAp nhiét dang tich
(chu trinh Otto) - Vi du

DPong co dbt trong lam viéc véi chu trinh cé‘ip nhiét dang tl’ch Cac thong sb cua
chu trinh nhu sau: p;=1 bar, T; =320 K, ti s0 nén € = 4, ti sO tang ap A = 4, moi
chat cong tac xem gan glong khong khi R=287 J/kg.do,k=1.4

a) Xac dinh thong sO tai cac diém, hiéu suAt nhiét va cong cua chu trinh

b) So sanh vd1 chu trinh Carno co cung nhiét do0 nguon nong va nguon lanh

a) Diem1: ©p,=1bar, T=320K —» v, = RE _ 2?1?3520 (m’ | kg)
Diém2:. v,=21 m’/kg), p,=p e, T, ilTl gt
Diém 3: v, =Vi ,ps=Ap, , T,=AT,
Diémd4: v,=v, , p,=Ap , T,=AT,
Cong cua chu trinh: w=gq, —|q2‘ = cv(T3—T2)—cv(T4 —T1) (kJ /kg)
Hiéu suat nhiét ctia chu trinh: 7, =1— ;4 :;}

b) Hiéu suat ctia chu trinh Carno c6 cung b Do =1 I S

nhiét d§0 ngudén néng va nguodn lanh: T,
o~ 1y
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68 52 Chu trinh Cép nhiét déng 3p
(chu trinh Diesel)
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®2 5.2, Chu trinh cAp nhiét dang 4p
(chu trinh Diesel)

biém khac blet Cdu Tao Pong cd Diezen
gitta dong co ™
Diesel va dong co 5 § )
Otto (xang): \ =B
' | Pit tong
- | | Pittong |
/
Khong 1.<h1 dugc nén
dén nh1¢t dO 600-

800°C cao hon nhiét
d6 tu boc chay cua
nhién liéu - nhién
liéu dugc phun suong
vao xylanh c6 san KK
néng va tu boc chay
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25.2. Chu trinh cap nhiét dang ap
(chu trinh Diesel)

> So d6 nguyén 1y ciia chu trinh cap nhiét dang ap

Thong so ddc trung:
2, §

4 Tisonén: | & =—+

r 3 v2

- @ Ti s6 gidn v,
L g, ysom: | P=T

1 no som: v,

V S

1-2: nén doan nhiét —» pﬂ’lk = Pz"’g
(k=14:

X L 3l , Vo V3 ;
2-3: cap nhiét dang ap » == F sO mil doan
o - ) . nhiét cua
3-4: gian no doan nhiét —> p;v; = p,v, khong khi )
Ps _ P

4-1: thai nhiét dang tich —— ., A4
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®2 5.2, Chu trinh cAp nhiét dang 4p

(chu trinh Diesel)

> Tinh toan cu thé (gia su biét thong s6 ban dau p,, T,)

PHENIKAA Q

UNIVERSITY

Biet: | - Thong sO ¢ trang thai 1, ti sO nén € = v,/v, , ti SO g13n nO sSOm p = v,/v,

Diém I: |bietp, T,| — v, =% (m* / kg)
Diém 2 v, N , | p,=p e, T,=T &'
Diém 3: V3:p£v2 , po=p,=p e, T,=pT=pT e
Biém 4: vi=v pi=p P, T,=p"T,
* Nhiét luong cé‘ip vao chu trinh: q, =4,5 =|C, (T3 - TZ) (kJ/kg)
* Nhiét lugng thai ra cia chu trinh: ‘qz‘ = ’q4_] =c, (T4 - Tl) (kJ /kg)

* Cong cua chu trinh: | w=g, _|q2 —

Hiéu suét nhiét cta
chu trinh cap nhiét
dang ap:

23
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5.2. Chu trinh cap nhiét dang ap
(chu trinh Diesel) — Vi du

Tinh hiéu suat nhiét uf va thong so tai cac diém dac trung cta chu trinh cap
nhiét dang ap voi ti s nén € = 10, ti sO gidn nd sdm p = 2, moi chat dugc xem
twong tu khong khi. Biét thong so trang thai dau p, = , = 1 bar va T,= 400 K.

’0

24
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25.2. Chu trinh cap nhiét dang ap

PHENIKAA u
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(chu trinh Diesel) — Vi du

Tinh hiéu suat nhiét u va thong so tai cac diém dic trung cua chu trinh cap
nhiét dang ap véi ti s6 nén € = 10, ti sO gidn nd som p = 2, moi chat duge xem
twong tu khong khi. Biét thong s6 trang thai dau p, =1 bar va T,= 400 K.

Diém I: |biétp, T, —> v = dd (m*/ kg)
Biém 2: v, o " p,=p ", T,=T, &"
Dicm 3 —pv, . p=p=ps . L=ph=ple
Diém 4: v,=v o, pi=p P . T,=p'T,
* Nhiét lugng cip vao chu trinh: 4 =g, =c,(I,-T,) (kJ/kg)

* Nhiét lugng thi ra ciia chu trinh: — |g,| =g, |5¢,(T, - T,) | (KJ/kg)

* Hiéu suat nhiét cua chu trinh tinh theo 1 trong 2 cong thirc:

n,=1-

|2

q,

p =1
ks (p —1)

hodc n, =1-

—p. 13—
25
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"5.3. Chu trinh cap nhiét hén hop

7 2 5
5 q,
>
1 1
- V L

Dé tinh toan chu trinh cip nhiét hon hop can biét théng sb trang thai 1 diém va
3 thong so ddc trung cua chu trinh gom:

. A, Vv
> Tisonén: |g=-L
r vz p
» Tisotang ap : A =123
) P p= Va _Va
» TisO g¢1an no som:
g VsV,

26
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“~ 5.3. Chu trinh cap nhiét hon hop

> Tinh toan cu thé (gia sir biét thong s6 ban dau p,, T))

Biét: |- Thong s6 & trang thai 1, ti s6 nén & = v,/v, , ti s6 ting 4p A = p,/p, ,

va ti sO gian no som p = v,/v,

, p RT,
Diém I: |biétp, T,| —» v, =—L (m’/kg)
3¢ P ,
Diem 2: v, N ) ] P, = p, gk, 7, =T, gkt
: g
Diém 3: v, =v, =L po=Ap e, T,=AT &
£
Diém 4: v, = PV , pa=ps=Ap e, T,=ApTe""
) &g
Diéem 5: Ve =v, p5=3~P1Pk ) Tszﬂ-Tlpk

* Nhiét luong cap vao chu trinh: 49, =49, +q, =¢,(T,-T,)+c, (T,-T;) kJ/kg
* Nhiét luong thai ra cua chu trinh: ‘q2|=cV(T5—Tl) kJ | kg

* Cong cua chu trinh: | w=g, —‘qz‘ ‘ kJ kg

Apt—1
+kA(p—1)]e*

*  Hiéu suit nhiét cua chu trinh: n, = -
q, [(j‘ - 1)

27
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% 5 3. Chu trinh cAp nhiét hén hop

Chu trinh cap nhiét hén hgp {hinh 10-3) cdé thong 50 nhu sau:

Trang thdi ban dau p; = { bar; T, = 400K

Ty s6 nén e = 16
Ty 55 tang dp i=16
Ty s& gidn nd sdm p=2

‘Xic dinh thong s8 tai cac diém dac trung, nhigt lugng cAp vao qp, nhidgt lugng thai qq,
cong sinh ra cia chu trinh W, hid¢u sudt nhiét cua chu trinh iy

Xét cdc quan hé ny = (e, 4, 0}

Chat mot gidi xe'm_ tudng tu k_hﬁng khi, nhié¢t dung riéng xem la hing so. -



¢ Mét chu trinh dong co dét trong 4 thi cap nhiét dang tich, mdi chat }Q
|4 1 kg khéng khi. Ap suat nhd nhét 1a 1bar, nhiét do thap nhét 1a 350°K, ty
s6 nén bang 3 va ty sb tang 4p bang 2. Hay:

- Biéu dién chu trinh trén dd thip-vva T - s;

- Tinh céc théng s6 trang thai tai cac diém dac biét ctia chu trinh;
- Tinh Nhiét lwgng trao ddi gitra méi chat véi cac ngudn nhiét;

- Tinh Céng va Hiéu suat nhiét cta chu trinh.

29



Mét chu trinh dong co dét trong cap nhiét dang ap, moi chéat 1a 1kg Q
khéng khi cé nhiét dung riéng bang hang sb, ap suat nhé nhét 1a 1,5bar;
nhiét dd thap nhat 300°K; ti s6 nén bang 5, hé sé gidn nd sém bang 2.
Hay:

APPLIED |

- Biéu dién chu trinh trén dd thip-vvaT - s;
- Tinh céc théng sb trang thai tai cac diém dac biét cta chu trinh;
- Tinh Nhiét lwgng trao ddi gitra mdi chat véi cac ngudn nhiét;

- Tinh Céng va Hiéu suét nhiét cGa chu trinh.

30
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Mot dong cd dot trong 4 thi gom 4 xylanh hoat dong theo chu trinh
Otto, ty s6 nén € = 8.5; dung tich quét ctia 4 xylanh-pitténg 1a V, = 1100cm’, ap
suat cda khi & trang thdi ban dau p; = lbar, nhiét do t;=20°C, nhiét luvdng cap

vao cho moi xylanh 1a 1357.
a. Tinh hiéu suit nhiét cda chu trinh

b. X4c dinh nhiét dd T, v Py, cua chu trinh. Khi tinh xem chat moéi
oidi nhu 1a khong khi, n=29ke/kmol, nhiét dung riéng xem la hiang

e

SO.

32
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Mot dong co hoat dong theo chu trinh cAp nhiét dang tich (Otto
cycle), chat moi giéi xem la khong khi (u=29g/kmol, k = 1,4, nhiét dung

riéng xem la hing s6), thong s cia chu trinh nhw sau: khi hit vio dong cd c6
p; = 100kPa, t,=27°C, ty s6 nén € = 8, nhiét lvdng cap vio q; = 1800kJ/kg.

a. Biéu dién chu trinh trén do thi p-v va T-s
b. Xdc dinh p, v, T tai cdc diém dac trung.

c. Tinh hiéu suat nhiét cua chu trinh.

33
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== Bai tap 3

Mot dong co dot trong 4 thi hoat déng theo chu trinh ddng cd Diesel
cap nhiét ding 4p, cdc thong s6 can thiét nhu sau: khong khi hit viao cé
p;=100kPa, t;=27°C, ti s6 nén & =18, nhiét dd cuyc dai cda chu trinh
Thmax=20653,3K

a. X4c dinh théng s6 p, v, T tai cdc diém dac trung cia chu trinh.

b. Xdc dinh hiéu suat nhiét cia chu trinh.

.o . A . s ~ . %, ~ L) b ) - -
c. Biéu dien chu trinh trén do thi T-s va thé hién bang dien tich cac

phan nang ludgng lién quan: q, lg-l, 1.

34
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Bong co xang 1 xylanh c6 dung tich cong tac VS = 0,006 m3, thé tich

buong d6t VC = 0,001 m3. Chu trinh trinh ly thuyét bao gdm cac qua trinh
. nén doan nhiét (a c), cap nhiét dang tich (c-z), ddn n& doan nhiét (z- b)

va nha nhiét dang tich (b- a) ta = 20 °C, pa = 1 bar, pz = 25 bar. Moi chat

cong tac la khi ly tucyng co chi sO doan nhiét k = 1,4, khoi lwong phan to

U =29, nhiét dung riéng dang tich Cuv = 20,9 kJ/kmoI deg.

1) Bleu dlen chu trinh trén do thi cong va do thi nhiét ?

2) Théng sb trang thai (p, v, T) & cac diém dac trung cua chu trinh ?

3) Lwong nhiét ma MCCT nhan va thai ra (Q1, Q2) ?

4) Cong chu trinh (W) ?

5) Hiéu suat nhiét (n)?

35
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Chu trinh ly thuyet cua dong co diesel bao gdom céc qua trinh : nén doan
nhiét a - ¢, cap nhiéet dang ap C - z, dan n& doan nhiét z - b, nha nhiét
dang tich b a. Méi chat cong tac Ia khi ly two’ng c6 khoi Iwo’ng m = 1 kg,
phan t&r lwong p = 29, nhiét dung riéng dang ap cup = 29,3 kJ/kmol.deg,
chi s0 doan nhiét k = 14. ] ,

Biét : pa =1 bar; ta = 20 0C; ty sO nén € = va/vc = 12,7; ty sO dan né som
p=vz/lvc =2

1) Biéu dlen chu trinh trén do thi cong va do thj nhiét ?

2) Théng s6 trang thai (p, v, T) & cac diém dac trung cua chu trinh ?

3) Lwong nhiét ma MCCT nhan va thaira (Q1, Q2) ?

4) Cong chu trinh (W) ?

9) Hiéu suat nhiét (n)?

36
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== Bai tap 6

Dong co dot trong hoat ddong theo chu trinh cap nhiét ding ap (air-

standard Diesel cycle), cong suat phdt cua déng co N = 3700 kW, chu trinh hoat
dong véi thong so:

Ty sé nén e = 14

Ty s6 gidn nd sém p = 2
Nhién liéu si¥ dung cho dong cd c6 nhiét tri phat ra khi chdy:

QF =4,16x 10" kI /ke

1- Biéu dién chu trinh trén do thi p-v va T-s.
2- Xadc dinh hiéu suat nhiét ctia chu trinh.
3- Tinh luvgng nhién liéu tiéu hao cua dong cd trong 1 gid G, [keg/h]

Khi tinh todn chit moi gidi xem nhw khong khi (p, = 29), nhiét dung riéng

(NDR)

xem 1a hing so.
37



