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DE BAI
Duya vao cac thong $6 dong co da cho bén dudi, tinh todn nhi¢t va xay dung dd thi cong
P-V, tinh toan dong hoc va dong luc hoc cua co cAu Piston- Khuyu truc- Thanh truyén, veé
dd thi chuyén vi, van toc va gia tdc piston, do thi biéu dién céc lyc tiép tuyén T, luc phap

tuyén Z, luc ngang N va db thi véc to phu tai tac dung 1én truc khuyu.
Céc thong sb dong co:

- Kiéu dong co: Pong co xdng, piston kiéu giao tAm.

- Cong suit: 60 kw.

- Ty sbnén e =8,2.

-S4 vong quay: 2400 v/ph.

- Sé xi lanh: 4.



HO tro 6n tap
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PHAN 1: TINH TOAN NHIET.

Bang s liéu ban dau cia PCPT

Cé4c so liéu ciia phan tinh toan nhiét

TT | Tén thong sé Ky higu | Giatri Pon | Ghichu
Vi
1 | Kiéu dong co D/co Xang,
khong tang ap
2 | Soky T 4 Ky
3 | Sbxilanh i 4 -
4 | GOc md sém xupap nap oy 20 do
5 | Goc dong mudn Xupap nap ol 45 do
6 | GOC m& sGm Xupap xa B, 55 do
10 | Géc dong mudn xupap xa B, 30 do
13 | Coéng suat dong co N 60 kw
14 | S6 vong quay dong co n 2400 v/ph
16 | Ty sb nén € 8.2
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A- CAC THONG SO CAN CHON:
1) Ap suit méi truwong p,

Ap suit méi truong po 12 &p suit khi quyén. Véi dong co khong ting ap ta c6 ap
suat khi quyén bang ap suét trudc xupap nap nén ta chon:

Pw= Po=0,1 (Mpa)
2) Nhiét dp moi truwong T,

Nhiét d6 moi truong dugc chon luya theo nhiét @6 binh quan cua ca nam. Vi dong
co khong ting ap ta c6 nhiét do moi trudng bang nhiét do truéc xupap nap nén:

To = 27°C = 300 °K
3) Ap sudt cuéi qud trinh nap p,

Ap suat cudi qua trinh nap p, véi dong co khong ting ap ta cd thé chon trong
pham vi:

P,= (0,8 — 0,9)p, = 0,9.p, = 0,09.0,1 = 0.09 (MPa)
4) Ap sudt khi thdi p,:
Ap suat khi thai p;, c6 thé chon trong pham vi:
pr= (1,05-1,12).pc = 1,10.pc = 1,10.0,1 = 0,110 (MPa)

5) Mirc dp sdy néng méi chit AT

Muc d6 say néng moi chat AT chu yéu phu thudc vao loai dong co Xang hay
Diesel. V6i dong co Xang ta chon:
AT = (0 — 20)°C = 20 °C
6) Nhiét dp khi sot (khi thdi) T,

Nhiét @6 khi s6t T, phu thudc vao ching loai dong co. Thong thuong ta ¢ thé
chon:

T, = (700 — 1000)°C = 900°C
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7) H¢ s6 hiéu dinh ti nhigt : 2,
H¢ s6 hiéu dinh ti nhiét 4, dugc chon theo h¢ s6 du lugng khong khi o = 0 g5 -
0.92 dé hiéu dinh:
< =(,88
A=1.15
8) H¢ sé quét buong chdy A:
Véi cac dong co khong ting ap ta thuong chon hé sé quét budng chay A, 1a:
A=1
9) H¢ sé nap thém A

Hé sé nap thém A; phu thudc chu yéu vao pha phéi khi. Théng thuong ta cé thé
chon:

A1=(1,02-1,07) =1.03
10) H¢ sé lpi dung nhiét tai diém 7 &,

Heé sd loi dung nhiét tai diém z &, phu thudc vao chu trinh cong tac cua dong co.

Vi céc loai dong co Xang ta thuong chon:

£, =0,85+0,92=0,80

11) H¢ sé lgi dung nhiét tai diém b &, :

Hé s6 loi dung nhiét tai diém b &, tuy thuoc vao loai dong co Xiang hay Diesel.

Vi céc loai dong co Xang ta chon:

& =0,85+0,95=0,9
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12) H¢ sé hiéu dinh db thi cong ¢, :

Hé s6 hiéu dinh d6 thi cong @; phu thudc vao loai dong co Xing hay Diesel. Vi

cac dong co Xang ta chon:

¢, =0,92+0,97=0,97

B- TINH TOAN CAC QUA TRINH CONG TAC:
|.Tinh toan qua trinh nap:

1) Hé 56 khi sét /7 -

Hé sb khi st 7, duoc tinh theo cong thic:
_ A (T, +AT) p, 1

r Tr pa 0 (%)
S

Trong d6 m 12 chi sé gidn né da bién trung binh cua khi s6t c6 thé chon:

m=145+15=15

Thay s vao cong thic tinh 7, ta dugc:

, _1(300+20) 010 1

r . . =0,0742
900 0,09

E
8,2.1,03-1,15.1. 0,110 [1,5]
0,09

7, nam trong khoang gia tri (0,05+0,15)
2) Nhiét @9 cudi qua trinh nap Ta :

Nhiét do cudi qua trinh nap T, duoc tinh theo cong thuc:
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m

(T, +AT)+ 47, T(Ej[ml]

T =

a

1+y,

Thay s6 vao cong thuc tinh T, ta duoc:

15-1

0,00\ 5
)

(300+20) +1,15.0,0742.900.
0,110

T, =

] =365(K)
1+0,0742

Déi voi dong co xang, nhiét d6 khi nap Ta = (340 +400)k

3) Hé s nap Iy :

Hé sb nap 7, duoc xac dinh theo cong thic:

1

1 T, N B P, (EJ
eI M ATy b, A %'%'(DJ

Thay s vao cong thic tinh 7, ta dugc:

1 300 0,09
8,2-1(300+20) 0,1

&)
1821 03—1,15.1.[0’—33 120836

U

4) Lwong khong khi li thuyét cin dé bt chay 1 kg nhién ligu M, :

Luong khong khi Ii thuyét can dé dét chay 1 kg nhién licu M, duoc tinh theo
cong thuec:
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Péi vai nhién lidu caa dong co Xang ta c6: C =0,855,H =0,145;0=0

nén thay vao céng thac tinh M, ta dugc:

M, =0,512(kmol / kg.nl)

5) Lwgng khi nap méi M, :
Luong khi nap méi M, duoc x4c dinh theo cong thuc:

M, =aM, +i
Hn

Trong do: p, =114

M, =0,88.0,512 + ﬁ =0,459(kmol / kg.nl)

6)Luong san vat chay M, : a<1

M, =B 0 79.am, = 28, 0145
12 2 12

+0,79.0,88.0,512 = 0,499(kmol / kg.nl)

Il. Tinh toan qua trinh nén:
V) Ty nhiét mol dang tich trung binh cua khong khi:

mc, =a, +b, T =19,806+0,00209.T (kJ / kmol.do)

2) Chi s6 nén da bién trung binh N, :

Chi s6 nén da bién trung binh N, duoc xac dinh bang cach giai phuong trinh:

. 8314
' a, + b;.Ta.((s*”l‘1 +1)
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Thay céc gia tri n; vao hai vé ctua phuong trinh cho dén khi can bang 2 vé (sai s6
cho phép 0,2%) ta dugc:

Vei n, =137

8,314 8,314

0,00419

R = =0,37075
av+bv-Ta-('9 +1) 19,806+T.365.(8,2”1’1+1)

n-1

Vay ta c0 sai s6 giita 2 vé cua phuong trinh 1a:

~ 0.37075—0.37

Anl
0.37

100% = 0.198% < 0.2%

3) Ap suét cudi qua trinh nén P, :

Ap suit cudi qua trinh nén P, duogc xéac dinh theo cong thic:
P, = P,&"
Thay s6 ta xac dinh dugc:
p, =0,00.8, 2" =1 61(MPa)

4) Nhiét d§ cudi qua trinh nén T :

Nhiét do cudi qua trinh nén T, duogc xac dinh theo cong thuc:
T =T,.&""

Thay s6 ta duoc:

T, =365.8, 2 = 795(K)
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I11. Tinh toan qua trinh chay:

V)  Hé s thay d6i phan ti Ii thuyét f,:

Ta c6 hé sb thay d6i phan tir Ii thuyét £, duoc xac dinh theo cong thuc:

p =M, 049 _, 4
M, 0,459

2) Heé s6 thay d6i phan tir thye té o

Ta c6 hé sb thay d6i phan tir thuc té s duoc xac dinh theo cong thic:

:ﬂ0+7r
1+,

Thay s6 ta xac dugc:

1,08+0,0742

S 074
P = oo

3) Hé s6 thay d6i phan tir thue té tai diém z ,BZ :

Ta c6 hé s6 thay d6i phan tur thyuc té tai diém z, B, duoc xac dinh theo céng thic:

p=1+b2,
1+,
Trong do6 ta co:
2 =i=%:0,889
& 09
Thay s6 ta duoc:
b, =1 1081 .0,889=1,066

+—
1+0,0742
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4) Nhiét d9 tai diém z T .
Déi voi dong co Xiang, nhiét d6 tai diém z T, dugc xac dinh bang cach giai

phuong trinh sau:

fz (QH _AQ) ' _ o ok
W+(mcv )Tc =p,mc, T, (**)

Trong do:
Q, l1a nhiét trj thap cua nhién liéu Xang ta c6: Q, =44000(kJ /kg.nl)

AQ 14 nhiét lugng ton that do nhién liéu chdy khong hét khi ddt 1kg nhién

ligu.trong dicu kién a<lI xé&c dinh nhu sau:

AQ=120.10% (1-&)).M, =120.10% (1-0.88).0,512 = 7372 (K / kg.nl)

me,, 14 ti nhiét mol dang tich trung binh cua san vat chay duoc xac dinh theo cong

thaec:

4,19 41192-795 — 21471,5(J / kmol.K)

—>mc,, =19806+ =T, =19806 +

Ti nhiét mol dang tich trung binh ciia hdn hop chay cudi qua trinh nén:

e = (e, +(me). 7, _ 214715+23395,80,0742 _ 51 000 405 1imol )

1+y, 1+0,0742

Ti nhiét mol dang tich trung binh ctia khi sot:

mc, =a, + b—; T, = (17,997 +3,504.0,88).10° +%.(360, 34+ 252,4.0,88)10°.795 = 23395,8(J / kmol.K)

Ti nhiét mol dang tich trung binh ciia san pham chay tai diém z:
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mc. =a, +b—éz.TZ = (17,997 +3,504.0,88) +%.(360, 34+ 252,4.0,88)10°°T,
Thay céc gia tri vao phuong trinh (**) ta tinh duoc:
T, =2525,3(K)
5) Ap suit tai diém z: (P,)
Ta c6 ap suat tai diém z duogc xac dinh theo cong thic:
P, =Ap,

Trong d6 A 1 hé sb ting ap

NS
I
=
A

Thay s6 ta duoc:

T 2525,3
=p,.—=+.P.=1,066.———.1,61=5,45(MPa
. =4, T ° 795 ( )

c
IV. Tinh todn qud trinh gian no:

1) Hé s gidn ng sém £

Heé sb gidn no sém p duge xac dinh theo cdng thic sau:

_ﬂz'Tz

eI

V61 dong co xang ta co: p =1
2) Hé s6 gidn né sau 0:
Ta c6 hé s6 gidn ng sau § duoc xac dinh theo cong thic:

s=%



[PE CUONG CHUONG TRIiNH PAI HQC]

V61 dong co xang :
O0=&£=8,2
3) Chi s6 giiin né da bién trung binh N,:
Ta c6 chi sé gidn no da bién trung binh N, duoc xac dinh tir phwong trinh can
biang sau:

8,314

2 0T (é:b_gz)'QH " %
Ml.(1+;/r).ﬁ'.(TZ—Tb)+aVZ+ 2 (Te+Ts)

Trong d6: T, 1a nhiét trj tai diém b va dugc xac dinh theo cong thuc:

T T

—_z __lz
b 5n2—1 8n2—l

Qu - la nhiét tri thip caa nhién liéu.
V61 dong co xang :

Q. =Q, —AQ, =44000-7372=36528(kJ / kg.nl)

Thé vao ta duoc:

. 8,314
207 0,9-0,8).36528
( ) o H2L08 0’0058.(2525,3+ 255513j
0,459.(1+0,0742).1, 074.(2525,3-82%’_0 ’

Thay céc gia tri n, =(1,23-1,27) vao 2 vé phuong trinh dén khi can bang 2 vé véi
sai s6 <2%.

Thay n, = 1,23 ta tinh duoc vé phai phuong trinh bang 0.23045
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Vay sai s6 gitra 2 vé phuong trinh 1a:

A, = 0.23045-0.23 1 5096 — 0.195% < 0.2%

0.23

4) Ap suat cudi quéa trinh gian no P, :
Ap suét cudi qua trinh gidn nd P, duge xac dinh trong cong thuc:

_ P
P ==

Thay s6 vao ta dugc:

P, = 85241?3 =0,409(MPa)

Py, = (0,34 + 0.45) Mpa
5) Tinh nhiét d6 cudi quéa trinh gian no T:
Nhiét d6 cudi qua trinh gian né dugc tinh theo cong thuc:

T 25253
b~ s = g 2171 =1556,4(K)

Kiém nghiém nhiét do khi sot T.:
biéu kién:

AT, <10%T.

m-1 15-1
T T(P) n =1556,4.(——— 0411)15 =1000(K)

AT, 1000-900
T, 1000

r

=10%
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V. Tinh todn cdc thong so chu trinh céng tic:

1) ap suét chi thi trung binh P, :

Vi dong co Xiang ap suat chi thi trung binh pi' duogc xac dinh theo cong thtc:

=t Aty a1y

Ce-1 -1 g%-1 n-17 gh-l

Trong do:
P, = Pp,.&"

Trong d6 A 1a hé sb tang ap : P, =A.p,

=P g5
== p. 161
Thay s vao cong thirc trén ta dugc:
‘ 8,2"* | 3,38 1 1 1
- =0,09.= ’ 1- - 1- =0,932(MN / m?
P 8,2—1{1, 23—1( 8,244 —1) 1,37—1( 8, 2+% —l)} ( )

2) Ap suat chi thi trung binh thyc té p;:

Do ¢6 sy sai khac giita tinh toan va thuc té do d6 ta c6 ap suét chi thi trung binh
trong thuc té duoc xac dinh theo cong thic:

D = P9y
Vi g = 0,97
Thay s vao cong thirc trén ta dugc:

p. =0,932.0,97 = 0,904(MPa)

3) Hiéu suat chi thi 7,
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Ta c6 cong thirc xac dinh hiéu suit chi thi:

_8314M,RT, 83140,450.0,904300
"o R 439600,1.0,836

4) Hiéu suat c6 ich 7,

Chon hiéu suat co giéi: 77,, = 0,887

Ta c6 cong thirc xac dinh hiéu suat c6 ich 77, duoc xac dinh theo céng thic:
Me =My 11

Thay s6 vao cong thire trén ta duoc:

1, =0,887.0,0,28 =0, 248

5) Ap suat c6 ich trung binh P,:

Ta c6 cong thiac xac dinh &p suat co ich trung binh thuc té dugce xac dinh theo
cong thirc:

b, =7 P =0,887.0,904 =0,802(MPa)
6) Suat tiéu hao nhién liéu chi thi J;:

Ta c6 cong thirc xac dinh suat tiéu hao nhién liéu chi thi ;:

o - 3600 3600
' Q.. 43960.0,28

=0,273(Kg / Kw.h)

8) Suat tiéu hao nhién liéu g,:

Ta c6 cong thirc xac dinh suat tiéu hao nhién liéu tinh toan Ia:
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Vay thay sb vao ta duoc:

0,273

=0,31(Kg / KW.h
0,887 (Kg )

9.
7 C-KET CAU PONG CO:
1) Kiém nghiém duong kinh xy lanh D theo cdng thuc:
Ta c6 thé tich cong tac tinh toan duoc xac dinh theo cong thic:

N..30.7
p,.1.n

V, =

Vay thay s6 vao ta dugc:

v = 00304 4 q550)
0,802.4.2400

Ta c6 cong thirc kiém nghiém duong kinh xy lanh Dy, :

Dkn = %
.S

Thay s6 vao ta duoc:

~ [4.0,935
kn 3,14.1

=1,09(dm) =109(mm)

D-DUNG PO THI CONG P-V:
1)Xac dinh cac diém dac biét ctia d6 thi cong

e Diém a: cudi qua trinh nap, ap suat P, thé tich V,
v =995 a0im?)
g1 82-1

V,= Vp+ V= 0,935 + 0,130 = 1,065 (dm°)
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e Piém ¢ : cudi qua trinh nén
P.=1,61 (MP,)
V. = 0,130 (dm®)

e DIém z: cubi qua trinh chay
P, =5,45 (MP,)
V, = V= 0,130 (dm®)

e Piémb : diém cudi qua trinh gidn nd
P, = 0,409 (MP,)
V= V, = 1,065 (dm°)

e Piémr : cudi hanh trinh xa
P, =0,11 (MP,)
V, = V= 0,130 (dm°)

2)Dung dudng cong nén:

Trong hanh trinh nén khi trong xi lanh bi nén véi chi s6 da bién trung binh n, =
1,37 tr phuong trinh :

PV"=P, V. =const
Py Vin 12 ap suét va thé tich tai 1 diém bat ky trén duong cong nén

Vo) 1065
P =P 2| 20,0022
Y v

Xxn xn

Bﬁng cach cho gia tri Vy, chay tor V, dén Vv, , budc nhay phu thudc vao goc quay
truc khuy o =95 [do] theo cong thirc :

V, =Fx= ﬁ.Rs.Kuﬂ—[Cos(a) +%.Cos(/3)ﬂ

vei Sin(B) = A.Sin(a)

Thong sb két ciu, chon 4 =0,29
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3)Dung duong cong gian no:

Trong qua trinh gidn nd, khi chay gidn nd theo chi s6 gian né da bién n,=1,23 tir
phuong trinh

P,V,* =BV, = const

Pug» Vg 12 dp suét va thé tich tai 1 diém bat ky trén duong cong nén

v ) 130}~
P, =Pt | =545/ ==
ng Vxn

Bﬁng cach cho gia tri Vy, chay tir V, dén V, , budc nhay phy thudc vao gbc quay
truc khuy & =95 [do] theo cong thirc :

V,, =Fx= ﬁ.RS.KlJr %) —(Cos(a) +%-C05(ﬂ)ﬂ

Véi Sin(B) = ASin(a)

Thong s6 két cdu 4 =0,29

4)hiéu dinh db thi céng P-V:

Céac diém dic biét trén dd thi:

Gia tri

Ky hiéu [do] Ap suit [Mpa]
GO6c/diém danh Itra sébm c' 20 1.1178
Go6c/diém mé xupap nap r' 25 0.11
Go6c/diém déng xupap nap a' 45 0.0907
Go6c/diém md xupap thai b' 55 0.45
Go6c/diém déng xupap thai r 30 0.09
Goc/ diém ap suit cuwc dai trwde hiéu
chinh z 5.45

z' 4.63
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z" 4.63
c" 2.6
b" 0.25

PHAN 2: TINH TOAN DONG HOC, PONG LUC HQOC CO CAU PISTON-
KHUYU TRUC- THANH TRUYEN.
A-DONG LUC HOC.

Céc khéi luong chuyén dong tinh tién:
Khoi lwgng nhom piston M, dwoc cho trong sé li¢u ban dau cia dé bai la:
m,, =15(g/cm?)
Khéi lugng quy vé dau nho thanh truyeén:
m, =0,3m, =0,3.20 = 6(g/ cm?)

Viy ta xac dinh dwoc khdi lwong chuyén dong tinh tién cia co cau truc khuyu
thanh truyén:

m=m, +m, =15+6=21(g/cm’)

1) Luyc quan tinh:

Luc quan tinh cua khdi lugng chuyén dong tinh tién:
P, =m,.j=m; R’ (cosa+Acos(2.z))
2 2
m, =m.(z.R)’ = 21.10.(7.0.0545%) = 1,96kg

Vi thong s6 két cAu A =0,29 ; R=54,5 mm ; ®=251,3 va & <[0;720°]
2) Lyc khi thé Py.
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Ta tién hanh khai trién d6 thi cong P-V thanh d6 thi p, = f (@) dé thuan tién cho

viéc tinh toan sau nay.

3) Xac dinh lyc py = f ().

Ta tién hanh v& d6 thi pe=f(a) bing cach ta cong hai d6 thi la do thi
p,=f(a)vaddthi p,=f(a)

4) Xac dinh lyc tiép tuyén, luc phép tuyén va luc ngang N:

T sin(a+ )
- cosp
__cos(a+p)

£=Ps cos
N = py.tag(p)

Trong d6 goc lic cua thanh truyén g duoc xac dinh theo goc quay . cua truc
theo biéu thtrc sau:

sin B =A.sinx

6) Chuyén vi piston x

X = [(1—cos(a))+%-(1—003(2-0‘))}

véi a €[0;2z] ; 1=0,29

7)Téc dd piston V,,

V, = Ra)(sin (a)+§sin (2a)j
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voi a €[0;27] ; 1=0,29
R=54,5 (mm) : w=2513(rad /s)
8)Gia tdc piston J b
J, =R’ (cos(a)+A.cos(a))
Véi ae[0,27] ; 4=0,29

R=54.5 (mm) ; ®=2513(rad / s)



