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Panh gid nh hudng clia hé s tn that khi dong
qua xu-pap nap, thai dén cac théng s6 van hanh
c0a dong co Hyundai 2.5TCI-A

¥ Ths. TRAN TRONG TUAN - Truong Dgi hoc Cong nghé Giao thong vén tdi
® ThS. KHONG VAN NGUYEN; TS. TRAN ANH TRUNG - Truding Dai hoc Bdch khoa Ho N6i

B PGS. TS. NGUYEN HOANG VO - Hoc vién Ky thudt Quan sy

TOM TAT: Hign nay, viéc tinh toan chu trinh cong
tac (CTCT) cia dbng co ddt trong thudng su dung
cac phan mém mé phéng (PMMP) chuyén dung
nhu Diesel RK, GT - Power, AVL - Boost.. D& ddm
bdo @6 chinh xac cia méd hinh mé phdng, can xac
dinh ddy dd cdc¢ thong sé dau vao va didu kign
bién Hé sé 1dn thit khi déng qua cac xu-pap nap
- thai 1a mét trong nhing théng sé dau vao quan
trong, anh hudng iruc hép dén két qud mé phdng
CTCT. Hé s6 18n that nay thuong duoc xac dinh
béng hai cach: Lay theo mic dinh clia PMMP hoac
xac dinh bing thuc nghiém 83 bao trinh bay cac
két qua thuc nghiém xac dinh hé sé 13n that nap -
th&iva danh @i anh hudng cua hé sé tén thit dén
cac thang s8 van hanh cla déng co diesel Hyundai
2.5TCI-A.

TU KHOA: Tén thét khi déng, chu trinh céng tac,
2.5TCI-A, mé hinh mé phdng.

ABSTRACT: Nowadays, the calculation of work
cycle (CTCT) of inlernal combushion engines usually
use specialized sirmulation software such as RK, GT
- Power, AVL - Boost To ensure accuracy of the
simulation model, 1t is necessary to fully determine
the input parameters and boundary conditions
The flow coefficients of intake and exhaust valve
is one of the important input parameters that
directly affect the results of the simulahon. The flow
coefficient of intake and exhaust valve 1s usually
deterrmined 1n fwo ways: Use default parameter in
sofware or determination by experient. This arficle
presents the results of expenment research on the
determination of the flow coefficients of intake and
exhaust valve and the impact factor of the 2.5TCI-A
diesel engine performance index

KEYWORDS: Flow coefficients, calculahon of work
cycle, 2 5TCI-A, model simulation

1. DAT VAN DE

Hiéu suat cua qua trinh nap, thai anh hudng 16n
dén qua trinh hinh thanh hén hop va chay théng qua dé
3nh huong tryc tiép dén cac thong sé van hanh, chi tiéu
kinh té, moi trudng cua déng co. Dé danh gié t8n that
vé mat khf déng trén 8uding nap - thai ngudi ta dua ra
hé s8 tén that khi dong ctia dong méi chat di qua céc
hé théng trén. C6 nhidu yéu t6 dnh hudng d@én hé s tén
that nap - tha, trong @6 két cau xu-pap va dudng éng
nap - thi trén ndp xi-lanh |2 yéu t6 ¢6 téc ddng Idn nhat.
Khi tinh toan CTCT cua ddng co béng PMMP ngudi ding
¢6 thé sir dung hé s6 1on that khi déng qua xu-pap theo
méc dinh ca phin mém, viéc ndy sé 13m gidm thai gian
mé phdng ma van dat duoc db tin cay, dé chinh xac nhat
dinh. Tuy nhién, & nhimg dong co thé hé méi, cac thong
6 diéu khién duoc ECU kiém soét chit ché, do do khi co
su thay ddi vé luu lugng khi nap - thi sé dan dén su thay
d6i vé luong nhién lieu phun (do ECU @iéu khién) va kéo
theo cac thong s6 van hanh ctia dong co.

Bé thir do ton that khi dong duoc stir dung nhiéu
trong cac nghién clu nang cao hiéu suat cua 8dng co dot
trong bing phuong phap hoan thién két cdu cic dudng
nap - thai. Bé thi tn that ¢4 kha nang do cac thong sé
khi ddng nhtt; Van td¢ dong khi, hé s tén that, mic a6
chdy rSi, mic d6 chénh léch dp suat... [14) cva khong khi
khi di qua cac thiEt bi nhu: Két 1am mat khi nap, cla nap -
thai, bé loc gio, budm gio, bo x(r iy khi thai. ..

Baj bao trinh bay két qua nghién clu thuc nghiém
xac dinh hé s tdn that khi déng qua xu-pap nap - thai
clia déng co diesel kiéu Common Rail Hyundai 2.5 TCI-A.
Két qué thir nghiém 1a thong sé dau vao cho viéc mé hinh
mo phéng CTCT cua dong ¢o trén phan mém AVL-Boost.

2.TRANG THIET BI THUC NGHIEM

Qua trinh thi nghiém do hé s tdn that khi dong
duoc thuc hién tai Phong Thi nghiém Bong co a8t trong
-Vién CokhiDéng luc - Truding Dar hoc Bach khoa Ha Néi.
S50 d6 nguyén ly v& hinh dnh thic té cac trang thiét bi
duoac trinh bay trén Hinh 2.1 (14).
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1 - Hudng dong khi véo, 2 - Thanh diéu chink; 3 - Bubng kin; 4,7 -
Nhigt k&: 5 - Bom khi: & - Bu6ng do; 8 - Tam tiét luu;
9 - Ap k& ki€u nghiéng; 10 - Ap k& chi U: 11 - Xrlanh gid,
12 - B8 a5 thiét bj do; 13 - Nip méy; 14 - Xu-pdp.
Hinh 2.1: So d6 nguyén Iy (a) va hinh 3nh thiét bj do
16n that khi dong qua xu-pap (b)

Luu tugng khi qua xu-pap nap - thai dugc xac dinh
nhu sau: N3p may vai 83y du co cau phdi khi Gugc gé 1ip
<8 dinh trén bé cla thiét bj do (Hinh 2.1). Thiét bi cap khéng
khi s& day khong khi tir ngoai méi trudng vao budng thir
théng qua cifa s6 1 hodc nguoc lai (tly thudc vao viéc thir
<ho xu-pdp nap hay thai); luu Iuong khi qua xu-pap dugc
1a0 ra va duy tA 6n dinh nh bom khi s6 (5), bom nay dugc
thidt ké dé c6 thé ddo chiéu ddng khi thy thudc vio viec
thir cho xu-pap nap hay thai {khi thd xu-pap nap bom sé
hit vao, khi thi( cho xu-pap thai bam sé ddy ra). Trong qua
trinh do phai diéu chinh tam tiét luu (8) va thanh diéu chinh
$6 (2) dé ddm bao 36 chénh 3p trudic va sau xu-pp ludn 13
hang s6 (254 mmH,0) (14). Hé s6 tén thit luu luong qua
xu-pap duac xac dinh theo cong thuc [14):

4,

S AT m

Trong d6:V,, - Luu lugng thé tich clia khong khi vao/
ra bé thu |m/s];

v -Vdn toc dong khong khi vao/ra hé théng {m/s);

D - Budng kinh dé xu-pap nap/thai [mmj;

F-Sé xu-pap nap/thai trén 1 xi-lanh(chidc).

ang thic (1) dugc st dung @8 xac dinh cho ca xu-
iap va thai, vi vay cac dai lugng co chirvao” duoc st

dung dé mé ta dang khi di vao khi thi xu-pap nap, d
Iugng ¢é chd “ra” dugc sif dung @€ mé ta dong khi di
khi thif xu-pap thai.

Trong qué trinh thir nghiém 8¢ nang clia xu-pap nap
thai dugc xdc Ginh bing d6ng hd so gan trén ndp mé;
(Hinh 2.1b). Co cdu truyén d6ng xich duoc st dung nhén
dan dong tryc cam. Goc quay cua truc cam tuong Ung vé
ting gié tri dé nang cia xu-pap trén dong hé so dugc x&
dinh bing déng hé do géc (vdi dia chia db gin ¢6 dinh lér
n&p may v kim hién thi géc duoc gan trén dau truc cam).

3. KET QUA THU NGHIEM

Két qua xac dinh dién bién d6 nang xu-pap nap
théi, luu lugng va hé 56 tn that trén duding nap - thai cu:
d6ng co 2.5TCI-A duoc the hién trén Hinh 3.1 va Bang 3.1
Trong d6, hé sG tén that xac dinh béng thuc nghiém duo
ky hiéu “TN" hé 56 t6n that xac dinh dya trén mic dint
ctia phan mém Boost dugc ky hiéu “mdc dinh’, ta thay:

00 mangxupapimen]

Luralurrng ki [12/5)

3o

Fox

J 06 n3ng xupsp [mam|

a3} - Dién bién d ndng xu pdp
b) - Lww huung qus xu-pap
¢} - Hé s6 t8n thit khi dong
- Dién bién dj nang xu-pdp; b - HE S8 ton thit nap/thar
Hinh 3.1: K&t qud dién bién 8§ nang xu-pap
va hé S5 t6n that trén dudng nap - thal
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Bing 3.1. K&t qua xdc dinh cac théng 6 cba xu-pap nap/thal

8 | Ponvi | Glat

GQIK_| 838 |
Gawk | sys
| cark | 240 |

| p T em | 273
Ls Budng kinh d€ xu-pép thar [om | 237 |

Luu lugng In nhat qua xu-pap nap - thai cua dong
co diesel 2.5TCI-A 1an luct 13 28.17 va 37.21 I/s. D6 nang
Ién nhat cUa xu-pap nap - thai lan lugt 12 8.37 va 8.88. He
3 tdn that luu lugng lan nhét cta xu-pap nap - thai 1an
luot ta 0.518 va 0.701. Hinh dang dudng dién bién ton
that khi @dng trén duding nap - thai khi thir nghiém trén
bé thirtdn that khi dong déng dang véi duding mac dinh
dugc khuyén cdo trong AVL - Boost. Hé s6 tén that qua
Xu-pap gitra thif nghiém va méac dinh khi 3¢ nang xu-pdp
g muc nhd hodc xu-pdp m& gan nhu hoan toan ¢o su sal
khac nhau khong nhiéu. Tuy nhién, khi xu-pap md & muc
trung binh (tir 4 + 8mm) thi mutc d6 sai khac nay lai ¢6 xu
huéng tang manh va dat gia tri 1on nhat tai do m& 7mm
1an lugt 18 20.37% déi v6i xu-pap nap va 12.86% ddi véi
xu-pap thai. Diéu ndy c6 thé dugc gidi thich khi xu-pap
md nho hodc md gan nhu hoan toan thi dnh hudng cua
hé 56 tiét luu qua khe hep dén Juu lugng clia dong khi
ta khong nhiéu, déng théi dong chdy 6n dinh hon, tuy
nhién tai nhing vi tri md trung binh hé s6 tiét luu nay
anh hudng 1dn dén hé s6 ton that va muc d chay r6i
clia dong khi, @iéu nay lam dnh hudng truc ti€p dén hé
56 t6n that.

4. DANH GIA ANH HUGNG CUA HE SO TON THAT
KHI DONG TREN BUONG NAP - THAI DEN CAC THONG
56 CONG TAC CUA DONG CO 2.5TCI-A

4.1. Cd s& tinh toan qua trinh trao ddi chit qua
cifa nap - thai trong phan mém AVL-Boost

Téc d6 dong khi tai cifa nap va thai duoc tinh theo
cong thic viét cho dong chay dang entropy c6 ké dén
hé s can dong duoc quyét dinh bdi dudng kinh hong.
Ti phuong trinh bao toan nang lugng viét cho dong on
dinh tai miéng hit ta c6 phuang trinh xéc dinh téc dé
dong khi nap, thai [14):
(2)
% -T6c do dong khi; A - Dién tich tiét dién
luu théng; P, - Ap sudt trudc mueng hat; T,, - Nhigt d6
truéc miéng hut, R,- Hang s6chatkhi;y -He so luu lugng.

Dién tich luu thong 6 thé duoc xéc dinh thong qua
cong thuc sau:
(4)

Trong d6: m,, - He 56 t3n that tai cla nap va thai; d_ -
Duang kinh trong dé xu-pap. o )

Qua céc cong thic (2) va (3) 6 thé thdy hé sé tén
that tai cia nap va thai (m ) dnh hudng tryc tiép aén téc

33 dong khi nap va thai di trén duang 6ng. Hé s6 m, phy
thudc vao dé nang xu-pap va dugc xac dinh trén mot
trang thdi 8n @inh clta ddng cong chat.

4.2. K&t qua danh gia anh hudng cia hé sé tén
that khi d9ng trén duang nap/thai dén cac théng sé
cdng tac ciia déng co

Ma hinh mé phdng CTCT ctia dng ca 2.5 TCI-A trén
phan mém AVL - Boost dudc trinh bay trén Hinh 4.1 [8].
Céc thong s6 dau vao clia mé hinh bao gém: Thong sd
két cau (dugc xac dinh bing tailiéu ky thuat [12,13) va do
truc tiép tir ddng co). Cac thdng sé vé ap suat khitang ap,
ap sudt phun, s6 1an phun, luong nhién liéu cung cap cho
mét chu trinh... dugc trinh bay chi tiét trong céng trinh
[6.7]. M6 hinh sau khi lap dugc hiéu chinh theo dién bién
ap sudt bén trong xi-lanh, N, g, & ché do dinh muc a3
dugc trinh bay trong c6ng trinh (8].

€1 = €4 - Xr-lanh; TC1 - Tuabin-mdy nén: €01, COZ - BG lam mét khi
n@p va khi EGR: SB1, SB2 - Diu kién bién du véo v ra;
MP1 - MP18 - Cic phan tu diém do
Hinh 4.1: Mé hinh mé phdng déng co 2.5TCI-A

Tién hanh chay mé hinh mé phong & hai ché d6 la s
dung hé s6 t3n that qua xu-pap nap - thai da do truc tiép
trén bé thir thn that va sir dung dudng tén that qua xu-
pap theo méc dinh cba phan mém tai ché d 100% tai &toc
a6 1000 dén 3500 (vg/ph). K&t qud so sénh cac thang s6 N,
g, Iuu lugng khong khi (G,,) va hé s A/F trong hai truang
hop trén dudc trinh bay trén Hinh 4.2, trong 86 cac théng s6
duoc tinh toan trén Boost khi sir dung dudng 18n that thir
nghiém va mac dinh lan luot duoc ky hiéu 13 "TN" va “mic
dinh”; cac théng s6 thir nghiém khi ddng ¢o 1am viéc trén
bang duoc ky hidu 13 "ths nghiém dong cd; ta théy:

e (kW]
go [k h|

1000 1500 2000 %0 3000 3500
n lvg/eh)

3) - K6t qu Ne v ge
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—e— G _TN

= & = Gkk_Boost
- = Gik_thiy dong cor
120 g N

- = AfF_Boost

Gkk [gis)
g

1000 1500 2000 2500 3000 3500
n [va/ph)

b)- Ké1 qua G, va A/F
Hinh 4.2: K&t qué dénh gis théng s6'N,, g,, G, v AJF khi st dung
m, khac nhau

Khi sir dung hé s6 ton that xac dinh trén bé thd va
dudang mic dinh cia phan mém két qua vé Ne va ge cla
86ng & ché @6 100% tai khdng ¢6 sy khac nhau nhiéu
50 véi két qud thir nghiém khi dong ca 13m viéc trén bé
thu, Tuy nhién, d8i vai luu lugng khi nap c6 su sai khac
16n gitra két qua tinh toan 1y thuyét (st dung dudng tén
that thif nghiém, mac dinh) va két qua thit nghiém trén
bé thir dong co tai viing td¢ @6 8ong co vugt qua diém
c6 md-men 16n nhat (2500 vg/ph) do & nhimg ché 86
téc do cao, tai cao dp sudt khi sau tang &p 1dn luu luong
khi nap |n chi can c6 sy thay dgi nho vé m_ cling sé dan
dén sy thay dai ldn vé luu lugng, su sai khac lon nhat tai
100% tai & 3500 (vg/ph) khi so sanh G, tinh toan trén
Boost s dung dudng tan that thir nghiém so véi dudng
mac dinh 13 5.1%.

K&t qua so sénh sai 6 kin nhét khi xac dinh G, gilia
tinh toan ly thuyét str dung duéng tén that thuc nghiém
50 véi két qua xac dinh khi chay thir nghiém khi tha déng
g trén bé 13 9.75% tai 3500 vg/ph, cung sai s6 trén khi
50 sanh gilia tinh todn ly thuyét sir dung dudng ton that
mac dinh va két qua xac dinh khi thir 8ong ¢o trén bang
13 17.48%. Diéu nay cho thdy viéc s dung duding tén that
do béng thuc nghiém s& cho két qua xac dinh G, chinh
x3c hon so vdi viéc s dung dudng mac dinh. Két qua xac
dinh G, gilra tinh toan ly thuy&t va thuc nghigm c6 sy sai
khac 16n nhu trén 6 thé duoc gidi thich do dudng tén
that do béng thuc nghiém chua xét duoc dnh hudng cia
nhiét d6, khéi lugng néng cta dong khi khi ddng co lam
viéc, khi nhiét 86 dong khi thay d6i sé anh hudng @én
khéi luang riéng va Iuu luong khdi lugng cta méi chat
nap/thai.

5. KET LUAN

Bai bao da trinh by cac co sd ly thuyét nham danh
gid anh huéng cda hé s6 m dén luuluong khong khi nap
vao xi-lanh, thdng qua @6 anh hudng dén cac théng sé
ginh t€, nang luong clia déng co.
Da nghién ctiu co s& ly thuyét, cdc trang thiét bi,
0 0 ga va cac thiét b phu trg nhim xéc dinh dién
6 ndng xu-pap, hé s6 1on that luu lugng theo do

nang xu-pap két qua thu nghiém |3 thong s8 d3u vao
cho viéc xdy dung mé hinh danh gia dnh hudng clia
m, @én thong s6 kinh té, nang lugng cta dodng ¢a trén
phdn mém AVL - Boost;

94 nghién cu dudc anh hudng cua m, dén Ne,
ge, G,, va ty s6 A/F clia dong co. Két qué cho thdy viéc
str dung hé s6 m, méc dinh s& khong c6 sy sai khac
nhiéu vé Ne, g, cua dong co & ché dd 100% tai so vdi
viéc sir dung m, thyc nghiém. Tuy nhién, @6 sai khac
vé G, <6 thé |én dén 5.1% khi so sénh gilfa viéc tinh
toan si dyng duding tén that mac dinh va duding tén
that thuc nghiém, diéu nay ldm anh hudng dén hé s§
A/F cba dong co khi mo phong. Két qua so sanh G
gila tinh toan ly thuyét va thi nghiém khi dong co lam
viéc trén bé cho thdy sir dung dudng tén that xéc dinh
bang thuc nghiém c6 dd chinh xac cao han so vdi khi
sir dung dudng tén that mac dinh.
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