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UNG DUNG PHAN MEM AUL - BOOST MO PHONG TANG AP
CHO DONG CO D243

APPLYING AVL_BOOST TO SIMULATE DIESEL ENGINE
TO BE RETROFITTED BY TURBOCHARGER

(*) NGUYEN DUY VINH
KHONG VU QUANG
PHAM MINH TUAN

(**) NGUYEN TIEN HAN

TOM TAT

Tang cong sudt, giam tiéu hao nhién liéu va cac thanh phan khi thai déc hai cho dong co dét trong (DCDT)
la mot trong nhiing théach thic Ién déi véi nganh cong nghiép 6t6. Tang ép cho DCOT c6 thé dugc coi la mot
trong nhiing bién phap hiéu quéa dé gidi quyét cac van dé trén. Hién nay, hau hét cac déng co diesel san xuat
tai cdc nudc cé nén cong nghiép 6t6 hién dai déu dugc trang bi hé théng tang p. Trong khi d6 dong co diesel
khéng tang ap van con dang dugc st dung kha phé bién trén cac phuong tién vén tai tai Viét Nam, day cé thé
la mot trong nhiing nguyén nhén chinh dan dén hiéu qua khai thac thip dong co diesel tai Viét nam. Do vay,
tang ap cho cac dong dong ca nay la gidi phap can thiét trong giai doan hién nay. Bai bdo nay sé trinh bay két
qua nghién clu tang ap cho déng co D243 bang phan mém AVL_BOOST. K&t qua nghién cliu ctia dé taila co
s& quan trong cho viéc tinh ki€ém nghiém cac co cdu va hé théng clia ddng co diesel sau khi tang ap.

ABSTRACT

Increasing power and decreasing fuel consumption is one of the most challenging of the internal
combustion engine. The supercharger is an effect and popular method to solve this problem. Nowadays,
in the world, almost diesel engines are retrofitted supercharger systems. However, in Vietham the non-
supercharged diesel engine is very popular. In this research, we modeled diesel engine without supercharger
and supercharged engine by the AVL_BOOST software. In those models, we estimated the ability supercharger
for this engine and the other diesel engine without supercharger in Viet Nam. The result of this rearch is basic
for the testing some the conveniences and systems of D243 engine after supercharging.

1. GIOI THIEU trién cac cong nghé mdi trong nganh cong nghi¢p 6to.
. N Cho dén nay phuong phap ting ap bang tuabin may nén
Cac van d¢ nhur 6 nhim méi trudmg, hi¢u Wng  cho dong co dét trong (DCPT) vin duoc coi 13 gidi

nha kinh, can kict nguon nhle‘n licu hoa thach la7nhu’ng phap hiéu qua nhat trong viéc ting cong suat, hiéu suat,
thach thirc 16m va cling la ngudn dong luc thuc day phat giam phat thai ddc hai ciia PCDT ma céc nha sin xudt

) Trovmg Dai hoo Bach Khoa F NGi dong co hang du thé gidi vAn dang rét quan tAm va

(**) Trwong Dai hoc Cong nghiép Ha Noi ap dung [1]. Cung véi xu hudng phat trién chung cua
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nganh cong nghiép 6t6 thé gidi, trong thoi gian qua,
cac nha nghién ciru ché tao PCDT tai Viét Nam ciing
da bat dau dé cap dén van dé ting ap bang tuabin may
nén cho dong co diesel. Tuy nhién tir trudc dén nay, van
chua c6 dé tai nghién ciu nao thuc su dugc thuc hién
mot cach bai ban do vay kha nang tmg dung con nhiéu
han ché [2]. Trong khi d6 mét lwong lén dong co diesel
khéng tang ap van tiép tuc dang duoc sir dung kha ph
bién & Viét Nam. Do vay, nghién ctru cai tién ting ap
cho nhitng dong dong co nay la cap thiét va co y nghia
thue tién cao.

Trong nghién curu nay, nhom tac gia da ung dung
phin mém AVL BOOST dé mé phong ting ap cho
dong co diesel D243. Két qua nghién ciru ctia dé tai sé
14 co s quan trong trong tinh kiém nghiém cac co cu
va hé thong cua dong co diesel sau khi duoc tang ap.
Ngoai ra cac két qua nay con 1a co so dé danh gia kha
ning ting ap bang tuabin may nén cho dong co diesel
dang lIvu hanh ¢ Viét Nam.

2. MO PHONG DPQNG CO D243 BANG
PHAN MEM AVL_BOOST

2.1. Co s6 Iy thuyét phin mém AVL._BOOST
2.1.1. Phuwong trinh nhiét dong hoc 1

Dinh luat nhiét dong hoc 1 dugc str dung trong
phan mém AVL BOOST thé hién mdi quan hé
gifta su bién thién noi ning hay enthalpy vdi su
bién thién cta nhiét va cong, duoc trinh bay trong
phuong trinh 1]3].

dmpp
dou

dona) __ 4V Oy < dQy
do dou

dt < da (M)

Trong do, m_ la khéi lwong méi chit bén trong
xylanh, u la né1 nang, p_la ap sudt bén trong xylanh,
V 1a thé tich xylanh, O, 1a nhi¢t lugng cua nhién liéu
cung cap, Q,, lanhiét lwong ton that cho thanh vach, 7,
1a tri s6 enthalpy, m,1a lwong lot khi, va o la goc quay
truc khuyu.

2.1.2. M6 hinh chady

Phan mém AVL _BOOST su dung mé hinh chay
AVL MCC cho viéc du doan cac chi tiéu cua qua trinh
chay trong nhiing déng co phun nhién lidu truc tiép va

tu chay. Qua trinh giai phong nhiét duoc xac dinh boi
viéc diéu chinh chit lwong nhién liéu va mat do chuyén
dong rbi, thé hién trong phuong trinh 2.

d
%ZCMM 'fl(MF°Q)'f2(k’V) (2)
VO’I fi(M[';Q) = MF _ij‘vafz(ki V) = exp(Cmte'%)

. trong d6 C,,_ 1a m6 hinh khéng déi [kJ/kg °TK], -
la hang so toc d6 hoa trén [s], £ la mét d6 cua dong ning
chuyén dong cuc bd [m*/s’], M, 1a khéi luong nhién
liéu phun [kg], LCV 1a nhiét tri thap [kJ/kg], O 1a su toa
nhiét tich Ity [kJ], V1 thé tich xylanh tirc thoi [m?], ¢
la goc quay truc khuyu [°TK].

2.1.3. M6 hinh truyén nhiét

Qua trinh truyén nhiét tir trong budng chay qua
thanh xylanh va ra ngoai dugc tinh toan dwa vao phuong
trinh truyén nhiét sau 3 [4].

Qwi :Ai "0 (Tc _Twz') 3

Trong d6 O, la nhiét luong truyén cho thanh
xylanh, piston, ndp may, 4 1a dién tich truyén nhiét
piston, xylanh, nip may, o, la h¢ s6 truyén nhiét, T la
nhiét d6 moi chat trong xylanh, 7 . 1a nhi¢t do thanh
vach. Dé xac dinh hé s6 truyén nhiét trong phuong trinh
3 i véi dong co diesel, m6 hinh Woschni 1978 thuong
duoc sir dung dé tinh [5].

v,.T
+C,—2-4

el ¢l

a,=130.0" p T8 [C e

(pc - pc,O )]0’8 (4)

m

Trong d6 C,=2.28 +0,308.c /cm, C,=0,00324 dbi
v6i dong co phun truc ti€p, D 1a duong kinh xylanh, e,
la toc d6 trung binh cua piston, ‘cu 1a toc do quay, @ =
.D.n /60, V, 1a thé tich cong tac, p_la ap sudt mi chit,
p..,1aap suat khi troi, 7 1a nhiét do cudi qué trinh nap,
p, laap suat cudi qua trinh nap

2.2. Xdy dwng mé hinh dong co D243

2.2.1. Théng sé va ddc tinh kj thuat dong co
D243

Dong co D243 1a dong co diesel 4 ky, cong suat
thiét ké 80 ma luc & s6 vong quay 2200v/ph. Hién nay,
dong co D243 dang dugc str dung kha pho bién trong
nhiéu linh vuc & Viét Nam. Cac thong s6 k¥ thudt cua
dong co D243 duoc thé hién trong Bang 1.
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Bang 1: Thong s0 ky thuat dong co D243

TT Théng s/ ki hiéu Gia tri | Pon vi
1 | Thi tu cong tac 1__32_ -
2 | Thé tich cong tac (V,) 475 | dm’
3 | Puong kinh xylanh (D) 110 mm
4 |Hanh trinh piston (S) 125 mm
5 | Ty s6 nén (g) 16,4 -
6 |Cong suat dinh muc (N__ ) 80 | Mi luc
7 | Toc do quay tmg voiN_ 2200 | v/ph
8 |Mb6 mem xoan lénnhat (M, )| 280 | Nm
9 |Goc phun som (@) 25+27 | °TK

Dic tinh va thong s6 dau vao cho md hinh dong
co dugc xac dinh trén co s& cac thuc nghiém tai Phong
thi nghiém Dong co dét trong (PTN DCDT). Cac két
qua dugc thé hién trong Bang 2. Két qua nay s& 1a co so

danh gia tinh tin cay cia m6 hinh.

Bang 2: Thong s6 do tai PTN BPCDT

n, (v/ph) N, (kW) G, (g/cycle)
1000 31,38 0,066
1400 45,87 0,074
1600 51,89 0,073
1800 57,03 0,070
2000 56,18 0,061
2200 56,09 0,055

2.2.2. Xdy dung mé hinh trong phin mém AVI,_

BOOST

M6 hinh dong co dugc xay dung trén co s¢ dong
co D243 thuc té, cac phan tir ciing nhu cac thong 50
cua mo hinh dwoc xac dinh tu thuc nghiém. Bang 3
va 4 thé hién cac phan t va cac thong s6 cho mo

hinh.

Bang 3: Cac phan tir trong md hinh

TT Tén phin tir Ky hiéu
1 |PhAn tir diéu kién bién SB
2 |Phan tir binh 6n ap PL
3 |Phan ti xylanh C
4 |Phan tir can R
5 | Phén tir diém do MP
6 |Phan ti loc khi Gl
7 |Phan ti ting ap TC
8 |Phan tir van xa WG
9 | Phan tir lam mat khi ting ap CL
Bang 4: Thong s6 chinh nhap cho mo hinh
T Théng s6 nhip Gia tri
1 |Toc d6 dong co n (v/ph) 1200+2200
2 | Ap sudt méi truong p (bar) 1
3 |Nhiét d6 méi truong t (°C) 25
4 | Chu ky tinh 50
5 | Luong nhién li¢u chu trinh (g/cyc) | 0,055+0,074
6 |Budc xuat két qua 1
7 | Nhiét tri thap Q (kJ/kgnl) 42800
8 |TyleA/F 14,7
9 | M6 hinh chay AVL MCC
10 |Loai dong co 4 ky
11 | Tha ty nd 1-3-4-2
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M6 hinh déng co D243 sau khi xay dung hoan
thién trong phdn mém AVL BOOST duoc thé hién
trong Hinh 1.

PL1
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b
Hinh 1: M6 hinh dong co D243, a — khong tang ap,
b —tang ap

3. KET QUA VA THAO LUAN

3.1. B tin cdy ciia moé hinh

Hinh 2 thé hién két qua m6 phong va thuc nghiém
cua dong co D243 khong ting ap. Két qua cho thay
duong dic tinh cong suat va tidu hao nhién liéu gitta
md phong va thuc nghiém 1a kha twong dong. Sai
1éch 16n nhat vé cong suat 1a 5,2% tai n = 2200v/ph,
tiéu hao nhién liéu 1a 15,2% tai n = 1600v/ph. Su sai
1éch nay co thé do cac nguyén nhan, nhu sai s6 phép
do trong thuc nghiém hay mét sb gia thiét moé phong
trong md hinh chua phu hop véi thuc nghiém. Tuy
nhién véi cac két qua nay da thé hién tinh tin ciy cua
md hinh. Do viy mé hinh co thé phat trién thanh mo
hinh déng co D243 ting ap dé phuc vu cho cac budc
nghién ctru tiép theo.
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Hinh 2: Dac tinh céng suit va tiéu hao nhién liéu ctia thuc nghiém
va m6 phong

3.2. Khd ndng tang dp ciia dong co D243
3.2.1. Ddc tinh cong sudt va sudt tiéu hao nhién liéu

Dac tinh cong suit va tiéu hao nhién liéu cua dong
co D243 khong ting ap va co ting ap duoc thé hién
trong Hinh 3.
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Hinh 3: D4c tinh cng sut va tiéu hao nhién liéu cia déng co
trude va sau khi tang ap

Két qua mb phong cho thiy sau khi ting ap cong
suat ctia dong co tang ddng thoi sudt sudt tiéu hao nhién
liéu ciing giam. Cu thé tai ché d6 n, = 1000v/ph cong
suat tang 1én 30,4%, suat ti€u hao nhién li¢u giam 9,4%,
con tain, = 1600v/ph cong suat tang 1én 29,5% va suét
thi€u hao nhién liéu giam 3,5%, trong khi tai ché do
toc d6 dinh mtc n & = 2200v/ph cong suat tang 1én toi
49.5% va tiéu hao nhiét liéu chi giam 2,1%. Két qua
trén cho théy tinh kinh té dat duoc & ché d6 toc do thép,
con tinh hiéu qua dat duoc o ché d6 tc do cao, cu thé
tai toc d6 dinh mirc ciia dong co. Nhur vy ca tinh kinh
té va hidu qua ctia dong co sau khi tang ap di dwoc cai
thién dang ké.

3.2.2. Thanh phén khi thdi dpc hai

Luong phat thai doc hai trong m6 hinh dong co
D243 trudc va sau khi ting ap dwoc thé hién trong hinh
4 5vao6.

& Nox-KTA

B Nox-TA

NOx (ppm)

1000 1400 1600 1800

n (v/ph)

2000 2200

Hinh 4: Phat thai NOx trugc va sau khi tang ap
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Hinh 5: Phat thai CO trude va sau khi tang ap

_ ®Soot-KTA

b
h

ESoot- TA
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Soot (g/kW.h)

1600 1800
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2000 2200
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Hinh 6: Phat thai Soot trudc va sau khi tang ap

Két qua mo phong cho thiy sau khi ting ap thanh
phan phat thai thay dbi rat 16n. Trén Hinh 4 cho thay
dong co D243 tang ap co6 luong phat thai NOx 16n hon
dong co D243 khong ting ap, chénh léch 16n nhat 1a
tai toc d6 vong quay 2200v/ph 1én dén 80.8%, day la
nhuoc diém chinh cua dong co diesel sau khi ting ap.
Hién tuong nay c6 thé giai thich 1a do dong co tang

“ap ¢6 nhiét do qua trinh chay cao hon di tao didu kién
dé hinh thanh NO, trong qua trinh chay. Do vay thong
thuong dong co diesel khi ting ap ma mudn dam bao
tiéu chuén v& phat thai NO, thuong can ap dung cac
bién phap giam phat thai NOx.

Hinh 5 cho théy lugng CO phat thai cua dong co
D243 ting ap thip hon nhiéu so véi déng co D243
khéng tang 4p. Cu thé tai ché do n, = 2200v/ph thi
luong CO giam 37,6%, con tai n, = 1000v/ph thi luong
CO giam 31,7%. Nguyén nhén la do dong co duoc ting
ap thi qua trinh chay co6 nhiét d6 va ap suat cao hon so
v61 dong co khong tang ap, mat khac do s dung cum
tuabin may nén nén luong khong khi vao xylanh nhiéu
hon dong nghia vdi lwong 0, sé nhiéu nén lam giam
thanh phan phat thai CO.

Hinh 6 thé hién sau khi déng co ting ap thanh
phan phat thai Soot ciing giam. Cu thé & ché d6 .
= 2200v/ph luong Soot giam 60.8%, con tai i, =
1000v/ph luong Soot giam 65,2%. Nguyén nhan
luong Soot giam la do khi ta ting ap di lam ap suat
va nhi¢t do. qua trinh chay tang cao hon giup phan
huy hét cic mudi than hinh thanh trong qua trinh
chay, ngoai ra do tang ap dd lam cho dong khi nap
chuyén dong xoay 1éc cao nén thuc hién qua trinh
quét khi duoc tot hon.

4. KET LUAN

Trén co s& cac két qua nghién ctu, phan tich va
danh gia kha nang ting ap cua dong co D243, c6 cac
két luan sau:

- Xay dung thanh céng mé hinh dong co D243 co
va khong co ting 4p trén phan mém AVL, BOOST.

- Déc tinh cong suét va tiéu hao nhién liéu cua
dong co D243 sau khi ting ap bang tuabin may nén
dd duoc cai thién kha 13. O ché d6 téc d6 dinh muc
cong suat tang 49,5%, con ¢ ché do tde do thap tiéu hao
nhién liéu giam td1 9,4%.

- Cac thanh phan phat thai CO, Soot cta dong co
D243 sau khi ting 4p duoc cai thién kha nhidu, tai ché do
toc do thap phat thai Soot giam 61 65,2%., con & ché do toc
d6 cao phat thai CO giam 37,6%. Tuy nhién, thanh phan
phat thai NO,, ting cao tdi 80,8% & ché db toc do cao. Do
vay sau khi ting 4p can phai ap dung cac giai phap giam
NO, dé dam bao phat thai NO,, dat tiéu chuan.

- K&t qua 1a budc dau dé danh gia kha nang ting
ap cho cac dong co diesel dang luu hanh tai Viét Nam,
vala co s dé tinh kiém nghiém cac co cAu va hé théng
cua dong co khi tang ap cho dong co <
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