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TOM TAT: Khi tinh todn chu trinh céng tic (CTCT) cia dong co diesel phun nhién liéu diéu
khién dién tir kiéu CommonRail (CR) trong phan mém mé phong chuyén dung AVL-Boost thi viéc
liwa chon diing mé hinh chdy va cdc tham sé twong img ciia né c¢é y nghia rdat quan trong. M6 hinh
chay két hop véi quy ludt cung cap nhién liéu sé cho phép xdc dinh duwoc chi tiét quy ludt chdy va
toc do téa nhiét khi chéy. Bai bdo trinh bay két qua hiéu chinh cdc tham sé trong mé hinh chdy cia
déng co diesel Huyndai D4CB 2.5 TCI-A (ding hé thong phun kiéu CR, tang dp tuabin khi thai
kiéu VGT c6 lam mat khi tiang dp, sie dung tuan hoan khi thai EGR c6 lam mdt khi tuan hoan ...)
trong phan mém AVL-Boost dwa theo két qud thie nghiém do dién bién dp sudt trong xi lanh.
Ngoai viéc lya chon dwoc mé hinh va bg thong s6 ctia mé hinh phu hop cho doi twong nghién curu,
két qua thu dwoc con gip danh gid tdc dong cia cdc tham sé ciia mé hinh chdy dén dién bién cdc
quy ludt nhiét dong trong xi lanh dong co diesel.

TU KHOA: M6 hinh chdy Double Vibe, M6 hinh chdy AVL-MCC, Péng co diesel D4CB 2.5TCI-
A; phan mém AVL-Boost, mé phéng chu trinh cong tdc.

ABSTRACT: When calculating the working-cycle of the CommonRail diesel engine in the AVL-
Boost simulation software, the selection of the correct combustion model and their parameters is
very important. Combustion model combined with the fuel injection characteristic will allow to
identify detailed burning rate and heat release rate in cylinder. This paper presents results of
selection and calibration combustion model (Double Vibe, AVL-MCC) of Hyundai D4CB 2.5 TCI-
A diesel engine (4-cylinder in-line, CommonRail CP3 fuel injection system, VGT exhaust
turbocharger with intercooler, ERG ...) in AVL-Boost software based on experimental results of in-
cylinder pressure.

KEYWORDS: Working cycle, Double Vibe combustion model, AVL-MCC combustion model,
D4CB 2.5TCI-A diesel engine, AVL-Boost.

1. PAT VAN DE

Hién nay cac dong co diesel thé hé méi duoc diéu khién bé‘mg ECU va duoc tich hop
rat nhiéu cong nghé hién dai nhu: hé thong phun nhién lidu diéu khién dién tir kiéu CR (véi
ap sudt phun rat cao va khong phu thudc vao téc d6 dong co; s 1an, thoi diém va luong
phun va cé thé thay ddi rat linh hoat cho cac muc dich khac nhau), hé théng tang &p tua bin
khi thai kiéu VGT c6 lam mat khi ting ap (cho phép ting cong suit dong co, ting kha nang
dap mg ciia dong co, giam nhiét d6 khi ting ap....), hé théng tuan hoan khi thai EGR c6
lam mat khi tudn hoan (giam mtrc phat thai NOx) vi vay khi mo phong CTCT cua nhing
dong co nay trén phan mém chuyén dung can lya chon duge mé hinh chy phan anh day
du nhit cac dic diém cong nghé ndi trén.
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Trong diéu kién hién nay cua nuoc ta dé thuc hién duoc cac thi nghi¢m chuyén sau lién
quan dén qua trinh chay cua dong co ddt trong 1a rat kho khan do nhitng han ché vé mit
trang thiét bi, kinh phi... vi vy viéc sitr dung phan mém mé phong nham tinh toan CTCT,
du doan trude su thay doi cia cac thong sb theo cac yéu td anh hudng khac nhau ¢ y khoa
hoc va giam chi phi cho qué trinh nghién curu.

Bai b4o trinh bay cac két qua nghién ciru 1y thuyét nham xay dung bo thong sd hiéu
chinh cac tham sb trong mé hinh chay MCC cta dong co diesel D4CB 2.5TCI-A trén phan
mém AVL-Boost. Két qua cua nghién ctru phuc vu truc tiép cho viéc xay dung va hi¢u
chinh mé hinh dong co trén phin mém AVL-Boost.
2.CO SO LY THUYET CUA MO HINH CHAY MCG, [9]

Trong phin mém Boost st dung md hinh chay hoa tron c6 kiém soat (Mixing
Controlled Combustion) (MCC) [6,7] nham phuc vu cho viéc du doan cac dic diém qua
trinh chay cta dong co chay do nén phun nhién liéu truc tiép. Mo hinh nay xem xét anh
huong cta qua trinh chay do hoa tron truée (PMC) va chay khuéch tan (MCC) kiém soat
qua trinh chay. Phuong trinh tinh toan can bang nhiét nhu sau:

thotaI _ dQMCC i dQPMC (27)

da da da

Qua trinh chay hoa trgn cé kiem soat

Trong qua trinh nay mirc do toa nhiét 1a ham cia lugng nhién liéu phun vao xilanh (fy)
va nang luong dong nang mat d¢ van dong (f2)

d(g_r;cc = Ceom- f1 (Mg, Quec)- 2 (k,V) (2.8)
voi
(M Quce) = (M~ 2H2) (W i) = (29)
LCV
Jk
fa(k,V) —CRate-W (2.10)
trong do
Qmcc Luong téa nhiét cho qua trinh d6t chay hoa tron c6 kiém soat [kI]
Ceomb Hé sb ciia qua trinh chay [kJ/kg/deg]
Crate Hé sb hoa tron [s]
k Mat d6 cua nang luong van dong xody 1bc  [m%/s?]
me Khdi lugng nhién liéu bay hoi [kq]
LCV Nhiét tri thip cta nhién liéu [kI/kg]
\Y Thé tich xilanh [m]
o Goc quay tryc khuyu [D3]
Woxygen.available Ty I¢ khoi lugng oxy (ca luong nap vao va luong EGR) tai thoi

diém bat dau phun.

Phuong trinh bdo toan dong ning ciia dong tia phun
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Luogng dong ning truyén cho ting xilanh duoc xac dinh thong qua luong nhién liéu
phun vao xilanh. Tham s6 vé tan nhiét duoc coi 13 ty 1¢ thuan vé6i nang luong cip vao.

Nang lugong dong nang (TKE) dugc tinh toan nhu sau:

d% =0.5.m. w2 —Cp. By, (2.11)
k= CurEi (2.12)
mF,I (1+ iDiff mstoich)
trong do
Exin Ning luong dong ning déi  [J]
Crum Tham s6 ning lugng van dong réi trong xilanh [-]
Chiss Tham s tan nhiét (cho stra d6i [J%%/s]; cho mic dinh [1/s])
me Khéi lugng nhién liéu phun vao xilanh [ko]
v Van téc phun v = Me [m/s]
Pr-Ha

[I7N Tiét dién luu thong c6 ich cta 16 voi phun [mz]
o)z Do nhét cua nhién liéu [kg/m]
n Téc do dong co [rpm]
Mstoich Khéi lugng can bang héa hoc ciia khi nap méi [ka/kg]
Apiff Ty 1& du lugng khong khi dé dot chay khuéch tan  [-]
t Thoi gian [s]

3. THUC NGHIEM XAC PINH DIEN BIEN AP SUAT BEN TRONG XILANH
PONG CO HUYNDAI D4CB 2.5 TCI-A

Qua trinh thir nghiém dugc thuc hién tai Phong thir dong co nhiéu xi lanh, Vién Co khi
bong luc, Pai hoc Bach Khoa Ha Noi. So dd bd tri va hinh anh thuc té céac trang thiét bi
phuc vu qua trinh thtr nghiém dugc thé hién nhu trén Hinh 2, 3.

J;F Puong nudc
f‘ lam mat CB

AVL QC33C

Voi phun % Day dan

tin hiéu

\

Hinh 1. So d6 lép dit cam bién do ap sudt thuc trong xi lanh (AVL QC33C)

Dé xac dinh dién bién peyi, sir dung cam bién ap sut (kiéu ap dién) AVL QC33C (duoc
lam mét bang nudc), co dai do tir 0 dén 200 bar [4]. Cam bién ap suit duoc lip vao 16
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khoan tai vi tr lip buji sdy ctia xi lanh thtr nhét (so d6 lap dat dugc trinh bay trén Hinh 1).
Trong qua trinh lam viéc, cam bién QC33C két hop v6i Encoder 364C (budc 0,5 do goc
quay truc khuyu - GQTK) dé x4c dinh gia tri Pey O ting thoi diém tuong ung. Tin hiéu Peyl
va tin hiéu GQTK duoc ghi nhan béi thiét bi AVL Indiset 620.

<
PUMA
E —;
I -
AVL 7338 Cable Boom FEM —{s K57
|
AVL 553 AVL 733 Oscilloscopes G-Scan
. Q
— ECU 3
D4CB 25 TCL-A VL Throttle
Lo APA 204/E/0934 zll_‘{ Indiset 620 pedal

T~ =

Hinh 2. So d6 b tri cac trang thiét bi thir nghiém [4,5]
APA 204/E/0934 - phanh thir; AVL 553 - hé thong kiém sodt nhiét do nwée lam mat;

AVL 753 - hé thong kiém sodt nhiét @6 nhién liéu; AVL 7338 - thiét bi do lwong nhién liéu
tiéu thu; PUMA - hé théng tir ddng héa thiét bi do va bé thir; Cable Boom - hép néi cdp tin
hiéu tir cic cam bién; FEM - bé chuyén déi tin hiéu; K57 - bang diéu khién; Oscilloscopes
- mady hién séng; ECU - bg diéu khién dién tr ciia dong co D4CB; Throttle pedal - ban dap
chdn ga ciia déng co;; G-Scan - thiét bi chan dodn theo chudn OBD-II; AVL Indiset 620 -

hé thong chuyén dung ghi nhdn dit liéu trong xi lanh; PC - mdy tinh.

. \

Hinh 3. Hinh anh thuc té cia cac trang thiét bi thir nghiém

Céc két qua chi tiét vé dién bién ap sudt bén trong xilanh khi thir nghiém dugc trinh bay

trong cong trinh [4,5], dién bién ap suat & ché do 3500 tai cac gia tri tai khac nhau dugc
trinh bay trén Hinh 4.
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4. XAY DUNG MO HINH MO PHONG PONG CO 2.5TCI-A

Dong co diesel 2.5TCI-A 1a dong co 4 ky, 4 xy lanh b tri 1 hang, phun nhién li€u truc
tiép, ting ap bang tua bin khi thai VGT c6 lam mat khi tang ap, sir dung hé thong tuan
hoan khi thai EGR ¢6 lam mat khi thai tudn hoan. Hé thong phun diesel kiéu CR ctia dong
co nay dung bom cao ap kiéu CP1H v&i 4p suat phun 16n nhét 1a 1600 bar, [4,5]. M6 hinh
dong co 1ap trong phan mém AVL-Boost duoc trinh bay trén Hinh 5.

Cac phﬁn tir chinh cta mo6 hinh gém: 04 phén tor xilanh ky hi¢u tor C1 dén C4; bo
tuabin-may nén TC1; bo lam mat khi nap mdi va lam mat khi EGR ky hiéu CO1 va CO2;
diéu kién bién dau vao va ra: SB1 va SB2; b loc khi nap CL1; cac doan dng duoc danh sb
tir 1 dén 43; cac phan tir diém do duoc ky hiéu tir MP1 dén M18.

Thong s6 dau vao chinh ciia mé hinh gém: cic thong sb két cau (duwoc xac dinh bang
cach do truc tiép tir dong co), thong sé vé luong khi nap, ap suat khi ting ap, ap suit phun,
lugng nhién li€u cung cép cho mot chu trinh... dugc xac dinh trén bang thu dong co da
duogc trinh bay trong cong trinh [4].

Mo hinh sau khi duge lap s& dugc hiéu chinh theo dwdng dic tinh ngoai dong thoi Pyl
tai ché d6 100% & vong quay 3500 (vg/ph) khi mé phong s& duoc so sanh va hiéu chinh
v6i dién bién 4p suét thyc trong xi lanh dugc do bang thyc nghiém trén bang thir dong co
dd duogc trinh bay trong coéng trinh [5]. Hinh anh chay mo hinh trén phin mém AVL -
Boost dugc trinh bay trén Hinh 6.

BOOST - TCIA an1_09 7 15 (Modified) - 1000_rpm of Case Set 1 3 BOOST - TCIAlan1_09 7_15 (Modified) - 1000_rpm of Case Set 1
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4. HIEU CHINH CAC THAM SO TRONG MO HINH CHAY MCC DUA TREN
DIEN BIEN AP SUAT THU'C TRONG XI LANH

Két qua danh gia anh huéng cia tham sb trong mé hinh MCC dén dién bién 4p suit
trong xilanh dugc trinh bay trén Hinh 7
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Hinh 7. Anh hwéng ciia cac tham sé trong mé hinh MCC dén Doyl

Can ctr vao két qua trén c6 thé thdy hé sé cua qué trinh chay (Ceomp) anh huong dén do
16n va thoi diém dat P,. Khi tang hé $6 Ceomp S& tang Pz va thoi diém dat P; c6 xu hudng xa
DCT hon diéu nay co thé duoc gidi thich do khi tang Ceomp s€ 1am tang tde do téa nhiét
trong giai doan chdy khuéch tan didu nay s& lam tang nhiét d6 va ap sut cuc dai trong
xilanh. Thong qua két qua mo phong ¢ thé chon Ceomp=0.6 khi d6 duong dién bién ap suat
trong xilanh khi mo phong bam sat voi thuc nghiém nhét, (Hinh 6-a).

Hé $8 Curp diic trung cho muc do van dong r6i cia hdn hop moi chét cong tac bén trong
xilanh tai thoi diém phun nhién liéu vao xilanh qua d6 anh huéng dén dong niang va muc
d6 phén ra chum tia phun. Hé s6 Cyp anh huong dén do 16n va thoi diém dat P,. Khi ting
hé s6 Cump & ting P, va thoi diém dat P, co xu huéng xa DCT hon do khi ting Cyyp 1am
tang muc do van dong xoay ldc trong xilanh thong qua d6 1am ting kha ning phén ri cta
chum tia phun, ting 46 déng déu va chat luong cta hdn hop chay sé& cai thién qua trinh
chay din dén su tang cua P;. Viéc luya chon gid tri cia Cyyp phu thudc vao nhiéu yéu to
nhu: ddc diém hé thong cung cép nhién lidu, quy ludt cung cp nhién liéu, hinh dang budng
chay, nhiét d va ap suat khi tang ap...Qua cac két qua mo phong & trén c6 thé chon hé sb
Cuwrp=1, (Hinh 6-b).

Hé s6 Cpmc dac trung cho qua trinh chay ¢ giai doan hoa tron trudc. Cpmc Kkét hop voi
lwong nhién lidu phun vao trong giai doan chiy do hoa trén trudc s& quyét dinh dén tong
lwong nhiét cap vao cho qua trinh chay & giai doan nay. Khi ting Cpyc dong nghia véi viée
lwong nhiét cap vao cho giai doan chay do hoa tron trudc s& ting ma lugng phun va thoi
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gian dién ra qu4 trinh chay nay 1a khong ddi 1am cho qua trinh chay & giai doan nay dién ra

véi toe do nhanh hon tao diéu kién tot cho qué trinh chay khuéch tan dién ra vi vay s€ lam

ting gia tri P, tuy nhién thoi diém dat Pz ¢6 xu hudng gan DCT hon do. Cin ctr vao két

qua tinh toan trén c6 thé chon hé s6 Cpmc=0.8, (Hinh 6-c).

7. Két luan — hwéng phat trién

- Phan mém AVL-Boost c6 kha ning mé phong chu trinh cong tac ciia dong co diesel
thé hé méi c6 nhitng dic diém cong nghé hién dai nhu: phun nhién liéu diéu khién dién tu,
c6 hé théng EGR va lam mat khi EGR, tuabin kiéu VGT....

- M6 hinh ddng co 2.5TCI-A da duoc lap va hi€u chinh theo dién bién ap suét thuc
trong xi lanh c6 dd chinh xac cao vi vay co thé su dung mod hinh trén phuc vu cho cac
nghién ciru tiép theo lién quan dén dong co 2.5TCI-A.

- Trong khuon kho ctia bai bao da trinh bay duoc bd thong sé nham hiéu chinh mé hinh
chay ctia dong co 2.5TCI-A khi hoat dong & mot ché d6. Nham hoan thién hon nita mé
hinh m6 phdéng dong co diesel Hyundai D4CB 2.5TCI-A noéi chung va mo6 hinh chay noi
riéng trong thoi gian t6i tac gia can xdy dung bo thong s6 hiéu chinh mé hinh chay.
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