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MO PHONG CUM TANG AP TUA BIN MAY NEN TRANG BI CHO
PONG CO DIESEL D1146TIS

Lé Anh Tuén
Vién Co Khi Bong Luc, Pai hoc Bach Khoa Ha Noi

TOM TAT: Bai bdo trinh bay két qua mé phong cum ting dp tua bin - mdy nén trong
lién hop tua bin - mdy nén - dong co dot trong trén phan mém mé phong mét chiéu AVL-
BOOST. Két qua mé phong da chi ra rang cum tua bin may nén cia Hang Garrett trang bi
cho dong co D1146TIS hoan toan dép vmg yéu cau ting dp cao cho déng co nay. Ving lam
viéc cia dong co ¢ duwong ddc tinh ngodi dam bdo khong roi vao vung bom cua mdy nén va
luén nam & ving cé hiéu sudt cao ciia mdy nén. Ngodi ra, két qud nghién ciru con cho thdy
mét cach tre quan viéc phéi hop giita cum tang dp tua bin - mdy nén véi dong co dot trong -
co ¢ quan trong dé dwa ra ché dg van hanh hiéu qua cao nhdt cho dong co tang dp. Pady la
mét phan trong chiong trinh phéi hop nghién ciu phdt trién dong co diesel ting dp cao
DI1146TIS giita truong Pai hoc Bdch khoa Ha Noi va Tong cong ty Mdy déng lwc va mdy
nong nghiép.

Tir khéa: Tang dp tua bin - mdy nén, van xd, mé phéng bang AVL-Boost, chu trinh cong
tdac dong co.

1. MO PAU

Nham dép tmg nhu cdu dong co cho xe tai ciia Tong cong ty May dong lyc va may nong
nghi¢p, dong co D1146TIS, mot dong co diesel, 6 xilanh, ting &p cao, phat trién tir dong co
D1146TI (tang ap trung binh, do Han Qudc ché tao) dugc nghién ctru va ché thir [3].

Muc tiéu chinh cta viéc nghién ctru 1a nang cong suat dong co D1146TI tir 131 kW & 2300
v/ph 1én 177 kW ¢ 2300 v/ph, tuong duong voi cong suat ctia mot dong co ting dp dong gam
DEOSTIS ctia Han Qudc. Dong co sau khi ting cong sudt duoc dit tén 1a D1146TIS.

Qué trinh phat trién mau dong co D1146TIS bao gdm cac budc co ban sau:
- Nghién ctru dong co D1146TI,
- Tinh toan lya chon bd tang ap tua bin khi,

- Mb phong dong co DI1146TIS trén cac phan mém AVL-Boost, AVL-Tycon,
AVL-Excite,
- Ché tao mot s6 bod phéan, lép rap va thir nghiém danh gia dong co téng thanh.

Trong cic budc trén, md phong dong co & budce 3 ¢ vai trd hét sirc quan trong. Két qua
clia n6 1a co s¢ dé thiét ké cac két ciu phu hop va cung cip cac thong sé van hanh, didu chinh
t6i wu cho dong co thuc. Trong bai bao nay, két qua mé phong lién hop dong co ddt trong, tua
bin may nén trén phan mém AVL-Boost duoc thé hién. Trong d6 ndi dung mo phong trén mod
hinh hoan chinh cym ting 4p tua bin may nén va phdi hop giita cum ting ndy véi dong co
duogc dac biét chu trong.

Dbi twong nghién ctru chinh dwgc trinh bay trong bai bio nay 1a cum ting ap tua bin may
nén ciia Hang Garrett. Tuy nhién, qua trinh mé phong dugc tién hanh trén co sé lién hop dong
co dbt trong va cum tua bin may nén vi hai dbi twong nay 1a khong thé tach 101 va luén bb tro,
anh hudng 1an nhau. Lugng khong khi do may nén cung cap cung nhu ap suét va nhiét do cua
n6 1 nhimg thong s6 co s& va quan trong cua cac thong sb tinh ning k¥ thuat, kinh té cua
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dong co, trong khi dé, nang lugng khi xa thé hién qua 4p suat va nhiét d6 khi xa 1a nhimg
thong s6 quyét dinh téc d6 quay cua cum tua bin may nén, tirc 13 quyét dinh lwong khi do may
nén cung cip cho dong co.

Vi cum tang ap dugc lya chon 1a cum tang ap cao st dung tua bin bién ap, van x4 cua tua
bin vi thé 12 mot két cau khong thé thiéu. Trong pham vi nghién ctru nay, van xa dugc dong
thoi khao sat & cac ché d6 téc do khac nhau trén duong dac tinh ngoai cua dong co.

Bén canh dac tinh luu luong - ap suét ctia cum tua bin may nén dugc xem xét ti mi nham
dinh luong kha ning ting ap clia cum nay, cac van dé nay sinh khi phdi hop & cac ché d6 lam
viéc chuyén tiép (ché d6 thay dbi tai trong, tdc do) ciia dong co ciing duge dé cap nhim dinh
hudng ving lam viée t6i wru clia cum ting 4p tua bin, may nén nay.

2. MO PHONG CUM TUA BIN MAY NEN TREN AVL-BOOST
2.1. Co sé mo phong
O ché d6 1am viéc 6n dinh C}ia dong co, moé hinh dong co - tuabin - may nén dugc tinh
todn dua theo phuong trinh can bang nang luwong gitra tuabin va may nén.
P.=P, (1
O day cong suét tiéu thu cho may nén P, va cong sudt do tua bin cung cip P duoc xac
dinh thong qua Iuu lugng ctia dong moi chat qua may nén, tua bin va chénh I¢ch enthalpy &
clra vao va cura ra cia chung.
Cong suit tiéu thu cho may nén:
B =m . (h, —h) 2
m, : Luu lugng dong khi qua may nén
h;: Enthalpy tai cira vao may nén
h,: Enthalpy tai clra ra may nén.
Cong suat do tuabin cung cap:

PT = mr Tm.rc (h3 - h4) 3)

m; : Luu lugng khi xa qua tua bin

hs: Enthalpy tai ctra vao tuabin

h,: Enthalpy tai ctra ra tuabin

Nmrc: Hiéu sudt co gii cia cum tuabin may nén.

O ché do lam viéc chuyén tiép cua dong co thi dong hoc roto tuabin may nén phai dugc
xem xét vi toc d¢ tuabin may nén thay doi.

do 1 P -P
TC= T c (4)

dt I, o

wrc: Toc do tuabin may nén
Ir¢c: MO men quan tinh cua tuabin may nén.

O ché do nay, dong khi di qua tuabin, may nén cting khong 6 on dinh dan t6i su bién d6i lién
tuc hiéu suit ciia tuabin may nén. Dé giai quyét van dé nay phin mém AVL-Boost sir dung k¥
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thut gia dinh dong chay 6n dinh. Tai thoi diém tirc thoi, dong khi duoc coi nhu 1a dong 6n
dinh, thong qua do6 hiéu suat cia tuabin may nén duoc xac dinh [1].

Trong cum TB-MN kiéu xung, duong 6ng thai dugc thiét ké voi duong kinh nho dé tan
dung duoc xung lyc khi xa ké ca khi dong co lam viéc & ché do tai trong va tbc do thép. Tuy
nhién, khi dong co lam viéc o ché do tai trong 16n va tde do cao, dé giam tai cho tua bin, nguoi
ta st dung van xa (waste gate) dé thai bot khi thai ra ngoai [6].

Van x4 hoat dong thong qua mdt mang dan hdi dung ap suat ting ap 1am thong sb diéu
chinh (hinh 1). Ap suit ting 4p duoc dwa vao khoang 4p suét cao. Phia 4p suét thap duoc nbi
v6i mdi trudng. Néu chénh 1éch 4p sudt vuot qua mot gia tri nhat dinh, thé hién qua luc ép ban
dau cua 16 xo, thi van s& md va mot phan khi xa duoc thai ra ngoai ma khong di qua tua bin,
lam giam ning lugng cung cip cho tua bin, tirc 1a giam xung lyc khi xa tic dung 1én canh tua
bin .

1 Méi tnrimp,
Ap sudit ting ép
—
——
Déng khi théi Tdéi hi théng thai

—\ ,—
—
Hinh 1. Van xd ciia tuabin

Trén AVL-Boost, d6 nang tirc thdi ctia van xa dugc tinh toan thong qua chuyén dong cua
khéi luong tuong duong cta giam chan 16 xo. Ngoai ra, hé sb luu lwong ciia dong khi xa qua
van la mot trong nhing thong sé do ngudi dung xac dinh theo d6 nang cia van.

2.2. Xdy dung mé hinh trén phin mém AVL-BOOST

M6 hinh mé phong cum tua bin may nén lién hop voi dong co D1146TIS trén phan mém
AVL-Boost duoc thé hién trén hinh 2, trong d6 cum ting 4p tua bin-may nén duoc ky hiéu
TCI1, con van xa - WG1

Qua trinh mé phong duoc tién hanh theo dudng dic tinh ngoai ctia dong co. M6 hinh chay
vibe dugc lya chon dé tinh toan qua trinh chay. Qua trinh truyén nhiét duoc thé hién qua mo
hinh Woschnil978. Cum TB-MN duoc mé phong & dang day du (full model) trong dé van xa
duoc tinh dén nhu mot chi tiét lép trudce tua bin.

D6i voi mb hinh mé phong cum ting ap tua bin - may nén, tiéu chuan hoi tu quan trong
nhit 13 cong suat ciia may nén va cong suét cua tua bin bang nhau. Ngoai ra, mirc d6 6n dinh
ctia cac thong sb ap suat chi thi va ap sudt c6 ich trung binh & mdi ché d6 chay 6n dinh khi mé
phdéng dong co cling la nhiing chi ti€u hoi tu quan trong.

Pé dat duge yéu cAu hoi tu, sd bude lap can phai 16n. Thyc té chay chuong trinh cho théy,
s6 chu trinh lap dé dat duoc két qua hoi tu 1a 90 chu trinh, & mdt sb6 ché 0, sb chu trinh lap
phai st dung 1én t6i 200 chu trinh. Tuy nhién néu sb chu trinh 13p ting 1én thi thoi gian tinh s&
lau hon.

Thong thuong, néu gia tri didu kién dau cang chinh xéac thi sé budc lip s& giam xubng
dang ké.

2.3. Piéu kién bién va cac diéu kién dau
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Céc dir li€u chinh nhap cho mé hinh dong co dugc lyc chon dya trén co so cac thong )
chay khdo nghiém dong co trén bang thir ciia phong thi nghiém Dong co dot trong, Vién Co
khi dong luc, Truong PHBK Ha Noi bao gom [5].

Hinh 2. Mé hinh mé phong dong co D1146T1S

- Dit liéu cta phan diéu khién chung,
- Thong s6 cua cac phan tir trong mo hinh.

Trong d6, cac thong sb két cau dugc do dac tryc tiép. Hanh trinh nang cua xupap nap va
xupap xa dugc tinh toan thong qua s liéu bién dang cam dugc thiét ké trén phan mém AVL-
Tycon [5]. Cac thong s6 khac nhu nhiét do, ap suét ciia moi chét, cta thanh & ong, ton that luu
lugng cia dong khi di qua xupap nap, xupap xa...duoc lay tur so li€u kinh nghiém.

Céc thong s diéu kién bién quan trong nhit trong tng v6i cac ché do 1am viéc khac nhau
trén duong dac tinh ngoai ciia dong co bao gom [5]:

- Téc d6 quay cua dong co,
- Céac thong s6 thoi diém chay, thoi gian chay, luong nhién liéu cung cap, ty sb
tang ap va ton hao ap suat qua két lam mat khi tang ap...

Dic tinh ctia may nén va tua bin do hing Garrett cung cap dugc nhip vao phan mém tinh
toan ¢ dang bang so twong rng vai cac cheé dd toc dd khac nhau cua cum nay [2].

Mot s6 thong sb ctia van xa wastegate dugc thé hién trén bang 1.

Bang 1. Mot sb thong sb ciia van xa wastegate

TT Théng sb Gia tri Pon vi
1 Dién tich mang phia 4p suat cao 380 mm’
2 Dién tich mang phia ap suat thap 616 mm’

. 5 2

3 Dién tich mjt cat ngang van dong van 1200 mm
phia &p suat cao mé van 1257 mm?
4 Dién tich mit cit ngang van phia ap suat thip 1257 mm’
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5 Luc ban dau cua 10 xo 127 N

6 Ty 18 bién dang 16 xo 5,5 N/mm

7 D0 nang van cyc dai 5 mm
3. KET QUA VA THAO LUAN

Do tin cdy cua m6 hinh dugc danh gia thong qua cac thong s6 so sanh giita mo phong
(MP) va thyc nghiém (TN) cta cong sudt, mo men, suit tiéu hao nhién liéu thay dbi theo tc
d6 dong co & ché do toan tai (hinh 3).

Nhin chung, két qua moé phong phii hop voi thuc nghiém, tuy nhién & sb vong quay thap
cta dong co, do qua trinh m6 phong dya trén co s6 qua trinh hoa tron gitra nhién liéu va khong
khi 12 hoan hao nén suét tidu hao nhiéu liéu thé hién trén dd thi (duong ge MP) thap hon so
voi két qua thuc ngiém (duong ge_TN). Trén thuc t¢ qua trinh hoa tron nay 1a khong déu, dic
biét & tbc do thap, mot luong 16n nhién liéu khong tham gia vao qua trinh chay sinh céng nén
suat tiéu hao nhién liéu cao ma cong ; suat va mé men thap hon so voi két qua mo phong. Con ¢
tdc do 16n hon 2200 v/ph, do diéu tdc lam viéc, lwong nhién liéu cung cap cho dong co giam
lam cho cong sudt dong co giam nhanh chong. Pic tinh mé phong trong ving ndy ciing cho
két qua twong tng.

1000 : 5 T T 200
900 : 180
= 800 160
=8 600 - ——ge MPghWh] (& | 190
o =—oe TN [g/kWh] ‘ B
o0 500 —=Me MP[Nm] | 100 22
'E 400 - =-Me_TN [Nm] | + R0 %
rd 8- Ne MP [kW]
'Z 300 T 3 i Ne TN [KW] | NTRRESRE i 60
= 200 — 40
100 ! i 20
0 : : : 0
200 700 1200 1700 2200 2700

n [v/ph]
Hinh 3. Pudmg ddc tinh toan tdi mé phong va thuc nghiém ctia déng co
Dic tinh ciia may nén dugc phan mém AVL-Boost ngoai suy va xay dung thanh dic tinh
day du (hinh 4). Trén hinh nay, hiéu suat cuia may nén dugc bi€u di€n theo mirc d¢ ddm nhat
cua mau neén.
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Hinh 4. Ddc tinh ngodi ciia ddng co trong ddc tinh md phing
clia mdy nén

Hinh 4 con thé hién ving lam viéc tuong mg voi dudng dac tinh ngoa‘li cua dong co
(duong dam, gay khic). Tu day dé dang thdy rang, dong co lubn lam viéc ngoai vung bom cua
may nén. O ché do toan tai, hiéu suat mdy nén kha cao, dat tir 0,7 dén 0,8. Tc @6 dong co
tang, may nén cang co xu hudng tién vé phia c6 hiéu suét cao. T tbc do 2200 v/ph cua  dong
co, do diéu téc 1am viéc va do van xa mé 16n nén hiéu suit cia may nén giam 16n, ty sb ting
ap ciling giam manh. Tdc d9 clia cum tua bin méay nén thi thay doi trong khoang tir 52.000 v/ph
t6i gin 97.900 v/ph & duong dic tinh ngoai.

60 101000

99500

- 98000

+ 96500

95000

ebng sufit TB (P_TH) vd MN (P_MN)
16e dé quay cum TB-MN (n_t) [wph]

0 90 180 270 360 450 540 630 720
g6c quay trye truyu [dg]
[T="rMNw] —P_TB [kW] == tfyph]l |

Hinh 5. Khdo sdt bién thién cita cong sudt tua bin, may nén va tée d§ quay cum
niy trong mgt chu trink efing tée cita dfing co

Hinh 5 chi r6 trong mdt chu trinh cong tac cia dong co, cong sut cua tuabin va may nén
bién thién theo dién bién cac qua trinh cong tac (gia tri cong sudt ciia TB 16n khi tuong ung
v6i hanh trinh x4 cia mot xilanh nao d6, cong suét ciia may nén vi thé ciing thay doi theo
nhung chdm pha hon do thoi gian thich tng). Téc d6 ciia cum tua bin, may nén vi thé ciing
bién d6i theo, twong g voi dic tinh cong sut ciia may nén (P MN).
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Hinh 6. D¢ ndng cita van xd cum tuabin mdy nén ting dp xung theo géc quay
truc khuyu ciia déng co

Do nang cua van xa (wastegate) theo goc quay truc khuyu & cac toc d6 quay khac nhau cia
dong co dugc thé hién trén hinh 6.

Do van xa cua tuabin dugc ndi vao duong 6ng xa chung cia cac xilanh 4, 5 va 6 (nhu thé
hién trén hinh 2) nén d nang van s€ dat cuc dai 3 lan trong mot chu ky lam viéc cua dong co,
tuong ung voi qua trinh x4 cua cac xilanh nay.

Trén hinh 6 con thé hién rd nét van xa bat dau hoat dong & tde do 1600 v/ph. P§ nang cia
van dat gia tri lon ¢ tde d6 2000 v/ph va dat cuc dai & tde d6 2200 v/ph cua dong co.

2.0
1.8
1.6
1.4
12
1.0

! =+ Lambda [-]
[
i -#-vol. eff-amb [-] |

lambda [-], vol.eff-amb [-]

oo o9
R

0.0 . . |
200 700 1200 1700 2200 2700
n[v/ph]

Hinh 7. Putmg diic tinh hé 56 dw heong khéing khi (lambda) vé hé s6 nap tinh
theo diéu kign mdi trwdmg (vol.eff-amb.)
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Hinh 8. Bién thién 1y 56 téing ap (r), hiéu sudt mdy nén (Kta_MN), hiéu sudt
tua bin (Eta_TB) theo téc d6 quay déng co

Két qua md phong con cho thdy hé sé du lugng khong khi (lambda) va hé sé nap ctiia dong
co (vol.ef-amb) ting dan khi ting tbc d6 quay dong co, tuy nhién tir toc d6 1600 v/ph do van
x4 clia tua bin m&, mirc do tang khong khi nap vao xilanh giam nén hé sé nap va hé sb du
luong khong khi vi thé ciing bat dau giam nhe. Tir tc d6 quay 2200 v/ph cia dong co, do bd
diéu tdc 1am viéc nén luong nhién liéu giam nhanh dén t6i su tang vot lamda (hinh 7).

Ngoai ra, ty sb ting ap cua dong co tang dan tir s6 vong quay thip dén 2200 v/ph va dat
gia tri cyc dai la 2,29. Sau s6 vong quay nay, do van xa (waste gate) mo 1on ma ty so tang ap
giam xuong dang ké, dap ing yéu cau giam tai trong cho tuabm cua tang ap xung.

Hiéu suét ciia may nen bién thién theo tdc dd dong co gan voi quy ludt bién thién cua ty sd
tang ap; nhung hi¢u suit cta tua bin thi bién d6i khong theo quy luat, dat gia tri cyc dai 0,81 &
tbc d6 1200 v/ph cia dong co, sau d6 ¢ xu hudng giam dan khi ting téc d6 do ting murc bién
thién xung luc khi xa. Tir téc d6 1800 v/ph trd di, do van xa ciia tua bin md du 16n nén hiéu
sut cua tua bin dan tang 1&€n 1o rét (hinh 8).

Hiéu suét cta may nén thé hién trén hinh 8 cling phu hop véi hiéu suét duge thé hién trén
hinh 4.

4. KET LUAN VA HUONG PHAT TRIEN

M6 hinh m6 phong lién hop dong co D1146TIS va cum tang ap tua bin, mdy nén c6 tinh
hoi tu cao thé hién rd nét & cac két qua so sanh gitta md phong véi thuc nghiém.

Cum tua bin may nén trang bi cho dong co D1146TIS hoan toan dap tmg yéu cau tang ap
cao cho dong co nay. Vung lam viéc cua dong co & duong dac tinh ngoai dam bao khong roi
vao ving bom ctiia may nén va luén nim & Vﬁng ¢6 hiéu suét cao ciia may nén.

Cong suat cua tua bin, may nén va sé vong quay cua cum nay bién thién theo goc quay
truc khuyu trong mdi chu trinh 1am viéc cta dong co. Pudng déc tinh cong suat may nén va
tbc d6 quay ctia cum nay cham pha hon so v6i dic tinh cong suit cua tua bin.

Ty sb ting ap cia cua may nén dat gia tri cuc dai 2,29 & téc d6 2200 v/ph cua dong co.
Quy luat bién thién cua hi¢u suat may nén theo toc do quay dong co tuwong ty nhu quy luat
bién thién cua ty s6 ting ap, nhung hiéu suét tua bin thi thay ddi khong co quy ludt va dat gia
tri cuc dai & sb vong quay 1200 v/ph.

Hiéu suét ctia may nén thay d6i twong tmg v6i mirc do ting ap nhung hiéu suét tua bin c6
xu hudng giam khi ting téc do quay ciia dong co. Sau khi van xa md, hiéu suét cua tua bin
tang 1én ro rét theo d mé cua van xa.
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Van xa khi thyc sy hoat dong tur tdc do dong co 2000 v/ph o ché do toan tai da co tac dung
rat 16n trong viéc giam xung luc khi xa tac dung vao canh tua bin, dap Gng tinh ning lam viéc
cua dong co va cum tuabin - may nén.

Dé tai can duoc phat trién theo hudng nghién ctru tdi wu phuong phap b tri, kich thude
duong nap, duong thai cia dong co ting ap ciing nhu két hop voi cac phdn mém md phong
khac nham tiép tuc t6i wu hoa két cdu ciia dong co.

SIMULATION OF A TURBOCHARGING SYSTEM EQUIPPED FOR A
DIESEL ENGINE D1146TIS
Le Anh Tuan
Institute of Transportation Engineering, Ha Noi University of Technology

ABSTRACT: The paper presents simulated results of a turbocharging system in a
combination of turbine - compressor - IC. engine on one dimensional simulation software
AVL-BOOST. Findings of the research depict clearly that the turbocharger equipped for the
engine has met all requirements to have high boost pressure for this engine. The full load
curve of the engine is located out of the surge area and in the area of high efficiency of the
compressor’s map. Besides, findings of the research also virtually show the matching of the
turbochager and the engine — an important basis for operating the turbocharged engine with
highest efficiency. It is a part of the collaborative research activities on developing a new type
of high tuborcharged IC. diesel engine between Hanoi University of Technology (HUT) and
Vietnam Engine and Agricultural Machinary Corporation (VEAM).

Keywords: Turbocharger, waste gate, AVL-Boost simulation, engine cycle.
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