CONG NGHE

NGHIEN CUU QU{\ TRINH CH(\Y HCC
CUADONG CODOT TRONG BANG PHAN MEM AVL BOOST

STUDY ON HCCI COMBUSTION OF ENGINES INTERNAL COMBUSTION ENGINE BY AVL BOOST SOFTWARE

TOM TAT

Nghién cu chuyén doi dong co diesel truyén théng sang hoat dong theo
nguyén Iy chdy (HCCI). Nghién c(tu st dung nhién liéu n-heptan trén dong co diesel
5402 trén phan mém AVL-Boos. Dong ca chuyén ddi hoat dong on dinh tai ché 0 tc
d0 va tai thap tlr 1600vg/ph dén 2000vg/ph va 10% tai dén 20% tai. Két qua thong
s0 chi thi va cac phat thai ctia dng co HCCl véi dong co diesel nguyén ban ta thay
phat thdi NO,, HC, €0, clia ddng co HCCl thap hon nhiéu so véi dong co diesel do dong
o HCCl lam viéc trong viing nhiét dd thap nhd hon 2000K.

Tirkhéa: Chdy do nén hén hap déng nhdt (HCCI); mé phéng; n-heptane.

ABSTRACT

Studying the conversion from traditional diesel engines to operating
according to the combustion principle (HCCI). On the basis of research is using n-
heptane fuel on 5402 diesel engine on AVL-Boost software. The converter motor
operates stably at low speed and load mode from 1600rpm to 2000rpm and 10%
load to 20% load. The results of the indicator parameters and emissions of the
HCCl engine with the original diesel engine show that the NOx, HC, and (02
emissions of the HCCl engine are much lower than that of the diesel engine
because the HCCl engine works in the hot zone. low level less than 2000K.
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1. GIGI THIEU

Trong thap nién dau thé ky XXI, mét lugng I6n cac cong
trinh nghién ctu khoa hoc da dugc xuat ban lién quan dén
ung dung mo hinh chdy HCCI cho nhién liéu diesel va mé
hinh CAI (Control auto ignition - Tu chdy c6 diéu khién) cho
nhién liéu xang trén déng cc dét trong kiéu piston. Vai nam
gan day, nhiéu nha khoa hoc ciing da nghién ctru st dung
nhién liéu thay thé nhu DME, biodiesel, LPG, syngas, ethyl
acetate, ethanol,... trén dong o HCCI/CAI, tuy nhién chua
thuc su phd bién. Thuc té nguyén ly chay nay da dugc tng
dung trén dong co bau nhiét (2 ky va 4 ky) ti hon 100 nam
trudc. Trén dong co nay, dau hoa hoéc dau thé dugc phun
vao trong bau nhiét ngay ti dau qua trinh nén, hoan toan
du thaigian dé nhién liéu bay haoi va hoa trén véi khong khi.
Trong qué trinh khai dong, bau nhiét dugc sy néng trudc
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bang cach dung ngon lta dét tir bén ngoai. Sau khi khoi
dong, bau nhiét van gitr dugc nhiét nhd qua trinh chay
nhién liéu bén trong bau. Nhiét dé bau I6n dén ndi nhién
lieu bay hoi gan nhu ngay lap tuc khi ti€ép xic v&i bé mat
cla bau. Do hén hgp dugc hoa tron tir rat sém, nén cé thé
tao dugc hon hop déng nhat, két qua dan dén hén hagp tu
chay khipiston tién gan dén DCT.

Déi véi dong co xang st dung bd ché hoa khi, hién
tugng tu chay hon hgp déng nhat thudng xay ra sau khi
doéng co hoat dong mot thai gian & ché d6 tai I6n du bugi
khong con danh Ita do nhiét dé cac chi tiét rat cao va thoi
gian chay tré I6n khién hoa khi tu chay. Qua trinh con duoc
goi la “dieseling” do tinh chat giai doan nay giébng véi qua
trinh chay trén déng co diesel: chdy khéng can tia Ita dién.
Thuc té, nhitng nghién clu dau tién vé dong ca xang chay
theo nguyén ly HCCI/CAI tir ndm 1979 da thuc day cac nha
khoa hoc sau nay tiép tuc nghién cttu nham diéu khién qua
trinh chay khong dong déu giup cho qua trinh chay nghéo
trd nén én dinh hon.
2.QUY TRINH MO PHONG
2.1. Co's& ly thuyét

Nhiét lugng truyén qua thanh vach bao gém dinh
piston, ndp may, than may va xupap dugc tinh toan theo
cong thuc sau: Q,; = Ao (T - T,,)

Trong d6:

Qu: Nhiét lugng truyén qua thanh xy lanh;
A Dién tich bé mat truyén nhiét;

aw Hé s6 truyén nhiét;

T, Nhiét d6 moi chat chay trong xy lanh;
Toi Nhiét do thanh vach xy lanh.

Déi vai mé hinh chay HCCI, théng s6 dQF/da dugc tinh
toan nhu sau:
NspcGas

dQr

_= u;. MW,-(U!

da ZL;
Ty |& khéi lugng cla cac thanh phan dugc tinh nhu sau:

dWi
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Trong do:

Nspecas - SO phan tlr trong hon hop khi, [-];
MW- Khéi lugng mol ctia mbi phan t, [kg/kmol];
u - Nang lugng thanh phan ctia phan tu, [J/kg.K];

M6 hinh dong co AVL 5402 dugc xay dung trén phan
mém AVL Boost cho nghién ctru anh hudng cla ap suat va
nhiét do khi nap tuong tng trong hinh 1.

Bang 3. S0 lugng céc phan tlf st dung trong mé hinh

w - Ty |é khéi lugng clia méi phan td, [-]; L Tén cac phan ti Ky hiéu S6 lugng

p - Khéi lugng riéng cda hén hgp, [kg/m?]; 1 Xilanh a 1

w-T6c d6 phan tng clia mdi thanh phan, [kmol/m3s]. 2 Butng ong nap, thii - 12
2.2. Déi tugng mé phéng 3 Phan t{t bién S-+8 2

Bang 1. Thong s6 kj thuat clia dong co 4 Lockhi nap a 1
Théng s6 Gié tri 5 Lam mét @ 2
Tén dong co AVL 5402 6 Binh &n dp PL 2
Ki€u dong co 1xylanh, 4 ky 7 Piém do MP 4
Hanhtrlnh piston 90 mm ; Ap suat trong xy lanh ctia déng co HCCl dugc thé hién
D,ung t'l(h Xylanh 2107 cm trén hinh trén, tai ché dé t6c d6 nhé han 2400vg/ph va ché
Ty so nén 17,31 do tai nhé han 30% thi dién bién ap sudt 6n dinh, tai ché do
X Mg sém 16°TK téc d6 cao han 2400vg/ph va tai cao déng co HCCl ¢c6 xu

upap nap ) N , e oo e PRNS
Dong mudn 46°TK hudéng chdy sém, dp suat khong on dinh thay doi & tung
Xubap thai M@ s6m 53,5°TK ché g6 tai.
pap Dong mudn 16,5°TK

Poéng co mo phong la dong co nghién ciu mét xylanh
AVL 5402. Cac thong s6 ky thuat cla dong co dugc cho

trong bang 1.

Nhién liéu dugc st dung trong mé phdéng la n-heptane

vGi mot s tinh chat hda ly co ban nhu trong bang 2.

Bang 2. Tinh chat Iy héa cta nhién liéu

Tinh chat Gia tri

(6ng thic hod hoc n-GH,q

Khi lugng mol 100,16g/mol
Khoi lugng riéng 0,692g/ml
Nhiét tri thap 11,125Kcal/kg
Nhiét &n hda hoi 0,317MJ/kg
Tri s0 cetanne 56

He s6 A/F 15,132

2.3. M6 hinh mé phéng trong AVL Boost

Hinh 1. M@ hinh d6ng ca AVL 5402 khi Iap tua bin tang ap
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Hinh 2. Ché d6 toc d6 goc 1200vg/ph
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Hinh 3. Ché d6 toc d6 gc 2000vg/ph

S611.2021 e Tap san SINH VIEN NGHIEN CUU KHOAHOC | 111



CONG NGHE
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Hinh 4. Ché d6 t6c do goc 2800vg/ph

Nong dé NOx - HCCI (ppm)
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Hinh 5. Nong dd NO, - HCCl (ppm)
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Hinh 6. Nong dd NO, - diesel (ppm)

Hinh 2-6 thé hién phat thai NO, clia déng co diesel
nguyén ban va dong cc HCCI. Phat thai NO, cla dong co
HCCI thap hon so v6i dong co diesel rat nhiéu, tinh trung
binh tai ché do tai tir 10% dén 30% cho tat ca cac téc do ty
[é phat thai NO, clia ddng co nguyén ban cao hon déng co
HCCl Ian luct la 88, 454 va 348 lan. Nguyén nhan sdy ra phat
thai NO, clia ddng co HCCl thap hon rat nhiéu so véi déng
co diesel 1a do NO, hinh thanh trong diéu kién nhiét d6 cao
trong khi qua trinh chay HCCI xay ra hién tugng c6 nhiéu
tadm chay cung luc, diéu dé cé nghia la nhiét d6 cuc bo tai
cac diém chay sé thap hon so vé6i déng co diesel.
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Noéng dé PM - diesel (ppm)
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Hinh 7. Nong do PM - diesel (ppm)

Trong qua trinh thuc nghiém khong do dugc thanh
phan phat thai PM cta dong co HCCl. Trong khi xa cua
dong co HCCI khong co thanh phan PM la do hén hgp n-
heptan va khong khi da dugc hoa tron trudc & bén ngoai
dudng 6ng nap nham tao hén hgp déng nhat bén ngoai xy
lanh clia déng co, khi hén hop nay dugc dua vao xy lanh la
n-heptan qua trinh chay gan nhu hoan toan nén khéng cé
PM.

Nong dé khi thai CO - HCCI
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Hinh 8. Ndng d9 CO - HCC

Nong dd khi thai CO - diesel
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Hinh 9. Nong do CO - diesel

Ta thay rang phat thai CO cta déng ca HCCI rat cao tai
ché& a6 tai thap va gidam dan khi tang tai. Khi tinh trung binh
tai ché do tai tir 10% dén 30% cho tat ca cac toc do ty l1é HC
clia dong co HCCI tang so véi dong co diesel la: 3,2; 2,4 va
3,3 lan. Do hinh thanh hén hgp bén ngoai xy lanh nén n-
heptan da chiém ché cla khong khi nén trong qua trinh
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chdy HCCI lugng 6 xy sé it hon diesel, day la mét nguyén
nhan dan dén tang lugng CO & déng co HCCL. Bén canh d6
trong qua trinh chdy cta déng co HCCl sé cé nhiéu tam
chay cung luc, khi dé thai gian chay sé ngan lai cho nén
lugng CO khéng kip 6 xi héa thanh CO, tang.

Noéng dé khi thai CO2 - HCCI
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Hinh 10. Nong d3 CO - HCCI

Nong dé khi thai CO2 - diesel
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Hinh 11. Nong d6 C0, - diesel

Ta thdy rang phat thai CO, cla déng cg HCCI so vdi
déng ca nguyén ban it hon. Khi tinh trung binh tai ché d6
tai tir 10% dén 30% cho tat ca cac toc do ty Ié giam phat
thai CO, clia dong co HCCl so véi déng co diesel lan luat la:
1,2; 0,7 va 1,02 lan. Phat thai CO, gidam la do lugng CO 6 xi
hoéa thanh thanh CO, gidm.

Nong dé khi thai HC - HCCI
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Hinh 12. Nong dd khi thai HC - HCCI

Nong d6 khi thai HC - diesel
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Hinh 13. Nong dd khi thai HC - diesel

Phat thai HC clia dong co HCCI I6n hon so véi dong co
diesel. Do qua trinh chay xay ra gan nhu déng thdi nén
phan hoa khi & ngoai ria tam chay sé khong kip chay dan
dén HC tang cao. Khi tinh trung binh tai ché dé tai tir 10%
dén 30% cho tat ca cac toc do ty 1é tang HC clia dong co
HCCl so dong co diesel lan luot la: 3,3; 2,5 va 3,1 lan.
4, KET LUAN

Tu cac két qud vé dac tinh chay, thai diém bat dau chay,
ap sudt va hiéu suat chi thi, phat thai cta déng co tha
nghiém c6 thé thay dong co chuyén déi ti diesel sang hoat
déng theo nguyén ly chay HCCl lam viéc én dinh tai t6c do
1600 vg/ph - 2000vg/ph va 10% tai - 20% tai.
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