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FORMATION IN LPG/DIESEL DUAL FUEL ENGINE
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TOM TAT

Bai bao nay trinh bay két qua lya chon cac mé hinh nhiét dong va cac mo hinh dong hoc
phan iing chéay dé mé phong qud trinh chdy va phdt thdi ciia dong co nhién liéu kép PLPG/diesel.
Sau khi lva chon dwoc cac mo hinh, tac gia thuc hién chay moé phong trén phzfn mém AVL-Boost dé
kiém churng. Két qud nghién curu cho thd'y, cdac mo hinh dwoc lua chon phu hop cho dong co sur dung
luong nhién liéu LPG/diesel. Phat thai HC, NO, CO va Soot thay doi phix hop véi cac nghién ciru
cua cdc tdc gid trong va ngodi nuoc.

Tw khoa: Nhién liéu kép LPG/diesel; Phat thai.
ABSTRACT

This article presents the results of selecting thermodynamic models and combustion reaction
kinetic models to simulate the combustion and emissions process of a PLPG/diesel dual fuel engine.
After selecting the models, the author ran simulations on AVL-Boost software to verify. Research
results show that the selected models are suitable for engines using dual fuel LPG/diesel. HC, NO,
CO and Soot emissions change in accordance with studies by domestic and foreign authors.

Keywords: Dual-fuel LPG/diesel; Emissions.

1. GIOI THIEU CHUNG

Trén dong co nhién li¢u kép LPG/
diesel, voi cach thirc cung cdp va tao hdn hop
ddng nhét cta nhién liéu khi-khong khi tir bén

St dung nhién lieu LPG (Liquefied
Petroleum Gas — Khi dau moé hoa 16ng) trén

dong co diesel dugc nhiéu nha khoa hoc quan
tam nghién cuu [1]. LPG 1a loai nhién li¢u it
gdy 6 nhiém, da dugc nghién ciru va sir dung
nhiéu trén dong co xidng & cac nudc trén thé
gidi cling nhu ¢ Viét Nam.

ngoai vao xy-lanh con nhién li¢u diesel dugc sir
dung 1am nhién liéu phun moi, LPG c6 thé thay
thé dén 30% diesel ma chua gay kich nd, phat
thai HC tdng manh, NO_tang dén 50%, CO va
Soot gidm manh [2, 3].
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bé dat duoc muc dich nay, khi st dung
nhién liéu LPG trong dong co diesel can phai
hiéu 16 su hinh thanh hdn hop va chay cua
ludng nhién li¢u nay trong dong co, vi qua trinh
chay trong dong co ludng nhién li€u khi/diesel
rat phirc tap do c6 su két hop qua trinh tu chay
cua nhién li¢u diesel v61 qua trinh chay lan tran
mang ltra cia nhién li¢u khi [4].

Viéc nghién ctru phat trién cac mo hinh
mo phéng toan dién vé hoat dong cua dong co
ludng nhién liéu cho dén nay van con rat han
ché, chu yéu do dic diém qué trinh chay cua
ludng nhién lidu khi/diesel qua phirc tap. Dén
nay, ciing da c6 mot sd nghién ctru vé chu dé
nay nhung thuong giéi han & mot sé ché d6 1am
viéc nhit dinh cua dong co [3, 6, 7].

Trong dé tai nay, tic gia s& xay dung va
phat trién cac mo hinh nhiét dong véi cac mo
hinh toan vé dong hoc phan tng chay dé mo
phong qué trinh chay cua dong co ludng nhién
lidu LPG/diesel v6i viéc tao hon hop dong
nhit LPG-khong khi tir bén ngoai va phun moi
diesel, sau d6 véi cac moé hinh da nghién cuu,
lya chon 4p dung trén dong co nghién ctru AVL
5402 trang bi hé thong phun nhién liéu kiéu
tich ap diéu khién bang dién tir (common rail).

2. PHUONG PHAP NGHIEN CUU

Nghién ctru cac mo hinh cta cac tac gia
trén thé gidi, tic gia lua chon va thuc hién mo
phong trén phin mém AVL-Boost véi dong co
AVL 5402 trang bi h¢ théng phun nhién liéu diesel
kiéu tich ap (common rail) diéu khién dién tir [2].

3. KET QUA NGHIEN CUU
3.1.Pic diém chay trong dong co LPG/diesel

Qua trinh chay dién ra thuc sy rat phuc

tap, co thé ton tai d@)ng thoi cac qua trinh khac
nhau nhu chay khuéch tan ciia nhién liéu diesel
v6i hon hop LPG-khong khi, sy lan tran mang
lira trong viing hdn hop dong nhat LPG-khong
khi, su chuyén dong r6i va khuéch tan cua
khong khi va LPG vao vung chay [2, 8]. Tuy
nhién, dé don gian cho viéc tinh toan qua trinh
chay trong khi van phan anh duoc cac hién
tugng co ban dién ra trong qua trinh tao hdn
hop va chay, moi chét trong xy-lanh tng véi
mdi tia phun trong qua trinh chay dugc gia thiét
chia thanh bén ving nhu trén hinh 1.

Vung chay lan tran mang

Vung nhién liéu
diesel chua chiy

Mang lu

Viing hén hop déng nhat chwa chay T
Hinh 1. So' do phdn viing xy-lanh img véi mét tia
phun trong qua trinh chay
3.2. Ciac mo6 hinh toan

3.2.1. Mo hinh chay va toa nhiét [10]

a) Téc dd chay ciia nhién liéu trong ving tia
phun:

B o] (2]

dt 0p
My Mas1
+ az( ) My +1). (9) exp [—az(%)

Trong do, cac chi sb p va d 1an luot chi
céc phan chay hdn hop chuan bi trudc Vé chay
khuéch tan; a,a, M va M, la cac h¢ s6; Q va
Q, lan luot 13 tong nhlet chay ctia phan nhlen
lidu chuén bj trude va tong nhiét chay cta phan
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nhién liéu chay khuéch tan; 0 1a goc quay truc
khuyu tinh tir thoi diem chdy; 6 , 6, lan luot
la khodng thoi gian chdy tinh theo goc quay
tryc khuyu ctia phan hdn hop chuan bi trude va
phan nhién liéu chay khuéch tan.

b) Toc @ chay ciia hén hgp LPG-khéng khi
bén ngoai tia phun:

Mo hinh chay lan tran mang lira kiéu r6i
duogc ap dung dé tinh toan toc do chay va toa
nhiét trong giai doan nay.

ar 8
Mo _ 5 AS,; S, :S{;} L}: } (1-2.06£27)

t o

Trong do:

T,— Nhiét do hon hop chua chay (K);

P Ap suat hdn hop (atm)

T,P, Nhlet d6 va ap suat moi truong;

f - He sd khi sot (co thé chon trong
khoang 0 05-0,06);

d— Ty 1& nhién liéu-khong khi twong d6i
(6= 1/0).

+ Thanh phan san vét chay ¢ trang thai
can bang:

Theo Ferguson va Rakopoulos, phuong
trinh phan ng chay cua nhién liéu khi xét dén
11 thanh phan san vat chay la:

#0C H,0,N, +0210, +0.79N, »,CO, +v,H,0+v,N, +v,0, +v,CO
+v,H, +v,H +v;O+v,OH + v, NO+v N

Trong do, € 1a s6 mol nhién li€u chay

. 1 .

v6i 1 mol khong khi; ¢ = 7 la nghich dao cua

h€ s6 du luong khong khid; v (i=1-11)la s6

mol cua cac thanh phan san vat chay; N = Z v,
la tong s6 mol san vat chay. i=1

3.2.2. M6 hinh hinh thanh phat thdi djc hai
a) M6 hinh hinh thanh phat thai HC [9]:
+ Nguon HC ban dau:

- Nguoén HC tir cac khe hep duge tinh
toan nhu sau:

Luong HC khong chay trong khe hep:

P, VoM .o PV M, ¥

cre’ ore oreg ore

RT or, v_.(P.T,)

m

gm—crs‘.'ros -

ore

Trong d6: P 1a ap suit trong xy-lanh;
V.. 121~thé tich khe hep, Mgas 1% kh(‘)i, luong mol
cua hon hop khi chay; R 1a hang s6 khi; T 1a
nhiét do xy-lanh; Ve Jla thé tich riéng cua khi
khong chay trong khe hep tai ap suét p va nhiét
doT..

- Nguén HC tir nhién liéu:
Co ché hinh thanh HC tir ngun nay la

trong qua trinh nén, mot phan nhién liéu bay
hoi trong hén hop dugc mang dau boi tron hap

thu theo dinh luat Henry.
o, o,
ot oz*

Trong d6, Y, 1a thanh phan khéi luong
cua nhién li¢u trong 16p dau, phu thudc vao Z
va ttie Y, = Y(Z,t). Tai bé mat thanh xy-lanh
tiép xuc voi 16p dau thi Z = 0, va tai bé mat 16p
dau tiép xtc voi moi chit thi Z =5 (bang bé day
mang dau); D 1a hé s khuéch tan.

+ Su 6-xy hod HC phia sau mang lua:

d[HC] E \

dt

- _calHCTo,] axp[
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b) M6 hinh hinh thanh phat thii NO :

dNO]:E(]-.;f{ R, R }

dt l1+aK, 1+K;

Trong dé: a = [NOJ/[NO]; K, =R /(R, + R));
K,=R/(R,+R); R (véii=1-6) la cac toc do
phan tmg héa hoc ciia cac chudi phan tng.
+ M5 hinh hinh thanh phat thai rin [10]:
Khéi lwong bd hong Soot:

dm, _ dms,f dmy
dt — dt  dt

dmsf _ng
= = Ar .mg,,. p?”° [ ]

dt 7T PEXP | "oy

d:ms,ﬂx - A - @ l‘Bex [_Es,ux]
dt ox s p~-P &P [Tpr

Tdc do 6-xy hoa bd hong:

My _ 1 Py [ 15,0001{]

dt ”Em’ Poz rer =PTTT

Trong doé: m_ la khoi 1u0’ng bd hong;
m_ la khéi luong nhlen lidu bdc hoi; P, laap
suat riéng cua O; E_ = 52,335 kJ/kmol la nang
luong hoat hoa; Es OX— 58,615 kJ/kmol la nang
lugng 6-xy hoa; Af, A la cac héng séﬂ kinh
nghiém phu thudc vao loai dong co cu thé.

3.2.3. Két qud tinh todn mé phéng

Viéc tinh toan mo phong dé xac dinh
cac thong sd danh gia cac chi tiéu kinh té, ky
thuat va phat thai cta déng co dugc thuc hién
mo phong trén phan mém AVL Boost, 1a phan
mém tién tién, hién dai chuyen dung cho mo
phong chu trinh dong co d6t trong cho phép xac

dinh cic chi tiéu kinh té, k¥ thuat va phat thai
cua dong co véi do tin cdy cao [3].

Phat thai HC (hinh 2): M6 hinh tao
thanh HC dugc tinh toan md phong & tbe do
dinh mtrc n = 3000 v/p voi céac ché do tai 25%,
50%, va 100% tai dinh muc, véi céc ty 1€ LPG
thay thé thay dbi tir 0% dén 10%, 20%, 30%,
40% va 50% & mdi ché do tai. Khi tang ty 18
LPG thay thé & cac ché do tai, ham luong phat
thai HC déu tang. O ché d6 tai cang nho thi ham
lugng HC cang ting manh khi tang ty 1¢ LPG
thay thé.

g 8

000 4 -nn- — T 25%
—5=Téi 50%
Tl 100%

.......................................

Ham lwgng phat thai HC {(ppm)
&

Ty i LPG thay thé (3%)

Hinh 2. Két qua mé phong phdt thai HC & cdc ché
dé tai va ty 16 LPG thay thé khdc nhau

Két qua phat thai HC 1a phu hop véi cac
nghién ctru thyc nghiém trude do [3, 7, 8, 9].

Phat thai NO (hinh 3): Khi cang tang ty
1¢ LPG thay thé thi ndng do phat thai NO, cang co
hudng tang so voi truong hop don nhién liéu, voi
ty 18 LPG 10% thi ndng d6 NO_ trung binh ting
24,08%, khi ty 1¢ LPG 1a 20%, 30%, 40% va 50%
thi nong do trung binh ctia NO_tang twong tmg 1a
37,52%., 49,67%, 70,27% va 83,21%.

Phat thai NO_ ¢ toan tai tang Ién khi
tang ty 1€ LPG c6 the do téc do qué trinh chay
cao hon, nhiét d6 chay cuc bo ting dan téi kha
nang hinh thanh NO_ tang 1€n so voi truong
hop str dung don nhién li¢u diesel.
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Thinh phin NOx (ppm)
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Hinh 3. Két qua mé phong phat thai NO_theo toc
do dong co o cac ty Ié LPG

Két qua phat thai NO, 1a phu hop véi
cac nghién ctru thyc nghiém trudce do [3, 7, §].
Phat thai CO (hinh 4): Khi tang ty 1¢ LPG thi
nong do phat thai CO giam so voi truong hop
don nhién liéu & moi ché do thur nghiém. Xét
trung binh, véi ty 18 LPG thay thé 10%, 20%,
30%, 40%, 50% thi néng do CO trung binh
giam tuong ung l1a 35,13%; 41,41%; 46,54%;
55,53% va 56,48%. CO lai duoc tao ra trong
vung chdy cda nhién li¢u diesel; & ché d6 toan
tai, nhiét do cua khi chdy cao nén khi tang ty
1¢ LPG thi qua trinh chdy cang thém manh liét,
nhiét d0 tang cao gitp 6-xy hoa nhanh CO lam
cho ham luong CO giam.
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Hinh 4. Két qua mé phong phat thai CO theo toc
do dong co o cac ty Ié LPG

Két qua phat thai CO 1a phu hop véi cac
nghién ctru thyc nghiém trude do [3, 7, 10].

Phat thai Soot (hinh 5): C6 thé thay khi
tang ty 1¢ LPG thi phat thai Soot giam so vdi
truong hop don nhién lidu & moi ché do thir
nghiém, véi ty 18 LPG 10%, 20%, 30%, 40%,
50% thi Soot trung binh gidm twong ung la
9,86%, 32,53%, 34,23%, 50,84% va 56,27%.

Do LPG dugc hoa tron véi khong khi
trén duong Ong nap nén hdn hop khi nap vao
xy-lanh dong nhat hon so véi khi chi st dung
nhién li€u diesel, Soot cta khi thai do d6 giam.
Két qua phat thai Soot 1a phu hop véi cac
nghién ctru thuc nghiém trude do [3, 7].

-
o -~ 7 N s --Seot (10%)

2 o7 F *

E ; ~x, y-5001(20%) —=—Soot(30%)

% 0% ] e o 3-So0i (40%)  —Soot (50%%)

3 s

wi

=

!

=

-

=

E

1000 1200 1400 1600 IRDO 2000 2200 2400 2600 2800 3000
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Hinh 5. Két qua mé phéng phdt thai Soot theo toc
do dong co o cac ty 1é LPG

4. KET LUAN

Két qua nghién ctru trén da lwa chon
dugc cdc mo hinh hinh thanh hon hgp va chay
trong dong co LPG/diesel phu hop.

Két qua nghién ctru c6 thé dinh hudng
cho vi¢c nghién ctru thuc nghiém str dung nhién
liéu LPG trén cac dong co diesel khac nhau dé
dua ra cac diéu kién cy thé khi chuyén doi dong
co diesel cu thé sang st dung ludng nhién liéu
LPG/diesel.
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