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NGHIEN CUU MO PHONG TINH NANG KINH TE, KY THUAT
VA PHAT THAI DOC HAI CUA DONG €O SU DUNG NHIEN LIEU
BIOGAS CHUYEN D01 TU DONG CO DIESEL

A SIMULATION STUDY ON PERFORMANCE AND EMISSION CHARACTERISTIC
OF BIOGAS ENGINE CONVERTED FROM CONVENTIONAL DIESEL ENGINE

TOM TAT

Bai bdo trinh bay két qua nghién ciiu danh gia dac tinh lam viéc va phat thai
clia ddng co khi st dung nhién liéu khi sinh hoc trén phan mém mé phong AVL
Boost. Mo hinh dong co diesel nguyén ban dugc diéu chinh bang cach giam ty so
nén va thay d6i cach thiic hinh thanh hén hap va nhién liéu dé cd thé lam viéc véi
biogas. Céc thong so lam viéc clia dong co nhu luu lugng khi nap, md men, cong
suat, sudt tiéu hao nhién liéu va cac thanh phan phat thai doc hai dugc xéc dinh.
Két qua nghién ctu cho thay khi st dung nhién liéu biogas thi thanh phan phat
thdi doc hai NO, gidam manh trong khi d6 thanh phan phat thdi CO tang so vdi
truong hop st dung nhién liéu diesel. Tinh nang kj thudt cia dong co nhu cong
suat cd ich giam so vdi truong hgp st dung liéu diesel tuy nhién sudt tiéu hao
nhién liéu duoc cai thién. Anh hudng clia géc danh Iita sém dén tinh nang lam
viéc clia dong co khi st dung nhién liéu biogas ciing dugc danh gid. Ddi véi dong
«a biogas thi khodng diéu chinh goc danh Itia s6m t6i uu dugc xac dinh tir nghién
ctunay 1a 11 dén 19 d6 trudc diém chét trén.

Tir khoa: Nhién ligu thay thé, khi sinh hoc, goc ddnh lia sém.
ABSTRACT

This paper presents a simulation study on performance and emission
characteristic of a biogas engine by thermodynamic simulation software AVL Boost.
The original model of diesel engine was modified to reduce compression ratio and
mixture formation in order to operate with biogas fuel. The engine operating
parameters including air flow, brake torque and power, fuel consumption and
emissions were determined. The simulation results show that, when operating with
biogas, the NO, emission reduces significantly while the CO emission increases
compared to the case of diesel engine. The engine performance as brake power
reduces when the engine was simulated with biogas, however, the fuel economy
tends to improve. The effect of ignition timing on engine performance was also
evaluated. The results show that the optimized value of ignition timing for the
biogas engine should be adjusted between 11to 19 crank angle bTDC.

Keywords: Alternative fuel, biogas, ignition timing.

"Trudng Dai hoc Béch khoa Ha Noi

Trutng Dai hoc Cong nghiép Ha Noi

“Email: minh.tc972806@gmail.com

Ngay nhan bai: 12/5/2021

Ngay nhdn bai sta sau phan bién: 25/6/2021
Ngay chap nhdn déng: 25/10/2021

Website: https://tapchikhcn.haui.edu.vn

Tran Céng Minh"", Nguyén Duc Khanh’,
Nguyén Phi Trudng'

1. GIGI THIEU CHUNG

DPé dap Ung nhu cau s dung nhién liéu ngay cang cao
va yéu cau vé giam phat thai doc hai do cac ngudn déng
luc st dung dong co d6t trong sinh ra, viéc s dung nhién
liéu khi sinh hoc biogas la mot Iua chon phu hgp. Khi sinh
hoc biogas hay con goi la nhién liéu khi ga dugc san suat tir
qua trinh phan hay yém khi cac chat thai ndng nghiép.
Thanh phan chinh cta biogas la CH, (50 = 70%) va CO,
(30%) con lai la cac chat khac nhu hoi nudc, N,, O,, H,S va
CO [1-3]. Khi biogas c6 nhiét tri khoang 23,400kJ/m?, tri s6
Octance (RON) khoang 130, do d6 khi biogas c6 thé dugc
st dung lam nhién liéu thay thé cho nhién liéu xang/diesel
truyén théng. Nhiéu nghién cu trong nudc lién quan téi
chuyén d6i dong ca truyén théng sang st dung biogas hay
nang cao chat lugng nhién liéu da dugc thuc hién [4-7]. Cac
nghién trong va ngoai nudc [8-10] cho thay, st dung nhién
lieu biogas lam gidm dang ké phat thai doc hai so vdi s
dung nhién liéu truyén théng. Nhién liéu tén tai & dang khi
nén khong gap khoé khan trong qua trinh déng co khai
doéng lanh. Suat tiéu hao nhiéu liéu cing dugc cai thién
dang ké du cong suit déng co ¢é xu hudng giam.

Dé rat ngdn thai gian va chi phi nghién ctu chuyén déi
ddng co st dung nhién liéu diesel sang biogas, viéc nghién
ctru mé phong bang cac cdng cu trén may tinh la rat can
thiét. Bai bao nay trinh bay két qua nghién citu mé phéng
bidng phan mém AVL Boost vé viéc sit dung nhién liéu
biogas trén déng co dugc hoén cai tir ddng co diesel truyén
thong. Phan mém la céng cu moé phong chuyén sdu vé
dong co dét trong, c6 thé mé phéng dugc chu trinh nhiét
doéng clia dong co, tinh toan dugc cac théng s6 kinh té, ky
thuat clia dong co, xac dinh dugc cac thanh phan phat thai
doc hai cdla ddng co thong qua cac moé hinh chay hién dai.
2. NOI DUNG NGHIEN CUU
2.1. Co s& cdi tién ddng co diesel sang ddng co biogas

Dé stir dung khi biogas lam nhién liéu cho doéng co dét
trong, ty s6 nén phu hgp cia déng co thudng nho hon 16:1
dé dam bao khong xdy ra hién tugng kich né. Tuy nhién déi
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V@i déng ca tang &p khi nap, ty s6 nén clia déng ca chuyén
ddi can phai cé gia tri thap hon nita. D€ c6 thé giam ty s6
nén cla déng co c6 cac phuang an nhu cat got dinh piston,
tang dé day dém ndp may. Néu cé thé tinh toan va lya
chon dugc vi tri cat got dinh piston phu hgp sé lam ting do
xody |6¢ trong budng chay, gitip hén hgp hoa trén tét hon,
céi thién chat lugng qua trinh chay. Tuy nhién khi cit got sé
lam thay déi khéi lugng piston tir d6 anh huéng tGi dong
lyc ctia ddng co. Phuong an tang do day dém nap may cé
nhiéu uu diém nhu khéng anh huéng nhiéu dén két cau co
khi khac trén dong co, cong cdi tao it, gid thanh phu hop.
Tuy nhién, tang d6 day dém ndp may phai ddm bao dugc
dd6 kin khit, tranh trudng hgp ro ri dau béi tran va nuéc lam
mat gay hu hdng dong co.

Trong nghién ctu nay, phuong an t8i uu dé giam ty sé
nén do la tang dé day dém nap mady trong khi théng sé vé
hinh dang buéng chdy clia déng co nguyén ban khong
thay déi. D6 day dém dugc thém chi phu thudc vao hanh
trinh piston, ty sé nén trudc va sau khi cai tao. D6 day clia
dém dugc tang thém phu thudc vao ty s6 nén sau cai tao
cling nhu thong s6 két cadu nguyén ban ctia dong co. Khi
do, do day chia dém can tang thém sé dugc xac dinh theo
cong thuc (1):

E—€o
"(e=D(go~1) (1)

Trong dd, € va g, lan lugt la ty s6 nén trudc va sau khi cai
tao (-), S hanh trinh piston (mm), a d6 day cia dém can
tang (mm).

a=S

2.2, Théng sé ky thuat va xay dung mé hinh déng co
Qua trinh nghién ctu dugc thuc hién trén déng co
S6D108, thong so6 ky thuat co ban cla dong co dugc trinh
bay trong bang 1.
Bang 1. Thong so ky thudt o ban cia dong co

Dong co 56D108

Ki€u dong co Diesel, 4 ky, tang dp tua bin mdy nén
B tri xy lanh - 56 xy lanh Théng hang - 6 xy lanh

Thit tu né 1-5-3-6-2-4

Dudng kinh x hanh trinh (Dx S) 108 x 130 (mm)

Thé tich cong tac (cc) 7150

Ty s6 nén 17,5

(Cong suat max/toc do 121kW tai 2380v/ph

M6 men max/téc do 647Nm tai 1600v/ph

Theo két qua nghién clru mé phdng va thuc nghiém
anh hudng cua ty s6 nén dén tinh nang cong tac ctia déng
cd biogas [11], ty s6 nén t8i uu cla ddng co biogas nam
trong khoadng tir 11,5 dén 12,5. Trong nghién ctu nay, ty sé
nén cta déng ca sau cai tao dugc chon la 12,5. Do d9, theo
phuong trinh (1), d6 day ciia dém can tang thém dugc tinh
xac dinh:

S £— g,

a=y—-

(=D -1
17,5 - 12,5

=130 = 3,43mm

(75 -1D125-1)
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Trén ¢ tinh toan lya chon ty s6 nén sau cai tao cla
doéng co va cac thong s6 ky thuat co ban, moé hinh mé
phdng cla ddng co trén AVL Boost dugc thé hién trén hinh
1. M6 hinh chdy ctia déng co khi st dung nhién liéu biogas
Ia mo hinh Vibe hai vung.

.

il PL1 \

Hinh 1. M hinh dong co S6D108 trén phan mém AVL Boost
2.3. Két qua mé phéng va thao luan

Tu két qua mé phong, xac dinh dugc cac gia tri luu
lugng khi nap, cong suat, mé men, suat tiéu hao nhién liéu,
ap suat va nhiét do trong xy lanh, phat thai doc hai cta
dong co khi st dung nhién liéu biogas so véi cac théng sé
nay khi s&t dung nhién liéu diesel & cac ché dé toc do véi
buém ga ma hoan toan.

700

600 | e—e—® ¢ ——eo—9o

_500 o . . T T VD Sy

EE_ 400
2 300

—o— Me_Diesel
200

— & — Me_Biogas
100
0

1000 1200 1400 1600 1800 2000 2200 2380
Téc dé (viph)

Hinh 2. So sénh m6 men clia ddng co khi st dung diesel va biogas
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Hinh 3. So sdnh cdng sudt ctia dong co khi st dung diesel va biogas & cac toc do
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Hinh 2 va 3 thé hién mé men, céng suat clia dong co &
ché d6 tai tu toc d6 1000v/ph dén 2380v/ph vdi hai loai
nhién liéu la diesel va biogas. Trén toan dai toc dd, cong
suat va mé men giam tir 24% dén 27% khi st dung biogas.

Cong suat va mo men gidm la do biogas dugc cdp vao
dudng nap cé thé tich 16n sé chiém ché khi nap, lam gidam
khoi lugng khi dugc nap vao xy lanh tir dé gidm cong suat
cling nhu mé men ctia déng . Hinh 4 thé hién luu lugng
khi nap ctia dong co theo t6c dé véi hai nhién liéu diesel va
biogas, luu lugng dong khi nap gidm trung binh khoang
4,59% khi st dung nhién liéu biogas.

K&t qua trén d6 thi hinh 5 cho thdy, suat tiéu hao nhién
liéu cdla dong co dugc cai thién khi s dung nhién liéu
biogas so vai nhién liéu diesel, trung binh suat tiéu hao
nhién liéu gidm 13%.
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Hinh 4. So sanh luu lugng khi nap khi st dung diesel va biogas

fgg —&—ge _Diesel - & = ge_Biogas

190 W
185 4

180 -

175 4

170 4 g
LR o T ety R T S o

160 -

155

150 -

145

ge (o/kW.h)

1000 1200 1400 1600 1800 2000 2200 2380
Téc dé (viph)

Hinh 5. So sanh sudt tiéu hao nhién liéu khi st dung diesel va biogas

Hinh 6 + 8 thé hién phat thai déc hai soot, HC, CO, NO,
clia dong cd & ché do toan tai va téc do thay ddi tu
1000v/ph dén 2380v/ph vai hai loai nhién liéu la diesel va
biogas. Hinh 6 cho thay khi st dung biogas thi khéng con
phat thai soot ma sinh ra phat thai HC. Do soot dugc hinh
thanh trong diéu kién du thua lugng khéng khi thap va
nhiét d6 cao, trong mai trudng giau nhién liéu cac axetylen
dugc hinh thanh do su phan hudy cda cac ankan mach dai
trong nhién liéu diesel. HC dugc hinh thanh do su hinh
thanh hén hgp bén ngoai xy lanh va qua trinh chay dién ra
khéng hoan toan sé sinh ra phat thai HC. Ngoai ra HC con
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dugc tao ra trong giai doan trung diép. Mac du sinh ra phat
thai HC nhung khong con phat thai soot va lugng phat thai
HC sinh ra trung binh chi bang 12% lugng phat thai soot.
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Hinh 6. So sdnh phat thai soot va HCkhi st dung diesel va biogas
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Hinh 7. So sdnh phat thai CO khi str dung diesel va biogas
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Hinh 8. So sanh phat thai NO, khi st dung diesel va biogas

K&t qua trén do thi hinh 7 cho thay, lugng phat thai CO
clla déng co cao hon khi st dung nhién liéu biogas so véi
nhién liéu diesel, trung binh cao hon 97%, lugng phat thai
CO tang trung binh 68ppm. Do hén hgp nhién liéu c6 chia
nhiéu vung nhat va sinh ra lugng phat thai HC cing véi qua
trinh chdy dién ra khéng hoan toan, dan dén viéc phat thai
CO tang cao.

Két qua trén do thi hinh 8 cho thay, lugng phat thai NO,
clia ddng ca gidm manh khi s& dung nhién liéu biogas so
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vGi nhién liéu diesel, lugng phat thai NO, gidm trung binh
1270ppm tuong ducng 99%. Phat thai NO, gidm la do nhiét
doé cuc dai trong qua trinh chay gidm, diéu nay dugc thé
hién ré trén két qud méd phoéng ap suat va nhiét d6 qua
trinh chay (hinh 9 va 10).
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Hinh 9. So sanh ap suat trong xy lanh khi s& dung diesel va biogas & toc do
1600v/ph
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Hinh 10. So sanh nhiét do trong xy lanh khi s&r dung diesel va biogas & t6c do
1600v/ph

Hinh 9 cho thay thong s6 &p sudt trong xy lanh cla
biogas thap hon so véi diesel. Ap suat cuc dai khi st dung
diesel la 99bar & goc quay truc khuyu 366 d6, véi biogas la
46bar véi géc quay truc khuyu 380 d6. Hinh 10 cho thay
thong sé dét chay nhiét dé trong xy lanh cla biogas thap
hon so vai diesel. Nhiét d6 cuc dai khi s& dung diesel la
2155K & goc quay truc khuyu 380 d6, véi biogas la 1917K &
goc quay truc khuyu 394 d6. C6 thé thay khi st dung
biogas thi ap suat va nhiét dé khong nhiing gidam ma qua
trinh chay con bi day IUi sang phia bén phai dé thi so vdi
trudng hgp st dung diesel.

Pé danh gia anh hudng clia goc danh Ia sém tdi tinh
nang ky thuat cda dong co khi s& dung biogas, gia tri IT
(Ignition Timing) dugc thay ddi tir 3 dén 21 dé bTDC, vdi
budc thay d&i AIT 1a 2. Két qud mé phdng dugc thé hién tu
hinh 11 + 14,

Hinh 11 thé hién mé men khi s&t dung nhién liéu biogas
& cac goc danh Iira khac nhau. Khi tang dan géc danh Ira
thi mé men ¢6 xu hudng tang theo téc d6 déng co tu
1000v/ph dén 2380v/ph, sau d6 giam dan khi téc do dong
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€O tang. Gia tri m6 men I6n nhat dugc tim thay tai téc do
1800v/ph v6i goc danh Iia IT = 11 bTDC (before Top Dead
Center). Nguyén nhan chinh lam cho mé men c6 xu huéng
thay déi 1a do cac hé s6 nhu: hé s6 nap, hiéu suat nhiét va
tén hao ma sat. Hinh 12 thé hién céng suét cla biogas &
cac goc danh Ita. Khi téc dé déng co tang thi cong suat cé
xu hudng tang. Gia tri cdng suat I6n nhat dugc tim thay tai
téc d6 2380v/ph vGi goc danh Ita IT = 19 bTDC. D& lam rd
hon anh huéng clia goc danh Iia dén chi tiéu lam viéc cua
dong co, can phai xem dén sudat tiéu hao nhién liéu khi goc
déanh Itia thay d6i.
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Hinh 11. So sanh md men khi st dung biogas 6 cac goc danh Itra khac nhau
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Hinh 12. So sanh cdng suat khi st dung biogas 6 cac goc danh |ira khac nhau
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Hinh 13. So sénh sudt tiéu hao nhién liéu khi st dung biogas & cac géc danh Iia
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Hinh 14. So sanh ap sudt trong xy lanh khi s&r dung biogas 6 cdc géc danh I

Hinh 13 thé hién suat tiéu hao nhién liéu cla biogas &
cac goc danh Ita. Khi ting dan géc danh Ira thi suat tiéu
hao nhién liéu gidm theo t6c dé dong co tir 1000v/ph dén
1600v/ph, sau d6 tang dan khi téc dé déng co tang. Gia tri
suat tiéu hao nhién liéu nhé nhat dugc tim thdy tai téc do
1600v/ph véi goc danh Itra IT = 13 bTDC. Hinh 14 cho thay
dugc bién dang ap suat cla biogas gidbng véi diesel, khi
thay d6i goc danh Itia sé lam cho diém cuc dai ctia ap suat
dat dugc khodng 64bar véi goc quay chuc khuyu la 372 do
déi vai goc danh Ita IT = 11 bTDC va 67bar v6i géc quay
chuc khuyu la 370 dé d6i véi goc danh Ita IT = 13 bTDC, dat
78bar vé&i géc quay chuc khuyu la 368 dé déi véi goc danh
[lra IT = 19 bTDC. C6 thé thdy sau khi thiét Iap géc danh Ida
thi ap suat dat dugc diém cuc dai nhanh hon. Su anh
hudng clia goc danh Ira sé6m t6i cac théng s6 lam viéc cla
dong co (mdé men, cdng sudt, suat tiéu hao nhién liéu)
tuong tu nhau.
3. KET LUAN

Nghién ciu m6é phdéng ddng ca st dung nhién liéu
biogas dugc thuc hién & dudng dac tinh toc d6 véi buém
ga m& hoan toan bang phan mém AVL Boost cho thay:

- Trung binh, khi s&r dung biogas thi cdi thién khoang
13% suat tiéu hao nhién liéu.

- Céng sudt va mo men cla déng ca gidm khoang 25%
do anh hudng cla thé tich biogas lam gidm lugng khéng
khi nap va téc dé chay biogas cham hon so vai diesel.

- Céc thanh phan phat thai Soot khong con ma sinh ra
phat thai HC, lugng phat thai HC sinh ra bang 12% lugng
phat thai Soot trudc d6. Thanh phan phat thai CO tang
97%, thanh phan phat thai NO, giam 99%.

- Thiét ké hé théng danh Ira phuc vu nghién ctu phat
trién dong co st dung nhién liéu biogas can phai thay ddi
t6i thiéu trong khoang tur 11 dén 19 d6 bTDC.
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