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NGHIEN CU'U MO PHONG TINH NANG KINH TE, KY THUAT
VA PHAT THAI DOC HAI CUA DONG CO'SU' DUNG NHIEN LIEU
BIOGAS CHUYEN D01 TU DONG CG DIESEL

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

TOMTAT

Bai bdo trinh bay két qua nghién ctiu danh gia dac tinh lam viéc va phat thai
clia dong ca khi sir dung nhién liéu khi sinh hoc trén phan mém md phéng AVL
Boost. Md hinh ddng ca diesel nguyén ban dugc diéu chinh bang cch giam ty sé
nén va thay ddi cach thiic hinh thanh hon hgp va nhién liéu dé c6 thé lam viéc vdi
biogas. Cac thang s6 lam viéc cia dong cd nhu luu lugng khi nap, mé men, cong
suat, suat tiéu hao nhién liéu va cac thanh phan phat thai doc hai dugc xéc dinh.
Két qua nghién ciu cho thay khi st dung nhién liéu biogas thi thanh phan phat
thai ddc hai NO, giam manh trong khi d6 thanh phan phat thai C0 tang so véi
tru@ng hop st dung nhién liéu diesel. Tinh nang ki thudt cia dong co nhu cong
suat ¢6 ich giam so vdi truong hop st dung liéu diesel tuy nhién suat tiéu hao
nhién liéu dugc cai thién. Anh huéng ciia géc danh Iira sém dén tinh nang lam
viéc clia dong ca khi st dung nhién liéu biogas cling dudc danh gi. Dai vdi dong
cd biogas thi khoang diéu chinh géc danh Itia sém tdi vu dudc xac dinh tir nghién
cu nay 1 11 dén 19 d6 trudc diém chét trén.

Tir khéa: Nhién liéu thay thé, khisinh hoc, gc ddnh liia sdm.
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 11 to 19 crank angle bTDC.
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1. GIGI THIEU CHUNG

Dé dap ung nhu cau st dung nhién liéu ngay cang cao
va yéu cdu vé gidm phat thai déc hai do cac nguén déng
luc sir dung déng co dét trong sinh ra, viéc si dung nhién
ligu khi sinh hoc biogas la mét lua chon phu hop. Khi sinh
hoc biogas hay con goi la nhién liéu khi ga dugc san suat ti
qud trinh phan hdy yém khi cic chat thai néng 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 cé nhiét tri khodng 23,400kJ/m?, tri s6
Octance (RON) khodng 130, do dé khi biogas c6 thé duoc
st dung lam nhién liéu thay th& cho nhién liéu xang/diesel
truyén théng. Nhiéu nghién ctu trong nuéc lién quan téi
chuyén déi déng co truyén théng sang st dung biogas hay
ndng cao chat lugng nhién liéu da duogc thuc hién [4-7]. Cac
nghién trong va ngoai nudc [8-10] cho thdy, sir dung nhién
litu biogas lam gidm déng ké phéat thai doc hai so véi s
dung nhién liéu truyén théng. Nhién liéu tén tai & dang khi
nén khong gap khé khan trong qua trinh déng co khdi
déng lanh. Suat tiéu hao nhiéu liéu ciing duoc cai thién
dang ké du cong suat déng co cé xu huéng giam.

D& rat ngan thai gian va chi phi nghién ctiu chuyén déi
déng co st dung nhién liéu diesel sang biogas, viéc nghién
ctiu mé phéng bang cic cong cu trén may tinh la rat can
thiét. Bai bao nay trinh bay két qua nghién cu mé phoéng
bang phdn mém AVL Boost vé viéc st dung nhién liéu
biogas trén déng co dugc hoan cai tir ddng co diesel truyén
théng. Phan mém 13 c¢dng cu mé phdng chuyén sau vé
déng co dét trong, c6 thé mé phéng dugc chu trinh nhiét
déng cla déng co, tinh todn dugc cac théng sé kinh té, ky
thuét ctia déng co, xac dinh dugc cac thanh phan phat thai
déc hai cia dong co théng qua cac mé hinh chay hién dai.
2. NOI DUNG NGHIEN cUU
2.1. Co s& cdi tién déng co diesel sang déng co biogas

Dé st dung khi biogas |am nhién liéu cho déng co dot
trong, ty s6 nén phu hop cta déng co thudng nhé hon 16:1
dé dam bao khéng xay ra hién tugng kich né. Tuy nhién doi
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véi déng cao tang ap khi nap, ty s6 nén ctia déng co chuyén
dé&i can phai co gia tri thap hon nia. D& c6 thé giam ty s6
nén clia déng co 6 cac phuong an nhu cét got dinh piston,
tang doé day dém nip may. Néu cé thé tinh toan va lua
chon dugc vi tri cat got dinh piston phu hop sé lam tang dé
xo0dy l8c trong budng chay, gitip hén hop hoa trén tét hon,
cdi thién chat luong qua trinh chay. Tuy nhién khi ct got sé
lam thay déi khéi lugng piston tir d6 anh hudng téi dong
luc ctia déng co. Phuong an tang dé day dém ndp may cé
nhiéu uu diém nhu khéng anh hudng nhiéu dén két cu co
khi khac trén déng co, céng cai tao it, gia thanh phu hop.
Tuy nhién, tang d6 day dém n3p may phai dam bao duogc
dé kin khit, trdnh truéng hop ré ri dau béi tron va nuéc lam
mat gay hu héng déng co.

Trong nghién ciu nay, phuong an téi uu dé gidm ty s6
nén doé la tang d6é day dém ndp may trong khi théng s6 vé
hinh dang buéng chdy cta déng co nguyén ban khéng
thay d&i. D6 day dém dugc thém chi phu thudc vao hanh
trinh piston, ty s6 nén truéc va sau khi cdi tao. Do day cua
dém dugc tang thém phu thuéc vao ty s6 nén sau cai tao
cing nhu théng sé két cdu nguyén ban cta déng co. Khi
do, dé day cta dém can tang thém sé dugc xac dinh theo

cong thuc (1):
_ £—gg
a=s. (e=1)(g0-1) M

Trong do, € va g, 1an lugt la ty s6 nén truéc va sau khi cai
tao (-), S hanh trinh piston (mm), a dé day clta dém can
tang (mm).

2.2. Théng sé ky thuat va xay dung mé hinh déng co

Qua trinh nghién ciu dugc thuc hién trén déng co
S6D108, théng sé ky thuét co ban cla déng co dugc trinh
bay trong bang 1.

Bang 1. Thong s ki thuat co ban clia dong co

Dong co S6D108

Kiéu déng co Diesel, 4 ky, tang dp tua bin mdy nén
B tri xy lanh - sd xy lanh Thang hang - 6 xy lanh

Thii ty nd 1-5-3-6-2-4

Buang kinh x hanh trinh (D x S) 108 x 130 (mm)

Thé tich cong tac (cc) 7150

Ty sd nén 17,5

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

Md men max/toc do 647Nm tai 1600v/ph

Theo két qua nghién ciu mé phéng va thuc nghiém
anh hudng cta ty s6 nén dén tinh nang céng tac cta déng
co biogas [11], ty s6 nén t8i uu ctia déng co biogas nam
trong khoang tir 11,5 dén 12,5. Trong nghién ctiu nay, ty sé
nén clia déng co sau cai tao dugc chon la 12,5. Do dé, theo
phuong trinh (1), d6 day ctia dém can tang thém dugc tinh
xac dinh:

_g_ "%
(e—1(e,—1)
17,5 — 12,5
O 75— Dzs-1)

a

=13 = 3,43mm
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Trén c& tinh todn lua chon ty s6 nén sau cai tao cla
déng co va cac thong so ky thuat co ban, mé hinh mé
phéng ctia déng co trén AVL Boost dugc thé hién trén hinh
1. Mé hinh chay cta déng co khi stif dung nhién liéu biogas
Ia mo6 hinh Vibe hai viung.

MF4
uf

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

Tu két qud méd phoéng, xac dinh dugc cac gia tri luu
luogng khi nap, cong suat, mé men, sudt tiéu hao nhién liéu,
ap suat va nhiét dé trong xy lanh, phat thai déc hai cla
déng co khi sir dung nhién liéu biogas so véi cac théng sé
nay khi str dung nhién liéu diesel & cic ché do téc dé véi
budm ga ma hoan toan.
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Hinh 2. So sinh md men clia ddng ca khi st dung diesel va biogas
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Hinh 3. So sénh cng suat ctia dong ca khi st dung diesel va biogas & cac toc dd
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Hinh 2 va 3 thé hién mé men, céng sut ctia dong co &
ché do tai tir téc do6 1000v/ph dén 2380v/ph véi hai loai
nhién liéu la diesel va biogas. Trén toan dai téc dd, céng
suat va mé men giam ti 24% dén 27% khi st dung biogas.

Céng sudt va mé men giam la do biogas dugc cap vao
dudng nap cé thé tich 16n sé chiém ché khi nap, lam gidm
khéi lugng khi dugc nap vao xy lanh tir d6 gidam céng suét
cing nhu mé men cla déng co. Hinh 4 thé hién luu lugng
khi nap ctia déng co theo téc dé vdi hai nhién liéu diesel va
biogas, luu lugng dong khi nap giam trung binh khoang
4,59% khi stt dung nhién liéu biogas.

Két qua trén do thi hinh 5 cho thay, suat tiéu hao nhién
liéu cta déng co ducc cai thién khi st dung nhién liéu
biogas so véi nhién liéu diesel, trung binh sut tiéu hao
nhién liéu giam 13%.
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Hinh 4. So sanh luu lugng khi nap khi st dung diesel va biogas
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Hinh 5. So sdnh sudt tiéu hao nhién liéu khi str dung diesel va biogas

Hinh 6 + 8 thé hién phat thai déc hai soot, HC, CO, NO,
cla déng co & ché do toan tadi va téc do thay déi tu
1000v/ph dén 2380v/ph véi hai loai nhién liéu la diesel va
biogas. Hinh 6 cho thay khi si dung biogas thi khéng cén
phét thai soot ma sinh ra phat thai HC. Do soot dugc hinh
thanh trong diéu kién du thta lugng khéng khi thap va
nhiét dé cao, trong moi trudng giau nhién liéu cac axetylen
duoc hinh thanh do su phan hay clia cadc 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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duoc tao ra trong giai doan trung diép. Mac du sinh ra phat
thai HC nhung khéng con phat thai soot va lugng phat thai
HC sinh ra trung binh chi bdng 12% lugng phat thai soot.
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Hinh 6. So sanh phat thai soot va HC khi st dung diesel va biogas
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Hinh 7. So sénh phat thai CO khi st 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 dé thi hinh 7 cho thay, luong phat thai CO
cua déng co cao hon khi sif dung nhién liéu biogas so véi
nhién liéu diesel, trung binh cao hon 97%, luong phat thai
CO tang trung binh 68ppm. Do hén hgp nhién liéu ¢6 chia
nhiéu viing nhat va sinh ra lugng phat thai HC cung véi qua
trinh chay dién ra khéng hoan toan, dan dén viéc phat thai
CO tang cao.

K&t qua trén do thi hinh 8 cho thay, lugng phat thai NO,
cua dong co gidm manh khi st dung nhién liéu biogas so
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vé&i nhién liéu diesel, lugng phat thai NO, gidm trung binh
1270ppm tuong duong 99%. Phat thai NO, giam la do nhiét
dé cuc dai trong qua trinh chay gidm, diéu nay dugc thé
hién rdé trén két qua mé phoéng ap suat va nhiét doé qua
trinh chay (hinh 9 va 10).
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Hinh 9. So sanh ap suat trong xy lanh khi st dung diesel va biogas d toc do
1600v/ph
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Hinh 10. So sanh nhiét dd trong xy lanh khi st dung diesel va biogas @ toc do
1600v/ph

Hinh 9 cho thay thong s6 ap suat trong xy lanh cta
biogas thap hon so véi diesel. Ap suat cuc dai khi st dung
diesel la 99bar & géc quay truc khuyu 366 do, véi biogas la
46bar véi goc quay truc khuyu 380 dé. Hinh 10 cho thay
théng sé dot chay nhiét do trong xy lanh clia biogas thap
hon so véi diesel. Nhiét dé cuc dai khi st dung diesel la
2155K & go6c quay truc khuyu 380 do, vi biogas 1a 1917K &
g6c quay truc khuyu 394 d6. Cé thé thay khi st dung
biogas thi ap suat va nhiét dé khéng nhiing gidm ma qua
trinh chdy con bi diy lui sang phia bén phai dé thi so vai
trudng hop st dung diesel.

Pé danh gia anh hudng clia géc danh Ita sém téi tinh
nang ky thuat cta déng co khi st dung biogas, gia tri IT
(Ignition Timing) dugc thay déi tir 3 dén 21 d6 bTDC, véi
budc thay déi AIT 1a 2. Két qua mé phéng dugc thé hién tu
hinh 11 + 14.

Hinh 11 thé hién mé men khi sit dung nhién liéu biogas
& cac géc danh Ita khac nhau. Khi tang dan goéc danh lta
thi mé men cé xu huéng tang theo t6c dé déng co tur
1000v/ph dén 2380v/ph, sau dé gidm dan khi téc do déng
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co tang. Gia tri mé men I6n nhat dugc tim thay tai téc dé
1800v/ph véi géc danh Ira IT = 11 bTDC (before Top Dead
Center). Nguyén nhan chinh lam cho mé men ¢é xu huéng
thay d&i la do cac hé sé nhu: hé sé nap, hiéu suat nhiét va
tédn hao ma sat. Hinh 12 thé hién céng suat cua biogas &
cac géc danh lta. Khi téc d6 déng co tang thi céng sudt cd
xu hudéng tang. Gia tri cdng suat I6n nhat dugc tim thay tai
téc do 2380v/ph véi géc danh Ita IT = 19 bTDC. D€ lam ro
hon anh huéng cta géc danh Ita dén chi tiéu lam viéc cla
déng co, cdn phai xem dén sudt tiéu hao nhién liéu khi géc
danh Ira thay déi.
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Hinh 11. So sanh md men khi st dung biogas & cic goc danh Itia khac nhau

120 4
100 -
2 o0
z
40 ——|T=3 = a=[T=5
e [T = 7 —pe [T = 9
20 s [T = 1] e [T = 13
b [T = 15 IT=17
01— _ IT=19 =t |T=21
1000 1200 1400 1600 1800 2000 2200 2380
Téc dé (viph)

Hinh 12. So sanh cdng suat khi st dung biogas 6 cac géc danh Itfa khac nhau
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Hinh 13. So snh sudt tiéu hao nhién liéu khi str dung biogas & cac goc danh Iiia
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Hinh 14. So sanh ap suat trong xy lanh khi s&r dung biogas 6 cac goc danh Iia

Hinh 13 thé hién suat tiéu hao nhién liéu cla biogas &
cac géc danh Ia. Khi tang dan géc danh Ida thi suat tiéu
hao nhién liéu gidm theo t6c d6é déng 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 thay tai téc dé
1600v/ph véi géc danh Itra IT = 13 bTDC. Hinh 14 cho thay
dugc bién dang &p sudt cla biogas giéng véi diesel, khi
thay déi géc danh Itia sé lam cho diém cuc dai clia ap suat
dat dugc khodng 64bar véi goc quay chuc khuyu la 372 d6
ddi véi goc danh IGa IT = 11 bTDC va 67bar véi géc quay
chuc khuyu 1a 370 dé déi véi géc danh Ita IT = 13 bTDC, dat
78bar v&i géc quay chuc khuyu |a 368 dé déi véi goc danh
[(ra IT = 19 bTDC. C6 thé thay sau khi thiét lap géc danh Ita
thi 4p suat dat dugc diém cuc dai nhanh hon. Su anh
hudng ctia géc danh la sém tdi cac théng sé lam viéc cla
déng co (mé men, cédng sudt, sudt tiéu hao nhién liéu)
tuong tu nhau.
3. KET LUAN

Nghién ciiu mé phéng doéng co st dung nhién liéu
biogas dugc thuc hién & duéng dac tinh téc dé véi buém
ga md& hoan toan bang phan mém AVL Boost cho thay:

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

- Céng sudt va mé men cla déng co giam khoang 25%
do anh huéng ctia thé tich biogas lam gidm lugng khong
khi nap va téc dé chay biogas chdm hon so véi diesel.

- C4c thanh phan phat thai Soot khéng cdn ma sinh ra
phat thai HC, luong phat thai HC sinh ra bang 12% luong
phat thai Soot truéc dé. Thanh phan phat thai CO tang
97%, thanh phan phat thai NO, gidm 99%.

- Thiét k& hé théng danh ItGa phuc vu nghién ciu phat
trién déng co st dung nhién liéu biogas can phai thay doi
t6i thidu trong khoang tir 11 dén 19 d6 bTDC.

TAI LIEU THAM KHAO

[1]. Phan Dinh Tuan, 2012. Development of biofuel for building up biomass
towns in Vietnam. Vietnam Journal of Science and Technology, Vietnam Academy
of Science and Technology, Vol. 50, pp. 943-949.

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

[2]. Ho Thi Lan Huong. Medium-scale tubular biogas plant (Plug-fow). Center
for Renewable Energy and Clean Development Mechanism - Institute of Energy.

[3]. Huynh Thanh Cong, et al., 2015. Biogas engine, status and trends
research. Science & Technology Development, Vol 18, No. K7- 2019.

[4]. Bui Van Ga, et al.,, 2007. Experimental study of supplying biogas on
motorcycle engine. Journal of Science and Technology-The University of Danang,
vol. 18, pp 1-5.

[5]. Bui Van Ga, Le Minh Tien, Nguyen Van Dong, Nguyen Van Anh, 2008.
Biogas supplying system for biogas/diesel dual-fuel engine. Journal of Science and
Technology-The University of Danang, vol. 25, pp 17-22.

[6]. Nguyen Dinh Hung, Nguyen Huu Huong, Doan Thanh Vu, Vu Viet Thang,
2009. Application biogas for small generator’s engine in Vietnamese contryside.
Science & Technology Development, Vol 12, No.14, pp 5-11.

[71. Bui Van Ga, et al., 2007. Refining biogas to run internal combustion
engines. Journal of Science and Technology, Danang Department of Science and
Technology, Vol. 127.

[8]. Wayan Sundta, et al., 2013. Sinple Conversion Method from gasoline to
Biogas Fueled small Engine to Powered Electric Generator. International
Conference on Alternative Energy in Developing Counties and Emerging
Economies, pp 626-632.

[9]. Juan Pablo Gomez Montoya, et al., 2015. Spark ignition engine
performance and emissions in a high compression engine using biogas and
methane mixtures without knock occurrence. Thermal science, Vol. 19, No. 6, pp
1919-1930,

[10]. Tjokoda Gde Tirta Nindhia, et al., 2013. Method on conversion of
gasoline to biogas fueled single cylinder of four stroke engine of electric generator.
International Journal of Environmental Science and Development, Vol. 4, No.3,
pp 300-303.

[11]. Bui Van Ga, Tran Van Nam, Le Xuan Thach, 2013. Optimal Compression
Ratio of Biogas Engine Determined by Simulation and Experiment. Journal of
Science and Technology - Technical Universities, Vol. 96.

AUTHORS INFORMATION

Tran Cong Minh', Nguyen Duc Khanh', Nguyen Phi Truong'?
"Hanoi University of Science and Technology

’Hanoi University of Industry

Vol.57 - No. 5 (Oct 2021) e Journal of SCIENCE & TECHNOLOGY | 79



