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Tém tit: Sir dung truc tiép dau thuc vt (SVOs —Straight vegetabe oils) la mot trong nhing
hwéng lea chon hang dau dé thay thé cho nhién liéu diesel truyén thong trong hién dai héa bén vitng
doi tau ca ven bo. Viéc thwong mai héa SVO 6 mitc do vira phai chwa duoc trién khai réng do thiéu
cdc nghién ciru vé dé bén dong co, su suy thodi ciia ddu béi tron va cdc bién phdp hitu hiéu dé gidi
quyét cdc tac dong tiéu cuec khi sir dung truec tiép SVOs trén dong co diesel. Trong bai bdo nay, nghién
cieu thue nghiém danh gid tac dong lau dai cia dau Jatropha (JO) dén dong co diesel cé nhé lai may
phdt théng qua cac thir nghiém danh gia dg bén dong co trong thoi gian hoat déng 300 gio. Két qua
thir nghiém cho thdy c6 sy gia ting phdt thai, sw thay doi thanh phan kim loai trong dau béi tron va
liwong can ling cacbon hinh thanh trong buong chdy cia déng co.
Tir khéa: Dau thuc vat sir dung tryc tl'é;l?, dé bén dong co, su suy thodi dau béi tron, can lcfng
buéng chdy déng co.
Chi so phan logi: 2.1
Abstract: Straight Vegetable Oils (SVOs) are promising alternatives to diesel fuel in sustainable
modernization of artisan fishing vessels. Moderate commercialization of SVOs is yet to be realized due
to lack of critical information on engine durability, lubricant degeneration, and effective methods to
offset the adverse effect of directly using SVOs on diesel engines. In this paper, the experimental study
evaluates the long term impacts of crude Jatropha oil (JO) on a small diesel engine generator through
300 hour durability tests. The testing results demonstrate the evolution of gaseous emissions, the trace

metal element variations in lubricant, and the carbon deposit formation on engine components.
Keywords: Straight vegetable oils, engine durability, lubricant degreration, combustion chamber

deposits.
Classification number: 2.1

1. Gi6i thi¢u

Su phat trién nhanh cta cong nghé dong
co diesel cung voi cac quy dinh ngay cang
nghiém ngit vé phat thai da cho thiy tam
quan trong cua viéc tim kiém va phat trién
cac ngudn nhién lidu thay thé nhim giam
phat thai cling nhu dam bao chi phi khai thac
phu hop cho déi tau ca gin bd ¢ cac qubc gia
dang phat trlen trong do ¢6 Viét Nam. Trong
tuong lai gan c6 thé thay 13 cac nguon nhién
liéu thay thé c6 mirc d6 phat thai thip nhu:
Khi ty nhién héa léng (LNG), khi sinh hoc
(sinh khbi-biogas), nhién liéu sinh hoc nhu
dau thuc vat dung tryc tiép (SVOs) va nhién
li¢u diesel sinh hoc (biodiesel). SVO da duoc
cac nha nghién cliu trong va ngoai nudc
nghién ctru rong rai trén cac dong co thuy cd
nho ma khong phai sira d6i dang ké vé két

cAu dong co do c6 tinh chét twong dwong véi
dau diesel. Cac két qua nghién ctru cho thiy
SVOs khong ton kém nhiéu chi phi trong san
xuét, d& dang st dung va than thién v6i moi
truong boi ham luong phat thai cacbon thap
hon so v6i sir dung biodiesel. Viéc su dung
truc tiép SVOs da chirng minh hi¢u sut dong
co dat yéu cau trong cac thir nghiém ngan
han [1 - 3], mac du hiéu suét nhiét c6 ich cua
dong co hoat dong véi SVOs thép hon, trong
khi d6 suét tiéu hao nhién liu c6 ich cao hon
so v6i dung dau diesel. Cac nghién ctru voi
cac dong co su dung SVOs trong thoi gian
dai rat han ché va thuong chi dua ra cac két
qua thir nghiém vé hiéu sudt va luong phat
thai ciia dong co. Pan [4] khi nghién ctru trén
dong co diesel hoat dong 300 gid v6i dau JO
da chi ra rang dong co c6 luong phat thai
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CO, CO2 cao hon dau diesel, trong khi d6
phat thai NOx thi thip hon. Kalam va
Masjuki [5] khi nghién ctru thuc nghiém voi
dong co diesel dung dau co thd trong thoi
gian 100 gio cho thy viéc hdm ndng dau co
thd s€ lam giam phat thai CO va HC nhung
phat thai NOx ting. Mot nghién ctru khac vé
dd bén cua dong co khi sir dung dau co thod
v6i thoi gian hoat dong 1én dén 500 gio [6]
chi ra ring cac bo phan bén trong dong co bi
hu héng sau khi st dung SVOs kéo dai,
chfmg han nhu su tich tu cin léng trén voi
phun va vach budng chay, luong phun nhién
liéu khong du, cac xéc mang bi &n mon, mat
guong xilanh bi xudc va cin bam trén cac
xupap dan dén ket xupap. Khi st dung dau
JO 1am nhién liéu thay thé cho dau diesel trén
dong co hoat dong voi thoi gian 512 gio,
Agarwal va Dhar [7] thay rang tudi tho cua
dau bdi tron giam Xuong con 400 gio. Thanh
phan cac nguyén té kim loai trong dau boi
tron cling dugc phat hién trén cac dong co st
dung SVOs, tuy nhién viéc s dung cong
nghé quang phd hip thu nguyén tr ngon lira
(AAS) da khong phat hién dugc Ca va mot
s6 kim loai khac trong bat cir chat bdi tron
nao do gidi han phat hién cia AAS. Trong
nghién ctru nay thay vi dung AAS, nhom tac
gia st dung quang phd khdi Plasma két hop
(ICP-MS) dé phat hién tat ca cac phéan tir kim
loai quan trong trong chit boi tron sau khi
thuc hién thir nghiém do bén trén dong co st
dung JO.

2. Phwong phap va thiét bi thir nghi¢m

bong co diesel lai may phat 1a dong co
Yanmar TF120M hoat dong lién tuc 300 gid
& ché do 75% tai. So d6 bd tri bang thir dong
co duoc mo ta trén hinh 1. Thong s6 k¥ thuat
cua dong co duogc trinh bay trong bang 1. JO
duoc chon lam nhién li¢u va dugc hdm nong
& nhiét do 90°C trong sudt thoi gian tién hanh
thir nghiém do bén dong co, déc tinh ky thuat
ctia JO dugc trinh bay trong Bang 2. Thiét bi
phan tich khi thai Horoba MEXA-1600D
duoc st dung dé do thanh phan khi thai. Céc
trang thiét bi do va phan tich dap tng tiéu
chuan ISO-8178. Sau mdi 100 gid, dong co
duoc dung hoat dong va tién hanh khao sat,
kiém tra. Lugng cdn tich ty trén voi phun s&
duoc léy ra va voi phun dugc v¢ sinh dé dam

bao dong co c6 thé hoat dong tét trong lan
thir nghiém tiép theo. Cac mau dau bdi tron
thu truc tiép tir dau boi tron dudi cacte. Thiét
bi ICP-MS dugc sir dung dé xac dinh nong
d6 kim loai va mot sd phi kim trong miu dau
boi tron véi d§ nhay va do chinh xac rt cao
1én dén phan triéu.

Bdng 1. Thong so dong co Yanmar TZFIZOM.

Mo ta Thong so

Diesel, 4 ky, 4 xilanh, lam mét
bang nude, phun nhién li¢u
tryc tiep
638,1 ml

Loai dong co

Dung tich xilanh

Puong kinh x

Hanh%r‘mh piston 92mm x 96mm

Ty s0 nén 17,7:1

Cong suat tbida | 7,8 kW tai 2400 vong/phut
Goéc phun sém 11,5 GQTK

Ap suét phun 200 kg/cm?®

Bing 2. Pdc tinh ky thudt cia dau Jatropha (JO).

Mo ta Théng s6

Khdi lugng riéng & | 918 kg/m?

15°C

D6 nhét dong hoc & | 35,4 mm2/s

40°C

Nhiét do ch6p lira 186 °C

Thanh phan nuéc 5 %

Can cacbon 0,3 %

Thanh phan lvu huynh | 0,02 %

Chi s6 axit 11 mg

KOH/g

S6 cetane 23

Nhiét tri thap 33 MJ/kg
Hinh 1.
So do bo
tri bang
thir dong

Co.

A T

3. Két qua va thao luin

3.1. Tac dong ciia ciin ling cacbon nén
dac tinh dong co va phat thai

Hinh 2 mé ta hiéu suét trung binh cta
dong co theo thoi gian hoat dong khi dong co
hoat dong voi dau JO trong sudt 250 gio thir
nghiém. Két qua thyc nghiém cho thiy hiéu
suat ciia dong co bién dong trong khoang
21,8% dén 18,2% trudc khi bi hong, higu
sudt dong co ting l1én tir 100 dén 200 giod
hoat dong va c6 xu hudng gidm sau 30 gio
tiép theo. Xu hudng ting va giam hiéu suit
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trén cha yéu do su hinh thanh cin ling
cacbon trén dau voi phun, dinh piston va
vach budng chay, diéu nay di tac dong xdu
dén chit lugng phun nhién lidu va qua trinh
chay cua dong co. Can bam trén voi phun sé
lam thay ddi tinh d6i xtmg ctia voi phun, 1am
giam lugng va chét luong nhién li¢u duoc
phun. Diéu d6 lam cho qua trinh chay khong
hoan toan va lam giam hiéu suét dong co,
ddng thoi gia ting luong phat thai doc hai ra
moi truong. P§ nhdt cao cua nhién ligu JO
lam cho kich thudc cua céc hat nhién liéu lon
hon va kho hoa tron v6i khong khi nap hon
nén chit luong qua trinh chay giam xudng.
Két qua thuc nghiém ciing cho thiy bén canh
hinh thanh can lfmg cacbon, su bay hoi cua
dau boi tron cling dién ra sau 166 gio hoat
dong. Khi d6 d6 nhét ciia dau béi tron ting
1én dang ké din dén sy gia ting ma sat gitta
cac bo phan chuyén dong tuong d6i trong
dong co, do d6 hiéu suat dong co giam nhanh
va hu hong sau 250 gio.

Hinh 2.
Hiéu suat
dong co
9. trong thoi
19 gian hoat
dong 250
gio.

Hinh 3.

Phat thai

2 cua dong
vttty oo pen, " 400 co thir
nghiém.

Két qua vé phat thai CO, NOx va HC
cua dong co khi st dung nhién li¢u JO trong
thoi gian 250 gio thé hién trén hinh 3. Pong
thoi, dac tinh chay cua dong co duogc thé hién
thong qua nhiét do khi x4 dong co. Nhiét do
khi xa dong co dao dong trong khoang tur
570°C dén 670°C. Cin ling cacbon xung
quanh du voi phun da lam giam toc d6 chay,
kéo dai qua trinh chay va giam hiéu suat
nhiét. Do do, nang luong tao ra tur nhién licu
dugc phun vao budng chay s& thip hon va
phan nhién liéu khong chay hét s& kéo dai

thoi gian chay tré, chay trén duong gidn nd
dan dén nhiét 6 khi xa ting cao. Phat thai
HC tao ra la do hon hop hoa tron khong khi
nap va nhién liéu khong dong nhat, nhiét do
trong budng chay chua dat dé d6t chay hoan
toan phan nhién liéu dwoc phun vao. Cac vi
tri trong budng chay nhu tai cac xéc mang,
mat nam xupap va gioang kin khi trén nap
xilanh c6 kha nang do lot moi chit cong tac,
vi vay tai cac vi tri d6 luong phat thai HC
dugc tim thdy kha 16n. Nguyén nhan co thé
do hdn hop méi chat khong chay bi ép vao
nhitng khe hé tai cac vi tri trén trong qua
trinh nén va khi qua trinh chdy dién ra ching
s& chay hoan toan hoic mot phan va quay
nguoc trd lai xilanh. Tuy nhién, do sy hinh
thanh cin ling cacbon din dén thé tich cac
khe h d6 giam xudng nén phat thai HC s&
giam. HC cling bi oxi hda trong qua trinh xa,
trong do tdc d6 oxi hoa phu thudc vao nhiét
d6 khi xa. Sy kich hoat qué trinh oxi hoa bit
dau xay ra & nhiét d6 600°C. Trong hinh 3
cho thay khi nhiét d6 khi xa trén 600°C su
oxi hoa tdng cuong va lam gia tang muc phat
thai CO, nhu vay khi nhié¢t d§ khi xa cang
tang thi phat thai HC cang giam.

3.2. Su suy thodi ciia diu bdi tron

Céac nguyén t6 kim loai trong dau boi
tron dugc chia lam hai nhdm: Nhom cac
nguyén t6 phu gia va nhom cic nguyén td
mai mon tai cac vi tri trong dong co. Phu gia
1a cac nguyén t6 hoa hoc ton tai trong dau boi
tron nhim dam bao cac dic tinh boi tron va
chung s€ bi tiéu hao trong qua trinh dong co
hoat dong. Cac mat kim loai tir nhitng bo
phén khac nhau trong dong co nhu xéc mang,
xilanh, dugc tich ty trong dau boi tron va lam
sach bé mat ctia xéc mang. Hinh 4a cho thiy
ndéng d6 cac chat phu gia nhu Zn, Pt va Ca
trong dau bdi tron. Zn va P ton tai trong hop
chat dithiophotphat dialkyl kém (ZDDP),
chung duogc sir dung dé chdng mai mon va
dong thoi dong vai tro 13 chat chdng oxi héa.
Ca dugc str dung 1am chét tay rira nham kiém
soat su gi va tich tu cac chat dang nhya trong
dong co. Nhitng nguyén t& d6 ban dau co
ham luong cao, tuy nhién nong do ciia chung
giam dan theo thoi gian khai thac ciia dong
co. Su suy giam noéng d6 Zn va P 1am suy
giam chirc ning ctia ZDDP dan dén gia ting
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mai mon tai cac vi tri dugc boi tron trong
dong co. Tuy nhién sau 200 gio nong do Zn
lai tang 1€n 10 rét, diéu nay la két qua cua sy
suy giam chirc ning bdi tron cua dau. Céc
mat kim loai k&m xuét hién nhiéu trong dau
boi tron 1a do sy gia ting mai mon tai cac O
d& va bo phan lam bang dong thau.
———T( —— P

(a)

0 50 100 150 200 250

Hinh 4. Néng do cac kim IOE;Z;' trong mau dau béi tron.

Hinh 4b va 4c thé hién néng do cac
thanh phan mat kim loai bj mon nhu Cu, Mn,
Cr, Fe, Pb va Al trong dau boi tron. Cac phan
tich hoa hoc thanh phan nguyén té kim loai
do da cho théy muc d0 mai mon cua cac bd
phan cua dong co trong qua trinh thtr nghi¢m
dong co véi nhién li¢u JO. Nhitng phat hién
tuong tu dugc chi ra trong cac nghién cuu
cua Agarwal va Dhar [7], khi ho sir dung céc
nhién li¢u diesel sinh hoc khéc trong cac thi
nghiém. Nantha va Thundil Karuppa [8] ciing
thu dugc cac két qua twong tu khi thir nghiém
dong co vdoi SVOs hodc diesel sinh hoc.
Nhimng hu hong xuat hién trong dong co la
két qua cua sy tich tu cin ling cacbon day
nén trong xilanh dong co ciing nhu sy nhiém
ban cua dau béi tron. Quan sat thuc nghiém
cho thdy viéc sir dung tryc tiép nhién liéu JO
dd dan dén su hinh thanh va tich tu cin lang
cacbon qua muc trén cac by phan trong

budng chay dong co. Can lang cacbon tich tu

trén dinh 10m cua piston va bao phu dau voi

phun da lam cho thé tich hiru dung cua phan
dinh 16m piston va chic nang ctia voi phun
giam di 10 rét. PO nhot va muc d§ bao hoa
cua dau JO lam cho cac hat nhién liéu kho bi
phan tan va bay hoi hon dan dén ting do
thdm nhdp va giam goéc nén clia chum tia
phun nén c6 nhic¢u hat nhién li¢u dén va dap
v6i vach buong chay. Do d6, sy hinh thanh
can lang cacbon trong budng chay dong co
chu yéu la do tinh chat hoa ly cua dau JO,
cac tinh chat d6 anh huong t6i dac tinh phun
va qua trinh dot chay nhién liu.

4. Két luan

Céc thir nghiém vé do bén dong co khi
su dung nhién li¢u JO da cho thay can lang
cacbon trong buong chdy dong co diesel la
khé nghiém trong, ching duoc gay ra bdi qua
trinh chdy khong hoan toan va chat lugng
chay kém cuia nhién liéu JO. Sy thoai hda cua
dau boi tron 1a két qua cua su hu hong dong
co khi dung nhién li¢u JO va diéu do ciing
lam gia tang mic d§ hu héng cia dong co.

Do d6, rat can thiét phai dicu chinh hé thong

phun nhién li¢u va c6 cadc hudéng dan bao

dudng cho cac dong co st dung nhién li€u

SVOs U
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