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TOM TAT

Nghién ciru nay dwoc thue hién nham ddanh gid hiéu sudt va phat thai
cua dong co D229-4 su dung Biodiesel tir ba ca phé thai. Nhién liéu
Diesel va Biodiesel dwoc pha tron theo ty 1¢ 0%, 20%, 40% va 100%.
Két qua mé phong 1200 — 2400 vong/phut cho thay khi tang ty l¢
Biodiesel, hiéu sudt giam nhe, cong suat vd moment xodn gidam 2 — 5%
& B20, B40 va 15 — 20% & B100; sudt tiéu hao nhién liéu tang 2 — 4%
& B20, B40 va 20 — 25% ¢ B100. Vé phdt thai khi sir dung B20, B40
va B100, ham lwong mudi than, SO, CO, giam lan heot khoang 70 —
79%, 65 — 85% va 12 — 40%, riéng NO, tang 3 — 10% o B20 va B40,
nhiung giam 45 — 65% ¢ B100. Két qua cho thdy Biodiesel tir bd ca
phé la mét nguon nhién liéu tdi tao tiém nang, khong canh tranh voi
lwong thuce va gop phan dang ké lam giam 6 nhiém méi trieong.

Tir khéa: Ba ca phé da qua sur dung, Diesel sinh hoc, hiéu sudt
dong co, nhién liéu thay thé, phat thdi dong co

ABSTRACT

This study evaluates the performance and emissions of the D229-4
engine fueled with Biodiesel derived from waste coffee grounds. Fuel
blends were formulated by mixing Diesel and Biodiesel at 0%, 20%,
40%, and 100%. Simulation results at 1,200 — 2,400 rpm show that
increasing the Biodiesel ratio slightly reduces engine efficiency, with
power and torque decreasing by 2 — 5% for B20 and B40, and 15 —
20% for B100; while brake specific fuel consumption rises by 2 — 4%
for B20 and B40, and 20 — 25% for B100. Regarding emissions, B20,
B40, and B100 reduce Particulates Matter (PM), SO,, and CO, by
approximately 70 — 79%, 65 — 85%, and 12 — 40%, respectively. NO«
increases by 3 — 10% for B20 and B40, but decreases by 45 — 65% for
B100. These results demonstrated that coffee-ground Biodiesel is a
promising renewable fuel that does not compete with food resources
and can substantially mitigate environmental pollution.

Keywords: Alternative fuel, biodiesel, engine efficiency, engine
emissions, spent coffee grounds
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1. GIOI THIEU

Hién nay, hau hét cic ngudn ning luong cd
nguon goc tur nhién li¢u hoa thach. Xa héi cang phat
trién ngudn nhién liéu tiéu thy cang nhiéu, kéo theo
luong khi thai doc hai nhu Carbon monoxide (CO),
Hydrocarbon (HC), cac Oxit Nito (NOy), Carbon
dioxide (CO,) va chat thai dang hat (Particulates
Matter — PM) thai ra moi trudng cang 16n, gy ra 6
nhiém méi truong, bién ddi khi hau va anh huong
truc tiép dén stic khoe con ngudi. Bén canh do, véi
da tiéu thu nhién li¢u hoa thach thi nhién liéu hoa
thach ciing dén bi can kiét. Bé khic phuc hién trang
nay, hang loat giai phap duoc thuc hién nhu phat
trién xe dién, xe lai, xe hydro,... Trong do, viéc tim
ngudn niang lugng méi thay thé ngudn ning lugng
hoéa thach ciing 1a hudng di méi day hira hen.

Nhién liéu Biodiesel 1a nhién liéu sinh hoc c6
ngudn gdc tir dau thyc vat (hat huéng duong, hat cai,
diu dura, dau €o,...), m& dong vat (md bo, md
lon,...) hodc dau an phé thai... Nhién liéu Biodiesel
la ngudn niang luong tai tao than thién voi moi
truong, giam déng ké phat thai 6 nhiém khi sir dung
trén dong co. Cu thé, hdn hop nhién liéu Diesel gbc
va Biodiesel c6 ngudn gbc tir dau ddu nanh —
soybean oil methyl ester (SME)da duoc st dung
nham danh gi4 anh huong dén tinh nang lam viéc va
phat thai cua dong co Diesel (Al-Dawody & Bhatti,
2011). O mot nghién ctru khac, d6 tin cay cia nhién
liéu Biodiesel thong sb cong tac, mirc phat thai dong
co su dung trén cac phuong ti€n van tai tai cac mo
khai thac khoang san, phuong tién co gidi quén
su,...da dugc danh gia (Yén, 2015). Bén canh do,
viéc danh gia anh huong cia Biodiesel tir dau cai
rapeseed methyl ester (RME) trong hdn hop
Biodiesel B30, B50 va B100 dén dac tinh phat thai
CO,HC,NOy, CO, va chét thai dang hat (PM) cta
dong co Diesel thong qua viéc thir nghiém trén bang
thtr chassis dynamometer (Bielaczyc et al., 2009).
Ngoai ra, nhién lidu Biodiesel tir dau co — palm
methyl ester (PME) da chung minh ¢ tiém ning
cung cip mot phan giai phap giam khi thai cho dong
co Diesel hang nhe, ca ¢ dang nguyén chit va dang
pha tron. Viéc st dung PME nguyén chat da lam
giam dang ké NO, Unburned Hydrocarbons — tirc
Hydrocacbon chua chay hét va do mo khoi trong
ong xa lan luwot 1a 5,0%, 26,2% va 66,7%
(Ngetal., 2012)

Nhin chung, Biodiesel 18 mt nhién li€u thay thé
ly tuong, gop phan lam giam dang ké phat thai 6
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nhiém moi truong boi dong co dbt trong. Tuy vay,
phan 16n cac ngudn nguyén liéu dung dé san xuét
Biodiesel hién nay nhu dau d4u nanh, dau cai, dau
co dau dira hay m& dong vat déu co gia tri thyc
pham. Viéc khai thac va sir dung cac ngudn nguyén
liu nay cho muc dich ning luong c6 thé lam gia
tang ap luc 1én an ninh lvong thuc cling nhu canh
tranh st dung dit cho san xuit nong nghiép
(Rathmann et al., 2010). Do vy, mt hudng tiép can
ma&i bén vimg hon 1a phat trién nhién liéu Biodiesel
c¢6 ngudn gdc tir phu pham, phé phém thai ma khong
con gia tri sir dung trong thuc pham. Mot trong
nhitng ngudn san xuat Diesel sinh hoc tiét kiém d6
1a b ca phé phé thai, ddy dwoc xem nhur 1a cach gop
phan vao viéc tai sir dung ba ca phé. Diéu nay giup
dam bao khong canh tranh véi ngudn nguyén liéu
tham gia vao chudi cung tmg luong thyc, thyc phdm
cua con nguoi hién nay. Pac biét khi Viét Nam 1a
mét trong nhimg quéc gia c6 san lugng va xuat khau
ca phé 16n nhat thé gioi. Tuy nhién, viéc thyc hién
cac nghién ctu nham tim hiéu vé viéc str dung
Biodiesel co ngudn goc tor ba ca phé trén dong co
Diesel van con han ché.

Nghién ctru ciia Efthymiopoulos et al. (2019) khi
duoc thuc hién da tap trung vao viéc tdi wu hoa qua
trinh san xuat va dic tinh chay cua Biodiesel Spent
Coffee Ground (SCG) trén dong co thtr nghiém mot
xylanh. Ngoai ra, viéc danh gia anh huong ciia hon
hop Biodiesel SCG dén phat thai va tinh nang lam
viéc ciia dong co Diesel mot xylanh hut khi ty nhién
da dugc tién hanh trong nghién ctru cua Kamil et al.
(2019). Tuy vay, cac nghién cuu trudc dugce thuc
hién chu yéu dimg lai & quy mé dong co don xylanh.
Mait khac, cac nghién ctu dugc tién hanh con tap
trung vao viéc phan tich cac chi tiéu hiéu suat va
phat thai tong thé, hiéu suét nhiét, qua trinh chay va
din bién 4p suét, nhiét do trong xylanh chua thé
hién ro, dac biét voi ty 1€ pha tron trung binh va cao.

Vi vdy, viéc str dung nhién li¢u Biodiesel SCG
¢6 ngudn gdc tir bi ca phé di qua st dung, phe phim
ca phé, ca phé bi 15i trong qua trinh che bién trong
nghién ctru nay nham danh gia hiéu suat ning luong
(cong suat, moment xoan, hiéu suat nhiét, sut tiéu
hao nhién liéu) va phat thai trén dong co Diesel bon
xylanh & cac ty 1€ pha tron Biodiesel khac nhau. Hon
nita, két qua nghién ciru cung cép céi nhin chi tiét vé
dién bién ap suat, nhiét do trong xylanh ciing nhu co
ché hinh thanh phat thai NO, va mugi than theo goc
quay truc khuyu.
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Hinh 1. Quy trinh sin xuit Biodiesel tir bi ca phé phé thai

Két qua nghién ctru ky vong s& cung cp co s¢ trén la methyl ester (Biodiesel tho), trong khi pha
khoa hoc, tao tién d& cho vide tmg dung hiéu qua dudi bao gom glycerol va cac tap chat. Biodiesel tho
dAu tir ba ca phé nhu mot nhién licu thay thé tidém sau d6 dwogc rira nhidu 1an bing nude 4m (co thé két
ning trong tuong lai. Pdm bdo an ninh ning luong hop v6i dung dich axit sulfuric loang) nham trung
va han ché nhiing tac dong tiéu cuc cua nhién liéu hoa xiic tac du, dong thoi loai bo xa phong va cac
hoa thach noéi chung va nhién liéu Diesel truyén tap chat con sot lai. Cuoi cung, Biodiesel dugc lam
thdng noi riéng dén méi trudng va sic khoe con kho dé loai bo lugng nude con lai, qua d6 dam bao
ngudi. chat lugng nhién li€u Biodiesel (Harb & Salloum

Abou Jaoudeh, 2025).

Biodiesel SCG phuc vy qué trinh mé phdng , . ,
dugc thu thap tir nhitng cong bd khoa hoc dang tin 2. PHUONG PHAP NGHIEN CUU
cdy, v6i quy trinh sin xudt duge md ta bing viéc dau Phin mém Diesel-RK (Release: 4.3.0.189, May
tién la thu gom ba ca phe phé thai hodc bi hong trong 2023) dugc sir dung dé md phong qué trinh cong tac
qua trinh .c‘hé 1t?lén, sau do .séy kh6é nham 10@1.1'b6 do cua dong co Diesel. Pong co st dung nhién liéu
am, tao diéu kién thuan loi cho qua trinh chiét dau. Diesel gc pha tron voi Biodiesel nguyén chat theo

Déu thé sau chiét cung véi dung mdi duoc loai bo ty 18 0% (B0), 20% (B20), 40% (B40) va 100%
thong qua thict bi 6 quay chan khong. Ticp theo, (B100). Trong d6, hdn hop Diesel va Biodiesel (Bx)
nham giam ham lugng axit béo tw do trong dau thd,  ¢dm c¢ BO dai dién cho nhién liéu Diesel khoéng
hon hop dugce dua vao qua trinh ester hoa co xic tic  noyyen chét, con cac mau B20, B40 va B100 1a hén
axit. Sau khi phan ung két thuc, san pham dugc hop pha tron khac nhau giita Diesel khodng va
chuyén sang pheu chiét, tai day hinh thanh hai pha Biodiesel nguyén chét theo ty 1& 1in luot 1a 20%,

riéng biét gobm con du, axit va tap chat, cung voi dau 40% va 100% ham luong Biodiesel nguyén chat.

sau ester hoa. Trude khi tlc?n hanh budc tiép theo,

dau da ester hoa dugc thu hoi bang thiét bi cd quay, Phuong phap dugc thuc hién bang viéc nhap cac

nham tach methanol du va nudc ra khoi hdn hop thong s6 k¥ thudt dong co vao phan mém Diesel-

(Harb & Salloum Abou Jaoudeh, 2025). RK. Sau d6 déc tinh nhién liéu Biodiesel SCG duoc

. o . A khai bao trong phan mém. Sau khi hoan tat thiet lap

Cong doan tiep theo la tao methyl ester thong céc thong s6 dau vao, qua trinh chay mé phong dugc

qua phdn ng transester héa, sir dung con va xuc tac tién hanh.

bazo. San phéml sau phan ng tiép tuc duoc tach pha
trong phéu chiét, tao thanh hai pha riéng biét. Pha

84



Tap chi Khoa hoc Dai hoc Can Tho T ap 62, S6 CP: Khoa hoc va Cong nghé cho su phat trién bén vieng cua ving DBSCL: 82-93

Trong qué trinh mo phong, két ciu va dic tinh
ky thuat ctiia dong co dugc gitt nguyén, chi thay d6i
loai nhién li€u sir dung. Cac phép mo phong dugc
thue hién tai ndm ché do tde d6 dong co lan Iuot 1a
1200, 1500, 1800, 2100 va 2400 vong/phut (trong
d6 vong tua dinh muc tai 1800 vong/phut). Két qua
dit liéu dau ra dugce xir 1y, tong hop va biéu dién dudi
dang bang biéu va do thi bang phan mém Microsoft
Excel (2023) va Origin (2026) nham phuc vu cho
viéc phan tich va dénh gia két qua.

2.1. Théng sb ciia nhién ligu

Bang 1 trinh bay cac théng sb hoa 1y cua nhién
liéu Biodiesel SCG, bao gdm céc dic tinh héa 1y,
phuc vu qué trinh mo phdéng hoat dong cuia nhién
liéu trong dong co.

Thoéng sb Biodiesel SCG dugc thu thap tir cong
bd khoa hoc ¢6 lién quan. Bén canh d6, thanh phén
va dac tinh cua nhién li¢u ciing dugc thu thap tir co
so dir liéu tich hop san trong phan mém Diesel-RK
giup dam bao mo hinh moé phong phan anh chinh xac
dac tinh lam viéc cuia nhién li¢u trong diéu kién thuc

té, tir 46 néng cao do tin cdy va tinh chinh x4c cia
cac két qua mod phong va tinh toan thu duge (Al-
Hamamre et al., 2012; Kamil, et al., 2020; Carlucci
et al.,, 2017; Lee et al., 2019; Sugebo, 2022;
Deligiannis et al., 2015).

Do dit liéu thuc nghiém cho hén hop B20 va B40
chua dugc cong b hoan toan day du, viéc tong hop
bao gdm xem xét yéu t6 do 4m, nhiét d6 moi trudng,
diéu kién bao quan, diéu kién nhién liéu va dic tinh
clia cac dong co Diesel phd bién dang duoc st dung
tai Viét Nam. Mot sb thong s tuong umg dugc xac
dinh bang phuong phap ndi suy tuyén tinh nham
phuc vu muc dich chan doan ky thut nhu thong 50
khéi lugng riéng, nhiét tri thap, chi sd Xé-tan, cac
thanh phan nguyén t4,... Bén canh do, cac thong s6
vé mat dd va d¢ nhot trong hdn hop Biodiesel ciing
dugc xac dinh boi nghién ciu c6 lién quan
(Mengistu et al., 2024). Céc gia tri nay déu nim
trong gidi han tiéu chudn ASTM D6751-24 (USA)
va EN 14214:2012 + A2:2019 (Europe), sai s6 wéc
tinh trong pham vi <5%.

Béang 1. Thong s0 nhién liéu Biodiesel SCG (Al-Hamamre et al., 2012; Kamil et al., 2020; Carlucci et al.,
2017; Lee et al., 2019; Sugebo, 2022; Deligiannis et al., 2015)

Nhién liéu Biodiesel SCG

Thong 50 Donvi B0 B20 B40 B100
Cacbon % 87 83,57 82,18 74,90
Thanh phan (Theo khéi lwong) Hydro % 12,6 12,10 11,76 9,90
Oxy % 0,40 2,47 4,73 9,63
Ham luong lvu huynh % 0,002  0,00220 0,00208  0,00105
Tri s téa nhiét thap MJ/kg 42,5 41,24 39,89 36,22
Chi sb Xé-tan - 48 49,60 51,22 56,11
Khdi lugng riéng ciia nhién liéu & 323°K kg/m? 830 841 852 1005
Hé s6 stre cang bé miat & 323°K N/m 0,028 0,031 0,034 0,038
D6 nhét dong hoc & 323°K Pas 0,0030  0,0033  0,0036  0,0043
Nhiét hoa hoi riéng kJ/kg 250 265,8 281,2 325
Khbi luong mol g/mol 190 211,5 232.5 2922
Heé s6 khéch tan & didu kién khi quyén s 3,1.10°1°
Ap suét hoi bio hoa & nhiét d6 thip (465°K)  bar - - - 0,0409
Ap suét hoi bio hoa ¢ nhiét do thdp (480°K)  bar 0,0477  0,0409  0,0331 -
Ap suét hoi bao hoa tai nhiét do t41 han bar 1,616 1,630 1,621 1,576
Nhiét d6 t6i han K. 710 7212 734.,0 786,0

2.1. Théng s6 k§y thuat dong co

Pong co Diesel MWM D229-4 da dugc nghiép
ctru va mo phdng, thuong duoc str dung cho cac thiét
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bi cong nghiép, may phat dién, may bom tudi tiéu,
may kéo, may phun,...
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Bang 2. Thong s6 ky thuit dong co Diesel D229 —
4 (Al-Dawody & Bhatti, 2011)

TT Théng s6 ky thuit Gia tri
1 Nha san xuét MWM
2 Ma dong co D229-4
3 Loai dong co 14
4 Puong kinh xylanh (mm) 102
5 Hanh trinh piston (mm) 120
6 Ty sb nén 17:1
7 Dung tich cong téc (dm?) 3,922
8 Thtr ty lam viée 1-3-4-2
9 Kiéu hut khi Ty nhién
10 H¢ théng lam mat Chat

long
11 Kiéu phun nhién lidu Tr}r ¢
tiep
Cong suat cuc dai/ vong quay
12 (kW/(vong/phiit)) 44/1800
13 Go6c phun sém nhién liéu 10
(do gbc quay truc khuyu)
14 S6 16 phun trén mot voi phun 4
15 S6 voi phun trén mot xylanh 1
16 S6 xéc mang khi 2
17 S6 xéc mang dau 1
18 Sb xupap nap 2
19 S6 xupap xa 2

3. KET QUA VA THAO LUAN

Két qua sau khi chay mo phong bé“mg phin mém
Diesel-RK, ddng co Diesel D229-4 dugc md phong
hoat dong v6i bén hdn hop nhién liéu gom B0, B20,
B40 va B100 nhu sau:

3.1. Phan tich qua trinh chay

Hinh 2 va Hinh 3 cho thdy 4p suit va nhiét do
cuc dai cua dong co giam khi ting ham lugong
Biodiesel trong nhién liu.

Tai ché d6 lam viéc véi vong tua dinh muc 1800
vong/phut ¢6 thé nhan thdy sy khac biét rd vé dic
tinh nhi¢t ¢ gitra cac loai nhién li¢u. Cu thé, nhiét
d6 cuc dai BO 1a 1916,9°K, trong khi d6 B100 gia
tri ndy dugc ghi nhan 1a 11567°K. Béng thoi, gid tri
ap suat cuc dai cling c6 su chénh l¢ch dang ké, vo1
BO 1a 84,04 bar, B100 1a 56,51 bar.

Ngoai ra, khi so sanh nhién liéu B0 véi B20 va
B40 thi cho thay mtrc suy giam khong dang ké, chi
giam nhe (<4% vé nhiét do cuc dai, <8% vé ap suét
cuc dai), trong khi B100 giam 16 — 28% vé nhiét do,
21,96 — 28,12% vé& 4p sudt, dic biét & 1200
vong/phut (Bang 3).
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Hinh 2. D6 thi biéu dién ap suét cwe dai ciia
dong co tai cac che do lam viéc khac nhau
Bing 3. So sanh sy thay déi nhi¢t d9 va ap suit

cwe dai dong co khi sit dung nhién li€u

Biodiesel (%)
\ Mire giam nhiét d
(v\i])(:llgptll:zt) B0 (°K) 50 v6i B0
B20 B40 B100
1200 1853,2 1,47 3,97 28,15
1500 19329 0,26 0,80 19,00
1800 1916,9 0,60 2,00 18,27
2100 19084 1,33 8,29 16,77
2400 19369 099 0.8 18,43
\ Mibc giam ap suat
(‘};(:;%pt;:zt) B0 (bar) so voi B0
B20 B40 BI100
1200 74,09 3,52 7,84 28,12
1500 85,63 0,51 1,76 22,71
1800 84,04 0,56 2,05 22,03
2100 83,20 0,60 2,16 21,96
2400 85,93 0,12 1,32 2259

Dua vao déc tinh hoa ly ctia nhién li¢u Biodiesel
(Bang 1) c6 thé thdy, tuy ham lugng oxy cao nhung
d6 nhot 16n khién kha ning bay hoi kém lam thay
ddi qua trinh chay, nhién liéu - khong khi phan bd
chua dong déu, lam giam ving qué nhiét va ap suat
dinh trong budng ddt, qua trinh chay c6 xu hudng
dién bién ap suét it dinh nhon hon (Hinh 4). Thuc té,
khi déng co Diesel st dung nhién li¢u Biodiesel
thuong cho ra ap suét cuc dai va nhiét do cuc dai
thip hon so v6i nhién liéu gbc (Magin Lapuerta,
2007; Agarwal, 2007).
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3.1.1. Dién bién dp sudt trong xylanh

D4 thi Hinh 4 thé hién dién bién ap suit trong
xylanh theo goéc quay truc khuyu (crank angle — CA)
tai vong tua dinh mac 1800 vong/phut (cac tde do
dong co khéc ciing c6 dién bién tuong tu nhu tai
1800 vong/phut). Puong cong ap suit ciia B0, B20,
B40 va B100 kha twong ddng, qué trinh chay gan
nhu cing pha va cing quy luét, khac biét chu yéu ¢
dinh 4p sudt cuc dai. Pinh 4p suit xuit hién ngay
sau khi piston di qua diém chét trén., khi ham lugng
Biodiesel ting, dinh ap suat c6 xu huéng giam dan.
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Hinh 4. P6 thi dién bién ap suit trong xylanh
dong co tai vong tua dinh mirc
3.1.2. Dién bién nhiét @ trong xylanh

D) thi Hinh 5 mé phong sy bién thién nhiét do
trong xylanh theo goc quay truc khuyu tai 1800
vong/phut cho thay duong cong nhiét do cua BO,
B20, B40 va B100 gan nhu twong dong. Diém cuc
dai xuat hién ¢ giai doan chinh ciia qué trinh chay,
piston vira qua diém chét trén, réi giam dan. Nhiét
do cuc dai giam tuyén tinh khi ham lugng Biodiesel
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tang, cho thiy su thay doi qua trinh chay anh hudng
dén toc d6 phan ung, ap suat sinh cong va phat thai
(Wei, et al., 2017).

O giai doan sau khi chay, tir thoi diém khoéng
450°CA, mirc nhiét cua B100 cao hon cac nhién liéu
khac, do do nhét trong Biodiesel cao khién toc do
bay hoi nhién li¢u giam, lam qué trinh phan tan va
hoa trén voi khong khi dién ra cham hon. Diéu nay
dan dén thoi gian chay bi kéo dai qua qua trinh gidn
nd (Nguyen et al., 2020).
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3.1.3. Dién bién toc dg téa nhiét trong xylanh

D6 thi Hinh 6 cho thiy dinh HRR giam dan khi
tang ham luong Biodiesel. Diesel thuan dat HRR
cuc dai cao nhat, tiép theo 1a B20, B40 va B100.
Pinh toéa nhiét cua Biodiesel xuat hién sém hon
Diesel do chi s6 Xé-tan cao thuc day bén lira sém
(Mengistu et al., 2024). O giai doan khuéch tan,
HRR cua B100 duy tri & muc cao hon trong khoang
goc quay 16n hon, cho thdy qué trinh chay kéo dai
hon do téc do bay hoi cham va sy phan b6 ning
luong chay ddng déu hon trong budng dét (Nguyen
et al.,, 2020). Nhin chung, viéc ting ham lugng
Biodiesel lam giam tdc do toa nhiét cuc dai va kéo
dai thoi gian chay, c6 thé lam giam hiéu suat chay
va cong suét dong co
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3.2. Panh gia hi¢u suit

Hiéu suét lam viéc cua dong co dugc danh gia
nham xac dinh kha nang sinh cong, muc ti€u thu
nhién li¢u cling nhu hi¢u qud chuyén d6i nang luong
cua dong co khi thay doi céc loai nhién lic¢u.

3.2.1. Céng sudt va moment xodn déng co

O moi vong tua (Hinh 7 va Hinh 8), cong suat
Diesel gdc luén cao nhat va B100 1a thap nhat. Tai
vong tua dinh mac 1800 vong/phut, cong suat va
moment xoan nhién liéu BO dat lan luot 1a 41,12 kW
va 218,18 Nm so v6i B100 dat 35,36 kW va 187,62
Nm (cong suat va moment xoan giam 14,01%). Diéu
nay cho thay cong suit dong co c6 xu hudng giam
khi thay thé nhién liéu Diesel bang Biodiesel. Mirc
giam khi dung B20, B40, B100 dao dong 0,74 —
37,91%, 1 nhat tai 1200 vong/phit (Bang 4).
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Béang 4. So sanh sy thay doi cong suat va moment
xoan dong co khi sit dung nhién liéu

Biodiesel (%)
Vong tua BO Mire gsi)ﬁm 6’ic(;);(1)g suat
N - Vi

(vong/phit) (kW) —550""540  B100
1200 2712 074 184 3791
1500 3417 094 173 1261
1800 4112 105 226 1401
2100 4731 129 175 13.84
2400 3176 085 157 10.99
Vg Vg o
(vong/phit) — (Nm) —5>0™ 540 B100
1200 21583 0.76 185 37.92
1500 21757 092 172 12.62
1800 21818 1.05 231 1401
2100 21533 137 445 13.90
2400 21667 086 158 11.01

Nguyén nhin cua sy thay dbi cong suit va
moment x04n dong co la do tri s6 toa nhiét tha‘ip cua
Biodiesel thap hon Diesel khién nang luong sinh ra
trong qua trinh chay giam (Al-Dawody &
Bhatti, 2011).

Bén canh d6, nhién liéu Biodiesel c6 dd nhét va
kha nang bay hoi kém hon so vdi nhién li€u Diesel,
lam viéc phun va hoa trdn nhién li¢u-khong khi kém
hiéu qua din dén téc d6 chay cham hon
(Agarwal, 2007).

3.2.2. Sudt tiéu hao nhién liéu dong co
D6 thi Hinh 9 cho thdy suét tiéu hao nhién li¢u

(Brake Specific Fuel Consumption — BSFC) tang
theo ty 1¢ Biodiesel.
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Cu thé, 0 moi vong tua, Diesel (B0) c6 BSFC
thip nhat, B100 cao nhét. Tai 1800 vong/phit,
BSFC B0 la 225,61 g/kWh, B100 257,68 g/kWh
(tang ~14%). B100 c6 ham lugng nang lugng trén
mdi don vi khéi lwong giam, nén cin mot luong
nhién lidu 16n hon dé tao ra cting mot cong suat nhu
BO.

Thém vao d6, do nhdét dong hoc cao va mat do
cac phan t trong nhién liéu Biodiesel cao hon, anh
huéng xdu dén qua trinh phun cua dong co, viéc
phun toi swong va hoa tron véi khong khi kém hiéu
qua, gép phan lam tang muc ti€u thu nhién liu.
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Hinh 9. Db thi biéu dién suit tiéu hao nhién ligu
ciia dong co tai cac che do lam viéc khac nhau
Biang 5. So sanh sy thay déi BSFC ciia dong co

khi st dung nhién liéu Biodiesel (%)

Vong tua B0 Mirc ting so voi B0
(vong/phit) (E-) B20  B40  B100
1200 22407 0,537 1,16 60,18
1500 223,99 043 080 12,58
1800 22561 055 138 1421
2100 230,19 0,09 0,09 13,96
2400 224,18 045 075 10,67

Két qua tai Bang 5 cho thy tai B20 va B40 thi
BSFC chi ting nhe (<5%) va gan nhu khong anh
hudng dén van hanh, trong khi B100 tang rd rét, dao
dong 10,67 — 60,18% tiy toc do lam viéc ctia dong
co (Bang 5). Diéu nay co thé thay rang, xu hudng
BSFC tang 16 rét khi ty 1¢ pha tron Biodiesel trong
nhién li¢u cang cao.

3.2.3. Hiéu sudt nhiét dong co

Hiéu suit nhiét dong co (Brake Thermal
Efficiency — BTE) 1a ty 1¢ gitra nang lugng co hoc
hitu ich tao ra va nang lugng nhiét cung cap tir nhién
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lidu, phan anh tryc tiép ch{it luong chay, dac tinh
nhién li¢u va hiéu qua chuyén doi nang lugng (Hinh
10).

Nhién liéu BO ¢6 hiéu suit nhiét trung binh 37 —
38% va 6n dinh trong diy vong tua 1200 dén 2100
vong/phut. Tuwong ty véi B20 va B40 khi chénh 1éch
hiéu suét nhiét chi khoang 1% tai cac ché do lam
viéc. Riéng B100 c6 hi¢u suit nhiét cao nhat, nhung
nguoc lai thi BSFC ciing ting dang ké (Hinh 9).
Diéu nay cho thdy hiéu sut nhiét cao khong dong
nghia vé&i hidu qua kinh té tot, dong co D229-4 st
dung B100 chua thé chuyén hoa ning lugng thanh
cong co hoc hi€u qua va tiéu thu nhién liéu 16n lam
anh huong chi phi van hanh dong co.
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3.3. Danh gia dac tinh phat thai
3.3.1. Phat thdi NO,

D4 thi (Hinh 11) biéu dién sy bién thién ndng do
NO, theo géc quay truc khuyu khi dong co st dung
cac loai nhién liéu B0, B20, B40 va B100 tai vong
tua 1800 vong/phut (trong pham vi nghién ctru nay,
chi trinh bay két qua tai vong tua dinh mirc, do cac
ché d6 khac, qué trinh hinh thanh va xu huéng bién
thién NO, c6 dic diém twong tu).

Cu thé, NO, duoc hinh thanh cha yéu tir nito
trong khong khi khi nhiét d6 chay trong budng dot
tang cao. Két qua quan st tir do thi cho thay nong
d6 NO, bat dau taing manh ngay sau thoi diém chay
chinh, twong Ung véi trong khoang goéc quay tu
360 — 375° CA, day la thoi diém ma nhiét d6 budng
chay dat gié tri cuc dai. Khi do, diéu kién hinh thanh
NO, thuén lgi nhét boi nhiét d0 cao va dac biét 1a su
hién dién cta ham luong oxy du thira trong hdn hop
khi chay.
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Sau giai doan nay, trong xylanh dong co, khi ma
piston tiép tuc di chuyen xuodng diém chét dudi trong
qué trinh gidn ng, thé tich budng chay tang lam nhiét
d6 trong xylanh giam dan, diéu nay dan dén toc do
hinh thanh NO, cham lai. Do véy, ké tr khoang
380° CA tro di, ndng do NOy dat trang thai gin nhu
6n dinh, gan nhu khong con tang thém va dugc duy
tri & mirc gan nhu khong dbi cho dén khi qua trinh
chay két thuc hoan toan.
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Khi so sanh co ché hinh thanh NO, trong budng
dbt theo goc quay truc khuyu cua timg nhién liéu
(Hinh 11), qua do n6ng d6 NOy tire thoi trong xylanh
duogc danh gia, c6 thé thiy gid tri tir cao dén thap lan
luot 1a B20, B0, B40 va B100. Cu thé, téc do hinh
thanh NO, cua Biodiesel 20% trong nhién li¢u ting
so v6i Diesel thuan, twong ddng voi nghién ctru cua
Yén (2015). Khi ting Biodiesel 1a B40 thi ndng do
NO, gidam nhe va voi B100 giam rit dang ké.
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Hinh 12. P6 thi biéu dién mirc phat thai NO,
cia dong co tai cac ché d lam viéc khac nhau
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D6 thi Hinh 12 dénh gia tong muc phat thai NOy
phuc vu danh gié anh hudéng moi truong va céc ti€u
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chudn khi thai cua dong co tai cac vong tua may.
Phat thai NOy cao nhat & 2400 vong/phiit va thap
nhét tai 1200 vong/phat & ca bon loai nhién ligu. Xét
theo nhién liéu, & hdu hét cac ché do 1am viéc, NO,
c6 xu huong tang khi dung B20 va B40, gia tri cao
lan lugt 1324,4 ppm va 1256,3 ppm tai 2100
vong/phut va tang hon Diesel goc 3,17 — 11,11%.
Tuy nhién, khi tang Biodiesel 1én 100%, NO, giam
& moi ché d, muc giam manh nhét khi 391,7 ppm
tai 1200 vong/phut, cac gia tri khac giam 44,64 —
67,44% so v&i BO. Két qua vé sy thay d6i dugc thé
hién cu thé & Bang 6 (cac gia tri c6 dau trir nghia 13
giam so vdi BO).

Bang 6. So sanh sy thay dbi lrgng phat thai NO,
cia dfng co khi sit dung nhién li¢u

Biodiesel (%)
Vong tua B0 Thay déi so véi B0
(vong/
phiit) (ppm) B20 B40 B100
1200 1202,7  -9,6 -3,23  -67,44
1500 1588,1 5,05 3,17 47,77
1800 1379,5 3,87 -2,96  -47,52
2100 1189,2 11,11 5,65  -44,64
2400 1644,8 6,18 5,11 46,32
3.3.2. Phat thai mudi than

PM duoc hinh thanh chi yéu do qua trinh chay
khong hoan toan cua nhién li¢u, dac biét 1a & vung
giau nhién liéu va thiéu oxy trong budng dot (Hinh
13). Biodiesel c6 ham lugng oxy trong nhién liéu
cao (Bang 1), giup giam PM hon so v6i Diesel.
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Hinh 14 cho thiy ham lugng Biodiesel cang cao
thi PM cang giam. Sy giam nay do ham lugng oxy
san c6 trong Biodiesel cao, gitip cai thién oxy hoa
nhién liéu trong ving chay thiéu khong khi, giam
hinh thanh PM (Magin Lapuerta, 2007). Ngoai ra,
nhién li¢u Diesel sinh hoc khéng chua (hodc chta
thép) tac nhan sinh ra PM nhu nhién liéu hoéa thach
la hydrocacbon thom va luu huynh (Agarwal, 2007).

C6 thé thay, mic du Biodiesel co d6 nhét cao va
bay hoi kém, nhung ¢ ty 1¢ pha tron cao, luong oxy
noi tai khic phuc han ché nay, lam qua trinh chay
sach hon va PM bi oxy hoéa manh hon (Lapuerta et
al., 2009). Két qua chimg minh hiéu qua giam muc
phat thai PM giam dang ké khi ting ham luong
Biodiesel, dic biét & B100 c6 thé giam PM dat 60 —
80% so v6i BO, twong dong vai két qua nghién ctru
cua Magin Lapuerta et al. (2007) va
Agarwal (2007).

Bang 7. So sanh sy thay di lwong PM ciia dong
co khi sir dung nhién liéu Biodiesel (%)

Vong tua B0 Gidam so véi B0
(vong/phiat) (g/kWh) B20 B40 B100
1200 2,706 70,0 744 774
1500 1,474 75,0 759 76,3
1800 1,420 72,9 77,6 78,2
2100 1,315 77,8 744 79,1
2400 1,447 73,3 742 743

3.3.3. Phdt thai CO, va SO,

Hinh 15 thé hién phat thai CO, c6 su giam khi
tang Biodiesel & moi vong tua may, BO cao nhat
(831,56 — 1202,7 g/kWh) trong khi B20, B40 va
B100 thdp hon dang ké.
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Trong qua trinh chay hoan toan, cacbon phan
ung voi oxy trong khéng khi tao thanh CO, (C +
0, — C0,), day la san pham ciia phan tmg oxy hoa
va 1a khi nha kinh gdy bién ddi khi hau. V& thanh
phin hoa hoc, lwvong hydro trong B0 thip va cacbon
cao hon Biodiesel trén mdi don vi ning lugng, do
d6 khién san pham chay tao CO, nhiéu hon (Magin
Lapuerta, 2007; Agarwal, 2007).
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Hinh 16 va Bang 8 cho thdy SO, cao nhét véi
B0 (0,02904 — 0,042 g/kWh) va giam khi thay bing
Biodiesel, giam rd nhat v6i B40 tai 1200 vong/phiit.
Nguyén nhan la do BO chira lvu huynh cao hon
(Bang 1), khi chay da san sinh SO, (S + 0, — SO,),
SO, co thé tiép tuc oxy hoa trong khi quyén
(250, + 0, — 2S03); sau d6 SO; phan Gng voi
nudc tao thanh axit sunlfuric (SO3; + H,0 —
H,S0,), gop phan hinh thanh mua axit (Agarwal,
2007). Trong khi do6, Biodiesel tir déu thuce vat hodc
m& dong vat ¢6 luu huynh thdp (Bang 1) nén sinh it
SO,, tuy nhién m6 phong (Hinh 16) cho théy B40va
B100 d6i khi cao hon B20 do tang d6 nhét va stc
cang bé mit gdy sai 1éch lugng phun va hoa tron,
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diéu nay lam thay ddi do giéu—nghéo cuc bg trong
vung chdy va anh hudng toc do hinh thanh va oxy
hoéa luu huynh (Feng, et al., 2025).

Bang 8. So sanh sy thay dbi phat thai CO, va SO,
cia dong co khi sit dung nhién li€u

Biodiesel (%)
Vong tua B0 Mu:) %12111113302
(vong/phut)  (g/kWh) B20  B40 B100
1200 1202,7 39,4 38,5 40,1
1500 845,08 12,7 13,7 14,8
1800 863,48 13,5 149 16,0
2100 878,95 144 13,7 15,8
2400 831,56 11,3 123 133
Vong tua B0 Musf) %1(;11]13(5)02
(vong/phuit)  (g/kWh) B20 B40 B100
1200 0,04200 76,1 88,4 78,7
1500 0,02951 83,5 66,2 69,7
1800 0,03016 83,8 66,5 70,1
2100 0,03070 83,6 70,1 66,5
2400 0,02904 83,2 65,6 69,2
4. KET LUAN

Trong nghién ctu nay, hi¢u sudt va phat thai
dong co Diesel D229-4 sir dung nhién liéu Biodiesel
SCG da dugc md phong va danh gia dugc bang phan
mém Diesel-RK. Viéc thay thé Diesel thuan bang
Biodiesel & cac mirc phéi tron khac nhau (B20, B40,
B100) gitp giam dang ké phat thai dong co nhu PM,
CO0,, SO,, mang lai hi€u qua tich cuc, giam 6 nhiém
moi trudng. Thay vao do, didu nay danh d6i vé mat
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hiéu suit khi cac gi tri cong suat va moment xodn
dong co giam, trong khi suat tiéu hao nhién li¢u
tang. Tuy nhién, nhitng gia tri ndy van con nam
trong gia tri cho phép va c6 thé chip nhan dugc.

Trong pham vi nghién ctru, nhién liéu B20 c6 thé
dugc xem 1a mure phdi tron ti wu trong thuc té, dam
bao hiéu qua méi truong ma dong thoi van duy tri
hiéu suat tét. Nhién liéu B100 nén dugc ding cho
nghién ctru hodc dong co da dugc hiéu chinh nham
giam ton that hiéu suat ma van duy tri dugc kha nang
giam phat thai c6 hai hiéu qua.

Trong thoi gian t6i, dé tai co thé dugc phat trién
theo hudng mo rong nghién ctru thuc nghiém, thay
dbi ty 1& nhién liéu cung cip dé do dac va phan tich
truc tiép cac thong s van hanh, qua d6 ning cao do
chinh x4c cua két qua mé phong. Cu thé, két qua md
phong c6 thé dugc kiém ching qua thi nghiém thuc
té trén bang thir dong hoc dong co (APA 204/8/093
hodc tuong duong) trang bi hé thdng do cong suét,
moment xodn bang dynamometer, két hop hé thong
phan tich khi thai va cic cam bién trén dong co s&
gitip ghi lai dién bién qué trinh chay theo gbc quay
truc khuyu.

Ngoai ra, viéc két hop phin mém mé phéng 3D
s& gitip phan tich chi tiét hon dién bién qua trinh
chay va danh gia t6i wu hon cac ty 1& phdi tron
Biodiesel. Hon nita, hudng nghién ciru tiép theo khi
duoc thuc hién ¢ thé tap trung vao t6i wu hoa két
cAu dong co va hé thdng phun nhién liu, dic biét
hiéu chinh thoi diém phun phu hgp véi dic tinh chay
ctia Biodiesel, bu dap sy suy giam hiéu suat va van
duy tri kha ning giam phat thai.
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