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Tém tat - Trong déng co dual fuel chay béng hdn hop nhién liéu
biogas-hydrogen NOx hinh thanh chti yéu & khu vic dang phan (ng
chia hén hop nhién liéu khi, bd héng hinh thanh & khu vuc chay khuéch
tan cla tia diesel con CO hinh thanh trong ving khi d& chay c6 ndng
dé nhién liéu cao. Hydrogen pha vao biogas gitip céi thién cong chi thi
chu trinh, gidm ndng d6 CO nhuwng it anh hwdng dén néng dd bd héng
va lam ting néng dd NOx trong khi thai. Xu ‘huong anh huéng cla
CH, trong biogas dén Wi va phét thai 6 nhiém cling tvong tw nhw
hydrogen nhung khéc biét vé mirc d6 lién quan den chénh léch vé téc
dd chay. Khi ting Iwong diesel ctia tia phun mdi thi céng chi thj chu
trinh va nhiét do chéy it bi anh hwdng tuy nhién néng dé CO va bd
héng tang dang k&. Cling ché d6 van hanh va hé sb twong duong thi
phwong thtrc danh ICra cwdng blrc cb loi hon phwong thire danh Itra
dual fuel ca vé tinh ndng k¥ thuat 1an mirc do phat thai & nhiém.

T khéa - Nhién ligu tai tao; Biogas; Hydrogen; dong co dual fuel;
phét thai 6 nhiém

1. Gidi thi¢u

Nghién ciru cong nghé tiét kiém ning luong va giam
phat thai 6 nhiém méi truong ludn 1a cha dé néng do nhu
cau nang luong ngay cang tang va tac dong cua tinh trang
4m 1én toan ciu ngdy cang trd nén trAm trong. St dung
nhién lidu tai tao 1a mot giai phap hitu hidu gop phan xir Iy
c4c van dé nay. Can cin ning luong tai tao trong tong thé
nang luong st dung phuy thudc vao timg quoc gia va didu
kién dia ly. Dbi véi cac qudc gia vung nhiét ddi thi biogas
va nang luong mit troi 14 hai ngudn ning luong ddi dao.
Céc dang nang lugng nay cé thé sir dung riéng ré hay phdi
hop trong hé thong hybrid [1].

Biogas tur 1au dugc sir dung lam chét dbt. Viéc sir dung
nhién liéu nay trén dong co ddt trong dé phat dién va kéo cac
maéy cong tic phuc vu san xudt & nong thén di cho thay hidu
qua 10 rét [2—-4]. Chat lugng biogas phu thude ngudn san
xuét. Tuy nhién, thanh phan CHy trong biogas thong thuong
chiém tir 60%-80% con lai 1a CO, va céc tap chat khéc.

Hydrogen 14 nhién liéu khi sach nhat vi trong thanh
phan cta no chi ¢ Hy. Toe do chay cua hydrogen rét cao
50 V6i cac loai nhién liéu khac nén né c6 thé cai thién dang
ké chat lugng qua trinh chay trong dong co dét trong.
Hydrogen c6 thé duoc san xuat bang cach dién phan nudc
bang nang lugng mat troi nén no 1a nhién lidu tai tao.

Dong co truyén thong c6 thé chuyén sang sir dung nhién
lidu tai tao theo phuong thuc danh lra cudng bire hay dual
fuel. Di v6i dong co dual fuel sir dung biogas lam nhién
lidu chinh thi dang budng chay anh hudng 16n dén tinh
ning k¥ thuat va mirc d6 phat thai 6 nhiém cta dong co.
Do tinh chit lam viéc cua dong co diesel, nhién li€u chu
yéu phan bé & vung tam buéng chay. Khu vuc xa budng
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chay, gan thanh xi lanh chi chira khong khi. Trong khi d6
db6i voi dong co dual fuel, hén hop chudn bi trude dugce
phan bb ddng déu trong budng chay. Vi thé, néu giit nguyén
budng chay dong co diesel khi chuyén sang chay bang
biogas thi bd phan nhién li¢u khu vyc xa trung tam bu6ng
chay khong chay kip lam giam hiéu suat dong co.

Vé mat nhién liéu, CO;, trong biogas lam giam nhiét tri
nhién liéu nhung n6 gép phan han ché kich nd, do d6 c6 thé
tang ti s6 nén cla dong co dé cai thién hiéu suét nhiét [5—7].
V& phat thai 6 nhiém Verma et al. [8] thdy ring, dong co
biogas c¢6 mirc dd phat thai NOy, CO thap hon dong co xang.
biéu nay la do sy hién dién cua CO; trong nhién li€u lam
giam nhiét d6 chay dan dén giam td¢ d6 hinh thanh NOx. Di
v6i dong co dual fuel biogas-diesel, toc do hinh thanh bo
hong khong khac gi dong co diesel nhung toc do chay bd
hoéng cao hon nhiéu, dan dén nong d¢ bd hong trong khi thai
ddng co dual fuel rat thap [9-10]. Du dong co biogas cb uu
diém giam phat thai 6 nhiém nhu vira néu, nhung sy hién
dién ctia CO; trong nhién liéu 1am ting thoi ky chay tré va
giam toc do lan tran man lira din dén giam hiéu suat nhiét
ctia dong co [11]. Két qua nghién ctru mé phong cho théy,
qué trinh chay dong co biogas bi x4u di, dic biét d6i voi dong
co cao toc khi ham lwong CO; trong biogas ting [12-13].
Dé cai thién tmh chat nhién liéu nay chung ta phai pha nhiing
nhién li¢u co toc do chay cao. Hydrogen la nhién liéu phu
gia rat t1em nang vi tdc d chay co ban ctia hydrogen cao gép
10 1an tdc d6 chay cua methan.

Hiéu qua cta viéc lam giau biogas bang hydrogen da
duogc nhiéu tac gia cong bb. Ilbas et al. [14] thay ring, gia
tang ham luong hydrogen trong hdn hop hydrogen-methane
lam ting téc d6 chay va mé rong gi6i han chay. Porpatham
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et al. [15] nghién ctru anh hudng ciia hé s twong duong dén
tinh nang k¥ thuat cua dong co chay bang biogas pha 5%,
10% va 15% hydrogen. Két qua cho thdy, toc do chay tang
theo ham lugng hydrogen trong hon hop nhién li¢u. Nghién
clru md phong cua Bui et al. [10] cho thiy, khi ting ham
luong hydrogen trong hén hop v6i biogas thi goc danh lira
som toi vwu giam dong thoi giam nong d6 bo hong. Noi chung
¢6 thé xem hydrogen 1 chét phu gia hitu hi¢u dé ci thién
nhién liéu biogas. Sir dung hdn hop biogas-hydrogen c6 vién
canh day hira hen dé tiét kiém nhién liéu va giam phat thai
chit khi gay hi¢u mg nha kinh [10, 16].

Déi voi dong co dual fuel biogas-diesel, Saket Verma
et al. [17] thdy, mirc phat thai NOx va bo hong thap nhung
phéat thai HC va CO cao hon so véi ddng co diesel. Liu et
al. [18] giai thich diéu nay 1a do CO; trong hdn hop khi
chay 1am gia ting tac dung oxy héa cac hat nhan bd hong
nho gia ting ndng d6 nguyén tir O va OH quanh ngon lira
khuéch tan. Mt khac, su hién dién ciia CO, trong hdn hop
cling 1am giam nhiét d6 ngon lira ddn dén giam téc d6 hinh
thanh NOx va bd hong. Do dé, ndng do cua cac chat 6
nhiém nay trong khi thai giam.

Bén canh nhitng wu diém vira néu, sy hién dién cua
hydrogen trong biogas ciing giy ra mot sé nhuge diém nhu
lam gia ting ndng d6 NOx trong khi thai do nhiét d6 chay
cao hay gia ting kha nang kich n6 [15]. Midhat Talibi et al.
[19] thyc hién nghién ctru tinh nang k¥ thuat va phat thai 6
nhiém cuia dong co biogas duoc lam giau boi hydrogen va
thdy rang nong 6 NOx ting theo ham lugng hydrogen pha
vao biogas. Mot lugng nhé hydrogen pha vao biogas c6 loi
cho hiéu suat nhiét do ting toc do chay nhung khi ham
luong hydrogen vuot qua 10% thi ton that nhiét cho nuéc
lam mat tang lam giam hiéu suat trong khi d6 nong d6 NOy
tiép tuc gia tang [20]. Wang et al. [21] nghlen clru dong co
chay bang hon hop methane- -hydrogen va thiy rang toc do
toa nhiét va hiéu suét nhiét ting theo ham lugng hydrogen
trong hdn hop véi biogas. Céc tac gia dé nghi ham luong
t01 uu hydrogen trong hon hop véi methan khoang 20% 1a
t6i ru ca vé tinh nang k¥ thuat va mirc do phat thai 6 nhidm.

Nghién ctru tong quan trén ddy cho thay hydrogen c6 tac
dung tich cyc trong nang cao hi¢u qua cong tac va giam phat
thai 6 nhiém cuia dong co biogas trong c hai truong hop danh
ltra cudng bure va dual fuel. Tuy nhién, hdu nhu chua c6 cong
trinh nao nghién clru tuong tan anh hudng cua tia phun diesel
va ti & cac thanh phan nhién liéu dén tinh nang k¥ thuat va
muc d9 phat thai 6 nhiém ctia dong co dual fuel chay bang
biogas dugc lam giau boi hydrogen. Nghién ciru b6 sung vén
dé nay 1a ndi dung chinh trinh bay trong phan sau day.

2. Phuong Phap nghién ciru

Trong cong trinh ndy nhom tac gia tién hanh nghién ctru
md phong anh hudng ciia tia phun moi diesel va thanh phan
nhién lidu dén cong chi thi chu trinh va phat thai 6 nhiém
cua dong co dual fuel chay bang biogas dwoc 1am giau boi
hydrogen. Cac thong s6 dic trung trude cua dong co
Vikyno RV165-2N lap trén may phat dién MF1080 trudc
khi cai tao dugc cho trén Bang 1.

Dong co nguyén thuy cod buong chay thong nhit dang
omega nhu Hinh 1. Khi chuyen sang chay bang biogas-
hydrogen, déu piston duogc cit bét mot doan dé dam bao ti

sd nén dong co con 18. Puong nap dong co duge lap thém
hong venturi dé cung cap hdn hop nhién liéu khi. Hon hop
nhién liéu biogas-hydrogen dugc cung cép vao dudng nap
dong co tai hong ventury théng qua van kiéu hat chan
khong [22-23].

Bing 1. Cdc théng s6 ban ddu ciia dong co

Kiéu dong co RV165-2N

Loai dong co 4%y, 1 xylanh nim ngang
Buong kinh xi lanh (mm) 105

Hanh trinh piston (mm) 97

Dung tich xylanh (cm3) 839

Ti s6 nén 20

Cong suit toi da (HP/rpm) 16.5/2400
Moomen cuc dai (kgm/rpm) 4,9/1800

Suét tiéu hao nhién lidu diesel 185g/HP/gidy

Biogas+Hydrogen

Hinh 1. Puong nap va budng chay déng co dual fuel sau khi
cdi tao tir dong co RV165-2N

Tinh toan mé phong duoc thyc hién nhd phin mém
ANSYS FLUENT 18.2. Khi quéa trinh nén bat dau thi
dudng nap duoc tach ra khoi hé théng (Deactivated) dé tiét
kiém thoi gian va bd nhd tinh toan. Qua trinh chay dugc
moé phong theo mé hinh hoa tron trude timg phan (Partially
Premixed). Nhién liéu dugc chia thanh 2 dong riéng biét.
Dong thtr nhét 14 hdn hop biogas va hydrogen chira CHa,
H, va CO; vdi thanh phan mol dugc xac dinh theo thanh
phan biogas va ham luong hydrogen lam giau. Dong thi
hai la diesel c6 cong thirc nhién liéu C12H2s. Qua trinh phun
va bdc hoi tia phun diesel 1ong dugc mo phong theo md
hinh Taylor Analogy Break-up (TAB).

Qué trinh rdi ctia dong khi duge mé phong theo mé hinh
k-e. Nong d6 bd hong dugc tinh toan theo mod Hinh 2 budc
clia Magnussen. Nong d6 NOy dugc tinh toan theo co ché
Zeldovich. Nong d6 CO duoc xac dinh theo cin bang nhiét
dong hoc phan tng.

Diéu kién du vao cta chwong trinh tinh gdm: 4p suét
va nhiét do khong khi & dau vao dudng nap; 4p suét, nhiét
d6 va thanh phan hdn hop ¢ dau vao voi phun biogas-
hydrogen; nhiét do, toc do, luu lugong va thanh phan hon
hop tia phun diesel. Thanh phan hdn hop dugc xic dinh
theo f (mixture fraction) giira gia tri f=1 (hoan toan nhién
liéu) va =0 (hoan toan khong khi).

Trong mdi trudng hop tinh toan hé s6 twong duong
dugc xdc dinh trén co s¢ thanh phan nhién lidu va thanh
phan oxygen thyc té nap vao xi lanh, do d6 da tinh dén tat
ca nhitng ton that ap suat trén duong nap va trong hé thong
phun nhién liéu.
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3. Két qua va binh luin
3.1. Phén tich qud trinh tao hén hop va chdy

Hinh 2a biéu dién truong ndng do HC, oxygen va toc do
dong khi trong dong co tai ba vi tri goc quay truc khuyu 60°,
300° va 355°. Nhién liéu biogas-hydrogen sau khi phun ra
khoi voi phun duogc cudn theo dong khi va hut vao xilanh
dong co. Toc do dong khi khong dong déu trén dudng nap,
ving tbc d6 cao nam vé phia ddi dién voi phun biogas-
hydrogen do tong hop truong toc do tia phun va dong khi
1am cho hdn hop trong xi lanh dam hon vé phia x{ pap nap.

Trong ky nén, do chénh léch téc do van dong cua dong
khi trong xi lanh nén hdn hop nhién lidu bi day vé phia
thanh xi lanh d6i dién v6i ctra x0 pap nap lam giam hé sb
tuong duong khu vuc nay. Do lugng nhién li¢u va khong
khi da nap vao xi lanh c6 dinh nén h¢ s trong duong tong
quat trong xi lanh dugc giit 6n dinh cho dén khi phun diesel
vao budng chay dé danh lia.

Khi phun nhién liéu diesel thi ving c6 ndng d6 nhién liéu
cao tap trung cuc bo & truc budng chay (Hinh 2a). Hinh 2b cho
thay mat do hat nhién liéu long xuét hién trong giai doan phun
diesel va bién mat khi két thic qua trinh phun. Piéu nay cho
thay hat nhién liéu 1ong bdc hoi nhanh chong do nhiét do khi
cao cudi qua trinh nén. Sau khi két thic qua trinh bdc hoi tia
phun, hé s6 twong duong tong quat ctia hdn hop dat mot gia
tri on dinh mai. Trong tinh toan mo phong nay ching ta qui
u6c lwong nhién liéu diesel phun mdi dé danh lira bang ti 16
gitta ¢ do diesel tao nén va ¢ tong quat do hdn hop biogas-
hydrogen va diesel tao nén. Ky hiéu qui u6c hé sb tuong
duong ¢ a/b c6 nghia a 1a h¢ sO twong duong do biogas va
hydrogen tao nén, b 1a hé s6 twong duong téng quat vab-a la
h¢ so twong duong do nhién liéu diesel phun moi tao nén.

min / max

HC(%) ~ 02(%) V(mis)
0/76 0/21 0/240

N N

o (°TK)

60

182/187

300

8,5/14,2
a1

17.4/18,7

(@)

15 10
¢ =
S
12 A 8 S
[\ =
N o
0.9 | ——= 3
N
e e e o ol
0.6 . 4
|
1 ——-¢
3 |
0.3 | DPM 2
|
o L] | 0
0 60 120 180 240 300 360 420
(b) 0(°TK)

Hinh 2. Dién bién qud trinh tao hén hop trong ky nap va ky nén.
(a) Buong dong mitc HC, oxygen va truong téc dg trong ky nap;
(b) Bién thién hé 56 twong duong cua hén hop va mdt do hat nhién
liéu diesel (Biogas MT7C3-20% Hz, ¢0,75/0,91, n=1200v/ph)

Dbi véi dong co dual fuel, hdn hop chay chinh duoc
chuan bi trudc nén thanh phan oxygen con lai trong budng
chay thap. Dé tia phun mdi c6 thé chay dugc thi nong do
oxygen khu vuc tia phun phai du 16n. Hinh 2a cho thiy, ¢
khu vuc tia phun diesel nong d6 oxygen giam hon 5% so véi
khu vuc con lai va giam hon 15% so véi thanh phan oxygen
¢6 mit trong khong khi ban dau. Day 1 yéu t6 can dugc quan
tAm trong t0 chirc qua trinh chay dong co dual fuel dé dam
bao hdn hop c6 thé dugce danh lira bang tia phun moi.

Hinh 3a gidi thiéu bién thién cac duong dong muc nhiét
d6, ndng d6 nhién liéu va ndng do cac chat 6 nhiém CO,
NOy, bd hong trong budng chay tai DCT khi dong co chay
bang hén hop nhién liéu M7C3-20H; & toc do 2400 v/ph.
Tai thoi diém nay, qua trinh phun diesel da két thiic, mot bo
phan diesel chua chay con sot lai trén dinh budng chay khién
cho néng d6 nhién liéu tai cac khu vyc nay cao hon cac khu
vuc khac cua budng chay. Khi piston dén DCT thi hdn hop
nhién liéu khi trong 1ong budng chay omega da tiéu thy gin
nhu toan bd. Mang Iira tiép tyc lan ra khu vire xa tim budng
chay. Hinh 3a cho thay, hon hop nhién liéu khi tiéu thy hoan
toan trude khi nhién liu diesel chay hét va nhiét do dat gia
tri cuc dai trude khi két thuc qua trinh chay.

(b) @TK)

Hinh 3. Dién bién qud trinh chdy va hinh thanh cdc chdt & nhiém.
(a) Duong dong mirc nhiét dé, néng dg nhién liéu va nong dé cac
chat 6 nhiém trong buong chay tai BCT; (b) Bién thién nhiét @j va
nong dg nhién liéu va (c) Bién thién nong dé NOy, CO, bé hong theo
goc quay truc khuyu (M7C3-20% Ha, ¢ 0,76/0,96, n2400 v/ph)

Két qua tinh toan Hinh 3b cho thiy, ngay khi bat dau
qué trinh chay thi CO da phat sinh. Nong d6 CO tang dan
va dat gia tri cuc dai ¢ vi tri khoang 380° sau d6 giam dan
do qua trinh chay CO. Hinh 3a cho thay, CO tap trung chi
yéu trong khu vyc khi di chay va nong d6 HC cao. Trong
khi d6 nong d6 bd hong ghi nhan duge khi bit diu qua trinh
chay diesel va dat gia tri cuc dai khi nhién li¢u diesel bde
hoi hoan toan. Sau d6, ndng do bd hong giam do dién ra
qua trinh chay cac hat bd hong trong méi truong nhiét do
cao. Nong do bd hong 16n nhat tap trung & ving ria cia tia
phun diesel noi dang dién ra qua trinh chay khuéch tan
(Hinh 2a). Gi4 tri ndng d6 bd hong trong khi thai dong co
thip hon réat nhiéu so véi gia tri cuc dai cia n6 (Hinh 3c).
NOx bét dau sinh ra khi piston ¢ vi tri 360°, khi d6 nhiét do
chay dat khoang 1250K. Hinh 3a cho thdy NOx tao thanh
chu yéu trong khu vuc dang phan tmg. Nong d6 NOy dat
gi4 tri 16n nhat khi nhiét 6 chay dat gia tri cuc dai sau d6
giit gan nhu 6n dinh dén cudi qua trinh din né.
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Két qua phan tich trén dy cho thay, dé tia phun mdi co
thé chay dugc thi can t6 chirc qué trinh tao hdn hop sao cho
ndng d6 oxygen khu vuc tia phun du 16n. Qua trinh chay
clia tia diesel anh huong dén mirc do phat thai bd hong
trong khi d6 nhiét 6 chay anh huong dén ndng do NOx con
nong do CO bi anh hudng boi hé sb twong duong tong quat
va hién tuong chay khong hoan toan.

3.2. Anh hwong ciia ham lugng H>

Hinh 4a giGi thiéu anh huong cua ham lugng H, pha
vao biogas dén bién thién ap sut trong xi lanh khi dong co
dual fuel chay ¢ téc d6 2400 v/ph véi hé sb trong dwong
$0,77/0,94. Chung ta thiy vé6i ciing hé sé twong duong cho
trudce, khi ting ham lugng Hy pha vao biogas thi ap suat
cuc dai tang. Didu nay 1a do khi thay thé biogas bang
hydrogen thi nhiét tri cia nhién liéu ting, chat lugng qua
trinh chay ciing dugc cai thién lam tang hiéu qua cong tac
cta dong co. Két qua mod phong cho thiy, cing diéu kién
cung cap nhién liéu va hé s twong duong cong chi thi chu
trinh tang 7% va 11% ung v6i ham luong 20% va 40%
hydrogen pha vao biogas M7C3 khi dong co chay ¢ toc do
2400 vong/phut

2400
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g
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(c) (d)

Hinh 4. Anh huéng ctia ham lwong hydrogen pha vao biogas
den bién thién dp suat (a); nhiét dg, nong do NOx (b); nong do
diesel, nong do thé tich bé hong (c) va nong do CO (d) theo goc

quay truc khuyu (Biogas M7C3, ¢0,77/0,94, n2400 v/ph)

Cung diéu kién tdc dd van hanh khi tang ham lugng
hydrogen pha vao biogas thi nhiét 46 cuc dai ctia qué trinh
chay ciing tang lam ting ndong do NO trong khi thai (Hinh
4b). Khi pha 40% hydrogen vao biogas M7C3 thi nong do
NOx trong khi thai gap 2 lan nong do cua no khi dong co
chay bang biogas. Trong khi d6 ndng d6 bo hong phu thudc
cht yéu vao qua trinh chay cua tia phun diesel. Nhiét do
cao cua qua trinh chay khi tang ham luong hydrogen pha
vao biogas lam ting tc d6 san sinh bd hong. Tuy nhién,
nhi¢t d6 cao cling gitip cho phan ng oxy hoa bd hong dién
ra manh liét hon. Hinh 4c cho thay, khi pha 40% hydrogen
vao biogas M7C3 thi ndng do bd hong cuc dai tang gap
2 lan nhung hau nhu khéng c6 sy khac biét ndo doi voi
ndng d6 bo hong trong khi thai so véi khi chay bang biogas.

Do CO sinh ra tir phan tmg can bang khi-nudc nén méc
du trong tinh toan ching ta sir dung hén hop tong quat
ngheo ¢ 0,77/0,94 trong khi thai van ton tao thanh phan

CO. Hinh 4d so sanh bién thién ndng do CO theo goc quay
truc khuyu khi dong co chay bang biogas M7C3 va biogas
M7C3 pha lan lugt 20% va 40% hydrogen. Chung ta thay,
khi pha 40% hydrogen vio biogas M7C3 thi nong d6 CO
trong khi thai chi con 50% so véi khi dong co chay bang
biogas. Piéu nay 1a do téc d6 chay ctia hdn hop ting gitip
cho qué trinh chay dién ra hoan toan hon.
3.3. Anh hwéng ciia thanh phin biogas

Cung ché d6 van hanh, hé s6 trong duong va ham luong
hydrogen, thanh phan nhién liéu biogas chi anh huéng nhe
dén cong chi thi chu trinh. Tinh toan mé phong cho thay khi
dong co chay & tbe do 1200 vong/phiit bang biogas M6C4,
M7C3, M8C2 pha 40% hydrogen véi hé sé tuong duong
¢ 0,70/0,98 thi cong chi thi chu trinh chi dao ddng tir 957 J/ct
g v6i M6C4 dén 985 J/ct tmg voi M8C2, tire chi ting 3%.
Tuy nhién, thanh phan nhién liéu biogas 4nh huong dén nhiét
d6 chay cuc dai nhu trinh bay trén Hinh 5a. Khi ham lugng
CH trong biogas tang thi thanh phan khi tro CO2 trong nhién
liéu giam do d6 nhiét tri cua nhién liu ting lam tang nhiét
d6 cuc dai ciia qua trinh chay. Két qua trén cho thay, nhiét
d6 cuc dai cia hdn hop chay 1a 2100, 2300 va 2400K tuong
ung vai biogas chita 60%, 70% va 80% CHa. Nhiét do cuc
dai ting & gan PCT lam tang 4p suét cuc dai tuy nhién nhiét
d6 trén duong thai hau nhu khong anh huong boi thanh phan
CHa, trong biogas.
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Hinh 5. A)}"lh huong ciia thanh phan biogas dén bié’n‘thién nhiét
dé (a), nong dé NOx (b), nong do bo hong (c) va nong do CO
(d) theo goc quay truc khuyu (Biogas pha 40% Ha,
¢ 0,70/0,98, n=1200 v/ph)

Do nhiét 3§ chay anh hudéng manh dén su hinh thanh
NOy nén ham luong NOx ting nhanh theo thanh phdn CH,
trong biogas nhu trinh bay trén Hinh 5b. Khi ham lugng
CH, trong biogas ting tir 60% 1én 80% thi ndng do NO
tang 70%. Trong khi d6 su hinh thanh bd hong chu yéu do
qué trinh chay khuéch tan cia diesel nén sy phat thai bo
hong hau nhu khéng anh hudong boi thanh phan biogas
(Hinh 5¢). Két qua tinh toan cho thy, nong d thé tich bd
hong khoang 0,01 1ppm khi st dung biogas ¢ thanh phan
CH, thay ddi tir 60% dén 80% pha 40% H,. Khi ting ham
luong hydrogen pha vao biogas thi toc d6 chay ting, lam
tang kha ning chy hoan toan ctia hon hop nén ndng do CO
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giam. Két qua tinh toan cho thdy, nong do CO trong khi
thai giam tir 2% xubng 1% khi ham lugng CH, trong biogas
tang tir 60% 1én 80% (Hinh 5d).
3.4. Anh hwong ciia lwong diesel phun moi

Ngon lira mdi anh hudng nhe dén cong chi thi chu trinh
dong co nhung anh huéng dang ké dén phat thai 6 nhidm.
Theo nguyén ly lam viéc cua dong co dual fuel thi luong
nhién liéu phun mdi chiém khoang khoang 10-20% lugng
diesel phun vao dong co & ché d6 toan tai. Két qua mo phong
cho thiy, khi thay doi hé¢ sé twong duong ¢ 0,78/0,87 dén
¢ 0,78/0,94 thi cong chi thi chu trinh ting tir 832 dén
865 J/ct, tirc tang 4% khi ¢gie tang tir 0,09 1én 0,16. Do ham
luong diesel trong hdn hop nhién liéu chung thap nén nd
cling it anh huong dén nhiét d6 chay. Cung diéu kién thay
d6i hé s6 tuong duong néu trén, nhiét do chay chi ting
khoang 10K. Do d6, trong pham vi thay ddi hep ctia ham
luong diesel, ndng d6 NOx it bi anh huéng. Tuy nhién viée
tap trung nhién liéu diesel khu vuec tia phun 1am cho hon hop
dam dic cuc bo dan dén qua trinh chay khong hoan toan lam
tang phat thai CO. Hinh 6a cho thdy, khi thay d6i hé s6 twong
duong tir ¢ 0,78/0,87 dén ¢ 0,78/0,94 thi ndng do CO trong
khi thai dong co ting tir 0,7% 1én 1,2%. BS hong hinh thanh
chii yéu boi qua trinh chay khuéch tan nén mic du luong
phun diesel thay d6i nho ciing gdy anh huong dang ké dén
phat thai bd hong Hinh 6b cho thay, cung h¢ so twong duong
$gas=0,78, nong do thé tich ciia bd hong dat 0,007ppm,
0 02ppm va0 03ppm khi dgie co gia tri 0,09; 0,13 va 0,16.
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1 ——oo78081 || T 0.05
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) Hinh 6. Anh huéng cia tia phun méi dén
bién thién nong do CO (a) va bo hong (b) theo goc quay truc
khuyu (Biogas M7C3-20% Hz, n=2400 v/ph)

Hinh 7a gi¢i thidu anh huong cia ¢gas dén bién thién
nhiét do khi trong buong chay theo goc quay truc khuyu khi
giit ¢6 dinh hé so tuong du’ong tong quat ciia hdn hop
$=0,96. Do diesel phun vio budng chay phai boc hoi trude
khi chay nén thoi gian chay kéo dai trén duong dan no dan
dén nhiét d¢ chay cuc dai khi ¢gas=0,50 thap hon trudng hop
(gas=0,84. Tuy nhién, nhiét do khi cudi qua trinh chdy trong
truong hop ¢gas=0,50 cao hon truong hop dgas=0,84 do nhién
lidu diesel con lai tiép tuc chay trén duong din né.

Nhiét do cyc dai cao lam tang tde d0 hinh thanh NOy
do d6 ndng d6 NOy trong khi thai khi dong co chay bang
hon hop nhién liéu ¢ 0,84/0,96 cao hon trudong hop sir dung
hdn hop nhién li¢u ¢ 0,50/0,96. Khi ham luong biogas cao
thi hdn hop ddng déu hon cai thién chét lwong qua trinh
chay dan dén giam ndng d6 CO trong khi thai. Hinh 7¢ cho
thdy, ndng do6 CO tang tir 1,2% 1én 1,75% khi chuyén tir
hén hop ¢ 0,84/0,96 sang hdén hop ¢ 0,50/0,96. Nhu da
phén tich trén day ndng do bd hong phu thude nhiéu vao tia
phun diesel nén khi ting lugng phun diesel thi ndng d¢ bo

hong trong khi thai cling tang theo. Hinh 7d cho thiy, nong
do thé tich bo hong tang tir 0,003ppm Ién 0,1ppm khi thay
d6i hén hop nhién liéu nhu trén.
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Hinh 7. Anh huong ciia goes dén bién thién nhiét dj (a), nong dg
NOx (b), nong dé CO (c) va nong do bo hong (d) theo goc quay
truc khuyu (Biogas M6C4-40% Hz, n=1200 v/ph)

Trudng hop dic biét khi luong phun diesel giam vé 0
thi déng co dual fuel tré thanh dong co biogas-hydrogen
danh lira cudng buc. Hinh 8a so sanh bién thién ap suit
trong xi lanh dong co dual fuel va dong co danh Itra cudng
bure voi cung hé s6 trong duong tong quat $=0,91. Trudng
hop thir nhét dong co duge danh lira bang tia phun moi
diesel vai ¢gie=0,13 con truong hop thir hai dong co dugc
déanh Itra bang tia lira dién. Chung ta thiy dong co danh lira
cudng birc co ap suit cuc dai cao hon dong co dual fuel
v6i cung diéu kién van hanh va hé sé tuong duong tong
quat. Tinh todn mo phong cho thy, cong chi thi chu trinh
cua dong co danh ltra cudng buc véi $=0,91 tang 6% so
v6i dong co dual fuel c¢6 cung hé sb twong duong tong quat
va (I)die=0,13.

Nhu da phan tich trén day, mac du lugng phun diesel
bé nhung né anh huéng dang ké dén sy hinh thanh cac chét
6 nhiém do dic diém cua qua trinh chay khuéch tan. Hinh
8b cho thdy, khi chuyén tir dong co dual fuel véi
¢ 0,78/0,91 sang dong co danh lira cudng birc ¢ cting hé sb
tuong duong tong quat ¢=0,91 thi ndng d6 CO trong khi
thai giam tir 1,2% xudng 0,2%, tirc giam 80%. Diéu nay 1a
do khi khong con tia phun diesel thi hdn hop trong budng
chay dong nhat, qua trinh chay dién ra hoan toan lam giam
nong do CO. Tuong tu nhu véy, khi khong con tia phun moi
thi qua trinh chay khuéch tan khong ton tai trong budng
chay do d6 khong c¢6 diéu kién dé hinh thanh cic hat nhan
ban dau cua bd hong. Két qua 1a ndng do bd hong trén
duong thai cia dong co biogas-hydrogen danh Itra cudng
btrc hau nhu ¢6 thé bo qua so voi fv=0,011ppm trong truong
hop dual fuel (Hinh 8c). Do nhiét d cuc dai clia qua trinh
chay tang khi chuyén tir dong co dual fuel sang dong co
danh lia cudng birc nén ndng d6 NOy trong khi thai ting
nhe. Hinh 8d cho thay, ndng do NO tang tir 2300ppm Ién
2800ppm, tirc ting 20% khi chuyén dong co dual fuel
¢ 0,78/0,91 sang dong co danh lira cudng buc vai ¢=0,91.
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Hinh 8. Anh huong phicong thirc dinh hira dén bién thién dp sudt
(a), nong dé CO (b), nong dé bo héng (c) va nong do NOx (d) theo
goc quay truc khuyu (Biogas M7C3-20% Hz, n=2400 v/ph)

4. Két luan

Nghién ctru trén day cho phép chiing ta rat ra dugc
nhiing két luan sau:

- Cén 6 chirc qua trinh cung cap nhién liéu hay thiét ké
budng chay phu hop dé tia phun moi diesel c¢6 thé boc chay
trong hon hop biogas-hydrogen-khong khi chuan bi trude.
Véi kiéu buong chdy omega va hé sé tuong du(mg
¢ 0,75/0,91 thi nong d6 oxygen & khu vuc tia phun moi
giam 15% so v&i ham luong cua nd trong khong khi.

- Khi pha 40% hydrogen vao biogas M7C3 thi cong chi
thi chu trinh tang 11%, nong d6 CO trong khi thai chi con
50%, nong do bd hong hau nhu khong thay ddi con nong
d6 NOy tang 1én gdp 2 lan so v&i khi dong co chay bang
biogas M7C3 & tc do 2400 vong/phiit.

- Thanh phan biogas anh huong nhe dén cong chi thi
chu trinh nhung anh huong dang ké dén phat thai 6 nhidm.
Khi ham lwong CHy trong biogas tang tir 60% 1én 80% thi
ndng d6 NOy ting 70%, ndng d6 CO giam 100% va ndng
d6 bd hong hau nhu khong thay ddi trong diéu kién biogas
duogc pha 40% hydrogen.

- Khi tang lwong diesel cta tia phun mdi dé danh lira thi
cong chi thi chu trinh va nhiét d§ chay it bi anh hudng tuy
nhién ndng d6 CO va bd hong thay dbi dang ké. Két qua
mb phong cho thay khi khi dgie tang tir 0,09 1én 0,16 thi Wi
tang 4%, nhiét do chay ting 10K, ndng d6 CO trong khi
thai dong co tang tir 0,7% 1én 1,2% con néng do bd héng
tang tu 0,007ppm lén 0,03ppm.

- Cung ché d6 van hanh va hé s6 twong duong thi
phuong thic danh Itra cudng bic c6 loi hon phuong thue
danh lira dual fuel ca vé tinh ning k¥ thuat 1an mirc d¢ phat
thai 6 nhiém. Véi hé sé tuong duong téng quat $=0,91,
dong co danh ltra cudng birc c6 Wi ting 6%, CO giam 80%,
NOx ting 20% va fv ¢ thé bo qua so v&i truong hop danh
Itra dual fuel véi ¢gie=0,13.

Loi cam on: Cac tac gia xin cam on B Giao duc va Pao
tao dd hd tro cho nghién ciru nay thong qua dé tai “Nghién
ctru tinh nang kinh té k¥ thuat va mirc d phat thai 6 nhiém
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hydroge”, mi s6: CTB2018-DNA.01.
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Ky hiéu sir dung:

DCT Diém chét trén;

TK D¢ goc quay truc khuyu;

p Ap sudt (bar);

T Nhiét dé (K);

n Toc dp déng co (viph);

Wi Céng chi thi chu trinh (J/ct);

MxCy Biogas chira 10x% CH, va 10y% CO; theo thé tich;

fv Nong dg thé tich ciia b6 héng (ppm);

[ Gée quay truc khuyu (°TK), 0 TK tinh tir DCT dau k nap;
1) Hé 56 tiwrong duwong tong qudt ciia hon hop;

¢gas
¢die
palb He s6 twong dirong thanh phan, trong dé a= Pgas VA b=

Hé s6 twong dwong trong xi lanh do biogas va hydrogen tao nén;
Hé s6 twong dwong trong xi lanh do diesel tao nén, ¢sie=¢ - Pyas;
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