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CAI THIEN QUA TRINH CHAY PONG CO CHAY BANG BIOGAS NGHEO
NHO CUNG CAP BO SUNG HYDROXYL (HHO)

COMBUSTION IMPROVEMENT OF ENGINE FUELED WITH POOR BIOGAS BY
BLENDING HYDROXYL (HHO)

Bui Vin Ga, Bui Thi Minh T, Trwong Lé Bich Trim, V6 Nhu Tung, D3 Xuan Huy
Truwong Pai hoc Bach khoa - Pai hoc Pa Néng; buivanga@ac.udn.vn

Toém tat - Hiéu suét clia dong co chay béng biogas nghéo pha
HHO véi ham lwgng bé dwoc cai thién nho tinh nang wu viét cla
hydrogen dbi véi qua trinh chay. Thém vao do, khi pha HHO vao
biogas véi ham lwgng cao, cdng suét cla dong co tang manh do
gidm lwong khi tro CO,, N, nap vao xi lanh. Hén hop HHO va
biogas gilip déng co lam viéc 6n dinh véi hé sb twong dwong rat
bé nén hiéu suat clia dong co dugc cai thién khi hoat dong & tai
cuc bd. Khi tang ham lwgng HHO pha vao biogas thi géc danh
ICva sém t6i wu ctia dong co' giam. Khi cb dinh géc danh Ira sém,
néu tang ham luong HHO trong biogas thi 4p suét va nhiét do
cwe dai ctia qua trinh chay déu tang déng thoi dinh dwong cong
clia cac dai lwong nay dich chuyén vé gan diém chét trén. Nong
dd NO, ting theo ham lwong HHO pha vao biogas. Noéng dd NO,
tang 1,5 1an va 3,5 lan twong &ng véi khi pha 20% va 30% HHO
vao biogas chira 60% CH, so v&i khi chay béng biogas.

Twr khoa - Nhién liéu tai tao; Biogas; Hydroxyl HHO; Hydrogen;
Poéng co biogas

1. Gi6i thi¢u

Tiét kiém nhién liéu hoa thach va giam phat thai chat
khi gay hiéu Gmg nha kinh dé han ché mic d6 gia ting
nhiét do trai dat da thoi thuc cac nha khoa hoc trén thé
giéi nghién ctru tim kiém cc ngudn nhién liu thay thé va
hoan thién thiét ké dong co. Trong sb cac giai phap do,
giai phap st dung biogas hay két hop biogas va hydrogen
nhu nhién lidu thay thé c6 nhiéu trién vong [1], [2]. Kho
khin ciia giai phap nay lién quan dén viéc luu trir
hydrogen dé st dung trén cac thiét bi khac nhau, dic biét
1a trén phuong tién van chuyén co gi6i. Hydrogen c6 mat
d6 nang luong theo thé tich thap, rat kho hoa 1ong nén doi
hoi thiét bi luu trix ddc biét. Trén 6 to thuong phai nén
hydrogen trong binh chtra dén 700 bar so véi binh chira
200 bar dbi voi khi thién nhién d&é dam bao cing quang
duong van hanh. Viéc ché tao thiét bi sinh khi hydrogen
va tich hop no vao phuong tién van chuyén co gidi ciing
rat khé khin va tén kém [3]. Vi thé, phuong an st dung
hydrogen trong hdn hop khi véi oxygen (goi la khi
hydroxyl, HHO) duogc gidi khoa hoc quan tdm trong
nhitng nim gan day [4-5].

Hdn hop hydrogen-oxygen duoc didu ché tir qua trinh
dién phan nudc, gém H; va O theo ti 1€ 2:1. Trong diéu kién
ap suat khi troi va hé s6 tuong duong ¢ = 1, HHO chay khi
nhiét 6 dat 570°C. Ning luong can thiét & danh lira hdn
hop nay 14 20 pJ. Qua trinh chay xay ra khi ham luong thé
tich hydrogen trong hdn hop HHO nam trong khoang 4% -
95%. Khi chay, lugng nhiét sinh ra la 241,8 kJ dbi voi
1 mole HHO. Khi HHO c6 thé st dung phdi hop véi cac loai
nhién liéu truyén thdng trén dong co dot trong dé cai thién
hiéu suét va giam phat thai 6 nhiém moi truong [6-7].
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HHO duoc san xuét theo nhu cau st dung tai cho,
khong luu trir. Di véi dong co dbt trong, HHO duogc san
xuét tir binh dién phéan va dugc cung cap bd sung truc tiép
vao dudng nap cung vdi cac loai nhién li¢u khac. Thiét bi
sinh khi HHO hoat dong khi dong co chay va dung khi
dong co tit. Thiét bj san xudt HHO nho gon, c6 thé b tri
tich hgp trén phuong tién giao thong co gidi. Do khong
phai luyu trit nhién liéu khi nén khic phuc dugc nhimng
nhuoc diém ddi voi binh chira nhién liéu 4p luc cao.

Hiéu qué cong tac ciia dong co khi bd sung HHO vao céc
loai nhién liéu khac dd dugc nhiéu nha khoa hoc cong bd.
Musmar va Al-Rousan da thiét k&, ché tao, lap dat va thuc
nghiém bo sinh khi HHO trén dong co xang. Két qua cho thiy,
murc do phat thai NOy, CO va mitc tiéu hao nhién li¢u giam
twong tmg 50%, 20%, va 30%, khi bd sung khi HHO [8-9].
Hydrogen trong hdn hgp HHO c6 toc d6 chay cao nén khi hoa
tron vai nhién liéu truyén théng, hdn hop nhién lidu véi khong
khi dong déu va chay hoan toan. Mit khac, hydrogen c6 gidi
han chdy rong nén n6 c¢6 thé chay véi hdn hop nghéo. Viée
giam thoi gian lan trin man Iira va ting toc d¢ toa nhiét la do
hydrogen c6 ning lugng danh Iira thap va tdc do chay cao hon
cé4c loai nhién lidu truyén théng [10]. Do Hz ¢6 thé chay véi
hdn hop rét nghéo nén co thé thay ddi thanh phan hdn hop dé
diéu chinh tai dong co [11]. Khi lam viéc voi hdn hop nghéo,
nhiét d6 chay thdp nén mure do phat thai NOy giam déng ké.

So sanh tinh ning cta dong co khi bd sung cing thé
tich HHO va H. vao dudng nap dugce trinh bay trong cong
trinh [12-13]. Mot cach tong quat ma noi, hdn hop nhién
litu HHO-xing c6 tinh ning twong tu v&i hdn hop
Hz-xang, néu khong mubn noi 1a t6t hon. Hon hop nhién
liéu HHO-xang cai thién hiéu suét nhiét, va dac biét la su
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6n dinh khi dong co lam viéc véi hdn hgp nghéo tot hon so
v6i hon hop Hp-xdng. HHO lam giam thoi gian toa nhiét.
Diéu nay ¢6 loi vi khoi dau va két thic qué trinh chay dién
ra trong diéu kién dang tich (chu trinh nhiét dong hoc 1y
tuong), vi thé hidu sudt nhiét ciia dong co dugc cai thién.
Diém khéc biét ¢ day 1a HHO c6 chira Oz véi hé sb tuong
duong ¢ = 1 nén khi chdy khong can cap khong khi. Trong
khi @6, Hz phai hoa tron v4i Oz tir khong khi co chira Na. Vi
vy cong suat dong co bd sung HHO cao hon cong sut
dong co bd sung Hy trong cung diéu kién van hanh [12].
Khi bd sung thém H, vao duong nap thi no chiém chd cua
khong khi 1am giam h¢ s6 nap va co thé gay ra hién tuong
chay khong hoan toan do thiéu O,. Pong co chay bing
nhién liéu bd sung HHO ¢6 mirc d6 phat thai CO thap hon
[14] nho hdn hop chdy hoan toan.

Nghién ctru tng dung HHO trén ddng co ¢d nho cling
dugc cac nha khoa hoc quan tdm [15-16]. Musmar va
Al-Rousan [9], nghién ciru tinh ndng ctia ddng co 1 xy lanh
Honda G 200 chay bang khi HHO. HHO sinh ra tir b dién
phan nudc sir dung dién cuc bang thép khong ri 316-L. Két
qua cho thiy, khi chay bang khi HHO, NOx giam 54% va
CO giam 20%. Do khong c6 b diéu chinh cong suat dién
cung cap cho binh sinh khi nén néng d6 HHO thay déi theo
tdc do dong co. Méi ddy Leelakrishnan va Suriyan [17]
nghién ctru anh huong cia HHO bo sung dén tinh nang cia
dong co xang 4 ky, 1 xi lanh, 5.4 kW. HHO duoc nap vao
duong nap dong co gitia loc khi va bo ché hoa khi. Két qua
cho thdy, cong suat c6 ich ting 5%, hiu suat ting 7%, suat
ti€u hao nhién liéu giam 6%, phat thai HC, CO, NOy giam
1an luot 88%, 94% va 58% & ché do toan tai. Két qué tuong
tur ciing duoc cong bd trong cong trinh cia Al-Rousan [8].
Trong c6ng trinh ndy, Al-Rousan cung cap HHO tuong quan
voi luong khong khi nap vao dong co bang cach diéu chinh
dong dién cung cép cho bd dién phan HHO. Két qua nghién
clru cia Musmar va Rousan [5] cho thdy, viéc bo sung HHO
vao hdn hop nap gitp lam giam suit tiéu hao nhién lidu,
NOx, CO lan lugt 1a 30%, 50% va 20%.

Khi HHO c6 nhiéu vu diém nén viéc nghién ctru 4p dung
né trén dong co dot trong ludn 13 van dé thoi sy. Cac nghién
ctru tap trung phét huy nhimg loi thé ctia né vé cai thién qua
trinh chay, ting hiéu suat, dong thoi han ché mirc do gia ting
NOx & ché d¢ toan tai do tang nhiét do chay.

Dé gop phan phat trién cong nghé tng dung ning lugng
ti tao nham tiét kiém nhién lidu hoa thach va giam phét thai
chét khi gay hiéu tmg nha kinh, nhém GATEC cua Pai hoc
Pa Ning tir nhiéu nim nay da nghién ctru Gmg dung biogas
trén dong co tinh tai va dong co ctia phuong tién van chuyén
co gioi [18]. Biogas ¢ chi s6 octane cao nén c6 thé ting ti sd
nén ctia dong co dé nang cao hiéu suat nhiét [19]. Tuy nhién,
do biogas ¢ chira tap chit CO, nén toc d9 chay ciia hdn hop
giam. Dé nang cao hiéu quéa cong tac ctia dong co chay bang
biogas chung ta can lyra chon céc thong s dong co phit hop
dé tdn dyng nhiing vu diém va han ché nhuoc diém cua
nhién lié¢u [20-21].

Khé khan chinh lién quan dén chuyén d6i dong co
truyén thong sang chay bang biogas, nhat 1a biogas c6 ham
luong CH, thép, lién quan dén toc do chay cua hdn hop
biogas - khong khi thip, ké ca dong co danh lira cudng birc
cling nhu dong co ty chay do nén [22-24]. Do do, viéc pha

vao biogas mét loai nhién liéu bd sung c6 tinh ning chay cao
s& gop phan khéc phuc kho khin nay. Trong chiéu hudng d6
thi viéc pha hydrogen vao biogas [25] rét phii hop.

Nhém GATEC hién dang tién hanh nghién ctru 1am giau
biogas bang hydrogen san xuat tir nang luong mat troi. Hai
phuong an Gng dung hydrogen dugc nhom nghién ctiru phat
trién: hydrogen don chat Hz va hydroxyl HHO. Hydrogen
don chét dwoc san xuét va luu trir sau d6 pha vao biogas dé
lam giau nhién liéu. Hydroxyl duoc san xudt va cung cap
truc tiép vao dong co, khong qua khau Iuu trir. Hinh 1a 1a hé
théng san xuat hydroxyl dé cung cip cho dong co ftinh tai.
Hinh 1b 14 binh sinh khi hydroxyl kiéu khé ma nhém nghién
clru d thiét ké, ché tao.

Trong cdng trinh ndy, nhom tac gia trinh bay két qua
nghién ctru md phong tinh ndng cong tac va mic dd phat
thai 6 nhiém cua dong co kéo mdy phat dién Honda
GX390 chay bang biogas nghéo chira 60% methane duoc
lam giau boi khi hydroxyl véi cac ti 1¢ khac nhau. Két qua
nghién ctru thuc nghiém va danh gid mo hinh tinh toan sé
duoc gidi thi¢u trong nhiing cong trinh sau.

Hinh 1. Hé thong sdn xudt khi hydroxyl (a) va
binh sinh khi hydroxyl (b)

2. Thiét 1ap mé hinh tinh toan

Mo phdng dugce thuc hién trén dong co Honda GX390 c6
cac thong sb ky thuat co ban gidi thiéu trén Bang 1. Khong
gian tinh toan gdm budng chay va xi lanh dong co c6 thé tich
thay dbi trong qué trinh hoat dong. Do d6 luéi dong (dynamic
mesh) dugc ap dung trong khong gian tinh todn [26].

Bing 1. Théng 56 ky thudt ciia dong co- Honda GX390

Puong kinh xi 88
lanh (mm)

H_anh trinh 64
piston (mm)

Dung tich xi

lanh (cm?®) 389
Ti sé nén 8,2
Cong suét cuc

dai (kW)/tai toc 8,7/3600
do (vong/phut)

Qué trinh tinh toan dwoc bat dau tir dau ky nén dén khi
bat dau qua trinh thai. Trong nghién ctru mé phong nay, tinh
toan dugc thyuc hién theo chu trinh 1y thuyét véi gia dinh cac
qua trinh bat dau va két thuc tai cac diém chét trén (DCT) va
diém chét dudi (BCD). Dé tién theo ddi dién bién cua qua
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trinh sinh cdng (nén-chy-dan no), trong cong trinh nay, moc
0°TK (° gdc quay truc khuyu) ctia goc quay truc khuyu ¢ duoc
qui udc tai DCD khi bt ddu qua trinh nén va goc danh lira sém
@s dugc tinh theo °TK trude DCT khi két thic qua trinh nén.
Quia trinh chay r6i cta hdn hop khi duge md phong bang mo
hinh k-g. Qué trinh hinh thanh cac chét chinh trong san pham
chay duoc x4c dinh theo can bang nhiét dong hoa hoc, riéng
néng d6 NOy dugc xac dinh theo ddng hoc phan tng.

Trén thyc té tdc d hinh thanh NOx bé hon nhiéu so
v6i nhitng chat khac trong san pham chay. Toc do nay
phu thudc manh vao nhiét d6 thuong duge biéu dién bang
co ché Zeldovich mo rong nhu sau [27]:

k
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Trong do, ki la hang s6 tdc @6 phan ung theo chiéu
thuan va k. 14 hang s6 tbc d phan tng theo chiéu nguoc.

Nhién liéu biogas dugc ky hi¢u MxCy, trong d6 10x 1a ti
16 phan trim ctia CH, va 10y 1a ti 18 phan trdm ctia CO; trong
biogas. Trong phan tinh toan sau dy, nhom tac gia sir dung
nhién li¢u biogas nghéo M6C4. Ham luong HHO trong
nhién liéu dugc tinh bang ti 1¢ thé tich HHO trong tong thé
tich ctia hdn hop HHO va biogas. Vi du, hdn hop nhién liéu
biogas M6C4 dugc pha 20% HHO c6 thanh mole nhu sau:
CH4 (48%), CO: (32%), H (13,32%) va O: (6,68%).

Hydrogen c6 nhiét d¢ chay doan nhiét cao, téc do chay
16n va ¢6 thé chay véi hdn hop rat nghéo. Tuy nhién, nhiét tri
thap tinh theo thé tich chi 10,8 MJ/m?3, thdp hon nhiéu so vdi
nhiét tri thép ctia methane 1a 35,8 MJ/m®. Trong didu kién
tiéu chudn, dé chay hoan toan 1m® hydrogen chi can 0,5m?
oxygen. Trong khi do, dé dét chay hoan toan 1m® methane
phai can dén 2m? oxygen. Nhu véy, véi cung mot thé tich xy
lanh dong co cho trude, hydrogen chiém thé tich 16n hon
methane nhung do nhiét trj thé tich cta hydrogen thap nén
nhiét luong cung cip cho dong co nén nang luong hydrogen
mang vao dong co khong chénh 1éch nhidu so voi khi chay
bang methane.

S —e— M6C4 Y/
140 = —=—M7C3 /
—&—M8C2 P
130 —e—Moc1
—— Methane M
120
110
100 &=L ‘
0 20 40 60 80

Hinh 2. Bién thién ti I¢ ns?ng luong cua hén hop nhién liéu trén
nang heong biogas (h¢ so nang hiong k) theo ham hrong HHO
pha vao biogas trong diéu kién tiéu chuan (0 °C, 1 bar)

Khi pha HHO vio biogas, do HHO c6 chita sin oxygen du
dé dbt chay hoan toan luong hydrogen nén chi can lwong

khong khi dii dé dét chay methane. Ciing mét thé tich xi lanh
cho trude, phan oxygen can thiét dé dot chay hydrogen khong
lay tir khong khi nén khong kém theo khi tro N. Do d6, lugng
nhién liéu tong thé cung cép cho dong co ting nén ti I¢ ning
luong ctia hdn hop nhién liéu trén nang lugng biogas, goi 1a hé
sO nang luong k, tang theo ham lugng HHO pha vao nhién
liéu. Khi ti 16 HHO dudi 50%, hé sb k tang cham nhung khi
VUOt qua gid tri ndy, k tang rat nhanh. Biogas cang nghéo thi
anh huong cia HHO dén hé s6 k cang 16n (Hinh 2).

Khi pha HHO vao biogas véi ham lugng nhé hon
40%, hé s6 ning lugng k chi dao dong quanh gia trj 10%.
Diéu nay cho thdy tic dong vé mit nang lugng khi pha
HHO vao biogas khéng 16n. Tuy nhién, do hydrogen c6
nhirng tinh nang vuot troi vé tdc do lan tran man lra nén
noé gitp cai thién qua trinh chay tir d6 hiéu suat tong thé
cua dong co dugc cai thién. Nhitng dac diém nay s€ dugc
phén tich, danh gi4 trong phan tiép theo cta cong trinh.

3. Két qua va binh luin
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Hinh 3. Anh hieong cua hé 6 twong dwong $ dén dwong cong
dp suat (a) va do thi cong chi thi (b) (Biogas M6C4 pha 20%
HHO, n=3000 vong/phdt, ¢s= 20 TK)

Hinh 3a va Hinh 3b, giéi thi¢u anh huong ciia hé sb
tuong duong ¢ dén bién thién 4p suat trong xi lanh va do
thi cong ctia dong co chay bang biogas M6C4 dugc pha
20% HHO ¢ téc 6 3000 vong/phut véi goc danh lira sém
@s = 20°TK. Ciing nhu céc loai nhién li¢u khac, khi hdn
hop ngheo, toc d chay thap nén ap suét cuc dai thap va
cach xa diém chét trén (DCT). Tinh toan mo phong cho
thiy, khi st dung biogas nghéo M6C4, dong co khong
chay dugc voi hon hop c6 hé $6 tuong duong nho hon
0,8. Khi pha 20% HHO, dong co co thé chay véi hdn hop
nghéo dén 0,6. Dién tich dd thi cong (ti 16 v6i cong chi thi
clia dong co) giam theo hé s twong duong ciia hdn hop.
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Cong chi thi dat gid tri cyc dai khi hén hop hoi giau (¢ = 1,11).
Sau d6, neu tang hé so twong duong thi cong chi thi giam.
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Hinh 4. Anh hieéng ciia hé $6 twong dwong ¢ dén bién thién
nong do CHa (a) va nong do Ha (b) trong qud trinh chdy dong
co chay bang biogas M6C4 pha 20% HHO (n=3000 vong/phut,
o= 20K, ¢=1)

Hinh 4a va Hinh 4b gi6i thiéu bién thién ndng d6 CHy4 va
H, trong qud trinh chay dong co chay bang biogas
M6C4 pha 20% HHO. Chiing ta thay khi hé s6 twong duong
giam thi tbc do tiéu thu CHa, H2 ciing giam nhanh. Khi hdn
hop dam, phan tmg khi-nu6e dién ra manh sinh ra hydrogen
trong qua trinh din no theo phan ung thudn nghich
COz+H; = CO+H,0 [28]. Trong diéu kién hoat dong binh
thuong, CH, bt dau chay sau khi danh lira & 160°TK va két
thic khoang 220°TK. Trong khi d6, nong do Ha tién vé gia
tri 0 phu thudc vao diéu kién can bﬁng nhiét dong hoa hoc,
tirc phu thudc vao nhiét do, ap suat va thanh ph?m hén hop.
Véi ¢<1 thi quéa trinh chdy CHs va H, két thuc cung lic.
Nhung v6i ¢=>1 thi hau nhu chi ¢6 Ha con du trong khi thai.

Nhiét d6 trung binh ctia hdn hop khi trong budng chay
phu thudc vao thanh phan hdn hop. Nhiét d trung binh
cuc dai ctia hon hop bién thién tir 1900K dén 2300K khi 0]
thay d6i tir 0,68 dén 1,11 ddi véi dong co chay bang
biogas M6C4 pha 20% HHO (Hinh 5). Khi hé s twong
duong tang qua 1,11 thi nhiét d6 cuc dai cua hdn hop bét
dau giam vi hdn hop dam. Nhiét d6 cua hdn hop anh
huong rat 1on dén nong dd NOx trong khi thai dong co.
Hinh 6 cho thdy, khi ¢ = 0,68 hau nhu khong c6 NOy
trong khi thai. Khi ¢ = 1,11 thi ndng d6 NOx dat gia tri
16n nhat khoang 720ppm, twong tmg véi nhiét do trung
binh ctia hdn hop cao nhat. Khi ¢ 16n hon 1,11 thi néng do NO
giam tuwong mg voi giam nhiét d6 trung binh ctia hdn hop.
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Hinh 5. Bién thién nhiét d trung binh trong buéng chdy déng
co khi thay déi hé sé tiwong dwong ¢ (Biogas M6C4 pha 20%
HHO, n=3000 vong/phat, ¢s =20°TK)
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Hinh 6. Bién thién nong dp NOx trong budng chdy déng co khi
thay déi hé sé twong dwong ¢ (Biogas M6C4 pha 20% HHO,
n = 3000 vong/phdt, ¢s = 20°TK)
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Hinh 7. So sdanh bién thién dp sudt trong xi lanh khi dong co
chay bang biogas M6C4, M7C3, M8C2 pha 10% HHO
(n = 3000 vong/phut, ¢s = 20°TK, ¢=1)

Cung diéu kién van hanh va cing lugng pha HHO thi
ap suét cyuc dai cang cao va dinh duong cong ap suat cang
gan DCT khi ham lugng CHy trong biogas cang 16n. Hinh 7
cho théiy, ap sudt cuc dai dat dwoc 33,32, 38,01 va
42,34 bar tuong (g vdi ham luong CH4 trong biogas 60%,
70% va 80% voi cung lugng pha HHO 10%. Cong chi thi
chu trinh W; twong tmg véi cac nhién lidu nay lan luot 1a
0,327, 0,344 va 0,356 kJ/ct. Két qua nay cho thiy, khi dong
co chay bang biogas nghéo, cong sut dong co giam rd rét.
Trong diéu kién d6, néu ting ham lwong HHO pha vao
nhién li€u thi tinh nang cong tac ctia dong co dugc cai thién
nhu thé hién trén Hinh 8. Cung nhién liéu M6C4, cing diéu
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kién van hanh 3000 vong/phut, goc danh lia som gitr cb
dinh 20°TK va hé s6 tuong dwong ¢ = 1, 4p suat cuc dai dat
33, 36, 42 va 48 bar tuong tmg véi khi chay bang biogas va
khi chay bang biogas pha HHO véi ham luong 10, 20 va
30%. Cong chi thi chu trinh twong tmg véi cac didu kién nay
1an luot 1a 0,319, 0,327, 0,342 va 0,367 kl/ct. Nhu vay dé
duy tri dugc cong suat dong co khi lam viéc voi biogas
ngheo thi viéc pha HHO vao nhién li€u 1a giai phap hi€u qua.

O T T T 1]
50 181 | 30% HHO
= /N20% HHO
40 / /N 10% HHO
[/ /]
30
/}/ N
20 0% HHO
10 / I~
°TK) ]
0 LLY
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Hinh 8. A:nh hudng ciia ham luong HHO pha vao biogas M6C4
dén bién thién duong cong dp suat trong xi lanh (n = 3000
vong/phit, ¢s = 20°TK, ¢=1)

Do nhién liéu biogas c6 chira CO, nén téc do chay ciia
hdn hop giam so voi khi dong co chay bang xing. Viéc
tang goc danh Iira sém 1a can thiét dé nang cao hiéu qua
qué trinh chay cua dong co. Khi chuyén dong co tinh tai
chay xdng sang chay bang biogas thi viéc diéu chinh goc
danh lira sém gap kho khan vé mit ki thuat. Khi pha HHO
vao biogas thi tde do chay duoc cai thién, do do goc danh
lira s6m t6i wu giam so véi khi chay bang biogas thuan tay.
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Hinh 9. Anh huong ciia gbc dénh lica sém dén do thi cong khi
dong co chay bang biogas M6C4 khong pha HHO (a) va khi chay
béng biogas M6C4 pha 30% HHO (b) (n = 3000 vong/phit, ¢=1)

Céac Hinh 9a, b gidi thi€u anh hudng ciua goc danh ltra
sém dén dd thi cong khi dong co chay bang biogas M6C4
khéng pha HHO va khi pha HHO véi ham lugng 30%. Két
qua cho thdy, khi goc danh lira sém tang thi 4p sut cuc dai
tang va dinh ap suat cuc dai tién dén gan DCT hon. Tuy
nhién, ap suat cuc dai khong quyét dinh cong chi thi chu
trinh ma 1a dién tich d6 thi cong. Hinh 10 gidi thiéu bién
thién cong chi thi chu trinh theo gbc danh lira som cta dong
co chay bang biogas M6C4 khong pha HHO va khi pha
HHO véi ham luong 10%, 20% va 30%. Két qua nay cho
thay goc danh lira sém t6i wu 1a 30, 27, 23 va 18°TK khi
dong co chay bang biogas M6C4 va khi chay bang biogas
M6C4 pha 10%, 20%, 30% HHO. Cong chi thj chu trinh cuc
dai tuwong Ung vdi cac truong hop nay theo thur ty 1a 0,342,
0,345, 0,365 va 0,382kJ/ct. Pong co Honda GX390 c6 cong
suat cyc dai 8,7kW & téc do 3600 vong/phat khi chay bang
xang. Néu hi¢u suat co gidi ctia dong co 1a 0,8 thi cong suat
¢6 ich ctia dong co khi chua ké ton thit cong bom la 8,22,
8,28, 8,76 va 9,17kW khi chay béng biogas M6C4 va khi
chay bang biogas M6C4 pha 10, 20, 30% HHO.
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Hinh 10. Bién thién cong chu trinh theo géc danh sém khi thay déi

ham luong HHO pha vao biogas M6C4 (n = 3000 vong/phut, ¢=1)
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Hinh 11. Anh hwong ciia ham luong HHO pha vao biogas
M6C4 dén nong do NOx trong khi thai dong co
(n = 3000 vong/phut, ¢s = 20°TK, ¢=1)

Hinh 11, gi6i thiéu bién thién cua ndng do NO trong
hén hop khi chay khi thay di thanh phan HHO pha vao
nhién liéu biogas M6C4. Két qua cho thiy, nong do NOx
tang theo ham lugng HHO pha vao biogas. Khi pha 10%,
20% HHO, ndng d6 NOx ting nhe. Nhung khi ham lwong
HHO ting 1én 30% thi ndng d6 NOy ting rat manh. Nong
dd NOy trong khi thai dat 500, 670, 1390ppm khi pha
10%, 20% va 30% HHO so v&i 410ppm khi dong co chay
bang biogas M6C4 khong pha HHO.
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Hinh 12. Anh huong ciia ham lugng HHO pha vao biogas
M6C4 dén bién thién nhiét do trung binh cua hon hop trong
buéng chdy (n = 3000 vong/pht, gs = 20°TK, ¢ =1)

NOx hinh thanh theo co ché Zeldovich mé rong (cac
phan tmg 1, 2 va 3). Theo do, tbc d6 hinh thanh NOx phu
thuéc manh vao nhiét d¢ chay. Hinh 12 gidi thi¢u anh
hudng ciia ham lwong HHO pha vao biogas dén bién thién
nhiét d6 trung binh cua khi chay. Két qua cho thay, khi
dong co chay bang biogas M6C4 khong pha HHO thi
nhiét d0 cuc dai dat 2247K. Nhiét d0 cuc dai dat 2265,
2319 va 2392K tuong Gng voi khi pha 10, 20 va 30%
HHO vio biogas M6C4. Diéu nay giai thich sy gia ting
ndng d6 NOx theo ham lwong HHO pha vao biogas.

4. Két luan

Két qua nghién ctru trén day cho phép ching ta rat ra
dugc nhiing két luan sau day:

- Khi pha dudi 50% HHO vao nhién li¢u biogas thi mirc
tang nang luong chi dat khoang dudi 15% so véi khi sir dung
hoan toan biogas, nhung khi ham lugng HHO trong hon hop
nhién liéu vuot qua 50% thi ti 1€ nang luong tang rat nhanh
do HHO khong chira céac khi tro CO», No.

- Cong chi thi chu trinh cia dong co tang khi pha
HHO vao biogas v6i ham lugng bé chu yeu nho cai thién
qua trinh chay do céc tinh nang wu viét cua hydrogen ve
toc do lan tran man lra cao, nang lugng danh Iira bé va
gidi han chay mo rong.

- Khi pha 30% HHO vao biogas M6C4, dong co co
thé lam viéc 6n dinh v6i hdn hop co d) = 0,6. Do d6 khi
dong co lam yiéc voi t7éi cuc bg, co thé gi:c’lm hé s6 tuong
duong cua hon hop d€ nang cao hiu suat va giam phat
thai 6 nhiém.

- Cong chi thi chu trinh ctia dong co tang theo ham
lugng HHO pha vao biogas. Khi pha trén 20% HHO vao
biogas chira 60% CH, thi cong suat cua dong co co thé
dat dugc cong suat khi chay bang xang.

- Goc danh Itra sém ti wru ciia dong co giam khi tang
ham luong HHO pha vao biogas. Khi dong co chay ¢ toc
d6 3000 vong/phit, goc danh Ira sém toi vu la 30, 27, 23
va 18°TK twong tng vdi khi dong co chay bang biogas M6C4
va khi chay bang biogas M6C4 pha 10%, 20%, 30% HHO.

- Khi ¢b dinh goc déanh lra som, néu tang ham lugng
HHO trong biogas thi ap suat va nhiét d9 cuc dai deu tang

ddng thoi dinh cua cac duong cong nay dich chuyén vé
phia gan DCT.

- Nong d6 NOy tang theo ham lwong HHO pha vao
biogas. Véi ham luong HHO dudi 20%, néng d0 NOy chi
ting nhe, khoang 1,5 1an so voi khi s dung biogas
M6C4. Nhung khi ham lugng HHO trén 30%, ndng do
NOx ting manh, gép 3,5 l4n so véi khi chay bang M6C4.

Cam ta: Cdc tdc gia chan thanh cam on B¢ Gido duc
va Dao tao da tai tro viéc thuc hién cong trinh nay thong
qua Chuwong trinh nghién cuu Khoa hoc va Cong nghé
cap B6 CTB2018-DNA.
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