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Tém tat - Bai bao trinh bay két qua phan tich bién thién ap suét
trong xi lanh dong co’ cho b&i mo phong va thwc nghiém trén dong
co dual fuel biogas-diesel dugc cai tao tir dong co diesel Vikyno
EV2600-NB. M6 phong duwoc thic hién nho phan mém FLUENT.
Thwc nghiém dwoc tién hanh trén bang thér dong co AVL. Két qua
cho thay céng chi thi chu trinh ctia dong co cho bdi mé phdng lén
hon céng chi thi chu trinh thwc nghiém khoang 8% trong pham vi
tbc do dong co tir 1000 vong/phut dén 2000 vong/phat. Céng chi
thi chu trinh cia ddng co cho bédi moé phdng dat gia tri cwe dai khi
=1 trong khi dé cong chi thj chu trinh cho béi thirc nghiém dat gia
tri cwe dai khi 9=1,1. O tdc d6 dinh murc, cdng suét cé ich clia ddng
co dual fuel thAp hon cong suét co ich clia dong co diesel nguyén
thiy 12% khi chay bang biogas chira 80% CH, va 25% khi chay
béng biogas chira 60% CH,.

Tw kh'éa -‘déng co biogas; dong co dual-fuel; nang lwong tai tao;
ap suat buong chay; CFD.

Ky hiéu:

n: Téc d9 dong co (vong/phut);

pic  Ap suat chi thi (bar);

Pe:  Cong suat co ich ctia dong co (kW);

Wi Cong chi thi chu trinh (J/chu trinh);

¢:  Hé sb twong duong ctia hdn hop biogas-khong khi;

o:  Goc quay truc khuyu (°);

¢s:  Goc phun som (°);

Mm:  Hiéu suét co gi6i.

1. Giéi thiéu

M0 phong qua trinh chay dong co dual fuel biogas
diesel duoc cai tao tir dong co diesel Vikyno EV2600-NB
da duoc gioi thi¢u trong cac cong trinh trude day [1], [2].
Khac véi dong co danh lira cudng birc, dong co dual fuel
biogas-diesel danh Iira bang tia phun mdi diesel, do do
mang lira xuat phat tir miii tia phun ndm trong budng chay
omega chtr khong phai nim trén dinh buéng chay. Sau khi
ben lua, tia phun chay nhanh tao thanh mot dude lura véi
nang lugng 16n khién cho hdn hop biogas- khong khi dugc
chuén bi trude bdc chay nhanh chong. Diéu nay lam cho
db thi bién thién ap suét ctia dong co dual fuel khac voi dd
thi bién thién ap sut ctia dong co diesel.

Hinh 1 gi6i thiéu mot két qua tinh toan md phong tidu
biéu vé& ndng d6 CH,, nhiét d6 va tdc do trong budng chay
dong co khi chay o tbc do 1000 vong/phat va 2000
vong/phut véi biogas chira 60% CHs ¢ vi tri goc quay truc
khuyu 5° trude diém chét trén (BCT). Phun mdi duoc thuc
hién tai vi tri 25° tru6e DCT. Ching ta thdy tai cing mot vi
tri goc quay truc khuyu, khi tbc do dong co cang thip thi
mang lira di chuyén cang xa tryc buong chay. Mac du khi toc
d6 dong co tang thi van dong xoay 16c ctia hdn hop ting lam

Abstract - The paper presents the results of analysis of pressure
variation given by simulation and experiment in cylinder of biogas-
diesel dual engine converted from Vikyno EV2600-NB diesel
engine. Simulation was performed by the CFD software FLUENT.
Experiment was conducted on the AVL engine dynamometer. The
results showed that the indicated engine cycle work given by
simulation is about 8% higher than that given by experiment in
engine speed range from 1,000rpm to 2000rpm. The peak of
indicated engine cycle work given by simulation is found at ¢=1.1
whereas that given by experiment is found at ¢=1. At rated speed,
brake power of dual fuel engine is less than that of original diesel
engine about 12 % and 25% as engine fueled with biogas
containing 80% CH, and 60% CH, respectively.

Key words - biogas engine; dual-fuel engine, renewable energy,
in cylinder pressure; CFD.

tang tbc d6 chay nhung yéu 6 nay khong bu trir duoce mire
d6 giam thoi gian Ging vai moi d§ goc quay truc khuyu.
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Hinh 1. Truong nong do CHy, truong nhiét dg va truong toc dg
ciia moi chat trong buong chdy dong co dual fuel biogas-diesel
khi chay bang biogas chira 60% CH4 ¢ toc dé 1000 vong/phut va
2000 vong/phut, goc phun som 25 °

Nhing két qua tinh toan mé phong can duge kiém
chimg bang thuc nghiém dé danh gia mic do chinh xac.
Trén co s¢ d6 chung ta c6 thé ding mé phong dé du bao
tinh nang cong tac cua dong co dual fuel biogas-diesel ma
khong can phai lam thi nghiém t6n kém.

Trong nghién ciru nay, thyc nghiém dugc tién hanh &
Phong thi nghiém Dong co ddt trong thudc Trudng Pai hoc
Bach khoa, Dai hoc Pa Néng. Diy 1a phong thi nghiém
dugc trang bi thiét bi dong bd ctia Hang AVL. Hinh 2 giéi
thiéu hé thong thi nghiém. Bang thir APA 204 dugc didu
khién va thu nhan di liéu qua hé théng Puma. Luu luong
khong khi duge do bang luu lwong ké ABB véan hanh theo
nguyén 1y soi nong. Luu lugng biogas dugc do béang luu
luong ké dién tir kiéu chénh 4p qua mang. Thlet bi Indiset
620 gén két vdi cac cam bién do cac thong sb trong buong
chdy dong co: ap sudt budng chay, tin hiéu kich nd, goc
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danh lira hay goc phun sém, d6 nhac kim phun ddi véi dong
co diesel, xac dinh vi tri DCT. Encoder 364C duogc st dung
dé chuyén déi téc d6 goc cua truc khuyu dong co sang tin
hiéu $6. Nguén dir li¢u trong thuc nghiém duoc phan tich
danh gi4 va két xudt bing phian mém chuyén dung
Concerto. Ap suit trong budng chay duoc ghi nhan nho
cam bién 4p suat GU12P dugc lip truc tiép trong budng
chay dong co. Tin hiéu cua cam bién dugc khuéch dai boi
bd khuéch dai tin hidu dién ap 3067A01 Piezo Amplifier.
Dir liéu thi nghiém duoc ghi nhan, xtr 1y va truy suat nho
phin mém IndiWin Software. Tin hi¢u ciia cac cam bién
dugc chuyén vao may tinh thong qua bo chuyén déi AVL
620 Indiset.

Hinh 2. Bang thit cong sudt APA 204 va déng co dual firel
biogas-diesel thir nghiém Vikyno EV2600-NB

Thi nghiém duoc tién hanh trudc tién bang viéc do
luong phun diesel cuc dai va luong diesel phun mdi. Khi
chay bang biogas, luong diesel phun méi duge diéu chinh
bang 10% luong phun cuc dai nhd vit han ché bom cao ap.
Nhién liéu biogas dugc loc H,S va CO, béng NaOH trudc
khi nén vao binh 4p lyc & 4p sudt 100 bar. Trudc khi lam
thi nghiém, biogas dugc nap vao tai chira khi va dugc pha
tron véi CO, dé dam bao thanh phan biogas theo yéu cau.
Thanh phan biogas dugc xac dinh bang may phén tich
biogas chuyén dung GFM435.

Trong st dung ngudi ta quan tim nhiéu dén cong suat
dong co dual fuel biogas-diesel so v6i cong suit dong co
diesel nguyén thiy. Thuc té cho thdy ta ¢ thé thay doi
luong phun dé diéu chinh cong suit dong co theo yéu cau
tai bén ngoai khi dong co lam viéc voi biogas nghéo [3],
nhung diéu nay lam giam tinh kinh té cta dong co biogas
[4]. Do vay trong van hanh dong co, chung ta duy tri lugng
phun diesel tdi thiéu dé danh Ira va lam mat voi phun.
Tippayawong va cong su [5] cho ring cong sut ciia dong
co dual fuel biogas-diesel c6 thé dat gi4 tri twong duwong
cong suat dong co diesel nguyén thity trong khi Mitzlaff va
cong su [6] chi ra rang cong suat dong co dual fuel biogas-
diesel c6 thé cao hon cong suit dong co diesel. Trong cong
trinh nay, ching ta s€ nghién ctru ca thuc nghiém va mé
hinh hoéa bién thién ap suét trong xi lanh dong co dé xac
dinh mirc chénh léch giira cong suat dong co dual fuel so
vGi cong sudt dong co diesel nguyén thay.

2. Két qué va binh ludn

2.1. Anh hwéng ciia ham lwong CHy trong biogas

Hinh 3a, Hinh 3b, Hinh 3c trinh bay so sanh bién thién
ap suat trong xi lanh ddng co dual fuel biogas-diesel khi chay

bang biogas chira 60%, 70% va 80% CHy ¢ téc do 2000
vong/phut. Hé sé twong duong ¢p=1 va goc phun sém 22,25°
trude DCT. Cac hinh nay cho thiy 4p sut trong xi lanh dong
co cho boi mé phong cao hon ap suit cho béi thuc nghiém
trong qua trinh chay va din ng. Ap suat cuc dai cho boi mo
phong cao hon ap suét cuc dai thuc nghiém khoang tir 3%
dén 10%. Chénh léch giita hai két qua cang cao khi ham
luong CH, trong biogas cang bé. Su khac biét gia tri 4p suét
cho boi md phong va thue nghiém c6 thé duoc giai thich do
nhitng 1y do: (1) mé phong tdc d6 lan tran man Iira theo thanh
ph?m biogas trong m6 hinh cao hon thyc té do sy hién dién
CO, trong hdn hop chay anh huéng dén tée do chay 16n hon
du kién; (2) mé phong danh lira (ngudn nhiét hinh tru) trong
mo6 hinh tinh toan c6 su khac biét vdi thuc té dién ra trong
budng chay dong co dual fuel (tia phun chay khuéch tan);
(3) truyén nhiét gitra mdi chit cong tac va thanh xi lanh trong
md hinh chua tinh chi tiét thanh phan bt xa do qua trinh
chay khuéch tan tia phun moi.
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Hinh 3. So sanh bién thién dp sudt trong xi lanh dgng co cho
bdi mé phong va thuee nghiém trén dong co dual fuel chay ¢ téc
do 2000 vong/phut véi biogas chira 60% CHy (a), 70% CHy (b)

va 80% CHy (c); ¢=1; ¢s=25°
Su khac biét duong cong ap sudt dan dén sy khac biét
vé db thi cong chu trinh gidi thiéu trén cac Hinh 4a, Hinh
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4b va Hinh 4c tuong tng vdi biogas chua 60%, 70% va
80% CHy. Trong qua trinh nén, ap suat mo phong cao hon
4p suét thyc nghiém lam giam cong chi thi mé phong.
Ngwoc lai, 4p sudt md phong trén dudng din né cao hon ap
suét thuc nghiém lam tang cong chi thi mo6 phéng. Hinh 5
so sanh cong chi thi chu trinh cho bdi mé phong va thuc
nghiém khi dong co dual fuel chay bang biogas ¢ thanh
phan CH, khac nhau v6i ¢=1 & tdc d6 2000 vong/phut. Két
qua so sanh nay cho théy su khac biét cong chi thi cho boi
md hinh va thyc nghiém giam dan khi thanh phan CH,
trong biogas tang. Cong chi thi chu trinh cho béi mé phong
cao hon gia tri cho boi thue nghi¢ém khoang 10% véi biogas
chira 60% CH4 va 3% véi biogas chura 80% CHy.
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Hinh 4. So sanh do thi cong chi thi cho boi mé phong va thuc
nghiém trén dong co dual fuel chay ¢ toc dg 2000 vong/phiit véi
biogas chira 60% CHy (a), 70% CHy (b) va 80% CHy (c);
¢=1; ¢=22,25°
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Hinh 5. So sanh cong chi thi chu trinh cho boi mé phong va
thuwc nghiém khi dong co dual fuel chay bang biogas c6 chita
thanh phan CHq khac nhau
2.2. Anh hwéng ciia hé s6 twong dwong
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Hinh 6. So sanh bién thién dp sudt trong xi lanh dgng co cho
boi mé phéng va thie nghiém trén dong co dual fuel chay ¢ toc
dé 1700 vong/phiit véi biogas chita 80% CHy, hé s6 twong
dwong ¢=0,7 (a), $=0,9 (b, ¢=1,1 (c); »:-=22,25°
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Céc Hinh 6a, Hinh 6b va Hinh 6c so sanh bién thién ap
suat trong xi lanh dong co cho boi mé phong va thyc nghiém
khi dong co chay & téc d6 1700 vong/phut bang biogas chira
80% CHy4 voi hé so twong duong ¢=0,7, $=0,9 va ¢=1,1.
Chénh 1éch ap suét giita md phong va thyc nghiém dién ra
chii yéu trén L duong nén. Diéu nay co6 thé giai thich do trong
md phong tdc do chay cao hon so véi thuc. Chénh 1éch ap
suat trén duong dan né cho bai md phong va thuc nghiém
cang rd nét khi hé s6 trong duwong cang giam.
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Hinh 7. So sanh bién thién cong chi thi theo hé sé twong dirong
cho boi mé phong va thuc nghiém trén dong co dual fuel
»=22,25% (a) 60% CHy, n=2200 vong/phiit; (b) 70% CH,
n=1200 vong/phut; (c) 80% CH4, n=1300 vong/phut

Céc Hinh 7a, Hinh 7b va Hinh 7¢ so sanh bién thién cong
chi thi chu trinh theo hé s6 tuong dwong khi dong co chay
bang biogas ¢ thanh phan CHy4 khac nhau & cac ché do toc
d6 khac nhau. Két qua so sanh trén cac hinh niy cho ta nhitng
nhan xét chung: (1) cac dudng cong bién thién theo qui luat
chung 1a c6 mot gia tri ¢ ma & doé cong chi thi chu trinh dat
gia tri cuc dai; (2) dudng cong md phong dat gia tri cuc dai
tmg v6i ¢ xép xi 1, trong khi d6 dudng cong thuc nghiém
dat gi4 tri cuc dai tmg véi ¢ xdp xi 1,1; (3) chénh léch giira
cong chi thi cho boi md phdng va thuc nghi€ém dudi 10% &
tit ca cac ché do van hanh. Két qua tinh toan cong chi thi cho
thay khi ¢ cang bé thi mirc d6 chénh léch giira cong chi thi
cho bdi mo6 phong va thuc nghiém cang 16n. Muc d6 chénh
1éch 3% khi ¢=1,1 va 10% khi ¢=0,7.

Céc Hinh 8a, Hinh 8b va Hinh 8c so sanh cong suit co
ich cua dong co dual fuel cho boi mo6 phdng va thuc nghiém
khi thanh phin CH, trong biogas ciing nhu tbc d6 dong co
thay d6i. Cong suét c6 ich mod phong duogc tinh todn tir cong
chi thi chu trinh va hiéu suét co gidi. Két qua so sanh trén
cac Hinh 8a, Hinh 8b va Hinh 8c cho thiy bién thién cong
suat co ich ciia dong co dual fuel cho boi md phong rat phu
hop voi cong suit c¢6 ich cho boi thuc nghiém véi gia tri
hiéu suit co gidi Nm=0,85.
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Hinh 8. So sanh bién thién cong sudt cé ich ciia dong co theo
hé 56 twong dirong cho boi mé phong va thuee nghiém trén
dong co dual fuel :=22,25¢ (a) 60% CHq, n=2200 vong/phut;
(b) 70% CHy, n=1200 vong/phut; (c) 80% CH4, n=1300 vong/phut

2.3. Anh hwong ciia toc dp dong co

Hinh 9a va Hinh 9b so sanh bién thién 4p suét trong xi
lanh cho bdi m6 phong va thyc nghiém khi dong co chay o
toe do 1200 V(‘)ng/phﬁt va 2000 vong/phut voi biogas chira

70% CHa va hé 50 tuong duong ¢=1,1. Ket qué cho thiy
ap sudt cho boi md phong cao hon ap suét thyc nghiém,
nhung gia tri chénh léch khong 16n va hau nhu khong phu
thudc vao toc do dong co. Cac Hinh 10a va Hinh 10b so
sanh d6 thi cong cho boi mo phong va thuc nghiém. Khi
tbc do dong co bién thién tir 1200 vong/phut dén 2000
vong/phtt, cong chi thi cho bdi mo6 phong 16n hon cong chi
thi cho boi thuc nghi€ém khoang 8%. Do d6 trong thuc tién
chiing ta c¢6 thé sir dung ti 16 nay dé diéu chinh cong chi thi
cho boi md phong dé dat duogc gia tri thuc nghiém.
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Hinh 9. So sanh do thi dp sudt cho béi mé phong va
thye nghiém trén dong co dual fuel ¢=1,1; p=22,25%
(a) n=1200 vong/phut; (b) n=2000 vong/phut; Biogas chita 70% CH4

6 phong

(b) 40

N

pi (bar)

60

\
40 \
(@) N :
N L\.L(X\;‘:uc ghiem
VSN
Ao

M& phong

pi (bar)
80 I
60 \\
40 \ Mo phong
\\(Thl_J’C nghiém
20 \‘}v\\w
RN
%’ | |
o Rna T AT R |
0 0.2 04 0.6 0.8 1 12

v (lit)
Hinh 10. So sinh dé thi céng cho béi mé phong va
thyc nghiém trén dong co dual fuel ¢=1,1; p=22,25%
(a) n=1200 vong/phut; (b) n=2000 vong/phut; Biogas chita 70% CH4
Hinh 11a so sanh bién thién cong chi thi chu trinh theo
toc do dong co khi chay bang biogas chira 60% va 80%

CH, cho boi md phong va thuc nghiém. Hé sé trong duong
ctia hdn hop dugc giit ¢d dinh ¢=1,1 va goc phun sém 22,5°
trong ca tinh toan md phong va thuc nghiém. Theo két qua
nghién ctru d6 thi 4p sudt cho boi md phong va thyc nghiém
& phdn trén thi cong chi thi chu trinh cho bai mé phong 16n
hon cong chi thi chu trinh cho boi thue nghiém khoang 8%.
Hinh 11b cho thay bién thién cong chi thi chu trinh theo toc
d6 dong co cho boi md phong nhan vai hé s6 0,92 phu hop
v6i cong chi thi cho bai thyc nghiém.
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Hinh 11. So sanh bién thién céng chi thi cho boi mé phong va
thue nghiém trén dong co dual fuel khi chay bang biogas ¢=1,1;
@s=22,25° (a) chwa hiéu chinh; (b) hiéu chinh giam 8% cong
chi thi cho béi mé phong

Cong sut chi thi cua dong co ti 1€ voi cong chi thi chu
trinh va téc do dong co. Do cong chi thi chu trinh giam khi
tde do dong co tang, nén duong dac tinh cong suat chi thi
theo toc do dong co khong tuyén tinh. Hinh 12 so sanh
duong dic tinh ngoai ctia dong co dual fuel khi chay bang
biogas chua 60% CH4 va 80% CH4 cho bdi mo phong va
thuc nghiém. Hiéu suat co gidi ciia dong co dugc chon
Nm=0,85. Chung ta thiy két qua cho bai mo phong rat phu
hop véi két qua cho boi thuc nghiém. So v6i cong suat
dong co diesel nguyén thuy & tbc do6 dinh mic 2200
vong/phut, cong sudt dong co dual fuel nhé hon khoang
12% khi chay bing biogas chtta 80% CHs va nho hon
khoang 25% khi chay bang biogas chira 60% CHa. Nhu vay
khéc véi nhan nhan dinh cua Tippayawong [5] va Mitzlaff
[6], cong suét cua dong co dual fuel thuc té giam déang ké
so v6i cong suat dong co diesel nguyén thuy. Didu ndy co
thé giai thich do goc phun sém cta dong co dual fuel giir
¢b dinh nhu géc phun sém cua dong co diesel. Trong thuc
té goc danh Ira sém tdi wu cta dong co biogas 16n hon
nhiéu so v6i dong co st dung nhién liéu héa thach truyén
thong [7]. Do d6 dé cai thién cong sudt dong co dual fuel,
chung ta can thay dbi goc phun sém cua dong co. Tuy
nhién, diéu nay co thé gay tro ngai vé mit ky thuat khi dong
co str dung lai diesel.
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Hinh 12. So sanh dwong ddc tinh ngoai cua dong dual fuel khi
chay bang biogas chira 60% CHy () va 80% CHy (4); ¢=1,1;
@=22,25% nn=0,85 cho béi mé phong va thuc nghiém va mirc
do chénh léch giita dwong dac tinh ngoai cua dong co khi
chay bang diesel va biogas

3. Két luan

Két qua nghién ciru trén ddy cho phép chung ta rut ra
nhitng két luan sau:

- Cong chi thi chu trinh ctia ddng co cho bdi mo6 phéng
dat gia tri cuc dai ing v6i ¢=1 khi dong co chay ¢ tdc do
cho trudc bang biogas co thanh phan cho truéc. Cong chi
thi chu trinh cho bédi thuc nghiém dat gia tri cuc dai ing
voi ¢=1,1.

- C6 thé st dung phuong phap md phong dé du doan
tinh nang cong tac cta dong co dual fuel biogas-diesel.
Cong chi thi chu trinh ctia dong co cho boi md phong 1on
hon cong chi thi chu trinh thuc nghiém khoang 8% khi
trong pham vi tbc d6 dong co tir 1000 vong/phut dén 2000
vong/phtt.

- O diéu kién tc d6 dinh mirc, cong suat c6 ich cua
dong co dual fuel thip hon cong suit c6 ich cua dong co
diesel nguyén thity 12% khi chay bang biogas chira 80%
CH, va 25% khi chay bang biogas chira 60% CH,. Dé cai
thién cong sudt co ich cua dong co dual fuel chung ta can
tang goc phun sém.
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