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TOM TAT

Viéc sir dung hiéu qua nang heong tdi tao gop phan thiic ddy thuwe hién
1o trinh Net Zero. Hé thé'ng nang lwong tdi tao hybrid solar-biomass
khdc phuc duoc nhuoc diém cua nang luong tdi tao. Trong do, dong
co dot trong chay bang hén hop cdc khi syngas, biogas va hydrogen
can dwoe nghién ciru phat trién. Ché bién chat thai ran thanh RDF
(Refuse—Derlved Fuel) roi khi hoa chung thanh syngas cho phep luu
trit biomass dé sir dung theo ké hoach, gép phan on dinh céng sudt hé
thong nang luong tdi tao. Nghién ciru mé phong va thie nghiém cho
thdy hé so khong khi trong khodng tir 0,3 dén 0,4 dé dam bdo khi héa
dat hiéu sudt cao nhat. Vi ti 1¢ khéng khi/nhién liéu cia syngas thap
nén dong co sur dung hon hop khi can c6 hé thdng diéu khzén qud trinh
cung cap linh hoat. Nhiét tri syngas thép khién cong sudt dong co giam
dén 40% so voi khi chay bang nhién ligu truyén thong. Syngas dioc
phun truc tlep giup cdi thién cong sudt dong co syngas noi riéng va
dong co swr dung nhién liéu khi nghéo noi chung.

Tir khod: Pong co syngas, hé thong nang lwong tdi tao hybrid, khi
héa RDF, ndng liwong tdi tao, phun triec tiép nhién liéu khi

ABSTRACT

Efficient use of renewable energy contributes to promoting the
implementation of the Net Zero roadmap. The solar-biomass hybrid
renewable energy system overcomes the disadvantages of renewable
energy. In particular, internal combustion engines running on a mixture
of syngas, biogas and hydrogen need to be researched and developed.
Processing solid waste into RDF (Refuse-Derived Fuel) and then
gasifying them into syngas allows storing biomass for planned use,
contributing to stabilizing the capacity of renewable energy systems.
Simulation and experimental studies show that the air coefficient is
between 0.3 and 0.4 to ensure the highest gasification efficiency. The
air/fuel ratio of syngas is low, so engines using air mixtures need a
flexible supply control system. Low syngas heating value reduces engine
power by up to 40% compared to running on traditional fuel. Direct
injection of Syngas helps improve the power of Syngas engines in
particular and engines using lean gas fuel in general.

Keywords: Gaseous fuel direct injection, Hybrid renewable energy
system, Renewable energy, RDF gasification, Syngas engine
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1. GIOI THIEU

Tac dong cua hién twong 4m déan 1én toan cau da
dén sém hon so v6i mdc thdi gian ma cac nha khoa
hoc du béo. Céc trung tdm theo doi khi tuong thuy
van trén thé gioi da ghi nhan nhiét d6 cua bau khi
quyén cao ky luc vao thang 7 ndam 2023. Nhiéu hoi
nghi thuong dinh vé bién doi khi hau da kéu goi cac
quoc gia trén toan thé giGi cat giam phat thai cac
chat khi gay hiéu tng nha kinh ngay tir bay git dé
ngin chin nhiét d toan cau ting hon 1,5 °C so véi
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thoi ky tién cong nghiép. Theo Thoa thuan chung
Paris v& bién d6i khi hau nam 2015, lwong khi CO,
toan cau phai giam 45% vao nam 2030 va 100% vao
nam 2050, so voi mire nam 2010. Bén nay di c6 hon
120 quéc gia dd dé ra muc tiéu dat can bang phat
thai-thu hoi khi nha kinh (goi 1a chién lwoc Net
Zero) vao nam 2050. Trong tAm cua chién lugc nay
la chuyén dan sang s dung ning lugng tai tao
(Sahar & Taraneh, 2023).
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Hinh 1. Bién thién cong suit hé thong dién mit troi 4kWp tai Pa Ning theo gio' trong ngay, ngay
trong thiang va thing trong nim

Trong linh vuc san xuit dién ning, san luong
dién tir cac ngudn nang luong tai tao da gia tang
manh mé, theo Co quan Nang luong Quoc té, cac
nguon nang luong tai tao dy kién s& chiém 90%
nang luong st dung trén toan thé gidi vao nim 2050
(Paul, 2023). Viét Nam méi day da cong bd quy
hoach dién VIII, trong d6 ti trong dién tir nang lugng
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tai tao s& chiém trén 70% trong tong ngudn dién
qudc gia vao nam 2050. Trong linh vyc giao thong
van tai, 6 to st dung dién dang thay thé dan 6 to chay
bang nhién liéu hoa thach. Mot sé cac qudc gia da
dua ra 16 trinh cham dat str dung 6 to chay bang
nhién li¢u hoa thach dé chuyén sang 6 t6 dién hay 6
to st dung nhién li¢u tai tao. Viét Nam da dat ra 10
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trinh d&én nim 2040 dung ding ky 6 t6 méi chay
bang nhién liéu hoa thach va dén nam 2050, tat ca 6
t6 phai chay bang dién hay ning lwong tai tao. Khi
chuyén 6 t6 va cac phuong tién van chuyén noi
chung sang sir dung dién thi vn d& ngudn ning
lwong dé san xuit dién mang ¥ nghia quan trong.
Viéc dua ndng do cac chat khi gay hiéu tng nha kinh
trong khi xa cua 6 t, xe mdy vé mirc thap chi co ¥
nghia khi nguon dién duoc san Xuét tir nang luong
tai tao. Néu ngudn dién van con san xuét tir nhién
liéu héa thach thi van dé phat thai 6 nhidém va cac
chat khi géy hiu ing nha kinh chi chuyén tir noi sir
dung 6 t6 dén noi san xuat dién ning.

Vén dé can khic phuc cua cac loai ning luong
tai tao la tinh khong 6n dinh, phu thudc nhiéu vao
thoi tiét, miia vu (Rogelj et al., 2021). Cong suét cua
ching thay d6i ngiu nhién va khong lién tuc. Do do,
dé co thé st dung hé théng nang luong tai tao, ta can
phai di kém véi hé théng luu trir nang luong, lam
tang gia thanh cta thiét bi. Hinh 1 minh hoa bién
thién cong sudt cum dién mat troi 4kWp theo gio
trong ngay, ngay trong thang va thang trong nam.

Hé thdng ning lugng tai tao hybrid (Hybrid
Renewalbe Energy Systems) phdi hop st dung
nhiéu ngudn ning luong khac nhau nén c6 thé han
ché dugc nhitng nhuoc diém cia hé thong ning
luong tai tao truyén thong (IEA, 2020). Nho vay,
HRES c6 thé loai trir hay giam nhe cong suét ctia hé
thong luu trir nang lugng (Peker, 2019). Pidu nay co
thé giam chi phi ning luong ciia HRES dén 30% so
v6i hé thdng ning luong tai tao truyén thong (Sachs
et al., 2016). Mat khéac, cac cAu phén cua HRES c¢6
thé duoc lya chon tbi wu dé giam gia thanh thiét b
(Fuss et al., 2014). HRES Ia sy Iya chon tdi wu dé
cung cap dién cho nhimg ving xa x6i héo lanh, noi
chua c6 dién ludi. Nudce ta 1a mot nude nong nghiép
va & ving nhiét d6i nén viéc két hop nang luong mét
troi va nang lugng biomass trong hé thong HRES sé&
g6p phan tich cuc trong chlen lugce chuyen d01 nang
luong, phat trién kinh té xanh, kinh té tuan hoan
trong boi canh thuc hién muc tiéu Net-Zero ma nude
ta da cam két véi cong dong thé gisi.

Mot s6 két qua nghién ctru hé thdng ning luong
tai tao hybrid solar-biomass dugc thyc hién tai
Truong Dai hoc Bach khoa - Dai hoc Ba Nang dugc
trinh bay trong bai viét. Nghién ctru tap trung cong
nghé khi hoa RDF sinh khéi va dong co ddt trong sir
dung hdn hop nhién liu khi véi cac loai khi biogas-
syngas-hydrogen c6 thanh phan thay ddi (nhién liéu
khi linh hoat).
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2. THIET BI VA PHUONG PHAP
NGHIEN CUU

2.1. Thiét bi nghién ctru

So d6 ¢ Hinh 2 biéu dién HRES st dung solar-
biomass. Chat thai ran (CTR) dugc phén loai thanh
hai phan riéng biét. Nhitng chat dé phan huay thi
dugc dung dé san xuat biogas. Nhitng chat khé phan
huy thi duge ding dé san xuat syngas thong qua qué
trinh khi héa RDF. RDF la vién nén nhién liéu duogc
ché bién tir sinh khdi khé phan hity. Khi cong suat
cua hé théng dién mat troi 1on hon cong suét phu tai
thi phan cong suat thira dwoc ding dé dién phan
nudce san xuét hdrogen. Biogas, syngas va hydrogen
dugc chira trong tai chira nhién liéu dé cung cp cho
dong co d6t trong. Khi cong sudt dién mat troi thap
hon cong sudt phu tai hoac khi khong c6 burc xa mat
troi thi dong co dbt trong phéat dién dé dam bao
ngudn dién lién tuc. Nhu vay, dong co ddt trong
déng vai tro nhu hé thong luu trir nang lugng. Do
thanh phan nhién liéu thay doi trong pham vi rong
nén hé théng cung cap nhién lidu cho dong co ddt
trong dugc diéu chinh mot cach linh hoat.

Chuyén d6i sinh khéi thanh ning lwong thong
qua khi héa vién nén (RDF) 1a cong nghé hi¢u qua
dé xir Iy CTR sinh hoat (Johari, 2014). Dudi dang
RDF, sinh khéi ¢ thé dwoc van chuyén, luu trir dé
dang. RDF tir CTR sinh hoat ¢6 thé 1a ngudn ning
luong thay thé. N6 chtra nhimg chét ¢6 nhiét trj cao
nhu gidy, nhua, vai... nén str dung cong ngh¢ RDF
ngdy cang phat trién manh va thay thé cac giai phap
dbt rac truyen thong (Dinesh & Romeela, 201 1). Do
nhitng wu diém chinh cia RDF nhu giam thé tich
CTR va thu hdi nhiét d& dang nén coéng nghé nay
ngdy cang duoc quan tim. RDF hién 12 ngudn nhién
liéu ré duge str dung trong cong nghiép xi mang &
nhiéu nuéc trén thé gigi. O Chau Au ¢6 dén hon
70% nang lwong tiéu thu cho san xudt xi ming sinh
ra tt RDF (Hajinezhad et al., 2016).

Trong so d6 Hinh 2, HRES solar-biomass gom
phan 16n nhitng mo-dun thiét bi nang luong co san
trén thi truong. Riéng dong co ddot trong chay bang
nhién liéu khi linh hoat chua dugc phé bién nén can
c6 nhiing nghién ctru chuyén sau. Trong dir li¢u
khoa hoc c6 sin, phan 16n cac cong trinh nghién ctru
vé HRES tap trung phan tich tinh kinh té va x4c dinh
kich ¢& cua ching (Shaopeng et al., 2018). Dé phat
trién ing dung rong rai HRES thi diéu quan trong 1a
hoan thién cac ciu phan cua ching.

2.2. Phuong phap nghién ctru

Trong cong trinh nay, nghién cru mé phong va
nghién ctru thuc nghiém dugc két hop. Nghién ctru
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mé phong dugc thyc hién nhd phdn mém Ansys
Fluent. Qua trinh khi hoa dugc gia dinh la qua trinh
chay khuéch tan, trong d6 nhién liéu va khong khi
dén tir hai ngudn khac nhau. Diéu kién dau vao cua
nhién liéu gom thanh phan nhién li¢u, nhiét d nhién
lidu. Piéu kién dau vao khong khi gdm ap suét va
nhiét d6 khong khi. Hé s6 khong khi du dugc xac
dinh thong qua Iuu lugng nhién li¢u va luu lugng
khong khi cung cap cho 16 khi hoa.

Chit théi réin sinh hoat
va hoat dong san xuat |
néng lam nghiép

Chit thai hiru co dé
phén huy

Vién nén
nhién ligu RDF

= N

Him biogas
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Syngas & dau ra 10 khi héa duogc hoa tron véi
biogas va hydrogen trude khi cung cap cho dong co
@bt trong. Do thanh phan nhién liéu khong 6n dinh
nén hé thdng voi phun kép duge ap dung dé cung
cép nhién liéu cho dong co ddt trong. Nghién ctru
md phong qua trinh nap va qua trinh chay ciua dong
co su dung hon hop nhién liéu syngas-biogas-
hydrogen c6 thanh phan thay d6i linh hoat dugc thuc
hién nho phin mém Ansys Fluent.

bién hé*nu('yc
Lo
n =

Phy tai/dién sinh hoat
hé gia dinh

f

Lo khi hoa tao syngas

|

Déng co ddt trong
kéo may phat di¢n

Tai chira nhién ligu khi

Hinh 2. So d6 h¢ thong ning lwgng tii tao HRES solar-biomass

3. KET QUA VA THAO LUAN
3.1. Mb phéng qua trinh khi héa RDF sinh khoi
3.1.1. Dac tinh syngas

Tuy thude vao nguyén liéu diu vao va cong nghé
khi hoa syngas s€ co nhimg dac tinh khac nhau,
nhung vé co ban syngas 1a hdn hop khi gdbm CO, Ha,
CHa, CO», N> va mot lugng nho céc tap chét khac
nhu hoi nudc, cac loai khi tro, ... Chiing 1a san phém
clia qué trinh khi hoa sinh khéi. Sinh kh6i hay CTR
thong qua qué trinh khi hoa s& giam dwogc 90% vé
thé tich va 70% vé khéi lwong. Bén canh d6, con tiét
kiém quy dat 1am bai chon 1ap va giam cac chat khi
gdy hi¢u ng nha kinh (Arena, 2014).

Thanh phan syngas phu thudc vao chat lugng
cua sinh khdi va diéu kién khi hoa (Yohanes et al.,
2020). Néu oxy héa bang khong khi, syngas sinh ra
thong thuong bao gom tir 15% dén 20% khi hydro,
tir 15% dén khoang 20% khi carbon monoxide, dugi
5% khi metan, tir 10% dén 15% khi carbon dioxide,
con lai 1a khi ni-to (Sridhar, 2005) véi nhiét tri thép
(Lower Heating Value) vao khoang tir 4 dén 7
MIJ/Nm?® (Hagos et al., 2014). Thanh phin syngas
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duoc cai thién néu st dung hoi nuéc hodc 1a khi oxy
lam chét oxy hoa. Khi ¢6 LHV ciia syngas c6 thé dat
10-28 MJ/Nm?. Gia tri LHV thip la nguyén nhan
lam giam c6ng sudt dong co. Khi chuyén dong co
xang sang chay bang syngas thi dong co bi giam
30%-40% vé cong suat. Khi chuyen dong co diesel
sang chay bang syngas thi cong suit dong co giam
15%-20%. Khi syngas c6 LHV 16n hon 4,2 MJ/Nm?
(Shah et al., 2010) thi dong co ddt trong méi c6 thé
lam viéc on dinh. Nghién ctru md phong qué trinh
khi héa dugce thuc hién trong 16 khi hoa kiéu hut, cac
vién RDF c¢6 dang hinh try tron, duong kinh trung
binh 10 mm, chiéu dai thay ddi. Giéng nhu cac loai
nhién liéu ran khac, trude khi chay cac chit bay hoi
trong RDF dugc bdc ra khoi nhién liéu va hoa tron
v6i khong khi tao thanh hdn hop chay f (mixture
fraction). Trong m6 phong nay, cac vién RDF duogc
b tri ngau nhién trong 16 khi hoa véi nhiét do bé
mit thay d6i. Mot trong nhimng thong sé quan trong
can quan tam khi danh chat lugng ctia qua trinh khi
hoa 1a hé s6 khong khi du (ER - Excess Air Ratio)
dugc tinh theo cong thurc nhu bén:
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( T6c d6 khong khi )

_ Toc do tiéu thu sinh khoi Thyc &
( T6c d6 khong khi
T6c do tiéu thu sinh khéi

)Ly thuyét
3.1.2. Két qua mé phéng qud trinh khi héa
Hinh 3gi6i thiéu cic dudng dong mirc cla cac

dai lugng dién ra trong budng khi héa tng vi RDF

tir CTR va RDF tir sinh khéi voi cing ER=0,35.

Sinh khéi & ddy chi hdn hop chét thai hiru co 14 cac

phu phé pham trong hoat dong san xuit néng 1am

nghiép. Trong diéu kién vira néu thi thanh phan hén
hop f timg voi CTR va sinh khéi lan luot 13 0,4 va

0,6. Két qua nay cho thay v6i cung ER thi viéc phan
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b cac dai luong 1y héa trong khu virc khi hda khong
c6 su khac biét nao dang ké. Tuy nhién, gia tri cuc
dai ctia thanh phan cac chét khi & khu vyc chay va
khu vuc hoan nguyén c6 su chénh I¢ch. Néng do cuc
dai cta cac chat CO, CHs, H, ¢ khu vuc chay va
hoan nguyén cua sinh khdi déu 16n hon cac gia tri
tuong tmg dbi voi CTR sinh hoat con ndng d6 CO,
thi nguoc lai. Didu nay 1a do dé dat cung hé s6 ER
thi ti 1¢ giira toc do khong khi cAp vao va te do ticu
thu nhién liéu Q./Qr ciia CTR sinh hoat va sinh khdi
lan luot 12 3/2 va 2/3. Do luong khong khi cip vao
16 nhiéu hon trong truong hop CTR sinh hoat nén
phan tmg chay hoan toan dé sinh khi CO, thuan lgi
hon phan (g hoan nguyén dé tao ra cac thanh phan
khac trong syngas.

(b)

Hinh 3. Céc théng s6 f, ¢, V, T va nong dd khoi lweng cac chit trong syngas khi khi héa véi toe do
Qs=2g/s, £=0,4 (a), ER=0,6 (b)

ting

Hinh 4. Nong dj céc chit va nhigt trj tir qua trinh khi héa RDF (a), g6 (b), sinh khéi (¢) va tréu (d) khi
cung dieu kién ER=0,35

Nhur trén d3 trinh bay, nguyén liéu dau vao 10 khi
hoa anh huong 16n dén thanh phin syngas. Véi ciing
didu kién hé s6 khong khi ER=0,35, Hinh 4 gi6i
thiéu két qua mod phong nhiét tri va thanh phan
syngas khi khi hoa RDF tir tréu, gd, sinh khéi va
CTR sinh hoat. Trong diéu kién d6, thanh phan hon
hop £1a 0,4, 0,45, 0,6 v 0,65 lan lugt tmg véi RDF
tr CTR sinh hoat, sinh khdi, g0 va trau, nghia 1a ty
16 Q./Qr giam dan. Khi Q,/Q; giam, tirc thiéu khong
khi thi nhién li€u chdy khong hoan toan va tang kha
nang hoan nguyén, lam gidm ham lugng CO, va lam
tang ham luong CO. Trong diéu kién nay, nhiét tri

16

cua syngas la 5,5 Ml/kg, 6 MJ/kg, 8,5 MJ/kg va 9
MIJ/kg lan lugt twong Gmg v6i CTR sinh hoat, sinh
khi, g va trau.

Thanh phan va nhiét tri ciia syngas co thé diéu
chinh bang cach pha tron biomass cung cip cho 10
khi hoa. Két qua mo phong khi hoa hon hgp RDF
10% triu va 90% gb dugc trinh bay trén hinh 5a. So
v6i truong hop f bang 0,3 va f bang 0,5, thanh phan
khi carbon monoxide va hydrogen trong syngas cao
hon con thanh phan carbon dioxide thi thap hon gia
trj tuong ing ctia chiing trong truong hop fbang 0,4.
Do d6, fbang 0,4 co thé xem 1a gié tri toi wu khi khi
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hoa hdn hop RDF vdi thanh phan 1a 10% trau va
90% gd. Hinh 5b trinh bay két qua mé phong khi
hoa hon hop RDF véi thanh phan 1 30% trau va
70% gd. Két qua cho thay khi tang thanh phan RDF
trau thi thanh phan CH, trong syngas giam manh
lam giam nhiét tri cua syngas.

Ngoai chat lugng sinh khoi, trong khi hoa, hé sb
khong khi du anh hudng 16n dén thanh phan va nhiét
tri syngas.

Hinh 6 trinh béy‘két qua mo6 phong anh hudng
cua ER dén thanh phan va nhiét tri nhan dugc tir khi
h(’)a’ RDF so dira. Khi ER=0,85 thi ham lugng CO
chiém khoang 20%, ham luong H, dat khoang 2%

=—=f=0,3 =—f=0,4 ==-f=0,5

CcO
1,2

QL

H2 CH4

%wt co CO,  CH, H,
X 26,87 19,08 7,11 1,12 7,26

Q, (Ml/kg)
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con ham luong CH, ¢6 thé bo qua. Khi ER=0,25 thi
ham lugng CH, dat khoang 10%, H, thay ddi nhe
con nong d6 CO dat khoang 37%. Nhu vay, khi ER
giam, nghia 1a hon hgp dam thi ham lugng CO trong
syngas tang. Diéu nay mot mat do nhién lidu thiéu
oxy dé chay hoan toan, va miat khac do cac ting
cuong cac phan tmg hoan nguyén san pham chay.
Hydrogen sinh ra chu yéu tir phan giai cac chat trong
san vat chay sau d6 phan tng voi CO hay C dé tao
thanh CHas. Vi vay, trong diéu kién cén b.':fmg nhiét
dong hoc phan ung thi khi taing ham lugng H», ham
lwong cac chit CO, CH, giam.

——f=0,3 ——f=0,4 ===f=05
co

H2 CH4

%wt  CO co,  CH, H, Q (Mi/kg)
x 3048 173 613 148 7,15

Hinh 5. Anh hwéng cia thanh phin hdn hop f dén nhiét tri va thanh phin syngas khi khi hoa hén h
g cia p op ¢t tri anh p yng op
(10% triu va 90% RDF gb) (a), hdn hop (30% triu va 70% RDF gb) (b)

mN,
Y

compo_mol_QL_Coco_Vs-ER

0,2 0,3 0,4

06 07 08 09
ER

Hinh 6. Bién thién thanh phin syngas va nhiét tri nhién li¢u theo ER khi khi héa so dira
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Khi gidm ER thi ham luwong khi hydrogen giam

con ham lugng khi metan trong syngas sé& tang 1én.

Khi giam ER tur 0,9 dén 0,4 thi nhiét tri syngas tang
nhanh. Néu tiép tuc giam ER thi nhiét tri syngas hau
nhu khéng thay déi do giam khi hydrogen va ting

carbon dioxide. Vi vdy, can phai chon ER nam trong

khoang 0,3 dén 0,4 dé dam bao khi hoa dat hiéu qua

cao nhat.

3.2. Nghién cuu thyc nghiém 10 khi héa

Hinh 7a gi6i thiéu thi nghiém 10 khi héa RDF
duoc thucNhién tai Truong Dai hochéch khoa - Dai
hoc Pa Nang. Pay la 10 khi hoa kiéu hat 1én. Nhién
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liéu str dung 1a RDF gd. Budng chéy cuia 10 dugc boc
mdt 16p cach nhiét dé gitr 6n dinh nhiét do ving
phan ng. Chét oxy hoa la khong khi duoc cip bang
mdt quat thoi. Luu luong khong khi, lwong RDF tiéu
thu trong mét gio, thanh phin syngas va nhiét dg cac
khu vyc cua 10 khi hoa dugc do trong qué trinh thi
nghiém. Syngas sau khi ra khéi 16 khi héa dugc dan
dén hé théng loc g6m loc cyclone, loc nude, loc tap
chat Ivu huynh roi chtra vao tai luu trit cing voi
biogas va hydrogen. So sanh nng d6 cac chét trong
syngas cho bdi mo hinh va thyc nghiém duogc trinh
bay trén hinh 7b. Khac biét giita gia tri mo phong va
thuc nghiém nho hon 14% d6i v6i ham lugng carbon
dioxide va nho hon 10% dbi véi khi metan.

30

20

15

10

1l el Wl
o ER=0,58 ER=0,43 ER=0,27

22,71

€0, €O, CH,, H,, N, (%mol); Q (MJ/kg)

26,49 24,22
5441
16,37
8,29
8,34

Chénh léch giffa thuc nghiém va mé phong (%)
CH4 8 3,5 [ 3
CO2 4 2 | 14

Hinh 7. Thi nghiém khi héa RDF (a), so sinh md phong va thye nghiém véi hé s6 ER khac nhau (b)

3.3. Pong co dot trong trong hé thong HRES

Solar-Biomass
3.3.1. Cung cdp hon hop syngas-biogas-
hydrogen trén dwong nap

Pong co ddt trong trong HRES solar-biomass sir
dung hon hop nhién lidu cac khi hydrogen, biogas,
va syngas bao gém cac thanh phan CHa, CO, H,
CO2, Nz. Trong hén hop ndy, hydrogen ¢6 nhiét tri
thé tich thdp nhat nhung tdc do chay cao nhat con
CHyj4 thi nguoc lai. Biogas, syngas chira ham lugng
16n CO,, N, nén toc d6 chay thap va lam giam tinh
6n dinh ctia qua trinh chay. Chat lugng qua trinh
chay dugc cai thién khi lam giau biogas bang
hydrogen (Shah et al., 2010). Khi lam giau nhién
liéu truyén thong bang hydrogen thi hé sé tuong
duong cta hdn hop co thé giam lam giam phat thai
céc chit 6 nhiém CO, HC (Xuan va ctv., 2023). Tuy
nhién, khi ham lugng hydrogen trong nhién li¢u tang
thi nhiét do chay ting lam ting nong d6 NO, trong
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khi thai (Ga va ctv., 2021). Khi thanh phan nhién
lidu thay doi thi qui ludt cung cip nhién liéu ciing
can phai dugc diéu chinh dé dam bao hiéu qua qua
trinh chay (Tung et al., 2023). Do thanh phan hdn
hop nhién li¢u cac khi hydrogen biogas, va syngas
cung cap cho dong co trong hé thong HRES solar-
biomass thay dbi trong pham vi rong nén hé thng
didu khién dong co can linh hoat. Vi vay, viéc cai
tao dong co theo ky thuat truyén thong khong dap
g duoc yéu cau dbi v6i dong co lam viée trong
HRES solar-biomass.

Nghién ctru cho thiy dé chuyén dbi dong co
truyén thong thanh dong co sir dung hdn hop céc khi
hydrogen, biogas va syngas c6 thanh phan thay d6i
linh hoat; chiing ta cAn mot hé thong diéu khién qua
trinh phun nhién li¢u va qua trinh danh ltra “thong
minh”. Hé thong niy c6 thé nhan biét cac thanh phan
nhién liéu co ban va diéu chinh thoi gian phun ciing
nhu goc danh lira som thich tng véi sy thay doi
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thanh phan nhién liéu. Ddi v6i dong co tinh tai, viée
diéu chinh qua trinh phun nhién liéu va danh ltra dua
vao thanh phan nhién lidu va ché do tai ciia dong co
do tdc d6 dong co chi thay ddi trong pham vi rit hep.

Dé co thé cung cip hdn hop nhién liéu trong
truong hop ti s khong khi trén nhién liéu (A/F) cua
nhién lidu thanh phan thay ddi trong pham vi rong,
phuong an su dung 2 voi phun: voi phun Vp3 co
duong kinh 16 phun 4 mm va voi phun Vp4 cé
duong kinh 18 phun 6 mm dugc dua ra. Goc phun
cua voi phun Vp3 1a 130°TK con goéc phun cta voi
phun Vp4 1a 115°TK. Véi diéu kién phun nay, cudi

ptv_hel |

= |
0 52 10 16 21 26 31 36 40

20°TK

¢=

200°TK

o=

330°TK

0=

0 065 13 2 26 33 39 46 5
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qua trinh nén, hé sb twong dwong ¢ trong budng chay
thay ddi trong pham vi 0,98 dén 1,02 (Hinh 8). Cudi
qué trinh nap néng d6 HC con sot lai trén duong nap
quanh voi phun khoang 6%, kha nho so vi nong do
HC trong budng chay khoang 25%. Vi thé trong
truong hop dong co chay hoan toan bang syngas, hé
thong hai voi phun c6 duong kinh 6 mm va 4 mm c6
thé chap nhan dugc. Trong ky nén, khu vue ndng do
nhién liéu cao tap trung trén dau xi lanh vé phia d6i
dién voi cira nap. Tuy nhién tai thoi diém 330°TK,
nhién liéu gin nhu duoc phan b dong déu trong
budng chay.

Velocity Magnif
0 26 52 78 104 130 156 182200

Hinh 8. Pwong dong mirc nhién liéu, hé s6 twong dwong va toc do khi cung cAp nhién lidu syngas qua
voi phun Vp3 (¢p,=130°TK) va Vp4 (p,=115°TK), ap suat phun 1 bar, n=3000 v/ph

Hinh 9 biéu dién bién thién luu lwong nhién lidu,
lwu lwong khong khi qua cac voi phun va hé sé tuong
duong theo goc quay truc khuyu. Chung ta thiy khi
st dung 2 voi phun véi goc phun ¢, = 65°TK (Vp3)
va @, = 26°TK (Vp4) va ap suat phun 1 bar thi hé s6
tuong dwong trong budng chay dat ¢=1 vao cudi qua
trinh nén. Trong trudng hop dung 1 voi phun Vp3

3

thi hé s twong duong ¢ =1 dat dwoc khi goc phun
¢p = 130°TK. Khi phun 2 voi phun thi luu luong
nhién liéu ban dau 16n 1am cho hé sb twong dwong
trong xi lanh ting manh 1én dén ¢ =3, sau d6 giam
dan va tro vé gid tri on dinh ¢ =1. Khi sir dung 1 voi
phun thi luong nhién li¢u vao xi lanh tang tir tir, ¢
trong xi lanh tang dan dén gia tri on dinh.
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Hinh 9. Bién thién luu hrgng khong khi, luu lwgng nhién li¢u va hé sé twong dwong trong xi lanh khi
phun biogas qua 2 voi phun va qua 1 véi phun, ap suat phun 1 bar, n=3000 v/ph
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4. KET LUAN

Nhimg két luan sau day c6 thé dugc rat ra tir
nhitng két qua nghién curu:

Hé thong HRES solar-biomass véi phuong an
khi hoa cac RDF va sinh khoi dé xuat c6 the khéc
phuc duoc nhugc diém khi sir dung cac ngudn ning
lugng tai tao riéng ré, phu hop ung dung & Viét
Nam. Khi héa RDF tao syngas cho phép luu trir sinh
khéi dé st dung theo ké hoach, gop phan 6n dinh
cong suat hé thong ning luong tai tao hybrid solar-
biomass. Pong co ddt trong sir dung linh hoat hdn
hop céc khi hydrogen, syngas va biogas dong vai tro
nhu hé thdng luu trit va can bang ning luong.

Khi Q./Qr giam 1am giam ham lugng CO, va lam
tang ham lugng CO. Trong diéu kién nay, nhiét tri
cua syngas la 5,5 MJ/kg, 6 MJ/kg, 8,5 MJ/kg va 9
MJ/kg lan lugt twong tng v6i CTR sinh hoat, sinh
khéi, gd va trau.

Thanh phan va nhiét tri ciia syngas c6 thé diu
chinh bang cach pha tron sinh khoi cung cap cho 10
khi héa. Khi khi hoa, gidm ER thi ham luong khi
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hydrogen giam con ham luong khi metan trong
syngas s¢ tang 1én. ER nam trong khoang 0,3 dén
0,4 @€ dam bao khi hoa dat hi€u qua cao nhat.
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