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Tém tit - Biogas, hydrogen gitp cai thién qua trinh chay cua
syngas. Ham lwong t6i wu ctia hydrogen va biogas pha vao syngas
lan luot 1a 20% va 30%. Khi vuot cac ngudng nay thi cong chi thi
chu trinh ting chdm hon sy gia ting ndng d6 NOx. O téc do dong
co 3000 rpm, véi cung ham lugng hydrogen, biogas thi géc danh
Itra s6m ctia hdn hop syngas-hydrogen nhé hon goc danh lira sém
ctia hdn hop syngas-biogas khoang 4°TK. Goc danh hira som tdi
vu trong tng voi syngas, biogas va hydrogen 1an luot 13 38°TK,
24°TK va 18°TK. Trong diéu kién dong co lam viéc véi thanh
phan hdn hop va géc danh lira sém ti wu, cdng chi thi chu trinh
dong co giam 35% va 32% lan luot tvong tng véi khi chuyén
nhién lidu tir hydrogen va biogas sang syngas. Dé dat dugc cing
mirc ting cong sudt thi ham lwong biogas pha vao syngas 16n hon
10% so v&i ham luong hydrogen pha vao biogas. Nhung dé dat
cung muc phat thai NOx thi ham lugng hydrogen pha vao syngas
bang 50% ham lwong biogas pha vao syngas.

Tir khoa - Nang luong tai tao; Biogas; Syngas; Hydrogen; Bong
co nhién liéu khi

1. Gioi thi¢u

DPé dam bao nhiét do bau khi quyén khong vuot qua
ngudng cyc doan 2°C vao cubi thé ky nay thi ngay tir bay
gid chung ta phai cit giam phat thai cac chét khi gay hiéu
Umg nha kinh [1]. Viét Nam cling nhu phan 16n cac qubc
gia trén thé gidi déu d3 cam két thuc hién Hiép dinh Khi
hau Paris COP21 [2] nhiam nd luc dwa mtc phat thai rong
cac chat khi gay hiéu ng nha kinh vé 0 vao nim 2050 (Net
Zero) [3]. Chuyén doi tir nang lugng héa thach sang ning
luong tai tao 1a trong tdm cua chién lwoc Net Zero [4].
Nhiéu qudc gia da ap dung cac chinh sach uu tién phat trién
nang lugng sach vi vay ti trong nang luong tai tao trong san
xuét dién nang ting nhanh trén toan thé gisi [5]. Tuy nhién,
viéc str dung ning luong tai tao néi chung gap phai nhiéu
thach thuc ky thuat do mat d6 nang lugng thép, cong sut
dao dong ngau nhién va khong lién tuc [6]. HE thong nang
lwong tai tao lai (HRES), két hop st dung nhiéu nguon
nang luong tai tao khac nhau 1a mot giai phap hitu hiéu dé
khic phuc cac bat cap nay [7]. So voi cac hé thdng ning
lugng tai tao chi dua vao mét ngudn ning lugng don I¢,
HRES lam viéc 6n dinh, d¢ tin cdy cao va giam nhu cau
luu trit nang lugng [8]. Uu diém ndi bat ciia HRES 14 mirc
d6 phat thai CO; thap, c6 thé bo qua so voi hé thong dién
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sir dung nhién lidu hoa thach truyén thong [9]. Ngoai ra,
HRES c6 thé van hanh doc 1ap nén dé dang ap dung & cac
vung nong thon, cac khu vuc héo lanh chua c6 dién ludi
qudc gia [10].

Viét Nam nam trong ving nhiét d6i c6 ngudn ning
lwong mat troi va sinh khéi rat doi dao. Do d6, HRES dién
mit troi-sinh khoi (solar-biomass) c6 rit nhiéu tiém ning
[11]. Két hop sir dung cac ngudn nang lugng mdt troi dao
dong ngiu nhién véi nguon nang lugng sinh khdi co thé
kiém soat dugc s& dam bao hé thong HRES vén hanh lién
tuc [12]. Blic xa mat troi trung binh & nudc ta ndm & murc
cao, khoang 4-6 kWh/m?ngay [13]. Mit khéc, nudc ta
dung thir hai trén thé giéi vé xuat khau gao nén chit thai tir
san xuét nong nghiép chiém ti trong 16n trong sinh khéi
[14]. Sinh khéi wét pht hop voi san xuat khi sinh hoc
(biogas) théng qua qua trinh sinh hoa con sinh khdi kho,
phtl hop v6i san xudt khi téng hop (syngas) thong qua qua
trinh chuyén ddi nhiét héa [15]. Do dé, cac chét thai hiru
co noi chung ¢6 thé dugc phan tach thanh céc hai dong:
Dbng vat chét dé phan huy dé san xuat biogas va dong vat
chat khé phan huy dé san xuét syngas. Ngoai ra, trong hé
thong nang luong tai tao lai dién mat troi-sinh khdi, khi
cong suit ctia cac tAm pin ning luong mit troi cao hon cong
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sudt cta phu tai, ning luong du thira s& dugc sir dung dé
san xuat hydrogen thong qua qué trinh dién phan nudc [6,
71. Syngas, biogas va hydrogen dugc tron véi nhau va lam
nhién liéu cho dong co kéo may phat dién. Trong truong
hop HRES khéng hoa luéi thi cum dong co - méy phat dién
nay duoc sir dung nhu ngudn ning luong du trir [16].

Cac thanh ph?m cua HRES phu thugc vao dac tinh cua
c4c ngudn ning luong so cap. Chung co thé bao gdm pin
nang lugng mat troi, tuabin gio, tuabin thuy dién, may phat
dién diesel, may phat chay bang nhién lidu khi, accu,
inverter va luu trir hydrogen [2, 9, 17]. Ngay nay, phan 16n
céc cAu phan nay co thé tim théy dé dang trén thi truong,
trir dong co dbt trong chay bang syngas- biogas-hydrogen.
D6i v6i mot loai nhién lidu cho trude, cac van dé lién quan
dén hiéu suat chuyén d6i nang luong cia nhién lidu, cac
thong s6 van hanh cta dong co nhu goc danh Itra sém, ti 1¢
khong khi/nhién liéu va mdi quan hé cia ching véi tinh
nang k¥ thuat va phat thai 6 nhidm can phai dwoc nghién
clru tuong tan trude khi 4p dung trong thyc té [18]. Dong
co @6t trong sir dung nhién liéu héa thach tuy da duoc ap
dung tir ca trim nam nhung dén nay van con dang tiép tuc
nghién cuu. Viéc ap dung cac loai nhién li¢u tai tao trén
dong co cang doi hoi nhiéu nghién ctru chuyén sdu hon, vi
chung méi dua vao sir dung trong nhimg ndm gan day nén
khong phai tat ca cac khia canh vé hiéu qua va phat thai 6
nhiém déu da dugc lam 5 [18]. Vi thé, dong co dot trong
chay bang hdn hop nhién liéu syngas-biogas- hydrogen, cau
phan quan trong ctia HRES solar-biomass, can phai dugc
nghién ctru tudng tan.

Trong hdon hop nhién lidu syngas-biogas-hydrogen thi
hydrogen c6 nhitng wu diém ndi bat nhu téc do chay co ban
cao, giéi han chay rong, ning lwong danh lira thip nén sy
hién dién ctia hydrogen trong hon hgp nhién liu cai thién
dang ké chat luong qua trinh chay. Do tc d6 chay cua
hydrogen cao din dén dinh dudng cong ap sudt xuét hién
gan diém chét trén 1am tang ap suat cuc dai so vdi cac loai
nhién liéu truyén thdng [6]. DU chi mot ham luong bé
hydrogen, hdn hgp nhién liéu co thé chay vai hé sb twong
duong thap lam ting hiéu suat nhiét cua dong co [19]. Khi
pha hydrogen vao biogas thi dong co c6 thé lam viéc véi
hdn hop chdy ngheo [7]. Diéu nay 1a do hydrogen cai thién
kha ning bat ltra ctia hon hop nhién liéu [20]. Bui va cong
su [6, 7] thdy rang, khi ting ham lugng hydrogen trong
biogas thi goc danh lira sém tdi wu giam, cong chi thi chu
trinh cua dong co ting nhe nhung phat thai NOx ting rat
manh. Ngay ca khi HRES solar-biomass khong san sinh
hydrogen thi viéc két hop sir dung syngas va biogas tir
biomass ciing dem lai hi€u qua cao hon viéc sur dung riéng
r& timg nhién liéu thanh phan. Trong biogas c6 CH4 mang
nhiét tri cao con syngas chira hydrogen c6 téc do chay cao.
Vi vay, khi st dung hdn hop nhién liéu syngas-biogas thi
hiéu sudt nhiét dong co ¢6 thé dugc duy tri & muc twong
{mg ctia nhién liéu thanh phan nhung phat thai NOx va xu
huéng kich nd giam [21]. Ddi véi ca hai loai nhién ligu
syngas, biogas, sy phat thai NOx gan nhu bé“mg khong khi
sir dung hdn hop nghéo [22]. Khi HRES bo sung thém
hydrogen vao syngas hay biogas thi qué trinh chdy duogc
cai thién manh mé hon.

Trén thi truong hién nay rat khé tim dwoc dong co duoc

thiét ké ddc biét dé chay bang syngas [23]. Pong co chay
bang hdn hop nhién li¢u syngas-biogas-hydrogen phu hop
voi HRES solar-biomass lai cang khé tim hon, thdm chi
nhiing cong trinh nghién ctru lién quan dén dong co nay
van con rat hiém hoi trong co so dit liéu khoa hoc. Céc cong
trinh da cong bd lién quan dén linh vuc nay chi méi dé cap
dén tinh ning ctia dong co sir dung riéng 1& syngas, biogas
hay syngas, biogas dugc 1am giau bang methan, hydrogen.
Bai bdo nay tap trung nghién ctru dac tinh qua trinh chay
ctia hon hop nhién liéu syngas-biogas-hydrogen véi thanh
phén thay doi linh hoat, phi hgp v&i dong co lam viéc trong
HRES solar-biomass. Két qua ctia cong trinh 1a chi ra thanh
phan hdn hop nhién liéu tdi wu, cac théng sd van hanh tdi
wu cta dong co str dung hon hop nhién liéu syngas-biogas-
hydrogen. Trén co s& d6 dinh hudng hé théng didu khién
dong co dé dat dugc cac thong sé van hanh tdi wu nay nham
tang hiéu sudt va giam phat thai 6 nhidm cua dong co.

2. Trang thiét bi va phwong phap nghién ctru

Mb phong dugc thuc hién trén dong co Honda GX200.
Pong co c6 dudong kinh xi lanh 68mm, hanh trinh piston
45mm, ti s6 nén 8,5. Khi chay bang xang, dong co phat cong
sudt cuc dai 4,8kW & téc do n=3600 vong/phit. Pong co
duogc cai tao sang chay bang hdn hop khi syngas-biogas-
hydrogen. Hé thng nap cta dong co dugc thay thé bang hé
thong phun nhién lidu diéu khién linh hoat dé phu hop vai
thanh phan nhién liéu thay ddi. Trong cong trinh nay nhom
tac gia nghién ctru qué trinh chay va phat thai 6 nhidm dé xac
dinh cac thong s diéu khién t6i uu ciia dong co.

Do tinh phtc tap ctia vin dé, nghién ctru dwoc thuce hién
thong qua mé phong nhd phin mém FLUENT 2021R1.
Khoéng gian tinh toan gdm xi lanh, budng chay va dudng
nap dong co. Ludi dong dugce ap dung trong khong gian xi
lanh do thé tich thay ddi trong qué trinh piston chuyén
dong. Dé tiét kiém thoi gian tinh toan, khi két thuc qua trinh
nén, duong nap duoc tach ra khoi khong gian tinh toan.
Chia luéi khong gian tinh toan va xac dinh tinh doc 1ap cua
ludi dugce trinh bay trong cong trinh [7].

Bing 1. Céc thong s6 dic trung ciia nhién liéu

‘ M ViV,
Thanh phén (mol/mol) M Mol Vi Vi

Nhién liéu g/mol| (g9/g) | ()
CHs| H2 CO |[COz2| N2

Biogas (0,7 | O 0 03| 0 |24/4| 7,98 |6,71

Syngas (0,05| 0,18 | 0,20 |0,12|0,45p4,64| 1,64 | 1,39

Hydrogen | 0 1 0 0 0 2 134,78 | 2,4
Nrémrr;tgﬁpss,go 1024 1203 | - | -

Qua trinh chay dugc md phoéng thong qua moé hinh
Partially Premixed Combustion. Hién tugng chay 6 duoc
mo phong thong qua mo hinh k-g. Sy hinh hinh NOy duoc
tinh toan thong qua mo hinh Zeldovitch. Cac chét trong san
pham chay dugc xem & trang thai can bang nhiét dong hoc.
Phuong phap gidi hé phuong trinh ddi luu-khuéch tan duge
trinh bay trong [24].

Biogas, syngas va hydrogen c6 cac dac trung chinh
duoc trinh bay trén Bang 1. Cac hon hop nhién liéu str dung
trong tinh toan duogc trinh bay trén Bang 2.
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Bing 2. Thanh phdn hén hop nhién liéu
Hén hop | Biogas (%) | Syngas (%) | Hydrogen (%)
Blendl 20 60 20
Blend2 40 40 20
Blend3 60 20 20
Blend9 0 50 50
Blend14 50 50 0

3. Két qua va binh luin
3.1. Anh hwéng ciia thanh phin nhién liéu
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Hinh 1. Anh huéng ciia nhién liu dén bién thién téc do
t6a nhiét HRR (a) va dp sudt p (b) theo goc quay truc khuypu ¢
(n=3000 v/ph, ¢=1, =23 TK)
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Hinh 2. Anh huong ciia nhién li¢u dén bién thién
nhiét do T (a) va nong do NOx (b) theo goc quay truc khuyu
(n=3000 v/ph, ¢=1, »=23 TK)
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. Hinh3. Anh huong ciia nhién li¢u dén bién thién

nong do CO (a) va nong do HC (b) theo goc quay truc khuyu
(N=3000 v/ph, ¢=1, »x=23 TK)

Hinh la so sanh bién thién tdc do toa nhiét cua hdn hop
chay theo goc quay truc khuyu khi dong co chay bang
biogas, syngas va hon hop nhién liéu syngas-biogas-
hydrogen véi cing hé sé twong dwong ¢=1 va cliing goc
danh lira som @=23°TK. Do syngas ngheo, toc do chay
thip nén tdc do toa nhiét cuc dai chi bang 65% so véi te
d6 toa nhiét ctia biogas. Dinh duong cong tdc do toa nhiét
ctia biogas dat som hon 10°TK so véi dinh duong cong tbe
do toa nhiét cua syngas. Khi pha 50% biogas vao syngas
(Blend14), tbc do toa nhiét cuc dai dat gin 90% tbc do toa
nhiét cua biogas. Diédu nay cho thiy khi pha biogas vao
syngas thi chét lugng qua trinh chay duoc cai thién dan dén

tang ap suat cuc dai (Hinh 1b). Ap suét cuc dai khi dong
co chay bang syngas chi dat 23 bar, so v6i 35 bar khi dong
co chay bang biogas. Nhiét do chay cuc dai cua biogas
cling cao hon nhi€t d chdy cuc dai cua syngas khoang
300K (Hinh 2a). Diéu nay la do nhiét tri cua syngas thap
va su ton tai nhiéu tap chat CO,, Ny trong nhién liéu. Tuy
nhién, nhiét d6 chay thap ctia syngas lam cho mic do phat
thai NOx cuc thap so vdi biogas. Hinh 2b cho thiy, nong
dd NOy khi dong co chay bang biogas gan gap 20 lan so
voi néng d6 cua no khi chay bang syngas. Hinh 3a gioi
thiéu bién thién nong d6 CO trong hon hop khi. Do syngas
¢6 chira CO nén ndng d¢ CO ban dau cao va giam dan khi
ham lugng biogas trong hdon hop ting. Biogas khong chira
CO nhung CO la san pham chay trong diéu kién cén bang
nhiét dong hoc. Do ti 1¢ khong khi/nhién li¢u (Vi/Vn) cua
CoO va H, déu bé hon so véi kaNm cua CHs nén nong do
HC tbng trong hdn hop chay ddi voi syngas cao gan gap
dbdi so véi truong hop biogas (Hinh 3b). Trong diéu kién
¢=1, ndng d6 CO, HC trong khi thai rat thap va khong c6
su khéc biét dang ké khi sir dung nhién liéu syngas-biogas
¢6 thanh phan khac nhau.

Trong cac Hinh 1, Hinh 2 va Hinh 3, hdn hop nhién liéu
blendl, blend2 va blend3 chtra syngas, biogas va hydrogen,
trong do thanh phan hydrogen dugc c6 dinh 20%, thanh
phan biogas tang tur 20% lén 60%. Chung ta thay khi thanh
phan biogas ting tir 20% lén 40% thi 4p suat cuc dai ting
tir 27 bar 1én 32 bar (Hinh 1b). Trong khi do, khi thanh
phan biogas ting tir 40% lén 60% thi 4p suat cuc dai chi
tang tr 32 bar 1én 33 bar so v&i 35 bar khi dong co chay
bang biogas. Khi ham lwong biogas thap thi hiéu qua cai
thién qua trinh chdy cao hon khi ham Iugng biogas cao vi
khi biogas chiém da s6 trong hdn hop nhién liéu thi tap chat
CO; trong hon hop chiém ti 16 ge‘ln nhu 6n dinh. Do dé, sy
thay d6i thanh phan biogas trong hon hop nhién liéu khong
lam thay d6i dang Kkéti 16 HC trén tong so cac tap chat COo,
N,. Hinh la thay khi ¢ dinh thanh phan hydrogen thi toc
d9 toa nhiét trong giai doan dau qua trinh chay tang theo
ham lugng biogas, diéu nay giup ap suit tang nhanh nhu
Hinh 1b. Khi dong co sir dung syngas thi toc do toa nhiét
thap va dinh duong cong toa nhiét dich vé phia duong dan
no lam giam ap suét cuc dai va cong chi thi chu trinh.

— -Syngas Blendl = - -Blend2 Hé 6
---Blend3 ——Blend14 ——Biogas Pmax (bar) 35.08
Tmax (K) 2268
Pmax (bar) Wi (J/ct) 203

€O (%V) 0.09
HE (%V) 0.15
NOx (ppm) 3003

NOXx (ppm) s Tmax (K)

HC (%V)

-

CO (%V)

Hinh 4. So sanh cdc ddc trung qud trinh chdy syngas,
biogas va hon hop syngas-biogas-hydrogen
(n=3000 v/ph, g=1, »=23 7TK)
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So sanh tong hop cac ddc trung qua trinh chdy cua
syngas, biogas va hon hgp syngas-biogas dugc trinh bay
trén Hinh 4. Trong diéu kién hé sé twong duong ciia hdn
hop ¢=1, phat thai CO nhé hon 0,097%, phat thai HC nho
hon 0,156%. Hai thong s dic trung quan trong khi so sanh
1a cong chi thi chu trinh Wi va ndng d6 NOx. Két qua cho
thiy, Wi dat 203 J/cyc dbi véi biogas. Khi chuyén sang
chay bang syngas thi Wi giam hon 30%. Phat thai NOy
trong truong hop syngas chi dat khoang 180ppm c6 thé bo
qua so v6i 3003ppm trong truong hgp biogas. Khi pha 50%
biogas vao syngas (Blend14) thi nong d6 NOx giam 41%
s0 v6i ndng do cua chung khi chay bang biogas trong khi
d6 cong chi thi chu trinh giam khoang 5%. Do d6 khi pha
syngas vao biogas, hi¢u qua giam NOy ro rét hon giam Wi.
Khi giit ¢6 dinh ham lugng hydrogen va ting ham luong
biogas trong hdn hop véi syngas thi cong chi thi chu trinh
tang dong thoi véi su gia ting nong do NOx.
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Hinh 5. Quan h¢ giiia Wi va NOx theo ham luong hydrogen (a)
va ham lugng biogas (b) trong hon hop véi syngas (n=3000
viph, ¢=1, =23 TK)

Hinh 5a biéu dién quan hé Wi(NOy) tmg voi hdn hop
nhién li€u syngas-hydrogen c¢6 ham lugng hydrogen khac
nhau. Két qua cho thay, cong chi thi chu trinh ting rat manh
s0 voi sy gia ting ndng dd NOx khi ham luong hydrogen
nhé hon 20%. Khi ham lugng hydrogen vuot qua ngudng
20% thi cong chi thi chu trinh tang cham vi tdc dong cua
viéc cai thién qua trinh chdy it thay dbi. Trong khi do, phat
thai NOx ting gan nhu tuyén tinh theo ham lwong hydrogen
pha vao syngas. Piéu nay mot mat 1 do nhiét trj hn hop
tang va mat khac, do hydrogen cai thién chat luong qua
trinh chay. Két qua tong hop trén cho thiy khi pha 50%
hydrogen vao syngas thi cong chi thi chu trinh tang 22%
nhung nong d6 NOx trong khi thai tang dén 20 lan so voi
khi dong co chay bang syngas. Trong khi d6 néu pha 20%
hydrogen vao syngas thi cong chi thi chu trinh tang 17%
con nong d6 NOx chi tang 7 1an so vé6i khi dong co chay
bang syngas. Ddi voi hdn hop syngas-biogas, Hinh 5b cho
thdy khi thanh phan biogas trong hdn hop véi syngas nhé
hon 30% thi Wi tdng nhanh hon NOy. Khi ham luong
biogas vuot qua ngudng nay thi Wi ting khong dang ké
trong khi NO tang rt manh. Vi vy, c6 thé ndi ham lugng
hydrogen ti wu trong hdn hop véi syngas 1a 20% con ham
lugng biogas tdi wu trong hdn hop voi syngas 1a 30%.

3.2. Anh hwéng ciia hé sé twong dwong

Hinh 6a gi6i thiéu anh hudng cua hé sé tuong duong
dén d0 thi cong khi dong co chay bang hon hop Blend2 &
tbc do 3000 v/ph, hé sb tuong duong cta hdn hop ¢=1.
Chung ta thdy, khi hdn hop nghéo hay giau, dién tich do thi
cong déu giam. DS thi cong 16n nhét twong tng v6i hdn

hop hoi giau. Didu nay 1a do khi hdn hop giau hay nghéo
toc do chay déu giam, hién tugng chay khong hoan toan
dién ra cuc bo, din dén giam nhiét d¢ chay (Hinh 6b) va
giam ap suat trong xi lanh.
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Hinh 6. sznh huong ciia hé s6 twong dwrong dén do thi cong (a),

dén bién thién nhiét do (b) phat thai CO (c) va NOx (d) theo

goc quay truc khuyu (Blend2, n=3000 v/ph, ¢=1, =23 TK)

Hé sb twong duong rat nhay cam ddi v6i phat thai CO.

Hinh 6¢ cho thay khi ¢<1 thi phat thai CO hau nhu bang 0,
nhung ndéng d6 CO ting rat nhanh theo ¢ khi ¢>1. Do phét
thai NOy phu thudc vao nhiét 46 chay nén n(“)ng d06 NOy cao
khi ¢ tién gan dén 1. Hinh 6d gidi thiéu anh hudng cua ¢
dén bién thién NOy theo goéc quay truc khuyu. Chung ta
thdy, ndng do NOx khi ¢=1 gap 5 lan so v&i ndng do NOx
khi $=0,76 va gip 1,5 lan khi ¢=1,25.

200 116

—=Syngas-Hydrogen
——Syngas-Bjogas

112

H
2 Z108
2 140
104
120 —A-Wi Blendld — —s=Wi_Blend9

—8-Wi_Syngas | —é—Wi_Blend2 .
100

06 0.8 1 12
¢

(@) (b)

Hinh 7. Anh huong ciia nhién li¢u dén bién thién cong chi thi
chu trinh theo hé s6 twong dwong (a) va bién thién hé so tuong
dwong toi wu theo ham lwong biogas, hydrogen pha vao syngas

(n=3000 v/ph, =23 TK)

Hinh 7a cho thay, cac duong cong Wi(¢) c6 mot gia tri
cuc dai twong g v&i ¢ ti wu. Khi dong co chay hoan toan
bang syngas thi dwong cong Wi(¢) thap nhat va dinh duong
cong dich vé phia hé s6 twong dwong 16n. Tai gia tri ¢ t6i
uu, ap sut cuc dai cling nhu nhiét d chay cuc dai dat gia
tri cao nhat. Hinh 7b cho thay, khi ham lugng hydrogen hay
biogas pha vao syngas ting thi ¢ t6i vu tién vé sat gia tri
¢=1 hon. Tai cung mdt ham lugng hydrogen hay biogas
pha vao syngas thi ¢ t6i wu ciia hdn hon syngas-hydrogen
thdp hon ¢ t6i wu ctia hdn hop syngas-biogas. Diéu nay la
do khi pha hydrogen vao syngas thi chit luong qué trinh
chay duogc cai thién t6t hon. Trong diéu kién hoat dong binh
thuong, dong co tinh tai phai phat huy cong suat toi da vi
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vay chiing thuong xuyén lam viéc v6i thanh phan hdn hop
t6i wu. Trong diéu kién d6 thi hdn hop nhién liéu syngas-
hydrogen c6 lgi hon hdn hop biogas-hydrogen do hé sé
tuong duong toi wu ciia hdn hop syngas-hydrogen thip hon
gia tri twong tmg ctia hdn hgp syngas-biogas.

3.3. Anh hwéng ciia géc dinh liva sém

Blend 9
42 4 42 -

Blend 14
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Hinh 8. So sdnh anh hudng ciia géc danh hira sém dén bién thién
p, T, CO, NOx theo goc quay truc khuyu khi dong co chay bang
nhién liéu Blend9 va Blend14 (n=3000 viph, ¢=1, ¢:=23 TK)

Hinh 8 giéi thiéu anh hudng ciia goc danh lira sém dén
céc dic trung clia qué trinh chay khi dong co chay bang
hdn hop nhién liéu Blend9 (50% syngas va 50% hydrogen)
va hén hop nhién liéu Blendl4 (50% syngas va 50%
biogas). Tinh toan duoc thyuc hién trong pham vi thay doi
goc danh lira sém 20°TK-36°TK (dbi véi Blend9) va
20°TK-40°TK (dbi voi Blend14). Chiing ta thdy cing mot
g6c danh Ira sém cho trude thi ap suit cuc dai cua Blend9
cao hon din dén nhiét do chay cuc dai ciing cao hon. Téc
do gia tang nhiét do trong qua trinh chay cua Blend9 cao
do tdc do chay cta hdn hop Blend9 cao hon Blend14. Nhiét
dd hdn hop trong qua trinh dan né d6i voi Blend9 khong
khéc biét nhidu khi thay dbi goc danh lira sém trong khi d6
d6i v6i hdn hop Blend14 thi ¢ sy chénh 1éch dang ké giira
nhiét do khi goc danh lira soém 20°TK va 40°TK.

Do hén hop chay ¢6 ¢p=1 nén trén Iy thuyét qua trinh
chay dién ra hoan toan. Tuy nhién, do cén bang cua phan
tmg khi-nude nén CO van c6 mit trong san pham chay. Khi
bd sung biogas vao syngas, thanh phan CO trong hdn hop
nhién liéu Blend14 ting. Piéu nay lam ting ndng d6 CO
trong san phim chay trong giai doan chay nhanh. Tuy
nhién sau d6 thi hon hop chay dat trang thai can béng nhiét
dong hoc. Cudi qua trinh chay, nong do CO trong khi thai

cua hai truong hop Blend9 va Blend14 khong khac biét
nhau nhiéu. D6i v6i phat thai NOy, Hinh 8 cho thiy, trong
ca hai truong hop Blend9 va Blend14, nong d6 NOx déu
tang theo goc danh lira sém. Piéu nay c6 thé giai thich 1a
do tang thoi gian ton tai clia san pham chay ¢ moi trudng
nhiét d¢ cao. Khac biét 16n nhat trong hai truong hop nay
la nong d6 NOx ddi v6i Blend14 thap hon rat nhiéu so véi
ndng do ciia n6 khi dong co sir dung Blend9. Nhiét do chay
cua Blend9 cao hon nhiét 46 chay cua Blend14 1a Iy do cua
su khac bi¢t nay.
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Hinh 9. Anh hudng ciia nhién liéu dén bién thién céng chi thi
chu trinh theo goc danh lira som (n=3000 v/ph, ¢=1)

Hinh 9 cho théy vo1 mot loai nhién liéu cho trudc, khi
thay d6i goc danh lira som thi duong cong Wi c6 mot gia
tri cuc dai Gmg voi goc danh Iira sém t6i wu. Khi ting ham
luong hydrogen hay biogas pha vao syngas thi cong chi thi
chu trinh ting dong thoi goc danh ltra s6m t6i wu giam.
Diéu nay la do khi thay thé syngas bang hydrogen hay
biogas thi nang luong nhién liéu mang vao dong co tang va
tdc do chay tang do d6 lam ting cong chi thi chu trinh.

Khi chuyén tir syngas sang hydrogen, cong chi thi chu
trinh cta dong co tang tir 155 J/cyc 1én 210 J/cyc, tic tang
35%. Khi chuyén tir syngas sang biogas thi cong chi thi chu
trinh tang 32%. Tuy nhién phat thai NOy ting rit nhanh
theo ham luong hydrogen pha vao syngas so voi khi pha
blogas Vao syngas. Khi dong co lam viéc véi goc danh lura
som toi uu, noéng do NOx tang tur vai tram ppm (d6i véi
syngas) lén dén trén 6000 ppm (d6i véi hydrogen). Trong
khi d6 néu chuyén tir syngas qua biogas thi néng do NOx
tang tir vai trim ppm 1én 2800ppm. Diéu nay 1a do nhiét do
chay ciia syngas, biogas déu thap hon nhiét do chay cua
hydrogen.
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Hinh 10. Bién thién géc danh liva sém t6i wu (a) va bién thién
Wi, NOx (b) theo ham lwong biogas, hydrogen pha vao syngas
(n=3000 v/ph, ¢=1, =23 TK)
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Hinh 10a cho thdy, goc danh lira som t6i wu giam tir
38°TK (img v6i syngas) xudng 24°TK (img v6i biogas) va
18°TK (tg véi hydrogen). Goc danh lLira sém tdi wu thay
d6i nhanh & ving ham lugng hydrogen thip va ham lugng
hydrogen cao. Trong khoang ham lugng hydrogen tir 20%
dén 90%, goc danh lira som tdi wu thay doi tuyén tinh véi
ham luong hydrogen trong nhién li¢u.

Két qua téng hop trén Hinh 10a va Hinh 10b cho thay,
véi cung ham lugng hydrogen va biogas pha vao syngas
thi cong chi thi chu trinh ctia hon hop syngas-hydrogen
16n hon khoang 5 J/cyc tuy nhién ndng d6 NOx ting gép
doi so vdi cac gia tri twong ng khi dong co chay bang
hdn hop syngas-biogas. Goc danh lira som ti wu ciia hdn
hop nhién liéu syngas-hydrogen nho hon 4°TK so véi hon
hop nhién liéu syngas-biogas cung ham luong. Bé c6
cung muc d¢ phat thai NOy thi ham lugng hydrogen pha
vao syngas bang khoang 50% ham lugng biogas pha vao
syngas. Khi d6 cong chi thi chu trinh ctia dong co chay
bang syngas-hydrogen nho hon 5 J/cyc so voi khi chay
bang syngas-biogas.

Pé dat duoc cing muc ting cong suat thi ham luong
biogas pha vao syngas l6n hon 10% so v6i ham luong
hydrogen pha vao biogas. Nhung dé dat ciing mirc phat thai
NOy thi ham lugng hydrogen pha vao syngas bang 50%
ham lugng biogas pha vao syngas. Khi sir dung hon hop
nhién liéu syngas-biogas-hydrogen thi goc danh ltra soém
t6i wu bé nhét ing voi hydrogen va goc danh lua s6m t6i
wu 16n nhat tmg véi syngas. Khi cb dinh thanh phan syngas
trong hdn hop thi goc danh lira sém tdi ru nim trong gidi
han cua dudng cong bién thién goc danh lira sém tdi wu
theo ham luong hydrogen va dudng cong bién thién goc
danh Itra s6m toi uu theo ham luong biogas. Néu c¢6 6 liéu
phan tich khi, chung ta c¢6 thé diéu chinh ty dong goc danh
Iira som tdi wu. Trong thyc té, khi khong c6 thong tin chinh
xéc vé thanh phan hon hop nhién liéu, ching ta co thé diéu
chinh géc danh lira sém tir gid tri nho nhét tuong ung voi
hydrogen dén gia tri 16n nhét trong mg voi syngas.

4. Két luan

Két qua nghién ctru trén ddy cho phép rut ra duoc
nhiing két luan sau:

- Khi ham lugng hydrogen pha vao syngas nho hon
20% thi cong chi thi chu trinh tang nhanh nhung khi vugt
qua ngudng gid tri nay thi céng chi thi chu trinh ting cham
trong khi nong do NOy tang nhanh.

- Ham lugng biogas tdi wu pha vao syngas 1a 30%.
Duéi ngudng nay, cong chi thi chu trinh tdng nhanh theo
ham luong biogas nhung khi vuot qua gia tri nay thi sy gia
tang ndng d6 NOx cao hon nhiéu so véi sy gia taing Wi.

- O toc do dong co 3000 rpm, véi ciing ham lugng
hydrogen, biogas trong hdn hop véi syngas thi goc danh
lira sém ctia hon hop hydrogen-syngas nhé hon géc danh
lira sém cua hon hop syngas-biogas khoang 4°TK. Gdc
danh Itra som toi wu giam tir 38°TK (g v&i syngas) xudng
24°TK (trng véi biogas) va 18°TK (rng véi hydrogen).
Goc danh lira sém t6i wu cia hdn hop syngas-biogas-
hydrogen niam trong khoing goc danh lira sém cua
hydrogen va goc danh lira som cua syngas.

- Hé sb twong duong t6i uu tién dan dén 1 khi ting ham
luong hydrogen hay biogas pha vao syngas. Cung ham
lugng hydrogen hay biogas, hé s trong dwong tdi uu cia
hén hop syngas-hydrogen nhé hon hé sb twong duong ciia
hdn hop syngas-biogas do d6 khi dong co lam viéc véi
thanh phan hon hop t6i wu thi phat thai CO caa hdn hop
syngas-hydrogen thap hon mirc phat thai CO dbi v6i hon
hop syngas-biogas.

- Trong diéu kién dong co 1am viéc v6i thanh phan hdn
hop ti wu va goc danh lira som t6i wu, cong chi thi chu
trinh dong co giam 35% va 32% tuong tng vai khi chuyén
tir hydrogen sang syngas va tir biogas sang syngas. Dé dat
duoc cing murc ting cong suat thi ham luong biogas pha
vao syngas 16n hon 10% so véi ham lugng hydrogen pha
vao biogas. Nhung dé dat cing muc phat thai NOy thi ham
luong hydrogen pha vao syngas bang 50% ham luwong
biogas pha vao syngas.

Loi cam on: Cong trinh ndy dugc thuc hién nho sy hd trg
ctia Bo Giao duc va Pao tao thong qua dé tai nghién ctru
khoa hoc cap Bo: “Mé dun dién-réc thong qua RDF san xuét
tir chat thai ran & nong thon”, ma sé: B2021-DNA-03.
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