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Syngas from refuse-derived fuel gasification is a potential fuel for use in
heat engines. In this research, Ansys Fluent 2021R1 software was used
to study the influence of the content of oxygen in the oxidant on the
quality of syngas obtained from refuse-derived fuel wood gasifier, the
fuel supply and combustion of dual fuel engine converted from Vikyno
RV165 diesel engine. The heat value of syngas from refuse-derived fuel
gasification can be improved by using oxygen-enriched air as oxidant.
The total mass compositions of combustible gases in the syngas is 35%,
41%, 54% and 66%, respectively, when the air oxidant is enriched by
0%, 10%, 30% and 50% oxygen. Compared to diesel operating mode,
the power reduction of dual fuel engine fueled with these syngas is
32.30%, 22.65%, 10.96% and 5.40%, respectively. It is possible to
approximate characteristics parameters of the combustion process
concentration of the dual fuel syngas engine increasing linearly
according to the content of oxygen enriched air supplied to the biomass
refuse-derived fuel gasifier. The results of this research as a basis for the
widespread use of syngas in heat engines.
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Syngas thu dugc tir qua trinh khi hoa 1a nhién liéu tiém nang sir dung trén
ddng co nhiét. Trong cong trinh nay, phin mém Ansys Fluent 2021R1
dugc st dung trong nghién cru anh huong cia ham luong oxygen trong
chat oxy hoa dén chat luong syngas thu dwoc tir 10 khi hoa vién nén
nhién liéu gd, qua trinh cung cdp nhién liéu va qua trinh chay cta dong
co dual fuel dugc cai tao tir dong co diesel Vikyno RV165. Khi khi hoa
vién nén nhién ligu sinh khdi véi chat oxy hoa 1a khong khi dugc lam
giau oxygen thi nhiét tri Syngas ting. Tong thanh phan khdi lugng cac
chat khi chay dwoc trong syngas lan lugt 1a 35%, 41%, 54% va 66% khi
chat oxy hoa 1a khong khi dugce lam giau boi 0%, 10%, 30% va 50%
0Xygen; muc giam cong sudt ciia dong co dual fuel so voi dong co diesel
truéc khi cai tao khi sir dung cac mau syngas nay lan luot 1a 32,30%,
22,65%, 10,38% va 5,40%. C6 thé xem gan dung cac thong sb dic trung
qué trinh chay cua dong co dual fuel syngas tang theo quy luat tuyén tinh
theo ham lugng oxygen lam giau khong khi cung cép cho 16 khi héa vién
nén nhién liéu sinh khéi. Két qua cua nghién ctru nay lam co sé dé
nghién cttu st dung rong rai syngas trén dong co nhiét.
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1. Gioi thigu

Véi dac diém khi hau nhiét d6i va san xuat néng nghiép, nudc ta co nhiéu tiém ning vé ning
lugng biomass. Tuy nhién cho dén nay, viéc khai thac ngudn nang luong tai tao nay chua dugc
phat trién rong rii. Phuong phap chuyén hoa ning lugng bang cong nghé ddt truyén thong
thuong di kem theo nhig yéu cau xur 1y khi thai phirc tap va t6n kém. Khi héa RDF biomass 13
giai phap co nhiéu vu diém va dang dugc cac nude phat trién ap dung [1]. Giai phap nay gitp xur
1y trigt de biomass tir chat thai ran, 1am giam chat thai con phai chon 1ap xuong con khoang 20%,
do do tiét kiém dugc quy dat danh cho bai chon lap rac [2]. Syngas (khi tong hop) thu dugc tur
qué trinh khi hoa la hén hop khi gorn CO, H,, CH,4, CO,, N, la nhién liéu tiém nang su dung trén
dong co nhiét [3].

Viée chuyen d6i dong co truyén thong sang sur dung syngas vap phai hai thach thire vé miat k¥
thuat. Thir nhét 13 nhiét tri nhién liéu thap 1am giam coéng suit dong co va giam tam hoat dong
cia phuong tién van chuyen s dung syngas. Thtr hai la ti s6 khong khi/nhién liu A/F cua
syngas rat thap. A/F thap dan dén thoi gian cung cap nhién li¢u keo dai lam cho mét bo phén
nhién li€u khong hit het vao xi lanh. Piéu nay gy ra mot sb bat cap trong qua trinh dong co hoat
dong nhu hién tugng ) ngugc, hdn hop chdy ngheo va su mét 6n dinh khi dong co lam viée &
ché do toc do cao. Do d6 hé théng cung cap syngas cho dong co ngoai yéu cau phai dam bao hon
hop dong nhét con phai dam bao lugng nhién liéu con sot lai trén dudng nap ¢ mirc t6i thiéu dé
khong xay ra hién tugng no nguoc.

Céc phuong phap truyén thong cung cip nhién lidu khi cho dong co pho bién hién nay gom
phuong phap hut qua bo ché hoa khi va phuong phap phun nhién li¢u trudc cira nap. Pbi voi
nhién li€u c6 chira hydrogen, bd ché hoa khi can duoc thiét ké dic biét dé giam thiéu kha nang nd
nguoc [4], [5]. Piéu chinh goc phun phu hop ciing 1a mot giai phap han ché hién tuong nd nguoc
khi sir dung nhién liéu c6 ham luong hydrogen cao [6]. Ca hai giai phap nay déu co bat cap
chung 14 hé s6 nap giam lam giam cong sudt dong co [6], [7]. Bét cap nay c6 thé dugc khic phuc
nh¢ phuong phép phun tryc tiép nhién liéu khi vao xi lanh dong co [7], [8].

Ngoai nhirng kho khan lién quan dén qua trinh cung cap nhién liéu, khi sir dung syngas nghéo,
cong sudt dong co con giam sau so voi dong co cung cd chay bang nhién li¢u tmyen thong.
Thong thuong cong sudt dong co xang dau giam 30%-40% khi chuyen sang chay bang syngas.
Dé khic phuc sy tut giam cong suat, chung ta can 1am giau syngas bang nhiing loai nhién liéu co
nhiét tri cao hon nhu khi thién nhién, hydrogen hay biogas [9]. Nguyén nhan chinh gay ra su tut
giam cong suit dong co syngas 14 do nhién liéu chira trén 50% khi tro N,. Do d6, dé nang cao
nhiét trj cta syngas, 16 khi hoa can dugc cung cp chit oxy hoa giau oxygen.

Cong trinh nay trinh bay két qua nghién ciru anh huéng ctia ham lugng oxygen trong chét oxy
hoa dén chit luong syngas thu dugc tir 16 khi héa RDF gb. Trén co s& do, tinh ning ciia dong co
dual fuel str dung syngas nay duoc phan tich dua trén két qua mo phong.

2. Phwong phap va trang thiét bi nghién ctru

Thiét bi nghién ctru gdm 16 khi hoa kiéu hut 1én [10] va dong co dual fuel duoc cai tao tir dong
co diesel Vikyno RV165. Lo khi hoa sir dung chét oxy hoa 1a khong khi duge 1am giau oxygen véi
ham luong khac nhau. Nhién liéu cung cép vao 1o la RDF g0. Pong co Vikyno RV165 c6 duong
kinh xi lanh 105 mm, hanh trinh piston 97 mm, ti s6 nén 20. Bong co phat cong suat t6i da 12,23
kW & toc do 2400v/ph khi chay bang diesel. Sau khi cai tao, ti s6 nén dong co dugc giam xudng
con 17,1. Hon hop syngas-khong khi duge hoa tron trude khi duge hut vao xi lanh [11].

Phan mém Ansys Fluent 2021R1 dugc sir dung trong nghién ctru mé phong. Qua trinh mo
phong 16 khi hoa RDF gb duoc trinh bay trong [9]. M6 phong qué trinh cung cap nhién liéu va
qué trinh chay cta dong co dugc trinh bay cu thé trong cac cong trinh [11] - [13].

Hinh 1 gidi thi¢u khong gian tinh todn dong co khi piston ¢ dlem Chet trén. Khi piston dich
chuyén, thé tich xi lanh thay d6i, do d6 ludi dong duogc ap dung trong khong gian xi lanh. Nhién
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liéu diesel duge phun vao budng chay & cudi ky nap. Mo phong tia nhién liéu long va qua trinh
bdc hoi hat nhién liéu duoc trinh bay trong [11].
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Hinh 1. Khéng gian tinh todn khi piston ¢ diém chét trén
3. Két qua va binh luin
3.1. Thanh phan syngas khi khi héa RDF vdi chit oxy héa la khéng khi dwoc lam gidu béi oxygen
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Hinh 2. Phdn bé nhiét o (a), nong do CO (b) va nong dé H, (c) trong khu viec chdy va hoan nguyén

khi sur dung khong khi va 50% O,+50% khong khi lam chat oxy hoa (ER=0,35)

Khi lam giau khong khi bang oxygen thi ndng do ni to giam, nhiét ¢ chay ting din dén ting
nhiét d6 cua khu vuc hoan nguyén, do dé ndng d6 cac chét khi chay duogc trong syngas ting dan
dén tang nhiét tri ciia nhién liéu. M6 phong qua trinh khi hoa biomass véi chat oxy hoa 1a khong
khi da duogc gioi thiéu trong [14] - [18]. Trong cong trinh nay ching t6i phat trién mo hinh dé
tinh toan tinh chit cta syngas khi sir dung chit oxy hoa 1a khong khi duoc 1am gidu boi oxygen
vé&i ham lugng khac nhau. Syngas nay dugc dung lam nhién liéu cho ddng co dual fuel. Hinh 2a
so sanh phan b nhiét d6 khu vuc chay va khu vire hoan nguyén khi 10 khi héa dugc cung cip
khong khi va 50% O,+50% khong khi. Chung ta thay khi khong khi dugc lam giau oxygen thi
nhiét d6 cuc dai cua khu vuc chay ting va khu vire chdy chinh dich vé phia di dién véi ctra cip
khi. Nhiét d6 chay cuc dai dat 2200 K ng véi chét oxy hoéa 50% O,+50% khong khi. Khi khong
khi dugc ding lam cht oxy hoa thi nhiét d6 chay 16n nhat dat khoang 1600K.

Nhiét d6 chay cao lam ting nhiét d6 khu vuc hoan nguyén do do6 thic ddy cac phan tng
chuyén hoéa gitra CO,, CO, CH,, H,, H,0 dé dat trang thai cin bang nhiét dong hoc. Hinh 2b cho
thiy nong d¢ cuc dai ciia CO ¢ khu vuc hoan nguyén 1én dén 85% khi lam giau khong khi bang
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50% oxygen va dat 60% khi sir dung chat oxy hoa 1a khong khi. Nong do H, ciing tang tir 2,9%
voi chat oxy hoa la khong khi 1én 4,2% khi s dung khong khi dugc lam giau boi 50% oxygen
lam chat oxy hoa.
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Hinh 3. Anh huéng ciia ham leong oxygen lam giau khong khi dén tinh chat syngas (ER=0,35, Tpy=800K)
() 0% Oo; (b) 10% O,; (c) 30% Oy; (d) 50% O.

Hinh 3 gi6i thiéu anh hudng cia ham luong oxy l1am gidu khong khi dén thanh phan va nhiét
tri syngas. Hé s6 du luong khong khi ER=0,35, nhiét do ving hoan nguyén Ty, duoc giit 6n dinh
& 800K. Trong diéu kién d6 ching ta thiy nong do CO trong syngas ting nhanh khi ting ham
luong oxygen lam giau khong khi tir 0%, 10%, 30% va 50%. Do nhiét ¢ khu vuc hoan nguyén
dugc gitt 6n dinh nhu nhau trong tat ca cac truong hop nén téc do dién ra cac phan tmg hoan
nguyén khong thay d6i nhiéu. Thanh phan CO ting theo ham lugng oxygen la do qué trinh chay
khong hoan toan ctia nhién liéu & phia truede khu vuc hoan nguyén.
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Hinh 4. Anh hong ciia thanh phan oxygen lam gidu khong khi dén thanh phan nhiing chat khi
trong syngas (ER=0,35, T,,=800K)
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Khi sir dung chat oxy hoa la khong khi dwoc lam giau oxygen trong diéu kién giita 6n dinh
nhiét d6 khu vuc khi héa thi thanh phan CO, trong syngas khong thay d6i nhiéu nhung thanh
phan ni to giam do d6 thanh phan cac chat khi chay dugc trong syngas ting. Hinh 4 cho thy tong
thanh phan khdi lugng cac chét khi chay dugc trong syngas lan lugt 1a 35%, 41%, 54% va 66%
khi chat oxy hoa la khéng khi dugc lam giau bai 0%, 10%, 30% va 50% oxygen.

3.2. Cung cip syngas cho dong co dual fuel
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Hinh 5. Phdn bé nhiét dg va hé sé tuong dwong trong buong chay tai thoi diém 330 TK, 345 TK va
355 TK (a); bién thién luu lirong hon hop, khai lwong hén hop, hé sé tuong dwong va toc dé boc hoi
diesel theo géc quay truc khuyu (b)(n=2400v/ph)

Trong cong trinh nay, syngas dugc cung cip vao dong co bang phuong phap hut thong qua bo
tao hon hop. Do co nhiéu thoi gian hoa tron nén do ddng déu ctia hdn hop duogc cai thién. Cudi
qua trinh nén, hé s6 twong duong cua hdn hop chi dao dong tir 0,71 dén 0,74 (Hinh 5a). Hon hop
nhat tap trung vé phia x0 pap nap. D6 dam dic cuc b ctia hdn hop ting cao khi phun diesel dé
danh lira. Hinh 5a cho thiy tai vi tri 345°TK (5°TK sau khi phun) nhién liéu diesel tip trung
quanh voi phun diesel. Ngon Itra mdi bat dau chay ¢ dau tia phun. Tai vi tri 355°TK (10°TK sau
khi phun), khu vuc chdy bao trum ¢ tim budng chay omega vé phia day.

Hinh 5b biéu dién bién thién luu lugng hon hop, khéi luong hon hop, tdc d6 bdc hoi cua
diesel va hé s6 twong dwong ctia hdn hop theo goc quay truc khuyu. Hon hop di vao cira nap nho
d6 chan khong trong xi lanh. Khi piston dat toc do cao nhét ciing 14 Iic luu lwong hdn hop di vao
xi lanh 16n nhét. Khi nap syngas thi hé s tuong dwong ting dan tir 0, luc bit ddu nap dén gia tri
on dinh ¢y, Cudi qua trinh nén, khi phun mdi diesel thi hé s6 tuong dwong dat gia tri 6n dinh
moi, Pong= Psynt daie. Trong diéu kién cung cép nhién liéu kiéu hut, khdi luwong hon hop téng cong
nap vao xi lanh tmg véi moi chu trinh 14 0,91 gam.

3.3. Anh hwéng chit lwong syngas dén tinh ning cong tic dpng co dual fuel

Khi ting ham lugng O, trong khong khi cung cép cho 10 khi hoa thi nhiét tri ciia nhién liéu
tang, tdc do toa nhiét tang do tde do chay dugc cai thién. Hinh 6 cho théy duong cong tda nhiét
¢6 2 dinh va gia tri cuc dai ctia cac dinh nay giam theo ham luong O, 1am giau khong khi khi khi
hoa RDF. Téc d6 toa nhiét ting tir 15J/°TK 1én 23J/°TK khi ham luong O, lam giau khong khi
tang tr 0% lén 50%.
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Hinh 6. Anh hiong syngas thu dwoc tiv khi héa RDF véi ham liwong oxygen trong khong khi khdc nhau
dén toc do toa nhiét ciia dong co dual fuel (ER = 0,35, di,,= 0,8, n = 2400 v/ph)
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Hinh 7. Anh huong cia O, lam giau khong khi khi khi hoa RDF dén bién thién ap suat
theo goc quay truc khiy va do thi cong dong co dual fuel

Do tbc d6 toa nhiét tdng nén ap suit cuc dai tang theo ham lugng O, pha vao khong khi dé
1am chit oxy hoa (hinh 7a). Mt khéc, do nhiét trj ciia hdn hop ting khi ting ham lugng O, nén
nhiét luong toa ra trong ky gidn nd ting dan dén ting dién tich dd thi cong, tirc ting cong chi thi
chu trinh (hinh 7b). Hinh 7c cho thdy cong suit ciia dong co lan luot 1a 8,28kW, 9,46kW,
10,96kW va 11,57kW twong g v6i ham lugng O, pha vao khong khi 1am chit oxy hoa 1a 0%,
10%, 30% va 50%. Cong suat dong co dual fuel syngas-diesel giam lan luot 1a 32,30%, 22,65%,
10,38% va 5,40% so voi cong suit dong co diesel trude khi cai tao (12,23kW) thi twong tng véi
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ham Iugng O, pha vao khong khi lam chét oxy hoa nhu trén. Nhu vay khi oxy hoa RDF v6i chat
oxy hoa 1a khong khi rong thi cong sut dong co giam khoang 30%, phu hop voi s liéu cong bd
trong cac tai liéu tham khao. Muc giam cong suat nay khién cho dong co dual fuel syngas-diesel
khong dam bao cung cap di ning lugng cho cac muc dich sir dung ma dong co diesel thyc hién.
Dé cong sudt dong co dual fuel khong giam quéa 10% ching ta c6 thé sir dung giai phap khi hoa
RDF v6i chit oxy hoa 1a khong khi dugc 1am giau 30% oxygen. Néu ham lugng O, 1a giau khong
khi tang 1én 50% thi murc giam cong suét chi con 5%.

Do dong co dual fuel déanh lira bang tia diesel phun mdi nén khu vuc quanh tia phun giau
nhién liéu din dén chay khong hoan toan cuc bd. Hinh 8a va hinh 8b cho thiy trong truomg hop
cuc doan (Prong=1) ham lugng CO trong khi thai khoang 0,8% con ham lugng HC trong khi thai
khoang 0,6%. Trong thuc té dé dam bao tia phun moi c6 thé ty boc chay thi hn hop phai nghéo
dé c6 du oxy quanh tia phun diesel. Do ¢ ham lugng CO va HC trong khi thai dong co dual fuel
trong thuc té thip hon gia tri tinh toan trong trudng hop cuc doan nay.

Hinh 8c cho thiy nhiét d6 cuc dai ctia qué trinh chay ting khi ting ham luong oxygen trong
khong khi 1am chéit oxy hoa do nhiét tri syngas ting. Nhiét do cuc dai cta qua trinh chay dat 1an
luot 14 1590K, 1690K, 1834K va 1899K twong tng voi ham lugng O, pha va khong khi 1am chat
oxy héa 1a 0%, 10%, 30% va 50%.

Theo co ché Zeldovich thi nhiét d6 anh hudng rat 16n dén sy hinh thanh NO,. Do d6 ndng do
NO, trong khi thai dong co ciing ting theo nhiét do chay. Trén hinh 8d, ndng d6 NO, ting tir
127ppm tng véi chét oxy hoa 1a khong khi 1én dén 1540ppm tng véi chat oxy hoa la khong khi
duoc lam giau bdi 50% oxygen.
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Hinh 8. Anh huong ciia ham leong O, lam giau khong khi lam chdt oxy héa RDF dén nhiét do
va nong do cdc chat 6 nhiém trong khi thai dong co dual fuel

Hinh 9 so sanh téng hop anh huéng ctua ham luong O, pha vao khong khi 1am chét oxy hoa
RDF dén céc thong s dic trung cta qua trinh chdy. Chung ta thiy ré quy luat bién thién cta cac
thong sd qua trinh chay khi dong co sir dung syngas tir RDF v&i chat oxy hoa 1a khong khi duge
lam giau bang oxygen voi ham luong khac nhau. Két qua tong hop nay cho thay cé thé xem gan
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ding P, Tmax, W; va nong dd NOy tang theo quy luat tuyen tinh v6i ham lugng O, lam giau
khong khi. Piéu nay la do khi tang ham lugng O, trong khong khi lam chat oxy hoéa RDF thi
nhiét tri nhién li€u tang, tdc do chédy va tdc do téa nhiét tang giup cai thién chét lugng qué trinh
chay, 1am giam phat sinh nhiing san pham chay khong hoan toan CO, HC.
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Hinh 9. A7nh’hu'éng cua ham heong O; pha vao khong khi lam chat oxy héa RDF
dén cac théng so ddac trung qud trinh chay dong co dual fuel

4. Két luan

Khi sir dung chit oxy hoa la khong khi dugc 1am giau oxygen, nhiét tri syngas ting theo ham
lwong oxygen, voi ty 18 cac chét khi chay trong syngas ting tir 35%, 41%, 54% dén 66% khi
luong oxygen trong khong khi 1am chét oxy héa tang tir 0% 18n dén 50%.

Ngoai ra cong suat dong co dual fuel duoc cai tao tir dong co diesel RV165 sir dung syngas
nhan duge tir khi hoa RDF g6 dat 1an luot 12 8,28kW, 9,46kW, 10,96kW va 11,57kW tuong ung
v6i ham luong O, pha vao khong khi 1am chat oxy hoa 1a 0%, 10%, 30% va 50%, voi mirc giam
cong suit dong co dual fuel lan lugt twong ung 1a 32,30%, 22,65%, 10,38% va 5,40% so voi
cong suat dong co diesel trudc khi cai tao (12,23kW).

Tuy nhién, can luu ¥ rang viéc ting ham luong oxygen cling gin lién véi ting nong dd NOy
trong khi thai. Nong do NO tang tir 127ppm tng v&i chit oxy hoa la khong khi 1én dén 1540ppm
g v6i chat oxy hoa 1a khong khi dugc lam giau boi 50% oxygen. Dong thoi cac két qua mo
phong cho thiy ring c6 thé xem gan dung cac thong sb dic trung cta qua trinh chay cua dong co
dual fuel syngas nhur 13 Pray, Trmaxe Wi va néng dd NOy tang theo quy luat tuyén tinh v6i ham
lugng O, 1am gidu khong khi do khi tang ham lugng O, trong khong khi 1am chat oxy hoa RDF
thi nhiét tri nhién li€u tang, tbc do chay va tdc do toa nhiét tang giap cai thién chét lugng qua
trinh chay, lam giam phat sinh nhiing san phdm chay khong hoan toan CO, HC.
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