BAI BAO KHOA HQC

NGHIEN CUU MO PHONG DPANH GIA PHAT THAI PQC HAI
CUA PONG CO MAY NONG NGHIEP RV165-2 VA PQNG CO
KUBOTA RT155 THEO TIEU CHUAN ISO 8178

Lé Viét Hung', Khéng Vii Quang’, Nguyén Pirc Khanh?, Pham Vin Trong’

Tém tit: Bai bdo nay trinh bay két qua nghién citu anh hwéng danh gid mirc phat thai déc hai cia
déng co mdy néng nghiép RVI165-2 do Sveam san xudt va dong co Kubota RT155 do Thdi Lan sdin
xudt. Qud trinh nghién ciru dugc thwc hién trén phan mém mé phong chuyén dung AVL Boost. Két
qua nghién ciu dwa ra dwoc ham lwong phdt thai doc hai ciia hai dong co theo tiéu chudn khi thdi
ISO 8178. Ngodi ra nghién ciru ciing chi ra dwoc mike do chénh léch vé chat lwong khi thdi ciia hai
mau dong co mdy néng nghiép sir dung phé bién & Viét Nam, trén co sé dé dé xudt dwoc cdc
phuong an cai tién dé chat lwong khi thai cua dong co RVI165-2 co thé dé dat hodc tiém cdan vdi tiéu

chuan ISO 8178.

Tiur khéa: ISO 8178, Tier 2, Kubota RT155, RV165-2

1. MO PAU

O nhiém moi truong tir cac phuong tién giao
thong vén tai 1a van dé ma cac nha khoa hoc da
va dang tim cac giai phap dé khic phuc va thu
dugc nhirng két qua tich cuwc. Ngoai ra, céc
thanh phan phat thai doc hai tir s luong 16n
cac may moc nong nghi¢p ting mdt cach dang
ké, khi ma nganh nong nghiép dang tirng budc
dugc co gidi hoéa. Tuong tu nhu cic ngudn
dong luc khac, sin pham chdy thai ra tir dong
co d6t trong lap trén cac may nong nghiép bao
gdm NO,, CO, HC va PM. Phat thai HC co
ngudn gde tir ddu bdi tron hodc nhién liéu chua
chay hét trong dong co. Ngoai ra phat thai HC
chiém ty trong 16n do anh huéng cia goc tring
diép, khi mot phan moéi chit nap méi kém
nhién liu theo khi thai ra ngoai. Di v6i dong
co diesel, khi nap moi chi c6 khong khi nén
khéng sinh ra phan phat thai HC theo co ché
nay. Trong khi d6, phat thai CO 14 1a san phim
cia qua trinh 6xy hoa nhién liéu trong diéu
kién thiéu oxy. Phat thai NO dugc sinh ra
trong budng chay trong qua trinh chay do phan

" Khoa Xay dung, Truong Pai hoc Su pham Ky thudt Tp.
H6 Chi Minh

2 Vién Co khi dong luc, Pai hoc Bach khoa Ha Ngi

I Truong Dai hoc Sao do

ung hoa hoc gilra nguyén tir 6xy va nito ctua
khong khi & diéu kién nhiét do cao. Phat thai
dang hat PM (Particular Matter) bao gém cac
nhan carbon (mudi than), bAm dinh trén n6 la
cac hop chét hitu co, 1a két qua ciia qua trinh
chay khong hoan toan nhién li¢u dang léong va
mot phan dau bdi tron. B6i v6i dong co diesel
no6i chung va dong co diesel nong nghi€p nodi
riéng, phat thai CO, NOy va PM la nhitng thanh
phan phat thai chinh. Vi vdy, dé giam cac phat
thai doc hai nay tor ddng co may nong nghi¢p
ra moi trudng cAn cé nhitng tiéu chudn nhat
dinh dugc ap dung dé han ché viéc su dung
mot sb dong co da cti hoac khong dat yéu cau
vé phat thai.

Hién tai, trén thé gio1 co nhiéu tiéu chuan yéu
cau vé phat thai ap dung cho ngudn dong luc
may nong nghiép, c6 thé ké dén do 1a tiéu chuin
Tier, tham chiéu theo ISO 8178. Céac tiéu chuin
lién bang dau tién (Tier 1) cho dong co diesel
may nong nghiép duogc thong qua vao nam
1994. Cho dén nay, tiéu chuan nay tiép tuc duoc
nang cap va ap dung trén pham vi toan cau.
Bang 1 thé hién tiéu chudn vé phat thai EPA
Tier 1-3 cia Hoa Ky (https://www.dieselnet.
com/standards/us/nonroad.php) ddi véi cic may
nong nghiép c6 cong suat 1én téi 130kW.
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Bang 1. Ti¢u chuén phat thai EPA Tier 1-3 cho ddng co diesel may nong nghiép

Cong suit dong co Tier Nam CO HC NMHC+NOy | NOy PM

W<g T¥er 1 2000 8,0 - 10,5 - 1,0
Tier 2 2005 8,0 - 7,5 - 0,8
Tier 1 2000 0,6 - 9,5 - 0,8

<kW<

B<kW=19 Tier 2 2005 0,6 - 7,5 - 0,8

Tier 1 1999 5,5 - 9,5 - 0,8
<

19=kW=37 Tier2 | 2004 | 55 | - 75 ~ | os
Tier 1 1998 - - - 9,2 -

37<kW<75 Tier 2 2004 5,0 0,6 7,5 6,9 0,4
Tier 3 2008 5,0 0,3 4,7 4,4 -
Tier 1 1997 - - - 9,2 -

75<kW<130 Tier 2 2003 5,0 0,5 0,6 0,1 0,3
Tier 3 2007 5,0 0,3 4,0 3,7 -

-: Khéng dwoc théng qua, déng co phdi dap iing tiéu chuan Tier 2 PM

Bai bao nay trinh bay két qua nghién ctu ly
thuyét, danh gia chit luong khi thai cua hai
mau dong co may nong nghiép (Kubota RT155
do Thai Lan san xuat va RV165-2 do Cong ty
TNHH MTV Dbong co va May ndng nghiép
Mién Nam (Sveam) san xuit theo tiéu chuan
Tier 2. Két qua nghién ctru dua ra dugc so sanh
twong d6i vé chat luong khi thai cia hai mau
dong co may nong nghiép c6 dai cong suit va
téc d6 twong dwong, so véi tiéu chuan khi thai
dang dugc ap dung. Qua trinh nghién ctru duogc
thuc hién trén cong cu moé phong AVL Boost
(Boost user’s guide, Version 3.2). AVL Boost
12 phan mém mé phong chuyén siu vé dong co
dbt trong dwgc trang bi tai Phong thi nghiém
dong co dot trong, Trudng Pai hoc Bach khoa
Ha Noi. Phan mém do hing AVL cia Ao di
xdy dyng va phat trién bao gdm nhiéu mé dul
nhu AVL Boost, AVL Excite, AVL Fire... dé
tinh toan va mo6 phong cac qua trinh xay ra
trong dong co. Trong d6, phan mém AVL
Boost 12 phin mém mot chiéu cho phép mé
phong cac qua trinh trao d6i nhiét va trao doi
chat cho dong co tir d6 c6 thé téi wu qua trinh
lam viéc cua dong co. Cac thong sb ky thuit
cia dong co lya chon lam déi tuong trong
nghién ctru ndy do Sveam cung cip dé xay
dung mo hinh tinh todn chu trinh nhiét dong va
phat thai cua dong co.

2. NOI DUNG NGHIEN CUU
2.1. Xay dung mo hinh mé phéng
Dbi twong nghién ciru 13 dong co may nong
nghiép Kubota RTI155 va RV165-2 vdoi céc
thong sd co ban ciia dugc trinh bay trong bang
2. Nghién ctru m6 phdéng st dung phuong trinh
nhi¢t dong hoc thu nhét dé tinh toan qua trinh
chay trong dong co ddt trong (Heywood, 1988).
Dinh luat nhiét dong hoc thir nhat thé hién mdi
quan hé giira su bién thién cta nodi ning (hay
enthalpy) véi su bién thién cta nhiét va cong:
d(m_ u) _ pc-dl+ dg, ZdQ”' ~ Rg.dmgﬁ
da da da da da (1)
Trong d6: dmu) 1a bién ddi ndi ning bén
da
p. % la cong chu trinh thuc
hién; 40. 1a nhiét luong cAp vao; 4o, 1a ton
da 2 da

thit nhiét qua vach; by d;nig,, 1a tén that enthalpy
a

do lot khi; m. 12 khéi lugng mdi chat bén trong
xy lanh; u 13 ndi nang; p. 14 ap suét bén trong xy
lanh; ¥ 1a thé tich xy lanh; Or1a nhiét lugng cta
nhién liéu cung cip; Q,, 1a nhiét lugng ton that
cho thanh; a 1a goéc quay truc khuyu; hBB 1a tri

sd enthalpy lot khi; dm,, 13 bién thién khdi lugng
da

trong xy lanh;

dong chay lot khi.
Qua trinh truyén nhiét tir trong budng chay
qua thanh budng chay ciing nhu nip xy lanh,
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piston va 16t xy lanh dugc tinh dua vao
phuong trinh truyén nhiét nhu thé hién trén
phuong trinh (2):

0,=4a(l-T) 2

Trong d6: Q,; 13 nhiét luong truyén cho
thanh (ndp xy lanh, piston, 16t xy lanh); 4; 1a
dién tich truyén nhiét (ndp xy lanh, piston, 16t
xy lanh); o, 1 hé s6 truyén nhiét; 7,, 1a nhiét 46
thanh (nip xy lanh, piston, 16t xy lanh); 7, 1a
nhi¢t do trong xy lanh.

M6 hinh Woschni 1978 phu hop cho dong co
diesel sir dung budng chay théng nhat, ap dung
cho dong co diesel, dugc su dung dé tinh toan
hé sb truyén nhiét (Woschni, et al, 1967).

Mo hinh chay st dung trong nghién ctu la
md hinh AVL MCC (Boost user’s guide,
Version 3.2). Téc do toa nhiét 1a ham sb cua
lwong nhién liéu (f;) va ning luong dong hoc rdi
(f5), nhu thé hién trong phuong trinh (3):

o
—=C NMp,0) fr(kV)
dé Comb /1V" F 2 3)
Trong do:

0. G
SiM e, Q)=M, LVC, fz(k’V)_eXp(CmteW),

Ccomp 12 hdng sb dic trung cho qua trinh chay,
Craie 12 hé s6 hoa tron, k 1a nang lugng dong hoc
16i, My 13 luong nhién liéu héa hoi, LVC la
nhiét tri thap cua nhién lidu, O 13 luong nhiét
tich Iy va V'1a dung tich xylanh

CO 1 san pham chay cla quéa trinh chay
thiéu O,, ttrc 1a CO chu yéu sinh ra tir qua trinh
chay khong hoan toan cac hydro cacbon. Qua
trinh tinh toan ham luong phat thai CO duoc
trinh bay chi tiét trong tai liéu tham khao
(H.A.M Knoef, 2005; Valério, et al, 2003).

Co ché hinh thanh NO, trong mé phong
Boost dua trén co s¢ Pattas va Hafner (Lavoie,
et al, 1970). Qua trinh hinh thanh NO, duoc thé
hién qua sau phuong trinh phan tng theo co ché
Zeldovich. Sy hinh thanh cia NOy dugc tinh
toan theo thong sb nhap dau vao nhu toéc do
dong co, nhién li¢u cling nhu ap suét, nhiét do,
hé s6 du luong khoéng khi A, thé tich va khdi
lwong, thoi gian cling nhu sb ving chay.

Thanh phan phat thai PM c6 thé xac dinh dya

trén hai cdu thanh chinh trong PM ciia dong co
diesel 1a mudi than (soot) va cac hydrocarbon
khong chay dugc hip phu trén bé mit cia soot.
Ngoai ra, trong thanh phan cia PM con c6 thé
c6 sunfates (lién quan dén ham lwong luu huynh
trong nhién liéu) va ham luong rat nho cac chat
nhu nitro dioxit, kém... hip phu trén bé mit
soot. Phat thai soot thuong dwa theo co ché
dugc dé xudt bai Hiroyasu va cong su
(Hiroyasu, et al, 1976, 1983). Co ché nay con
duogc goi 1a co ché hai budc, mé ta sy hinh
thanh va 6xy hod cua cac phan tir bd hong boi
hai hodc nhiéu phan ung.

Su hinh thanh phat thai HC trong dong co
dbt trong d3 dugc cac nha nghién ctru quan tim
tor lau (Hiroyasu H, et al, 1983, Yu, et al,
1980). Nhiéu 1y thuyét khac nhau vé sy hinh
thanh HC d3 dugc dé cap, nhung hi¢n tai c6 ba
co ché co ban cua sy hinh thanh phat thai HC
trong dong co duoc hau hét cac nha nghién ciru
chép nhan. D6 1a sy nén HC vao cac khe hep
(trong qua trinh nén) va su thoat cia HC ra
khoi cac khe hep & hanh trinh gian nd va thai;
Su hip thy va giai phong cua nhién lidu trong
mang dau boi tron va trong 16p cau cin trén
thanh budng chay; Su dét chay khong hoan
toan cua hon hop nhién liéu va khong khi do
diéu kién chay khong thuan loi. Trong dong co
diesel thi nhan t6 chinh anh huong dén mirc d6
tao HC 1a do sy chay khong hoan toan ctia hon
hop khong khi nhién li€u trong vung chay (Yu,
et al, 1980). Do ham lugng phat thai HC cua
dong co diesel n6i chung 1a rat nhé nén trong
nghién ctru nay, m6 hinh chiay MCC bd qua
thanh phan phat thai HC.

Dua trén cac thong sb két ciu va cac ngudn
tai liéu lién quan, mo hinh mé phong mét chiéu
cua dong co dugc thé hién trén Hinh 1. Két qua
kiém chimg hai md hinh bang cach so sanh cong
suit va suét tiéu hao nhién lidu & duong dac tinh
ngoai giita mod phong va thuc nghiém duge thé
hién trén Hinh 2. Nhin chung, sai sb gitra mo
phong va thuc nghiém nim trong pham vi cho
phép (<5%), dam bao d¢ tin cdy ciia mo hinh dé
thuc hién céc nghién ctu tiép theo.

KHOA HOC KY THUAT THUY LO1 VA MOI TRUONG - SO 64 (3/2019) 71



Bing 2. Thong s6 ki thuit co ban clia dong co nghién ciru

Théng sb Gia tri Pon vi
Tén dong co RV165-2 RT155
Loai dong co Diesel 4 ky, khong tang ap -
S6 xylanh 1 1 -
Duong kinh x hanh trinh 105x97 100x98 mm
Dung tich 839 769 cm’
Ty s6 nén 18:1 18:1
Cong suat cyc dai 12,1/2400 11,4/2400 kW/rpm
Mo men cuc dai 59,0/1600 53,9/1600 Nm/rpm
Tiéu hao nhién liéu nhé nhét 275 240 g/kW.h
Goc phun sém 16 16 b0 truc khuyu
Ap suat phun 185 185 kg/cm®
Hé thdng boi tron Hon hop Hon hop -
Hé thong lam mat Péi luu ty nhién Péi luu ty nhién -
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2.2 Quy trinh mo phéng

Quy trinh m6 phdéng danh gia phat thai dong
co dua trén quy trinh tho nghiém & trang thai
tinh theo tiéu chuan ISO 8178-Cl
(https://www.dieselnet.com/standards/us/nonroa
d.php#cycles) bao gdm 8 mode nhu thé hién
trén Hinh 3.
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Hinh 3. So d6 thé hién cdc ché do thir nghiém va
trong s6 tuong g ciia chu trinh thir ISO 8178-C1

O mdi ché d6 mo phong, cac thong sd dic
trung cho tinh ning kinh té, k§ thuat va phat
thai cua dong co dugc xac dinh dé tinh toan
luong  phat  thai  theo tiéu  chuédn
(https://www.dieselnet.com/standards/us/nonroa
d.php). Luong phat thai trung binh (g/kWh)
duogc tinh theo cong thac (2):

Pong co Kubota RT155
250
[ NOx co Dsoot

200
= I
ERE
E 150 ¢
= i
= L
2100 |
o i
E.

50

Mode

co, - > CO, WF, - > NOx, WF,
> Ne, WF, > Ne, WF,
_ 2 PMWF,
PM = ZNei-WFf (2)

Trong d6: WF; 1a trong s tai mode thir i;
Ne; 1a cong suét tai mode i [kW]; CO;, NOx;,
PM; 1a phat thai tuong ung tai mode thur 1
[g/h],i=1+8.

Trong nghién ctru ndy, mo hinh chay MCC
b6 qua thanh phan khi thai HC nén luong phat
thai PM dugc xdc dinh theo kinh nghiém theo
thanh phan soot. Thong thuong trong PM cua
dong co chira 40% dau boi tron; 31% mudi than
(soot); 14% mudi sunfat ngdm nudc; 7% nhién
liéu diesel; 8% cac loai con lai (Bui Van Ga,
nnc, 1997). Vi vay, lugng phat thai dang hat
dugce xac dinh gan ding qua cong thic PM =
soot/0,31.

2.3. Két qua nghién ctru va thao luan

Két qua md phong cic thanh phan phat thai
cua hai dong co theo chu trinh thur ISO 8178-C1
duoc thé hién trén Hinh 3 tng v6i 8 mode thir &
tbc do c6 cong suit 1on nhit (mode 1-4), toc do
c6 md men 16n nhat (mode 5-7) va toc d6 khong
tai (mode 8). Ké qua tinh toan cic ham luong
phat thai trung binh theo trong s6 tirng mode
dugc thé hién trén Hinh 4.

Pong co Sveam RV 165-2
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L NOx CcO Osoot
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=
%,, 100
3.

50 +

0 1 — 1 =
1 2 3 4 5 6 7 8
Mode

Hinh 4. Két qua mé phong cdc thanh phan phat thai ciia hai déng co theo 1SO 8178-C1

Két qua danh gia cho thiy, ca hai dong co
déu c6 ham luwong phat thai 16n hon so véi murc

tiéu chuan cho dai cong suit tir 8kW dén 19kW.
Ham lugng phat thai NOx cua hai dong co cao
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hon so véi tiéu chuan tir 2,4 dén 2,5 1an. Ham
lugng phat thai CO cta dong co RT155 cao hon
1,7 lan so voi tiéu chudn, trong khi d6 ham
luong nay cua dong co RV165-2 chi cao hon
1,1 lan so véi tiéu chuan. Phat thai dang hat PM
cta ca hai dong co déu 16n hon so véi muc tiéu
chuin nhung c6 xu huéng nguoc lai, gia tri ndy
1a 1,6 lan d6i voi dong co RT155 va 2,3 lan ddi
v6i dong co RV165-2. Piéu nay cho thiy chat
lugng khi thdi ctia hai miu dong co nay con
cach kha xa so v6i mirc phat thai tiéu chuan.

25 ¢

BNOx

8COo oPM

=3 o ()
) n >
I I

Phat thii (g/kWh)

(9]
+

RT155 RV165-2 Tier2

Hinh 5. So sanh mirc phat thai trung binh cua
hai dong co voi gia tri tiéu chuan

Hai dong co c6 thong s6 ki thuat va gam cong
suét twong dwong nhung chit luong khi thai coa
dong co RV165-2 va RT155 ¢6 sy khac nhau nhét
dinh, dac bi¢t la phat thai dang hat. Sy khac biét
niy thé hién twong ddi chat lugng ciia dong co do
Viét Nam san xuat so véi Thai Lan. Diéu niy ciing
c6 thé nhan thay khi so sanh tinh ning kinh té (g.)
cta hai mau dong co (275 g/kW.h dbi véi RV165-2
va 240g/kW.h dbi véi RT155). Bé co thé cai thién
chit luong khi thai cua dong co dat tiéu chuan Tier
2 hoic tién t6i tiém can véi gia tri tiéu chuan thi

TAI LIEU THAM KHAO

can thiét phai thuc hién cac giai phap giam phat
thai cho dong co. M6t sb bién phap giam phat thai
c6 thé ké dén nhu cac giai phap lién quan téi dong
co (diéu chinh 4p suat phun, géc phun sém, luin
héi khi thai...) hodc cac giai phap lién quan téi xir
ly khi thai sau khi ra khéi dong co (trang bi b xtr
1y khi thai DOC, DPF...).

3. KET LUAN

Nghién ctru md phong danh gid chat lwong
khi thai cia hai dong co may nong nghi¢p
RT155 do Kubota Thai Lan san xuat va RV165-
2 do Sveam san xuit di dugc thuc hién trén
phin mém AVL Boost, cac két qua chinh duogc
tom tat dudi day:

- Hai m6 hinh m6é phong cua dong co da
dugc xdy dung va kiém chung véi sb liéu thuc
nghiém dé dam bao do tin cay trude khi thuc
hién cac mé phong danh gia chit lwong khi thai.

- Két qua mé phong cho thiy, ca hai dong co
déu c6 ham luong phat thai 16n hon so véi mirc
tiéu chuan cho dai cong suat tir 8kW dén 19kW:
phéat thai NOx cao hon tir 2,4 lan déi v6i dong
co RT155 va 2,5 lan dbi véi dong co RV165-2;
phat thai CO twong (mg cao hon 1,7 va 1,1 lan;
phat thai dang hat PM c6 xu hudng nguoc lai,
gia tri nay 1a 1,6 lan d6i v6i dong co RT155 va
2,3 lan dbi v6i dong co RV165-2.

- Dé c6 thé cai thién chat lugng khi thai cua
dong co dat tiéu chuén Tier 2 hodc tién téi tiém
can véi gia tri ti€u chuén thi can thiét phai thuc
hién cac giai phap giam phat thai cho dong co
nhu diéu chinh 4p sudt phun, géc phun som,
luan hoi khi thai hodc cac giai phap lién quan t6i
xtr 1y khi thai sau khi ra khoi dong co nhu trang
bi b xu 1y khi thai DOC, DPF...
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Abstract:
SIMULATION STUDY ON EXHAUST EMISSIONS OF NONROAD DIESEL ENGINE
RV165-2 AND KUBOTA RT155 FOLLOWING THE EMISSION STANDARD ISO 8178

This paper present simulation study on emission characteristics of nonroad diesel engines
RV165-2 (made by Sveam) and Kubota RTI155 (made in Thailand). The simulation study was
conducted on dedicate simulation software AVL Boost. The emission characteristics of simulated
engines following the emission standard ISO 8178 calculated for comparison. The study results
show that all of exhaust emissions of both engine were above the standard limits. To solve this
issue, its neccessary to make some effective solution to enhance exhaust emission quality of the
RV165-2 engine.

Keywords: ISO 8178, Tier 2, Kubota RT155, RV165-2
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