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Tom tat

Sir dung lueu hoi khi thai (EGR) giam phat thai khi
NOx la mgt trong cac gidai ph&p hiéu qud va dang
duoc &p dung phé bién cho cic dong co diesel néi
chung va diesel thiy noi riéng. Tuy nhién, gidi
phap nay chu yéu danh cho cic dong co diesel thé
hé méi. Poi Véi dong co diesel dang khai théc,
chia cé nhiéu nghién cizu va ung dung cu thé.
Trwéc yéu cau bdt bugc vé giam phét thai NOx
ciia Cong wéc MARPOL phy luc VI doi véi tau
bién, cic dong co diesel thity dang khai thdc ¢
Viét Nam can c6 cac gigi phap phi hop va c6 tinh
kha thi. Do dé6, nghién ciru thir nghigm cac gidi
phdp EGR danh cho déi twong déng co nay nham
danh gid phwong dn dp dung 1a thuc s can thiét,
lam co s¢ d@é tham khdo va trién khai cac budc
#ng dung tiép theo trong thuc tien.

Twr khoa: EGR, phat thai NOy, diesel thay.
Abstract

Exhaust Gas Recirculation (EGR) solution for
decreasing the NOy emissions is one of the
effective measures and widely applied for general
diesel engines and marine engines as well. This
method has been mainly implemented for the new
engines; however it is lack of the same studies for
the existing ones. Facing to the compulsory
regulations of the MARPOL Annex VI on NOy
emissions control, it can be seen that the current
diesel engines on-board the Vietnamese sea-going
fleets need more and more applicable and feasible
solutions. Hence, an experimental study on
evaluating the NOy reduction effectiveness of the
EGR measure will be one of them in order to be
referred as a positive and convincible basis for
next steps of realization.

Keywords: EGR, NOy emissions, marine engine.

1. Pit van dé

Nhim ting cuong viéc bao vé méi trudng bién,
T6 chic Hang hai thé gigi (IMO) da thiét lap gioi
han phat thai NOx va dwa ra 16 trinh ap dung ddi véi
cac dong co diesel thiy [1]. Hién nay, hdu hét cac
dong co diesel thiy san xudt mai déu duoc cac nha
san xuat dong co trang bi hé thong hdi luu khi thai
(EGR) nham giam phét thai chit NOx mét cach hiéu
qua [2]. Theo d6, mot phan khi xa s& duoc dua trg lai
duong nap trong mot sé ché do tai nham tang hé s6
khi s6t, giam lugng oxy cung cap vao budng dét, dan
dén han ché téc @6 tang nhiét do tao phan ung sinh
khi NOx. Cong nghé EGR duoc tap trung vao viéc
kiém soét su rod lot nguoc cua khi nap vao duong khi
xa hdi Iuu va ty 18 EGR (ty 18 khong khi-khi thai Tuu
hdi) mot cach hop 1y. Trong da sé truong hop, ap
Suit cua khi trudc cira nap duoc thiét ké cao hon so
vai khi thai héi Iuu (EGR), nén khi thai tir duong xa
cua dong co khong thé hit tryc tiép vao dudng nap.
Di c6 nhiu nghién ciru khéac nhau trong van dé nay
nhu: cAp vao ctra hit ciia may nén ting ap, cip vao
phia sau may nén,... Lua chon giai phap thich hop
vGi tiing déng co phu thudc vao loai dong co, nhién
liéu sir dung, cong suat dong co. Cac nghién cuiu lién
quan dén EGR da duoc tién hanh kha day du, tir viéc
nghién ctu ly thuyét, mé phong [3], nghién cau thi
nghiém [4], hay phuong 4an téi wu hoa lwong EGR
[5], nhung c6 thé thiy ring nghién ciu vé EGR déu
cha yéu hudng dén viéc san xuat dong co méi. Céc
nghién ciru phuc vu muc dich hoan cai cac déng co
diesel thuy thé hé cii con chua c6 nhiéu hoac chi ddi
Vai cac dong co 6 t0 [6].

DPong co diesel thily tai Viét Nam lap trén cac
phuong tién thiy ngi dia ciing nhu tau bién la kha
I6n va da dang. Tiém can dan véi cac quy dinh kiém
soat NOX, rat kho cé thé thay thé toan bo sé lugng
dong co nay bang cac dong co méi trong thoi gian
ngdn dugc. Chinh vi vay, tim kiém cac giai phap
danh cho ddi twong dong co nay luén duoc cac nha
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khoa hoc trong nudc quan tam, dac biét ddi véi cac
nghién cu mang tinh thuc nghiém. Dva vao co s&
nghién ciru cac cong trinh da cong bd trén thé gisi,
tac gia lya chon thir nghiém ddi sanh 2 phwong phap
EGR dugc cho 1a cd tinh kha thi cao dbi voi cac
dong co dang khai thac: EGR &p suat thap (trudc
tuabin ting 4p) va EGR 4p suét cao (sau tua bin ting
ap). Qua trinh thur nghiém duoc thuc hién trén déng
co HANSHIN 6LU32 véi luu lwgng tai st dung khi
thai EGR trong khoang tir 2% dén 15%.
2. Tinh todn mé hinh thir nghiém
2.1. Poi twong thiz nghigm

bong co 6LU32 1a dong co diesel thuy c6 tua bin
tang ap, ¢ trung, vong quay trung binh, ding dé dan
dong tryuc tiép cho chan vit trong hé dong luc cua cac
tau bién tir 2.000-5.000DWT. Pong co duoc lya
chon lam db6i twong thir nghiém vi c6 kha ning sir
dung duoc ca nhién liéu thuoc phan doan cudi cua
qua trinh chung cét dau thé (nhién liéu nang FO).

Céc thong sd co ban cua dong co 6LU32 nhu
trong Bang 1.

Bdng 1. Thong sé dgng co HANSHIN 6LU32 [7]

Théng s6 Gia tri
DPong co HANSHIN 6LU32
S6 xi lanh 6
Vong quay dinh muac 340v/phat
Cong suit dinh mirc 1300HP/970kW
buong kinh xi lanh 320mm
Hanh trinh piston 510mm
Téc do trung binh piston 5,78m/s
Luu lwong khi xa luu hoi (20-30)%
Luu lu:()'ngkkhl sach 16n nhat 470179 mih
theo yéu cau

Puong kinh 6ng dan khi

nap tr may nén dén bau 158mm

sinh han

V6i muc tidu ddi sanh kha nang xtr Iy NOy cua
cac dong co dang khai thac, nén ty 1€ EGR duoc lua
chon & muc d6 nho, du kién tbi da 1a 20%.

2.2. Phuwong phdp EGR dp sudt cao bang éng
phun Venturi

Theo phuong phap nay, khi xa luu hdi dwoc dua
lai duong nap, phia sau may nén tuabin tang ap (moi
trudng 4p Suat cao) thong qua 6ng phun Venturi.
Dong khi nap &p suét cao luu dong nhanh qua dng
Venturi, dong vai trd 1a dong cong chat chinh tao
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chan khong, dan dong hat khi thai luu hdi. Su van
dong hon loan va giao thoa giita dong khi sach &p
suét cao véi khi lwu hoi trong khong gian hep tao nén
hdn hop “khdng khi sach-khi thai sach” véi do dong
nhét cao trugc khi cip vao dong co. Tuy thudc vao
muc tiéu thiét ké va mirc d6 giam nong do NO, ty 1¢
khi thai luu hdi s& duoc lya chon hop ly.

Lam mat khi xa Van EGR
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Ong ba nga enturi
Hinh 1. Cdu tgo éng Venturi

Hai thdng s6 chinh anh huéng dén hiéu suét cua
dng Venturi 12 tiét dién c6 dng va goc phan ky (goc
tiét dién tang dan theo dong chay). Vung tiét dién cb
ong quyét dinh nang suat cia 6ng Venturi, con goc
phan ky s& anh huong dén sy tang ap sut khi sau khi
hoa tron. Ong Venturi duoc tinh toan thiét ké theo
cac thong sé dinh miic cia dong co 6LU32 (970KW,
340v/p). Bé don gian trong tinh toan, dong chay trong
duong 6ng duoc coi 1a dong chay khong d6i va van
EGR duogc diéu chinh tir dong hoan toan thanh mé
hoan toan khi dong co lam viéc. So dd EGR 4p suét
cao duoc dé xuét nhu trén Hinh 2.

Hinh 2. So d6 h¢ théng trgn va kiém soét ty 1¢ trgn
cia khi théi Iwu héi EGR ap sudt cao [7]
1. Bong co diesel; 2. Tuabin khi xa, 3. May nén tang ap;
4. Thap loc mugi va xi ly SOx; 5. Van diéu chinh EGR;
6. Nhigt ké; 7. Luru lwong ké; 8. Ong venturi; 9. Bau lam mat;
10. Van diéu chinh khi ting dp; 11. Van diéu chinh khi xa qua thap.

Qua trinh tinh toan dugc dua trén cac cong thirc
co ban sau:
- Ap suit ddi véi chat khi 1y tuong:
p=p RT ' (D)
- Méat do dong doi véi chat long lién tuc:
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m = p.Av (2)
- Van téc am:

a = VkRT (3)
- S Mach:

M= v/a 4)

Trong d6: p la &p suat khi nap (MPa), p la mat
d6 khi nap (kg.m?); R 1a hiang s chat khi (J kg'K'%);
T la nhiét do tuyét doi cua khi nap (°K); m la mat do
dong khi nap (kgS™); A la dién tich mat cit ngang
duong éng (m?); v 1atdc do dong khi nap (ms?); k la
chi s6 nén doan nhiét k=C,/Cy; C, nhiét dung riéng
dang ap cua chat khi; Cy nhiét dung riéng dang tich
cuia chat khi; M 1a s6 Mach.

Cac diéu kién bién co ban duoc xac dinh nhu sau:
Puong kinh vao va ra cia éng Venturi duoc thiét ké
bang duong kinh éng khi nap di = d, = 115mm, ap
suit khi ra khoi may nén p; = 0,157MPa, nhiét d6 T1 =
345%K, Tuu lwong khi nap m; = 0,529 kgs™, &p suat khi
Xa trudc tuabin p2 = 0,15MPa. Theo d6, éng Venturi
dugc tinh toan va thiét ké véi cac thong sé nhu trong
Béang 2.

Bdng 2. Thong sé tinh toan éng Venturi

Thong s6 Gia tri
Chiéu rong ¢ hong éng 54,84 mm
Goc co 240

Chiéu dai cua voi phun ng Venturi 141,5 mm
Téng chiéu dai ng 441,5 mm
Chiéu dai phan hoa tron 50 mm
Chiéu dai bo khuyéch tan 245 mm
Goc khuyéch tan 140

2.3. Phuwong phdp EGR dp sudt thip

Phuong phap nay s& dwa khi xa luu hdi tro lai
trude cua hit cia may nén tuabin tang ap (ving ap
suat thap). Do c6 do chénh ap suat gitra khi xa Iuu
hoi va khi ngoai troi, nén khi xa luu dong dé dang
tro lai cira hat. Tuy nhién, nham kiém soat lwong
khi EGR mot cach chu dong, bén canh viéc diéu
chinh d6 mé cua van EGR, nhém nghién ciu bd
sung quat tang ap cudng buc (11 - Van diéu chinh
khi xa qua thap) trén duong luu hdi. So dd cua hé
théng thir nghiém duge dé xuit nhu trén Hinh 2.
Quat tang ap duoc trang bi cho hé théng cap khi
thai tai luu hoi véi muc dich chu dong cip luong
khi thai can thiét theo thiét ké vao ctra nap dong co
ma khong phu thudc vao ap suit cua khong khi
nap truGc may nén.
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Hinh 3. So dé h¢ thang trgn va kiém soéat ty I¢ trgn cria
khi théi liru héi EGR &p sudt thap [7]
1. Bong co diesel; 2. Tuabin khi xa; 3. Van ba nga diéu chinh khi xd;
4. Thap loc mugi va xit Iy SO,; 5. Van diéu chinh EGR; 6. Nhigt ké;
7. Luu hrong ké; 8. Bau lam mat; 9. Thiét bj diéu huong khi xd;

10. Khi ngp méi; 11. Quat tang dp.

Viéc thiét ké va ché tao hé thong cap khi thai luu
hdi vao cira hut may nén dwoc bat dau tir tinh kich
thudc cua duong 6ng cap, ma thuc chit chinh a
duong kinh cia dudng éng nay. Phuong phép tinh don
gian nhat chinh 1a tinh theo ty I¢ giita luu lwong khi
thai Iuu hoi va tong luu lwong khi nap vao dong co:

EGR[%]= (WJEGR}JOO
Mhap (5)
Vay voi thiét ké co thé sir dung dén 20% lugng
khi thai Iuu hoi, thi theo cong thuc trén s& tinh dwoc
gia tri caa lwong khi thai luu hdi can thiét:
Mecr = (20/100). 4701,79m3%h = 940m3/h
Lya chon quat ting ap cap khi thai tai luu hdi vao
dong co diesel 6LU32 véi cac thong sb ki thuat nhu
trong Bang 3.

Bdng 3. Thong sé ky thudt ciia quat ting dp

Théng sb Gia tri
Luu luong quat 1500-2000m?%/h
Ap suit Max. 1,4 bar
Nhiét do cong tac 160°C

3. Lip dit va thir nghiém

Hé thdng thir nghiém duoc xay dung bao gém
téng thé cac trang thiét bi cua ca 2 phuong phap va
hoan d6i viéc dan khi luu hdi thong qua diéu chinh
céc van phan phdi. Tuy theo lugng khi thai luu hdi &
tirng ché do thir nghiém cua dong co, d6 mé cua cac
van diéu chinh khi xa ra khoi thép loc s& duoc thiét
dat theo. Thiét bi tao tai cho dong co 1a phanh thuy
lyc Omega 1500 do hdng AVL ZOLLNER GMBH -
Cong hoa Ao ché tao. Qué trinh thir nghiém dugc
thuc hién vai 3 ché d¢ tai ding cho dong co diesel
thily theo tiéu chuan 1a 242kW (25%), 485kW (50%)
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va 730kW (75%) tai vong quay 280v/ph. Qué trinh
do mirc d6 phét thai NOx cua dong co tai cac ché do
tai va phuong phap EGR s& dugc thyc hién bing
thiét bi TESTO 350 do tai diu dng xa ra ngoai troi.

So dd két ndi hé théng thir nghiém thuc té nhu
trén Hinh 4.

Cum éng

Venturi
Hinh 4. So dé lip dat thik nghigm hé théng EGR

4. Két qua thir nghiém va danh gia
Két qua thir nghiém di vai ting giai phap duoc
t6ng hop nhu trén Hinh 5 va Hinh 6.

- Pdnh gid vé higu qua giam phat thai NOx khi
sit dung gidi phap héi lww khi xi EGR:

Db thi Hinh 5 cho thiy, véi ca hai phuong phap
EGR, c6 thé thay tac dong tich cuc ciia cac phuong
phap EGR trong viéc cai thién hiéu qua phat thai
NOy, dic biét 1a ¢ diéu kién tai cao. Nong do phét
thai NOx & ché do 75% tai cao gap 1,5-2,5 an so véi
ché do tai thap hon. Diéu nay cd thé ly giai khi & céc
ché d6 tai thap, do téc do hinh thanh NOy cham hon
nhiéu so véi cac ché do tai cao, nén viéc xir Iy NOx
trong cac ché do nay khong rd rét. Tuy nhién, c6 thé
thdy rd xu hudng ting hiéu qua xiur Iy NO trong ca
hai trudng hop khi ting dan ty 1¢ khi xa hdi luu. Dién
hinh 13, ¢ diéu kién tai 75%, khi ty 1¢ EGR thay doi
tir 2 dén 12%, NOy giam tir 1,43 x 1073 xudng 1,06 x
1073, tong giam 22% ddi véi phuong phap EGR ap
SUt cao va 24% doi voi phuong phap EGR 4p suét
thap. D6 chinh 1 do & ché d¢ nay, mot luong lon khi
tro trong khi thai gay can tré qua trinh dét chay va
nhiét d6 trong xi lanh giam. Vi téc d6 tao ra NO thap
hon tdc do phan tmg dét chay, chi mot lwong nho
NO dugc tao ra ¢ ria ngoai cua ngon lra. Vé6i su gia
tang téc do dong co diesel, thoi gian nhiét do cao
duoc rdt ngan va NO khdng thé dat dén ham luong
can bang. Do do, viéc tao ra NOy giam cing véi su
gia tang khi thai luu hoi.

EGR dp suat cao EGR #p suét thip
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Hinh 6. Néng dg phét thdi NOx theo ché dj tdi dong co
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- Pdnh gia higu qud xi Iy NOx cia 2 phwong
phap EGR th# nghiém:

Nhin chung, cac phuong phap déu co céc tac
ddng nhu nhau, nhung thay r& phuong phap EGR ap
suit thiap hiéu qua cao hon khoang 20-30%, khi
lugng khi thai Iuu hdi chi dong chiém thé tich cua
khi nap mai, 1am tang hé sb khi sét. Cac két qua cho
thdy, su thay doi cAc gia tri phat thai theo ty 1¢ EGR
& cac ché d tai Ia rat khac nhau. Trong pham vi ty I¢
EGR dudi 10%, & ché do 25% tai, mirc do giam phéat
thai NOx ciia phuong phap EGR ép suét cao khong
c6 sy thay doi khi tang ty 1¢ khi EGR. i voi truong
hop EGR ép suat thap, c6 xay ra ca truong hop ting
NOy khi tiép tuc taing EGR 16n hon 11%. Ly do
chinh 1a khi dong co diesel ¢ toc do thap, lwong khi
thai EGR sé& 1am giam nong do oxy cip vao trong xi
lanh, diéu nay ciing s& lam tang nhiét do trong Xi
lanh. Do d6, dan dén tac dong tiéu cuc cua EGR ddi
Vi phat thai NO,.

5. Két luan

Qué trinh thir nghiém dbi sanh hiéu qua xu ly
NOx cho dong co diesel ctia cac phuong phap EGR,
it ra danh gia chung nhu sau:

- Ca hai phuong phap déu cho hiéu qua giam
NOx trong phat thai khi xa dong co diesel rat tot, dé
dang lp dat va trién khai d6i véi cac dong co diesel
dang khai thac.

- Phuong phap cap khi EGR é&p suét cao bing
dng Venturi ¢6 thé tao hdn hop khong khi - khi thai
v6i do ddng nhét cao, chat lwong sach, nhung éng
Venturi phai duoc thiét ké riéng cho timg dong co
st dung.

- Phuong phap cap khi thai luu hoi &p suét thap
cap chu dong khi thai EGR bang quat ting ap, thich
hop ddi véi cac dong co cong suat Ion can mot lugng
khi thai tai luu hoi 16n, hé thong don gian, dé ché tao,
bao quan va kiém soat dwoc lwong khi thai tai luu
hdi mot cach chinh xéac. Tuy vay, phuong phap nay
dé 1am ban cira hat va canh may nén, giam hiéu suat
cua dong co.

Trong diéu kién ¢ Viét Nam, dé don gian hoa va
tang tinh kha thi 4p dung giai phdp EGR cho céc
dong co diesel dang khai thac, dac biét la cac dong
co diesel c& vira va l6n Iap trén tau bién 1a ddi
tugng duoc wu tién va chiu sy kiém soat nghiém
ngat cia Cong uéc MARPOL phu luc VI, phuong
phép EGR ép suit thap dwoc khuyén cao sir dung.
Hi¢u qua sir dung cua phuong phap dugc nang Ién
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khi két hop voi cac bo lam mat khi EGR va ty I¢
EGR dudi 15%. Hé thong ciing dé dang tich hop
VGi cac phuong an xur |y cac thanh phan phat thai
SOy, Mudi,... dé dap tng yéu cau cua Cong udc.

TAI LIEU THAM KHAO

[1] IMO regulations 13.8 and 5.3.2 respectively,
NOy Technical Code 2008.

[2] Jafarmadar S, Nemati P., Analysis of exhaust
gas recirculation (EGR) effects on exergy
terms in an engine operating with diesel oil
and  hydrogen, Energy 126,  pp.746-755.
(10.1016/j.energy.2017.03.030), 2017.

[3] An XH, Liu BL, Zhang FJ, Fu G., Simulation of
the effect of intake charge oxygen concentration
based EGR on diesel engine performance, Trans.
CSICE 31, pp.115-119, 2013.

[4] Park Y, Bae C. Experimental study on the
effects of high/low pressure EGR proportion in
a passenger car diesel engine, Appl.
Energy 133, pp.308-316. (10.1016/j.apenergy
2014.08.003), 2014.

[5] Shuai Y, Xiuyuan L, Qijia Y., EGR rates
optimization rule and experimental study about
influence of EGR rates on diesel engine, Trans.
Chin. Soc. Agric. Mach. 37, pp.30-33, 2006.

[6] Nguyén Lé Duy Khai, Nguyén Minh Tri, Anh
huong ciia hoi heu khi thai dén cong sudt va
khi thai dong co Diesel Vikyno -RV125-2,
Science and technology Development, Vol.18,
No.K7-2015.

[7]1 PGS. TSKH. Ding Vin Uy va cac cong su, Pé
tai NCKH cdp B6 “Xady dung giai phdp xir Iy
khi doc hai trong khi thai dong co diesel thuy

ddp vmg yéu cau cia cong wéc quoc té
MARPOL 73/78”, 2017-2019.

Ngay nhan bai: 24/04/2020
Ngay nhan ban stra: 18/05/2020
Ngay duyét dang: 27/05/2020

SO 64 (11-2020)



