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Tom tit

Bai béao gisi thiéu két qua nghién cizu tinh toan,
thiét ké va ché tqo thir nghiém hé thong hodn heu
khi thdi cho dong co diesel HANSHIN 6LU32
thugc Trung tdm nghién cizu hé dong luc tau thuy
- Khoa May tau bién, nham muc dich giam thiéu
phat thai khi NOy trong khi thai ciia déng co diesel
ddp img Phu luc VI Céng wéc Marpol 73/78 vé
bao vé méi truong bién cua To chirc Hang hdi
quéc té (IMO).

Tur khoa: Hé thong hoan luu khi thai, déng co
diesel, phat thdi kh[ NOy, Céng wéc Marpol
73/78, méi truong bién.

Abstract

The article introduces the results of research on
calculation, design and experiment manufacture
of Exhaust Gas Recirculation system for the diesel
engine HANSHIN 6LU32 in the Research Center
of Marine Propulsion Plan - Marine Engineering
Faculty, with aim of reducing NOx emission in the
exhaust gases to meet Annex VI of the
International Convention for the Prevention of
Pollution from ships Marpol 73/78.

Keywords: Exhaust Gas Recirculation system,

diesel engine, NOy emissions, Marpol 73/78
Convention, marine environment.

1. Mé dau

Mot trong céc bién phap kha hiéu qua va duoc ap
dung nhiéu trén thuc té nhdam lam giam phat thai khi
NOXx cua dong co diesel 1a s dung cdng nghé hoan
luu khi thai EGR (Exshaust Gas Recirculation). Tuy
nhién, viéc tron 13n va kiém soét ty 1¢ khi thai hoan
lwu nhu thé nao lai 1a vin d& khong don gian. Boi vi
mot khi tai ciia dong co thay ddi bat thuong, nhit thiét
phai duy tri duoc ty 18 khi thai hoan lwu 6n dinh, hon
nita mirc d6 ddng thé giira khong khi nap va khi thai
hoan luu ciing 1a mot trong cac yéu té quyét dinh chét
lugng lam viéc ctua dong co diesel.

Viéc nghién cau thiét ké va tao ra thiét bi nham

hoa tron khdng khi va khi thai hoan luu mot céch tot
nhét truge khi nap vao dong co 1a viéc hét sic can
thiét, va viéc kiém soét ty I¢ khéng khi - khi thai hoan
lwu ciing 14 nhiém vy khong kém phan quan trong.
Trén thyc té, nguoi ta ¢6 thé ap dung cac phuong an
khac nhau dé cip khi thai hoan Iuu vao dong co nhu:
sir dung hé théng hoan luu 4p suat cao, hé théng hoan
lwu ap suat thap, cap vao cira hit cia may nén tang &p,
hozc cap vao phia sau may nén,... M&i mét giai phap
cip khi thai hoan luu vao dong co déu cé nhiing wu
nhuoc diém khac nhau, vi thé phu thudc vao loai dong
co, nhién liéu sir dung, cong suat dong co, ma ngudi
ta c6 thé lya chon hé thdng thich hop.

Bai béo trinh bay tinh toan, thiét ké, ché tao thir
nghiém thanh cong hé thong hoan luu khi thai tryuc tiép
vao ctra hit cia may nén tang ap cho déng co
HANSHIN 6LU32 thugc Trung tdm nghién cuu hé
dong lyc tau thiy - Khoa May tau bién trong truong
hop khdng stir dung va cé sir dung hoan luu khi thai
(EGR) véi ty 1é 20% & cac ché do 50%, 75% va 85%
tai lam co s dé trién khai 4p dung cho cac dong co
tau thuy trén doi tau bién Viét Nam nham giam ham
lwgng NOx trong khi thai dong co.

2. Ngi dung

2.1. Lwa chen gidi phap trgn khdng khi sach va
khi thdi hoan luu

Trén thuc té, c6 nhiéu giai phap dé hoan luu khi
thai vao dong co diesel nhu:

- Cap khi thai vao sau méay nén cua tua bin ting ap
str dung voi phun kiéu 6ng venturi;

- Cép khi thai vao ctra hit ciia may nén cua tua bin
tang ap.

Giai phap duoc lya chon Ia hé thong &p suat thap.
Giai phéap nay c6 nhirng vu diém sau:

- Khi thai hoan luu duoc cép chu dong thdng qua
ung dung quat tang ap;

- Giai phéap nay thich hop ddi véi cac dong co
cong suit I6n, can cip mot lugng khi thai hoan luu
tuong déi lon;
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- Hé thdng c6 cau tao don gian, d& ché tao va bao
dudng;

- C6 thé kiém soat duoc lwong khi thai hoan luu
mét cach chinh xac.

Tuy nhién, bén canh nhimng wu diém trén, can dic
biét luu ¥ vé kha nang lam ban canh cia may nén ting
ap trong qua trinh khai thac do chat lugng cua khi thai
khéng dam bao.

Phuong phap cap khi thai hoan Iuu vao cira hit ciia
may nén la giai phap céng nghé tuong d6i don gian.
Theo phwong phap niy, khi thai hoan luu dugc dan
dén va cap ngay vao ctra hit ciia may nén tang ap. Tai
day, khong khi sach cung vai khi thai hoan Iuu dugc
tron voi nhau va tang ap truge khi cip vao dong co.
Trén Hinh 1 trinh bay so do nguyén ly cua phuong
phap cap khi thai hoan luu vao trudc may nén cua tua
bin tang ap dong co HANSHIN 6LU32. O truong hop
nay, khi thai sau khi duoc xur Iy & thap loc khi thai (4),
dugc 1am sach tai phin loc (5) s& duoc quat (11) day
toi hoa tron véi khdng khi (10) trude khi vao may nén
cua tua bin ting ap (2), sau khi ting 4p, hon hop s&
duoc lam mat tai bau lam mat (8) truéc khi cip vao
clra nap cua dong co (1). Van dé hoa tron khong khi
v6i khi thai hoan luu va kiém soét ty 1¢ khi thai hoan
Iwu trong hdn hop duge do dac bang ap ké (6), luu
lwong ké (7) va phan phdi vao may nén ting ap bang
thiét bi (9).

Hé thong hoan Iuu khi thai duoc thiét ké, ché tao
va lp dat hoan chinh trén dong co HANSHIN 6LU32
thugc Trung tdm nghién cuu hé dong luc tau thay -
Khoa May tau bién (Hinh 2).
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Hinh 2. Hé théng hoan liu khi théi trén dong co
6LU32
1. Cura hUt ciia mday nén tang ap;
2. Cuia cdp khi thdi hoan huu;
3. Van diéu chinh heu heong khi thai;
4. Quat tang dp khi thai,
5. Puong dan khi thdi hoan hew, 6. Thdp loc khi thdi.

2.2. Tinh toan thiét ké hé thong cdp khi thdi
hoan luu

Thuc té, hé théng cap khi thai hoan luu vao cta
nap ciia dong co diesel 1a hé théng khéng quéa phic
tap. Trong qua trinh tinh toan thiét ké, diéu quan trong
nhat d6 1a tinh dugc duong kinh duong 6ng dan khi
thai hoan luu dén cira nap cia may nén ting ap, tiép
theo Ia lya chon dac tinh ki thuat cta quat tang ap
(nang suit va &p suit tang 4p) va sau cuing 1a lra chon
van buém va luu luong ké.

Ong qop khi x3 |

900000

Ong gép khinap |

?ﬁ

il

Hinh 1. So dé h¢ théng hoan lwu khi xd \dp dgt trén djpng co Hanshin 6LU32 [1]
1- Bong co Hanshin 6LU32; 2 - Tua bin tang dp,; 3- Van trich khi xd; 4- Thap loc SOx; 5 - Phin loc khi xd;
6 - Ap ké; 7 - Po leu lwong Khi xd; 8 - Bau lam mdt khi ting dp; 9 - Cira cap khi xd hoan heu;

10 - Khéng khi vao mdy nén tang dp; 11- Quat khi xd hoan luu.
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Bdng 1. Cac thong sé kj thudt co ban ciia djpng co HANSHIN 6LU32 [2]

STT Théng sb Ky higu Pon vi Giatri
1 bong co HANSHIN 6LU32
2 S6 xi lanh i 6
3 Vong quay dinh mac Ndm vong/phut 340
4 Cong suat dinh muc Nedm kW/hp 970/1300
5 Duong kinh xi lanh mm 320
6 Hanh trinh piston mm 510
7 Tbc @6 trung binh piston m/s 5,78
8 Ap suit chéay I6n nhat Pz kG/ecm? 90
9 GAc phun sém Pps ° gatk 11
10 Suit tiéu hao nhién liu g/kW.h 200

Viéc tinh toan, thiét ké hé thong hoan luu khi thai
cho ddng co diesel 6L U32 dugc thuc hién dya trén cac
thdng s ki thuat cua dong co (Bang 1) va cac yéu cau
ki thuat co ban sau day [1]:

Luu lugng khi thai hoan luu: (20-30%);

Luu lwong khi nap vao dong co 16n nhét theo yéu
cau: M =4701,79m%h;

Puong kinh 6ng dan khi nap tir may nén dén bau
sinh han: 158mm.

2.2.1. Tinh todn dwong kinh éng dan

Viéc thiét ké va ché tao hé thong cap khi thai hoan
lru vao cira hiit may nén dwoc bat dau tir tinh duong
kinh cua dudng 6ng cp khi thai nay. Phuong phéap
tinh don gian nhét chinh 1 tinh theo ty 1& giita luu
lwong khi thai hoan Iuu va tong luu lugng khi nap vao
dong co [4, 5]:

EGR[%] _[

m
mj.loo 1)
Mair * MEGR

mnap = Mg + Mger

Vay Vi thiét ké c6 thé sir dung dén 30% lugng
khi thai luu hdi, thi theo cong thirc trén sé& tinh duoc
gié tri cua lugng khi thai luu hoi can thiét:

TMger = 30%mnap (2)

Thay s6 vao s co:

M ecr = 0,3 x 4701,79 = 1410,537 (m¥h)  (3)

Vay duong kinh éng dan khi thai hoan luu dwoc
xac dinh [4, 5]:

2.2.2. Lya chon quat tang dp
Quat ting ap duoc trang bi cho hé thong hoan luu
khi thai vé6i chirc nang cép luong khi thai can thiét

theo thiét ké vao ctra nap dong co, tao duoc &p suat
phu hop va dam bao duoc do bén, do tin cay.

Trén Bang 2 1a nhitng théng s6 ki thuat yéu cau ddi
VOi quat ting ap khi thai hoan luu cip vao dong co.
2.3. Két qud thir nghiém va binh lugn

Sau khi tinh toan, hé thong hoan Iuu khi xa duoc
ché tao, lap dat trén dong co va chay thir nghiém Vi
hai loai nhién liéu DO va FO ¢ diéu kién binh thudng
(khong c6 hoan luu khi xa) va ¢6 hoan luu khi thai véi
ty 1& khi thai hoan luu 1a 20%, & cac ché do tai khac
nhau (50%, 75% va 85% tai) [1]. Hé thong thir nghiém
dong co 6LU32 trén bé thir voi phanh thir tai, hé théng
giam sét khi thai cua hang AVL (Cong hoa Ao) va thiét
bi do TESTO 350 (M¥) [1]. Két qua thu duogc thé hién
trén Bang 3 va Bang 4.

Bdng 2. Thong sé ki thudt cia quat ting 4p [1, 3]

Théng s6 ki . L
TT Giatri Ghi chu
thuat
. 1500 - 2000
1  Nang suat
m3/h
2 Apsuit Max. 1,4 bar
Nhiét do cong
3 ) 160°C
tac
. Thép céc
4 Vvatliéu
bon
. Khéng
5 Dong co dién .
tao tia lta

Tiéu chuan phat thai khi NOx dugc qui dinh tai
Phu luc VI (MARPOL 73/78) &p dung cho dong co
diesel thuy 6LU32 duoc cu thé hoa nhu trén Bang 5.
Céc két qua thir nghiém vé phat thai khi NOy duoc
so sanh, danh gia trong hai truong hop st dung nhién
ligu DO va FO duoc thé hi¢n trén biéu do Hinh 3 va
Hinh 4 [3].
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Bdng 3. Két qud phat thdi khi si dung nhién ligu DO

Nhién ligu DO
Thong sb phat Ché db tai /vong quay (EGR 0%)
thai 509%6/238v/ph 75%/273v/ph 859%/300v/ph
mg/Nm?® mg/kW.h mg/Nm3 mg/kKW.h mg/Nm? mg/kKW.h
NOx 1702 1458 6926 5935 10371 8887
Nhién ligu DO
Thong sb phat Ché db tai/vong quay (EGR 20%)
thai 509%6/238v/ph 75%/273v/ph 859%/300v/ph
mg/Nm?3 mg/kW.h mg/Nm? mg/kW.h mg/Nm?3 mg/kW.h
NOx 1058 906 4144 3525 6523 5559
Bdng 4. Két qud phat thdi khi si¢ dgng nhién ligu FO
Nhién liéu FO
Thong sb phat Ché do tai/ vong quay (EGR 0%)
thai 50%/240v/ph 75%/275v/ph 85%/300v/ph
mg/Nm3 mg/kKW.h mg/Nm?3 mg/kW.h mg/Nm?3 mg/kW.h
NOx 1650 1414 5910 5064,7 11015 9439,8
Nhién li¢u FO
Thong s6 phat Ché d¢ tai / vong quay (EGR 20%)
thai 50%/240v/ph 75%/275v/ph 85%/300v/ph
mg/Nm? mg/kW.h mg/Nm? mg/kW.h mg/Nm? mg/kW.h
NOx 1181 1012 4271 3660,2 6308 5406
Bdng 5. Tiéu chudn phat thdi khi NOx ddi véi déng co 6LU32 [6]
Vung khai thac Tiéu chuan phat thii NOx Thei gian ap dung
mg/Nm? mg/kW.h :
Vung bién chung 13430 11510 Tu 2011
Ving bién dic biét (SECAs) 4320 2008 Tu 2016
O mg/kow.h) O, [mgfkw.h)
11000 11000
10000 10000
- -
2000 chung _— chung
oo 000
5000 W DO EEGRO% G000 B FOREGRO%
000 | B DO & EGR0Y 5000 N FO&EGR2Y
2000} 4000 |
3000 | 3000 |
2000} E\ 2000 viing bién
1000 LI e it w00 Il dicbict
S0% 18 5% tai £5% 13 Gidi han 50% t 5% tai 85% tal Gidrihan

Hinh 3. Mdrc dg giam phét thdi NOx khi ddng co siv
dung ddu DO va ty | hodn lwu khi thdi 20%

Hinh 4. Mdrc dg giam phét thdi NOx khi déng co siv
dung ddu FO va ty 1¢ hoan lieu khi théi 20%
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Két qua thir nghiém cho thiy mac do phat thai
NOxy khi dong co 6LU32 str dung nhién liéu DO va FO
V6i ty 1¢ hoan Iuu khi thai 20% giam dang ké so véi
khi khong &p dung hoan luu khi thai va nho hon kha
nhiéu so véi tiéu chuan phat thai & viing bién chung.

3. Két luan

Két qua thiét ké lap dat va thir nghiém hé thong
hoan Iuu khi thai (EGR) cho dong co 6LU32 c6 thé
khang dinh viéc ap dung giai phap hoan luu khi thai
cho dong co tau thay va két hop véi cac giai phap khac
nhu lap dat thap hap thu SOy, NO, hé thdng tron
nhién liéu nhii twong,... mang lai hiéu qua rd rét vé
viéc giam thiéu phat thai khi doc hai do dong co diesel
tau thuy gay ra, gép phan thyuc hién phu luc VI Cong
uée qubc té MARPOL 73/78 nham bao vé méi trudng
bién. Dac biét 1a khi dong co sir dung hoan Iuu khi
thai ty 18 ERG = 20% v&i nhién liéu DO va FO & cac
muc tai 50%, 75%, 85% déu thap hon tiéu chuan &
viing bién chung. Con ¢ ving bién dac biét can két
hop nhiéu bién phap so cap va thi cip thi méi dat
duoc tiéu chuan quy dinh. Viéc thiét ké, lap dat hé
thdng véi céc thiét bi bo sung khdng qua phac tap.
Tuy nhién day méi chi 1a nhitng két qua budc dau,
dugc thuc hién trong phong thi nghiém, dé c6 thé trién
khai &4p dung cho d6i tau thi can tién hanh thir nghiém
thuc té nhiéu hon nita, ddng thoi can 6 sy danh gia
toan dién vé cac chi tiéu kinh té - nang lugng cua dong
co cung cac chi tiéu phat thai khac. Trong thoi gian téi
nhom nghién ciru s& hudng tGi viéc thir nghiém trén
mot s6 tau cu thé, dé tir d6 co thé dua ra nhitng danh
gia chinh xac hon.

HOI NGHI KH&CN CO KHi - PONG LIPC 2021

TAI LIEU THAM KHAO

[1] Pang Vin Uy va nhém nghién ctru. Xay dung 16
trinh va giai phap xa ly khi déc hai trong khi thdi
dong co diesel thity ddp ¥ng yéu cau Ciia cong wéc
quoc té MARPOL cho dgi tau bién Viét Nam, Dé
tai nghién cau khoa hoc cip B, Mi sb:
MT171002, 2017.

[2] Trung tdm Nghién ctru hé dong luc tau thay, Khoa
May tau bién. Ho so k5 thudt déng co HANSHIN
6LU32.

[3] Pham Xuén Duong (chu bién) va céc tac gia, Ky
thugt x:z ly khi thai gay 6 nhiém tir dong co diesel
tau thuiy dap ung Phu luc VI, Cong wéc MARPOL
73/78, NXB Khoa hoc va Ky thuat, 2021.

[4] MAN Diesel & Turbo. Basic Principles of Ship
Propulsion. Denmark 2013;

[5] MAN Diesel & Turbo; Exhaust Gas Emission
Control Today and Tomorrow. Copenhaghen,
Denmark, 2013.

[6] T6 chirc Hang hai quéc té (IMO), NOy Technical
Code, 2008.

Ngay nhan bai: 25/6/2021
Ngay nhan ban sta: 03/8/2021
Ngay duyét dang: 09/8/2021

SO DAC BIET (10-2021)



