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Tom tat:
Bai bao gidi thiéu két qua nghién curu tinh todn, thiét ké va ché tao hé théng hoan luu khi
thai cho déng co diesel HANSHIN 6LU32 thuéc Trung tam nghién ctru hé déng luc tau
thdy - Khoa M&y tau bién, gidm thiéu phat thai khi NOx trong khi thai cta dong co dép img
Phu luc VI Céng wéc Marpol 73/78.
Terkhoa: Hé théng hoan lwu khi thai, déng co diesel, phét thai khi NO,, Céng wéc Marpol 73/78
Abtracst:
The article introduces the results of research on calculation, design and manufacture of
Exhaust Gas Recirculation system for diesel engine HANSHIN 6LU32 in the Research
Center of Marine Propulsion Plan to reduce NOx emission in the exhaust gas to meet Annex
VI of the Marpol 73/78 Convention.
Key words: Exhaust Gas Recirculation System, diesel engine, NOx emission, Marpol 73/78...
I. Pat van dé

M6t trong cac bién phap kha hiéu qua va dwoc ap dung nhiéu trén thwc té nham lam gidm
phat thai khi NOx clia déng co diesel la §G’ dung cébng nghé hoan Iwu khi thai - Exshaust Gas
Recirculation (EGR). Tuy nhién, viéc tron 1an va kieém soat ty 1€ khi thai hoan lwu nhw thé nao lai la
van de khong don gian. B&i vi mot khi tai ciia dong co thay dbi bat thuweng, nhéat thiét phai duy tri
dwoc ty & khi thai hoan qu,én dinh, hon nira mire d6 dong thé gitra khong khi nap va khi thai hoan
Iwu cling la mét trong cac yéu to quyét dinh chat lwgng lam viéc clia dong co diesel.

Viéc nghién ctru thiét ké va tao ra thiét bi nhdm hoa tron khong khi va khi thai hoan luvu mét
cach tét nhéat trivo'c khi nap vao dong co la viéc hét strc can thiét, va viéc kiém soat ty 1& khong khi -
khi thai hoan Iwu cling la nhiém vu _khong kém phan quan trong. Trén thuc té, nguoi ta da tao ra
nhiéu loai hé thdng khac nhau dé cép khi thai hoan Iwu vao dong co nhw: hé thong ap suét cao, ap
suét thap, cap vao ctra hat cla may nén tang ap, cép vao phia sau may nén.. Mbi mot gidi phap cap
khi thai hoan lwu vao déng co déu cq nhirng wu nhwoc diém khac nhau, vi t,he phu thudc vao loai
dong co, nhién liéu st dung, cong suat déng co, ma ngwdi ta Iywa chon hé thong thich hop.

Giai phap dwoc ap dung dé xt ly va tinh toan thiét ké ché tao cho déng co HANSHIN 6LU32,
Trung tam nghién ctru hé dong Iwc tau thiy - Khoa May tau bién la gidi phap cap tryc tiép khi thai
hoan Iwu vao ctra hut clia may nén tua bin tdng ap
2. Noi dung
2.2.1. Lwa chon giai phap tron khdng khi sach va khi thai hoan lwu

Trén thyc té, co thé tién hanh hoan lwu khi thai cho déng co diesel theo hai phwong phép:
hoan Iwu khi thai sau may nén tang ap voi voi phun kiéu éng venturi va hoan Iwu khi thai vao cira
hat cia may nén tang ap. Trong do, gidi phap dwoc Iwa chon la hé thdng ap suat thap. Giai phap
nay c6 nhirng wu diém sau:

- Khi thai hoan lwvu dwoc cap chi dong théng qua ng dung quat tdng ap;

- Giai phap nay thich hgp di voi cac dong co' cong suét Ion, can cap mét lweng khi thai hoan
Iy twrong doi 1&n;

- Hé théng c6 ciu tao don gian, dé ché tao va dé bao quan;

- C6 thé kiém soéat dwoc lwong khi hoan lwu mét cach chinh xéac.

Tuy nhién, bén canh nhirng wu diém trén, can dac biét lwu y vé van dé 1am ban canh ctia may
nén tang ap trong qua trinh khai thac do chét lwong cla khi thai khéng ddm bao. Phwong phap cap
khi thai hoan Iwu vao clra hdt cda may nén la g|a| phéap céng nghé twong dbi don gian. Theo phuong
phép nay, khi thai hoan lwvu dwoc dan dén va cap ngay vao ctra hat ciia may nén tang ap. Tai day,
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khong khi sach cung véi khi thai hoan lwu dwoc tron véi nhau va tang ap trwéc khi cdp vao dong
co.

1500000

Ong gop khinap |

!

Hinh 1. Sor d6 hé théng hoan lwu khi thai vao may nén tang ap [1]

1- Doéng co Hanshin 6LU32; 2 - Tua bin tdng ap; 3- Van trich khi xa; 4- Thap loc SOy; 5 - Phin
loc khi x3; 6 - Ap ké; 7 - Po Iuu luong khi xa; 8 - Bau lam mét khi téng 4p; 9 - Cidra cép khi x4 hoan
Iy ; 10 - Khdng khi vao may nén khi TA; 11- Quat khi x& hoan lwu

Trén Hinh 1 trinh bay so dd nguyén ly clia phwong phap cap khi thai hoan lwu vao trwdc may
nén tang ap dong co HANSHIN 6LU32 . O trwéng hop nay, khi thai sau khi dwoc xt ly & thap loc
khi thai (4), dwoc lam sach tai phin loc (7) sé& dwoc quat (11) day téi hoa tron véi khdng khi (10)
trwéc khi vao may nén cda tua bin tadng ap (2), sau khi tang ap, hdn hop sé dwoc lam mat tai bau
lam mat (8) trwéc khi cp vao clra nap ctia dong co (1). Van dé hoa trén khong khi véi khi thai hoan
lwu va kiém soét ty 1& khi thai hoan Ilwu trong hén hop dwoc do dac bang ap ké (6), lwu lwong ké (7)
va phan phdi vao may nén tang ap bang thiét bj (9) .

Hé théng hoan lwu khi thai dwoc thiét ké, ché tao va lap dat hoan chinh trén dong co HANSHIN
6LU32 dwoc thé hién trén Hinh 2 [2]

1. Ctra hut cda mdy
nén tdang dap

2. Cura cAp khi thai
hoan lwu

3. Van diéu chinh luvu
lwgng khi théi

4. Quat tdng dp khi
thai

5. Pwong dén khi théi
hoan lvu

6. Thdp loc khi théi

w »h OO

Hinh 2. Hé théng hoan lwu khi thai trén dong co’ 6LU32
2.2.2.Tinh toan thiét ké hé théng cap khi thai hoan lwu

Thuc té, hé théng cép khi thai hoan lwu vao cira nap clia dong co diesel la hé thong khong
phtrc tap. Qua trinh tinh toan thiét ke, quan trong nhat do la tinh dwgc dwong kinh dwdng ong dan
khi thai tai st dung dén clra nap cla may nén tang ap; Sau do la Iya chon dac tinh ki thuat cla quat
tang ap (nang suat va ap suat tang ap) va sau cung la van bwém, lvu lwgng ké.

Dé tinh toan, thiét k& hé thdng cap khi thai hoan lwu vao may nén ting ap dong co diesel
HANSHIN 6LU32, dwa trén co s& ki thuat sau day:

Lwu lwong khi thai hoan lwu tr 20-30%;
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Lwu lwong khi sach I&n nhat theo yéu cau 1a 4701,79m3/h;
Puong kinh 6ng dan khi nap t&» may nén dén bau sinh han 1a 158mm
Céc thoéng sb ki thuat ctia dong co' (Bang 1):
Béng 1. Cac théng sé ky thuat co ban ciia dong co HANSHIN 6LU32 [2]

STT Cac thong sé Gia tri
1 Dong co HANSHIN 6LU32
2 Sé xi lanh i=6
3 Vong quay dinh mirc N = 340 v/phuat
4 Coéng suat dinh mirc Ne = 1300HP/970kW
5 DPuwdng kinh xi lanh B =320 mm
6 Hanh trinh piston S =510 mm
7 Tbc dd trung binh piston W =5.78 m/s
8 Ap suét chay I&n nhat P, = 90 kG/cm2
9 Géc phun sém 11° trwvée BDCT
10 Suét tiéu hao nhién liéu ge = 2009/kW.h

1.Tinh toan dwong kinh 6ng dan

Viéc thiét ké va ché tao hé thong cap khi thai hoan lwu vao clra hit may nén dwoc bat dau tir
tinh dwong kinh cta dudng ong cap khi thai nay. Phuong phap tinh don gian nhat chinh la tinh theo
ty 1é gitra Iwu lwong khi thai hoan Iwu va tong lwu lwong khi nap vao déng co [3]:

MEecr

100 (€]

EGR[%]=
Mnap
Vi thiét ké co thé st dung dén 30% lwong khi thai hoan lwu, thi theo cong thirc trén sé tinh
duwoc lwgng khi thai hoan can thiét:
Mecr = 30%.Mnap 2)
Thay sb vao sé cé: mecr = (30/100). 4701,79m3/h = 1410,537m3/h
Vay dwong kinh éng dan khi thai lwu hdi nhuw sau:

2 2
dEGR=1/d?l =1/1538 =91,22 mm. (3)

2.Lwa chon quat tang ap
Quat ting ap duoc trang bi cho hé théng cap khi thai hoan Iwu véi chirc néng: cap luvong khi
thai can thiét theo thiét ké vao ctra nap dong co; tao dwoc ap sut phu hop va ddm bao dwoc do
bén, d6 tin cay. Trén Bang 2 1a nhirng thong sb ki thuat yéu cau dbéi véi quat tdng ap khi thai hoan
Iu vao dong co diesel HANSHIN 6LU32.
Bang 2. Théng sé ki thudt cla quat téng ap[1]

STT | Cac théng sbé ki thuat Gia tri Ghi chu
1 Nang suéat 1500 - 2000m3/h
2 Ap suat Max. 1,4 bar
3 Nhiét d6 céng tac 160°C
4 Vat liéu Thép cac bon
5 Mo to Khong tao tia Itra

2.2.3. Két qua thir nghiém

Sau khi tinh toan, ché tao hé théng hoan Iwu khi xa, 1ap dat trén dong co' va chay thir nghiém
vGi hai loai nhién liéu DO va FO véi hai hon hop la 0% va 20% khi thai hoan Iwu, v&i cac ché do tai
khac nhau. Két qua thu dwoc thé hién trén Bang 3 va Bang 4
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Bang 3. Mirc phat thai NOy khi si&¥ dung DO [1]

Nhién liéu DO
Théng s6 Ché db tai va EGR0%
phat thai 50% 75% 85%
mg/Nm?3 mg/kW.h mg/Nm3 mg/kW.h mg/Nm?3 mg/kW.h
NOx-NO2 1702 1458 6926 5935 10371 8887
Nhién liéu DO
Théng s6 Ché d6 tai va EGR20%
phat thai 50% 75% 85%
mg/Nm?3 mg/kW.h mg/Nm3 mg/kW.h mg/Nm?3 mg/kW.h
NOx-NO2 1058 906 4144 3525 6523 5590
Béng 4. Murc phat thai NOy khi str dung FO
Nhién liéu FO
Théng s6 Ché d6 tai va EGR 0%
phat thai 50% 75% 85%
mg/Nm3 mg/kW.h mg/Nm3 mg/kW.h mg/Nm?3 mg/kW.h
NOx-NO2 1650 1414 5910 5064.7 11015 9439,8
Nhién liéu FO
Théng s6 Ché d6 tai va EGR 20%
phat thai 50% 75% 85%
mg/Nm3 mg/kW.h mg/Nm3 mg/kW.h mg/Nm?3 mg/kW.h
NOx-NO2 1181 1012 4271 3660,2 6308 5406

Tiéu chuan phat thai khi NOx duwoc qyi dinh tai Phu luc VI (Marpol73/78) ap dung cho déng
co diesel thdy HANSHIN 6LU32 dwoc cu thé hda nhw trén bang 5.

Bang 5. Tiéu chuén phat thai khi NOx déi véi dong co HANSHIN 6LU32 [4]

Vung khai thac

Tiéu chuan phat thai NO,

Theoi gian ap dung

mg/Nm3 mg/kW.h
Vung bién chung 8,12/13,43 6,96/11,51 T 2011
Vung bién dac biét 1,44/4,32 1,24/2,08 Tw 2016
(SECAs)

Cac két qua thir nghiém vé phat thai khi NOx dwoc so sanh, danh gia dbi véi nhién liéu DO

va FO dwoc biéu dién trén biéu d6 Hinh 3 va 4 [1].

NOx (mg/kw.h)

NO (mg/kw.h)
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Hinh 4. Biéu db biéu dién phat thai NOx

Hinh 3. Biéu d6 biéu dién phat thai NO, ;
khi dgng co lam viéc véi dau FO

khi doéng co’ lam viéc véi dau DO
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Két qua thtr nghiém cho thay: ndng do phat thai khi doc hai NOx khi dong co HANSHIN 6LU32
str dung nhién liéu DO va FO véi ty 1& hoan Iwu khi thai 20% giam dang ké so v&i khi khéng siv dung
hoan Iwu khi thai va nhd hon kha nhiéu tiéu chuan phét thai & viing bién chung

3. Két luan:

P'<ét qué thir nghiém l&p dat hée théng hoan Iwu khi théi’(EGR) cho déng co H/-\NSHIN 6LU32
cho thay néu giai phap nay dwoc st dung t[én tau thay va két hogp thém véi mot so6 gidi phap khac
nhw s dung thap hap thu SOx, NOx, hé thdng trén nhién liéu nhi twong...mang lai hiéu qua rd rét
cho viéc giam thiéu phét’ thé}i khi doc hai do d‘cf)ng co dieessel tau thdy gay ra, gop phan thyc hién
phu luc VI Céng wéc qubce té Marpol 73/78 nham béo vé mai trwong bién.
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MOQT SO BIEN PHAP NHAM GIAM LUQNG PHAT THAI NOx TRONG KHI
XA CUA PONG CO DIESEL

MOT SO BIEN PHAP NHAM GIAM LUQNG PHAT THAI NOx TRONG KHi
XA CUA DONG CO DIESEL

NGUYEN TRi MINH, NGUYEN TRUNG CUONG
Khoa May tau bién, Trwong Dai hoc Hang hai Viét Nam

Tém tat

BG ludt vé céc chét phat thai trong khi xa dong co da dugc ap dung cho tat ca cac ngénh ché
tao dong co hang nang (dong co tau thuy, van tai va céng nghiép), do dé yéu céu tat cé cac
nha méy ché tao doéng co phai tuén theo viéc gidm luong phat thdi NOx va cac chét phat thai
khéc trong khi xa dong co. Bai viét nay phén tich mot cach tém tét mét sé phuong phép bao
gdm c3 thi nghiém, dw bao va thdo ludn vé céc két qua thi nghiém trén déng co 6 xilanh
RK215 dé kiém tra dnh huéng cla cac phuong phép da duoc tién hanh thi nghiém dén viéc
gidm phat thai NOx trong khi xa cua déng co.

Asctract

Challenging emissions legislation introduced in all application sectors for heavy duty engines

(Marine, Traction and Industrial) requires manufacturers to comply with the decreasing levels

of NOx and other exhaust emission species. This paper will briefly explain the methodology

used both in experimental and predictive techniques and discuss the results achieved based

on the 6 cylinders RK215 engine to examine all influencing methodology on NOx control.

DPat van dé

Trong nhi*ng ndm gan day van dé bao vé moi trudng dwoc hau hét cac nudc trén thé gidi
quan tam. Nhiéu nha khoa hoc néi tiéng thé gi¢i da tién hanh nghién ciru viéc gidm cac phét thai
doc hai trong khi xa cla déng co dé phu hop véi bd luat chéng phét thai khi doc hai cta déng co
dét trong. Mét trong nhirng thanh phan phat thai déc hai tr ddng co’ dbt trong dwoc dac biét quan
tam nghién ctru la ham lweng phat thai NOx. NOx dwoc hinh thanh do phan (rng héa hoc xay ra &
nhiét do cao gitra Ni-to' va O-xy c6 sén trong khdng khi. Nhiéu nghién clru da chi ra rang, viéc hinh
thanh NOx chul yéu xay ra & nhiét do trén 12000C va nhiét dd cang cao thi viéc tao thanh NOx cang
nhiéu Vi vay, dé giam lwong phat thai NOx trong khi xa ctia déng co' dét trong néi chung nhét thiét
phai gidm nhiét dd chay cwc dai trong budng dét dong co. Ddi véi cac dong co Diesel, bién phap
don giadn nhat d& gidm nhiét do chay cuc dai trong budng dbt dong co Ia diéu chinh gidm géc phun
s&m nhién liéu. Tuy nhién, viéc diéu chinh nay sé lam gidm tinh thwong mai cta déng co do hiéu
suét nhiét cia dong co gidm. Qua trinh chay xau di, ham lwong cac hat ran trong khi thai tang, do
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do sé khong dat dwoc muc tiéu dé ra. Vi vay, nhiém vu ctia cac cong trinh nghién ctvu 1a phai tim ra
cac phwong phap diéu chinh qué trinh chay c6 thé gidm dwoc ham lwong NOXx va ting hiéu suét
clia ddng co. C4c bién phap dwoc nghién ctru cé thé 1a viéc thay dbi két ciu cac chi tiét cta dong
co tham gia vao qua trinh chay, ké ca két cAu cac chi tiét ctia hé théng cung cép nhién liéu cing véi
viéc diéu chinh qui luat cung céap nhién liéu cho déng co. Két cau buéng dét anh huéng dang ké dén
muoc do Chuyen dong cua dong khi nap trong xilanh dong co va do dé anh hwo’ng dén qua trinh
chay, két qua la nd anh hwéng rat Ion dén Iuo’ng NOx trong khi thai. Muc dich cua viéc thay doi két
céu budng dét 1a ting cwong Chuyen doéng xody léc cta khi nén trong xilanh déng co’ nham tang
chét Iwo’ng hoa trén gitra khdng khi va nhién liéu dé tang chat lwong qua trinh chay. Quan trong nhat
la pha| giam dwoc nhiét do khi chay trong Xilanh dong co, trong khi van duy tri dwoc cong suét va
gidm suét tiéu hao nhién liéu. Téc dd chuyén déng ctia hdn hop khi trong xilanh déng co sé lam cho
tbc d6 hoa tron gitra nhién liéu va khong khi nhanh hon va sé rat ngan duoc thdi gian chay. Tang
goc phun sém lam cho thdi gian chuén bj chay tang, lwong nhién ligu phun vao trong giai doan
chudn bj chay tang dan t&i lam tang téc do tang ap suét, qua trinh chay “ctng”, 4p suét va nhiét do
khi chay trong xilanh déng co tang va hau qua cula viéc tang géc phun sém la lam tang ham lwong
NOx va tang tiéng dn cta déng co. Gidm goc phun sém la bién phap gidm ham lwgng NOXx trong
khi thai c6 hiéu qua, nhwng céc hat ran, ham lwong HC trong khi thai tdng, suét tiéu hao nhién liéu
tang. Hinh dang va téc dé cta chum tia nhién liéu ciing cé anh hwéng Ién dén qua trinh chay va
lwgng phat thai NOx cling nhw mét sé phat thai khac trong khi xa cia dong co. Théng thwong tée
d6 ban dau cdia chim tia nhién liéu anh hwdng nhiéu dén téc do hinh thanh NOXx, cac hat ran va
suét tiéu hao nhién liéu. Vi vay, néu glam goc phun sém aé glam ham lwong NOX, thi can phai tang
tc d6 phun clia chum tia nhién liéu d& gidm cac hat ran va glam suét tiéu hao nhién liéu. Sy phan
bd nhién liéu trong qua trinh phun ciing anh huéng rat Ién dén ham lweng NOX, gidm lwong nhién
liéu phun vao trong giai doan chuén bj chay lam cho th&i gian chuén bi chay ngén hon lam giam ap
suét va nhiét do cta khi chay trong xilanh trong giai doan chay sém. Sau day chung ta sé danh gia
anh hwéng cla tirng yéu td dén viéc hinh thanh NOx trong khi chay ctia déng co.

Ap suét phun nhién liéu.

Ap suét phun nhién liéu ting trong khi géc phun sé&m khéng thay dbi lam cho &p suét khi chay
trong xilanh ting. Do lwgng nhién liéu va duong kinh 16 phun khéng thay déi do d6 téc do cla tia
nhién liéu tdng. Do t&ng &p suét phun, nén toc d6 tod nhiét trong giai doan chay dau tién ting (Hinh
1.

I
40
I e EL
IRl
- T r——sto%

Heai relems e rake [Mdeg. CA)

- B
SoERacd LALA A

] a0 380 406 4m ECE S AR
Crank Angla [dez.)

Hinh 1- Téc do toa nhiét & tirng gia tri ap suat phun nhién liéu khac nhau.

Két qua la ap suat va nhiét do cla khi chay trong xilanh tang (Hinh 2). Do d6 lwong phat
thai NOx tang. Suat tiéu hao nhién liéu dwgc cai thién do cong suat ciia dong co tang.
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Hinh 2- Nhiét dé cta khi chdy trong xilanh tng vé&i tieng gid tri 4p suat phun nhién liéu khac
nhau
Nhiét'd(f) khi chay trong g(ilanh tang lam cho toc do bay hoi clia nhién Iiéu'nhanh hon va thoi
gian chay ngan hon. Vi vay muoén gidm lwong phat thai NOx thi phai gidm ap suat phun nhién liéu.
Th&i diém phun nhién liéu.
Khi ap suat phun ting 35% thi &p suét khi chay trong xilanh vwot qua gia tri cho phép. Khi
do goc phun sdm giam 49 thi sé duy tri dwoc ap suat khi chay trong xilanh. Do gidm géc phun sém

nén qua trinh chay s& cham lai, két qua 1a ap suét va nhiét d6 cla khi chay trong xilanh gidm (Hinh
3a, 3b).
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. ' Retarded timing
i -
% Lan -
] iy
-M &0 __,f
7
(]
40 --\‘1‘"‘
X th"'-u____‘_____-_-_-—
S—
'T’cn'l 350 350 400 410 440 50 A

Craok A=zls [deg.]

Hinh 3a- Ap suét khi chdy trong xilanh déng co’ (rng véi cdc thei diém phun nhién liéu khdc
nhau
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Hinh 3b- Nhiét d6 khi chdy trong xilanh déng co trng véi céc thoi diém phun nhién liéu khéc

Do nhiét d& cla khi chay trong xilanh gidm nén téc d6 hinh thanh NOx gidm, nhung suét
tieéu hao nhién liéu tang. V&i viéc giam goc phun sém 4° lwgng phat thai NOx gidm 29%, nhwng suat
tieu hao nhién liéu tang 3,25%. Nhw vay viéc giam goc phun sém lam cho lwong phat thai NOx giam

Crank Angls [dag ]

nhau

dang ké nhwng suét tiéu hao nhién liéu ciing tang.

Goc cua chum tia nhién liéu phun

. Dé nghién clru anh hwdng géc ctia chum tia nhién liéu, ngudi ta tién hanh thi nghiém nhuw
sau: dau tién tang goc cua chum tia nhién liéu tir 140° den 150°, sau d6 giam xuong 130°, con cac
yéu to khac khong thay doi. V&i géc phun clia chum tia nhién liéu la 150° thi lwgng phat thai NOx

tang 18%, codn suét tiéu hao nhién liéu giam 4%.

i
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430

Hinh 4a- Ap suét khi chdy trong xilanh déng co’ trng véi céc gid tri goéc cua cham tia nhién

liéu khac nhau
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Hinh 4b- Nhiét dé khi chdy trong xilanh dong co’ (vng vé&i cdc gia tri géc cua chuam tia
nhién liéu khac nhau

Trong khi goc phun sém la 130° thi lwgng phat thadi NOx gidm 32%, con suét tiéu hao nhién
liéu tang 6,12%. Khi gidm goc clia chum tia nhién liéu thi lwgng khéng khi xam nhap vao 16i chum
tia nhién liéu it hon do do6 thdi gian hoa tron gilka nhién liéu va khdéng khi tang |én, qua trinh chay
di&n ra cham hon. Két qua 1a ap suét va nhiét do khi chay trong xilanh giam (Hinh 4) 1am cho lwong
phat thai NOx giam.

Diéu nay duoc giai thich Ia viéc hinh thanh NOXx rat nhay cam véi giai doan chay dau tién,
do giai doan nay anh huéng rat I6n dén cac giai doan chay tiép theo va do d6 né quyét dinh nhiét
dd cua khi chay trong xilanh. Con trong trdng hop tdng géc clia chum tia nhién liéu thi thoi gian
hoa trén gitra nhién liéu va khéng khi gidm, thodi gian chay cla nhién liéu gidm, nhiét dé khi chay I&én
nhét trong xilanh tdng do d6 lwong phat thai NOx ting, nhwng suét tiéu hao nhién liéu gidm.

Chiéu dai ctia dau voi phun trong buéng dét

Dé nghién cu anh hwdng cha chiéu dai cta dau voi phun trong budng dbt dén viéc hinh
thanh NOx ngu®i ta git nguyén két cu cla dau voi phun va chiéu dai ban dau cta dau voi phun
trong budng dét (phan nhé ra ctia dau voi phun trong budng dbt) Ia 2mm. Sau dé tang chiéu dai cia
d4u voi phun trong budng dét 1én 2,95mm véi goc clia chum tia nhién liéu la 140°thi anh hwéng dén
viéc hinh thanh NOXx ciing giébng nhw viéc gidm géc cla chum tia nhién liéu dén 130° (Hinh 5).
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Hinh 5 - Nhiét dé khi chdy trong xilanh déng co’ rng v&i céc gid tri chiéu dai cia dau voi
phun trong budbng doét khac nhau

Diéu nay dworc giai thich [a do mét phan nhién liéu bam 1&n bé mét dinh piston, nén qua trinh
chay cham hon, vi vay ap suét va nhiét do khi chay Ién nhét trong xilanh déng co gidm, két qua la
lwong NOx gidm 6%, nhwng suét tiéu hao nhién liéu tang 0,8%. Ngwoc lai khi gidam chiéu dai cta
d4u voi phun trong budng dét dén 1,95mm thi anh anh hwéng dén viéc hinh thanh NOXx ciing giéng
nhw viéc tdng géc clia chum tia nhién liéu dén 1500, do do6 ap suét va nhiét dd cha khi chay Ién nhét
trong xilanh tang, lwgng NOXx tang 1,8% va suét tiéu hao nhién liéu giam 0,48% (Hinh 4)

Puwéng kinh 16 phun.
Do lwgng nhién liéu va ap suét phun khong thay dbi nén khi tang dwong kinh 16 phun thoi
gian phun gidm con téc d cua tia nhién liéu tang. Trong trwdng hop ap suat phun khac nhau, khi

tang dwong kinh 16 phun téc d6 toa nhiét trong giai doan chay dau tién tang, dan téi dp suét va nhiét
dd cua khi chay I&n nhat trong xilanh tang (Hinh 6a, 6b).

150 :“"'-.. -1
160 IE:\\\\“
_ e e e R

% . f.'..__‘ \""-..,.‘H\;:m 0%

& / ) ™~ -8%

e

340 360 i 400 &0 440 450 &80
Crank Angla [deg ]

Hinh 6a — Ap suat khi chdy trong xilanh déng co rng véi céc gia tri dwong kinh 16 phun
khéc nhau
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Hinh 6b - Nhiét d6 khi chdy trong xilanh déng co’ teng véi céc gia tri dwong kinh 16 phun
khac nhau

Do la nguyén nhan lam cho lwvgng NOX tang 11%, suét tiéu hao nhién liéu giam 1,84%.
Nguwoc lai néu dwong kinh 16 phun nho dan toi toc d6 toa nhiét, ap suat va nhiét dé khi chay trong
xilanh gidm, két qua lam lwvgng NOx giam 17,5%, suat tieéu hao nhién liéu tang 3,15%

Hinh dang dinh piston

Theo thiét k& ma&i thi khoang céach tir voi phun dén dinh piston ngén hon trwdc day. Dinh
piston cling dwoc thiét ké lai sao cho khi nén chuyén ddng rdi loan hon, qué trinh hoa trén gita
nhién liéu va khoéng khi nhanh hon lam cho lwgng NOx gidm, nhwng hiéu suét nhiét cla dong co
tang. Diéu nay cé nghia la chiéu dai chum tia nhién liéu ngén hon, dién tich tiép xdc gitra nhién liéu
va khong khi gidam. Do dé qua trinh chay & giai doan dau dién ra cham hon lam cho ap suét va nhiét
dd chay 16n nhét trong xilanh giam (Hinh 7).
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Hinh 7 - Nhiét d6 khi chdy trong xilanh déng co khi thay déi cdc théng sé
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Két qua la giam dwoc lwong NOx 19,5%, nhwng suét tiéu hao nhién liéu ting 2,3%. Khi ap

suat phun tang lén 35%, goc cua chum tia nhién liéu la 130° thi tbc do cla tia nhién liéu tang va khi
do mét phan nhién liéu cham |én dinh piston, do d6 lwgng NOx gidm 1,3%, suat tiéu hao nhién liéu
tang 6,1%.

Két luan

1-Cac phuwong phap trén da dat dwoc muc tiéu gidm NOXx trong khi thai ctia déng co va dap

&ng dwoc yéu cau cla luat chdng 6 nhim méi trudng khong khi ctia Td chire Hang hai Quéc té.

2- Cac phuwong phap cho phéep glam duoc lwong NOx va nang cao hiéu suét nhiét cho dong

co la: tang cao ap suét phun nhién liéu, giam goc phun sém, giam dwong kinh 16 phun, dong thoi
tang sd 16 phun, gidm goc ctia chum tia nhién liéu va dung piston cé thiét k& hinh dang dinh phu

hop.

[2]
[3]

[4]
[5]
[6]

[7]
[8]

[9]
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XAY DUNG GIAO CY TRY'C QUAN VE HE THONG BAO DONG, BAO VE AP
LUC DAU BOI TRON THAP CHO DONG CO DIESEL LAI MAY PHAT DIEN
TREN TAU THUY TAI TRUNG TAM THYC HANH THi NGHIEM MAY TAU

BUILDING A TEACHING MODEL ON AUTOMATIC ALARM AND SHUTDOWN

SYSTEM WHEN LUBRICATING OIL PRESSURE IS LOW DOWN FOR

GENERATOR DIESEL ENGINE ON SHIPS AT CENTER EXPERIMENTAL

PRACTICE
TRUONG VAN DAO
Khoa M4y tau bién, Trieoong DHHH Viét Nam
*Email lién hé: truongvandao@yvimaru.ed.vn

Tom tat
Hé théng bao dong va bdo vé dong co diesel tau thiy cé vai tro quan trong trong viéc dam
bdo dong co hoat dong an toan, tin cdy. Bai bao trinh bay céc buéc co ban thiét ké mé phdng
céc churc ndng cho hé théng bao déng va bdo vé dong co diesel tau thay, khi ap lwc déu boi
tron gidm dén murc nguy hiém.

Abstract
Marine diesel engine alarm and protective system plays an important role in ensuring
operation of the engine safely and reliably. The paper presents basic steps in designing the
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simulation functions for the alarm and protective system of marine diesel engines, when the
lubricating oil pressure drops to a dangerous level.
Keywords: Pressure Lubricanting Oil

Pt van dé

Qua cong tac phdng van, dao tao va huan luyén thyc té cho thay, cac sT quan may tau bién
Viét Nam con nhiéu han ché vé ky nang ciing nhw kién thirc chuy@&n mon thyc té. Hau hét cac si
quan may con b& ngd chwa hiéu hét vai trd va chirc ndng cla hé théng bao dong va bao vé dong
co, dan t&i khi d@m nhan cac chire danh trén tau da bi co quan chinh quyén cang (Port State Control
-PSC) kiém tra bat 16i. Hon thé, nhiéu si quan chuwa biét quy trinh klem tra thir cac chirc nang cua
hé théng dan dén cac sy cd may dang tiéc da xay ra, gay thiét hai vé tinh mang va tai san nang né
cho cac chu tau. Do vay, nhém nghién cteu mudn xay dung mét giao cu tryec quan thue té cho cong
tac dao tao huan luyén k§ nang, nghiép vu cho thuyén vién dat hiéu qua hon. Bé thwc hién duoc
cbng viéc nay chung toi da thiét ké hé théng thir chirc ndng tw dong bao dong va bao vé ap lwc dau
bdi tron cho dong co diesel Daihatsu 8GK-20 tai Trung tam thye hanh thi nghiém May tau — Khoa
May tau bién- Trwong Pai hoc Hang hai Viét Nam, nham phuc vu cho coéng tac dao tao huan luyén
nang cao k§ ndng nghé cho sy quan may tau bién Viét Nam.

Thiét ké md phéng hé théng

bong co diesel Daihatsu 8GK-20 tai Trung tam thwc hanh thi nghiém May tau la déng co
diesel lai May phat dién trang bi trén tau bién. Do vay, hé théng canh béo an toan cho ap lwc dau
béi tron s& gom hai chirc ndng dé la: chire tw dong bao déng va chirc nang dirng déng co tw dong
khi &p lwc dau bai tron thap dwéi gia tri cai dat (ap lwe nguy hiém).

2.1.Xay dung so dé thut toan chire ndng bdo déng va bdo vé ap luc dau béi tron

Nhép thong sb:
- Ap luc dau LO muc bao dong;
- Ap Iwc LO muc bao vé

le
_ bongcor sai Ap lyc dau LO Pén béo su cb tht va coi
dang & trang thai hoat dong o aa (o an A A
giam t&i mirc bdo dong bao dong khong kéu
Ndc >=nkd
dung
Pén béo su ¢b it va coi Ap luc diu LO Chudng kéu va dén twong
bdo dong khong kéu giam t&i mirc bao vé (g sing nhap nhay
y done ha kh& h il
- Nhan nat khine di
Kéo thanh rang nhién liéu vé 0 an nut ane din
(cat nhién li¢u vao dong co)
. A,*, L, Dén cho lai sang binh thuong

Dén bao sy ?o sar{g va coi bao Vi cdi béo dong ngimg kéu

dong kéu

] Su ¢6 d3 duoc

Nhan nut Reset khic phuc
ding dung

Dong co trd lai trang thai binh Deén cho lai trang thai binh

thuong thuong (tat)

e |
v

LO: dau bdi tron (Lubricanting Oil); nac: Vong quay déng co; nka : Vong quay khai dong
Hinh 1. So’ d6 thuét toan bao déng va bdo vé
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Theo quy pham déng tau vé thép cla cac td chirc Dang kiém thi dong co diesel lai may phat
dién trén tau phai trang bi hé thdng bao ddng va bao vé dong co dé tranh nhirng hw hong va sy co
nghiém trong trong qué trinh khai thac tau. Mét trong nhirng théng sé quan trong dwoc canh bao dé
la &p lwc dau béi tron cho ddng co. Ap lwc dau béi tron dwoc canh bao bang hai mire dé 1a: bao
doéng va dirng dong co tw dong. [2]

Tuw doéng bao déng: Trong trwdng hop &p lwc dau bdi tron gidm dén mot gia tri nao d6 cé thé
sap gay nguy hiém cho déng co. Gia tri 4p lwc bao dong do nha ché tao dwa ra tly thudc vao tirng
loai ddng co. Tin hiéu cadnh bao bang 4&m thanh va dén hiéu dé canh bao cho nguoi khai thac biét
dé c6 phwong an x ly kip théi nham dem lai sy hoat doéng an toan cho déng co.

Tw dong dirng dong co: Sau khi tin hiéu bao ddng dwoc kich hoat néu ap lwe dau béi tron van
tiép tuc gidm dén gia tri cai dat, thi chirc nang tw ddng dirng dong co sé dwoc kich hoat va dong co
sé dirng tw ddong nham bao vé tranh pha hay céc chi tiét ctia dong co khi ap lwc dau bdi tron thap
t&i mire nguy hiém. Vi hai chirc nang ctia hé théng md ta nhw trén thi so dd thuat toan dé xay dwng
bai toan md phdng dwoc thé hién nhw hinh 1.

2.2.Xay dung mach logic bdo déng ap luc dau boi tron thap

e Cac tin hiéu vao:
x1: Tin hiéu &p luc LO thap
x2: Tin hiéu khéng dinh sy ¢cb
e Cac tin hiéu ra:
Z1: Tin hiéu lam cho dén bdo mét 4p lwc dau LO sang nhap nhay va chuéng kéu
Z>: Tin hiéu lam cho dén bdo mét &p lwc dau LO sang binh thuéng
e Bang gia tri that:
Béng 1: Bang mé ta chirc ndng bdo déng dp Iwec LO thap

X1 X2 Z1 Z>
0 0 0 0
0 0 0 0
1 0 1 0
1 1 0 1

Tl bang gia tri that ta c6 cac ham logic sau:

Z1=X1%5 (1)
Z2 =X1X2 (2

. X _
Tin hiéu &p lwc LO thap 1 \ Z1=X1X2
Tin hiéu khing dinh sy c8 —2 \ Zr=X1%)

Hinh 2. Mach logic bdo déng &p Iwc déu LO

2.3.Xay dung mach logic dirng déng co &p luc dau béi tron thap

Tin hiéu vao

x3: Tin hiéu ap lywc LO & mirc dirng déng co “shutdown”
Xa: Tin hiéu déng co dang hoat ddng (nac = nka);

xs: Tin hiéu Hoan nguyén “reset”

xe: Tin hiéu dirng sw cb trwdc dod

Zs: Tin hiéu dirng sy cb dong co, dén bao sw cb sang va coi kéu;
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C6 tin hiéu sw ¢ Zs khi: BPong co dang hoat dong va ap luc dau LO giam toi mure “Shutdown:’ hoac
dong co dang dirng vi tredc do da bi dirng sw co va nguwoi khai thac chwa nhan nut “Reset” dé hoan
nguyén hé thong.

Khi d6 ta c6é phwong trinh Logic sau:

Z3= X3Xa+ X, X5X6 3)

Tin higu ap e Lo & mic | X3

shutdown : ¥y
Tin higu dong co dang Ha :". LWt HXg

hoat didng T,
a%s g

Tin higu Reset }}{S—l—r. Hg

Hinh 3. Mach Logic dirng sw c6 déng co’ do dp Iwe dau LO thap

2.4.Chon phan t& thuc hién phép toan logic

T& mach logic tdng duwoc xay dwng & hinh 2 va hinh 3 ta ¢ thé xay dwng mach diéu khién
theo nhiéu phwong thirc khac nhau nhw co — khi nén, dién — khi nén, hay tham chi 1a dién — dién tc.
Tuy nhién theo nhw dinh hwéng ban dau, hé théng didu khién 1a hé thdng dién — khi nén. Bé thuc
hién diéu nay, ta chon loai tin hiéu cho cac bién trong mach logic nhw bang 2.

Bang 2. Lwa chon loai tin hiéu

STT | Tin hiéu vao Chirc nang Chen Ghi cha
tin hiéu
1. | xa Tin hiéu ap luc LO thap Dién Cam bién ap lyc
2. | x Khéng dinh sy ¢cb Co Nut nhan
3. X3 Tin hiéu ap lwc LO & mirc “shutdown” Dién Cam bién ap luc
4. X4 Tin hiéu déng co dang hoat ddng (n4c = nka); | Pién Cam bién vong quay
5. X5 Tin hiéu “reset” - hoan nuyén Co NGt nhan
6. | Xs Tin hiéu dirng sy cb trwdc do bién Cam bién ap luc

Sau khi phan loai bién logic, mach logic dwoc tach thanh mach dién va mach thuy lwc sau
do6 dwoc md phdng trén phan mém Automation Studio 5.0. Cac mach mé phong duoc thé hién giao
dién trén hinh 4, 5, va hinh 6. Viéc mbé phong nguyén ly lam viéc cta hé thdng sé giup giam thiéu
duoc cac sai sét trong khau thiét ké hé théng, dong thoi tiét kiém duoc thei gian cling nhw chi phi
cho qua trinh ché tao thir nghiém.

sD

ok L

D: ol 5 W

1. Nguén khi nén diéu khién; 2. Van truot didu khién 3/2:
3. Piston lrc diéu khién thanh rang nhién liéu

Hinh 4. Sor d6 mach thay luc dung sw cé déng co khi ap luc LO thép

2.5.M6 phdng hé théng
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) Trong khuan khé bai bao tac gia gioi thiéu tom tat cac bwdc md phdng chirc ndng clia hé
thong nhuw sau:

Khéi dong hé théng

- Cap nguén dién diéu khién cac dén chi b4o &p lwc diu bdi tron bdo ddng sang vang, dén chi bao &p
lwc dau boi tron dirng sang do, den ap luc khi diéu khién thap sang vang va coi bao dong kéu.

- Mé& van glo cap khi diéu khién (Air controller) &p lwc khi tang I&n hon 7 bar - dén chi bao ap lwc khi
diéu khién thap, sang vang tét.

- Khé&i dong bom dau béi tron ap lwc dau béi tron tang dan dat gia tri Ién hon 2.5 bar — dén chi bao
ap lwe dau boi tron thap mire dirvng dong co sang dé tat. Tiép tuc ap suat dau bdi tron tang I&n hon
3.0 bar thi dén chi bao ap suat dau boi tron mire bao ddng, sang vang tat va coi bao déng dirng kéu.

Thdé mé phdng cac chire ndng cda hé théng

- Khi diéu chinh &p lwc dau béi tron déng co dén ro le cdm bién ap suat dan gidm dan cho dén khi ap
lwc nhd hon 3.0 dén 2.5 bar (2.5 bar < PLo < 3 bar ) [1] dén chi b&o &p lwc dau béi tron thap séng
vang va coi kéu. > Chlrc néng tw dong bao dong ap lwc LO thap thanh céng.

- Tiép tuc diéu chinh ap lwc dau bdi tron gidm nhé hon 2.5 bar ( PLo < 2.5 bar ) [1]. Khi d6 dén chi
b&o ap lwc dau béi tron thadp mirc divng dong co sang dd, ddng thoi van trwot 2 (hinh 4) mé khi diéu
khién dén piston lwc 3 kéo thanh réng vé 0, dirng dong co diesel > Chdrc nang tw ddng dirng dong
co khi &p lwc dau béi tron thap thanh cong.

3. Kétluan

Bai bao da xay dwng so d6 thuat toan, mach logic va lwa chon cac phan tl thwc hién phép
toan logic tr d6 mé phéng thanh cdng chirc nang tw ddng bao dong va bao vé ap lwc dau béi tron
thap cho dong co diesl lai may phat dién trén tau thiy bang phan mém Automation Studio 5.0. Day
la giao cu trirc quan giup cho cong tac dao tao huan luyén thuyén vién, ST quan May tau bién Viét
Nam sé& dwoc nang cao hon vé k§ nang ciing nhw kién thirc chuyén mén thuc té.
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[2] Quy chuén K§ thuat Quéc gia, Quy pham phan cap va déng tau vé thép,QCVN 21:2010/BGTVT

NOI HO'l LIEN HQP PHU KHi XA ONG NU'G'C THANG DUNG HANG MIURA
TREN TAU VMU VIET — HAN
THE BIOLER CONJUGATE EXHAUST GAS WATERB PIPE VERNTICAL TO

MIURA COMPANY ON M/V.VMU VIET — HAN
PSG,TS. NGUYEN DAI AN
SV. NGUYEN DUY KHANH - MKT57PH
SV. NGUYEN TIEN HOC - MKT 57PH

SV. PONG DUY TRUONG - MKT57PH
Khoa May tau bién, Trwong Pai hoc Hang hai Viét Nam

Toém tat
Bai bao gi6i thiéu dac diém két céu, nguyén ly hoat dong va nhiing wu viét ctia néi hoi lién
hop phu - khi xa éng nuéc thang dirng thudéc hdng Miura trén tau huén luyén VMU Viét - Han.
Pay la ndi hoi két hop néi hoi phu va ndi hoi tan dung nhiét khi xa ctia déng co diesel chinh ,
Model: GK - 1428 - 500/400, gitp cho sinh vién bién hiéu biét kién thirc vé ndi hoi phu, ndi
hoi khi x& va ndi hoi lién hop. Béng thoi, gép phéan trong viéc huén luyén sinh vién nganh méy
tau bién trong qua trinh thuc tap vé céc trang thiét bj trén tau

Tor khéa: Noi hoi lién hop phu - khi xa, néi hoi éng nuéc thdng dirng, tan dung nhiét khi xa, nganh

méy tau bién...

Abtrast
The article introduces structural features, operating principles and the advantages of the
auxiliary boiler - vertical water tube exhaust of Miura company on the training ship VMU Viet
— Han. This is a boiler that combines a secondary boiler and a boiler that takes advantage of
the exhaust gas heat of the main diesel engine Model: GK - 1428 - 500/400, help marine
students to have knowledge of sub-boilers, exhaust boilers and combination boilers. At the
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same time, contribute to the training of marine engineering students during their internship on
ship's equipment
Keywords: Sub-combination boiler - exhaust gas, vertical water tube boiler, advantage of the
exhaust gas heat, marine engineering...
1. Patvan deé:

No&i hoi phu lién hop khi xa ong nuwéc thang dieng thudc héng Miura trén tau VMU Viét - Han
la ndi hoi két hop ndi hoi phu va ndi hoi khi x&, ndi hoi c6 ciu tao gon nhe, dé Iap dat, hiéu suét
cao, tan dung duwoc Ivgng nhiét khi xa tir dong co diesel mang lai hiéu qua kinh té cao, la ndi hoi
éng nwoc ding nén dé dang vé sinh, khéng doi hdi chat lwong nuwéc qua cao. Pac biét néi hoi phu
va ndi hoi khi xa c6 thé hoat dong ddc 1ap véi nhau, bd tro cho nhau va ciing cé thé 1am viéc song
song v&i nhau tly theo ché d6 khai thac ctia con tau ma van c6 thé cung cap di lwong hoi can thiét
dé& phuc vu cho con tau. N&i hoi dwoc I&p d&t trén tau huan luyén dam bao cung cép di lwong hoi
nwéc cho hé dong lwe va phuc vu sinh hoat cho hon 150 sinh vién va 50 s§ quan, thuyén vién, giang
vién di huén luyén dai ngay trén bién.

2. NGi dung:
2.1. Pac diém két cau cta ndi hoi phu tau VMU Viét — Han

N&i hoi phu cla tau VMU Viét - Han la loai Noi hoi lién hop phu - khi xa 6ng nwéc thdng
dlrng cla hang Miura thuéc Model: GK-1428-500/400.
2.2.2. CAu tao bén ngoai cta néi hoi (hinh1)

Tay vin
Ro le 4p suét néi hoi
Déng ho ap suét hoi
Thiét bj th6i mudi
Ctra vé sinh
Ctra khi xa déng co chinh vao
Cura khoi néi hoi khi xa ra
Ma cé dinh ndi hoi
Hop diéu khién mye nuéc
10. Ong thay
11. Van xa day

g L8 12. B4u ham nhién liéu
oy e R 13. Van ldy mau nwoc noi hoi

e 14. Cdra ra 6ng khoi néi hoi phu

CoNoOR~wNE

Hinh 1: Cau tao bén ngoai néi hoii [3]
2.1.2. C4u tao trong cta néi hoi (hinh 2)

No&i hoi lien hop phu khi x& 6ng nwéc ding hang Miura 1a sy két hop cta néi hoi phu éng
nwéc thang dng va ndi hoi khi xa éng nwéc thdng ding thanh ndi hoi co dang hinh try dat déng
(hinh 2), bén ngoai than ndi c6 boc cach nhiét (7) va I&p 4o 10 bang thép méng son nhii trang. Noi
hoi phu & bén trong ndi hoi khi xa, ching c6 chung. trng hoi (1) va tréng nwéc (2) hinh vanh khan.
Hai tréng ndi thdng v&i nhau béng cac 6ng nwéc thang dung (4). Nbi hoi phu c6 hai hang bng nwéc
thang ding (4a) dong tam tao ra khong gian buong dét & gitra va dwdng di cha khi 10 vao gitra hai
hang ong Thiét bi buong dét (9) bé tri phla trén cda tréng hoi (1) Ong khai (6) cta noi hoi phu duoc
b tri & bén canh than ndi, noi ¢é clra ra cta khi 16. Cac cum dng nwéc thang dirng (4b) cla ndi hoi

N6i san Khoa hoc Khoa May tau bién ~ Sé 40- 04/2021 19



khi xa bd tri hinh dé quat ddi xirng, ndi thong hai tréng véi nhau. Pwdng khi xa tr dong co diesel

vao (13) va khéi 16 ra (14) & phia ddi xteng [1]

Hinh 2: C4u tao bén trong cta néi hoi [3]

9)
1) | )
orl
- » L.TJ
\
13) ;—}—] Ui i \
2 NZITIT |
i
. i ]
‘\‘-w«-r F____Tr_
w1} esal
! 82
X
i~ Adi\ %
2 T ey T
12) 5)
1. Tréng hoi
3. CL}’a kiém tra
5. Tam cach nhiét
7. VO Qéch nhjét )
9. Thiét bj budng dot

11. Cdakiém tra
13.Ctra khi xa dong co’ chinh vao

2.2 Théng s6 cong tac cta n6i hoi ] ‘
Bang 1. Thong sb céng tac cua nbi hoi [4]

Tréng nuwoc
Ong nuwéc
Cra ra 6ng khoi néi hoi phu
. Théi muéi
10. Té&m cb dinh
12. L6 kiém tra
14. Cira khoi cta ndi hoi khi xa ra

© o AN

STT Théng s6 Pac diém Pon vi S6 lwong
1 | Tén ndi hoi BOILER MUIRA GK-1428-500/400 Noi hoi 1
2 | Chang loai NGi hoi lién hop phu khi xa 6ng - -
nwéc thang dang
3 | Ap suat hoi thiét ké - p« Hoi bao hoa MPa 0,69
4 | Ap suét hoi cong tac - p Hoi bdo hoa 4m MPa 0,59
5 Pong co chinh 6UEC 37LA3120kW x 210 Bong co 01
6 & 100% tai kg/h 26,700
Dung tich khi X& - Qx« & 90% tai kg/h 23,700
7 Nhiét do khi xa - Tx & 100% tai °C 243
& 90% tai °C 240
8 | San lwong hoi thyc té - D O ap suét 0,6Mpa Kg/h 450
O ap suat 0,59Mpa Kg/h 400
9 | Bé mét hap nhiét néi hoi phu H m? 18,7
10 | Tiéu thu dau nhién liéu Gnl Kg/h 38,2
11 | Nhiét tr thap ctia nhién liéu QH Kj/Kg 41,023
12 | Tdn théat ap suét cho phép Ap KPa 0,147
13 | Co6ng suét khi thai Nix Nm3/h 647
14 | Trong lwong clia nwéc ndi hoi Gn Kg 2210
15 | Trong lwong toan ndi hoi Gnh Kg 5800
16 Ngudn dién bién ap \Y 440
Tan sO Hz 60
17 Téng coéng suét dién Na KW 9,2
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2.3. Nguyén ly hoat ddng cua néi hoi [2]
2.3.1. Noéi hoi phu:

Khi déng co' dieesel chinh (May chinh - Main Engine) khéng hoat déng, dé cé hoi nwéc phuc
vu cac cdng tac nhw : ham nhién liéu, dau béi tron, hAm néng dong co chinh dé chuén bj khéi dong,
phuc vu cac nhu cau sinh hoat ctia thuyén vién va sinh vién, bao quan, ché bién thwc phadm...ndi hoi
phu dwoc dwa vao hoat ddng. Noi hoi phu c6 hai vong tuan hoan cta khi 16 va nuwéc - hoi nwéc nhw
sau:

Khi 10 : Nhién liéu va khong khi dwoc cap vao trong buong aét bang thiét bi buong aét (9) va
dwoc dbt chay tao thanh khi 16 c6 nhiét do cao trong budng dbt, quét vao bén trong cua hang ong
nwéc trong cdia ndi hoi phu (4a), truyen nhiét cho cho nw&c qua mat trong clia hang ong trong, sau
do khi 16 di vao khe gitra hai hang ong, trao nhiét cho nwéc qua mat ngoai cua hang ong trong va
mat trong cua hang ong ngoai, roi khi 10 di ra ctra ra (6) va di ra dwo’ng 6ng khéi ctia n6i hoi phu

Nuwéc va hoi: Nwéc trong 6ng cia ndi hoi phu (4a) nhan nhiét cta khi 10, s6i va bay hoi. Hén
hop nwéc hoi cé ty trong nhd hon bj ddy 1én trong hoi (1), toan bo cac éng cua n0| hoi khi xa (4b)
khdng nhan nhiét cd ty trong I6n hon sé 1a éng xudng dan nuwéc tr trdng hoi xuong tréng nuwéc roi
vao cac 6ng Ién (4a) tao nén vong tuan hoan tw nhién cla nwéc va hoi trong ndi. Hoi dwoc tach ra
tai trdng hoi dwoc dwa di cdng tac qua van hoi chinh, sau dé hoi nwéc dwoc ngung tu lai tai bau
ngwng va bom cép nwéc dwa vao tréng nwéc qua van cap nuéc.

2.3.2. Néi hoii khi xa:

Phia khi x&: Khi dong co diesel chinh hoat dong 6n dinh va toan tai (tau hanh trinh bién) lwong
khi xa I&n, dé tan dung nhiét khi xa, nhdm nang cao hiéu suét ctia hé dong luc diesel, ngudi ta dl‘fng
dét néi hoi phu, mé& buwém khi x& hodc van khi x& dwa khi xa ttr dong co chinh vao noi hoi khi xa
qua clra (13) khi xa chia thanh hai déng khi quét qua cac cum ong nwéc thdng dirng ddi xirng cla
noi hoi khi xa (4b) va mét phan mat ngoal cla hang ong ngoai noi hoi phu (4a) trao nhiét cho nwoc
va hoi trong 6ng va sau d6 khi xa di ra clra (14) & phia déi dién néi véi 6ng khéi ctia ndi hoi khi xa
hoac éng khoi ctia déng co chinh

Phia nwéc : Khi néi hoi khi xa lam viéc, nwéc & trong 6ng ndi hoi khi xa& (4b) va mét phan
cta ndi hoi phu (4a) nhan nhiét cua khi xa, soi va bay hoi tao thanh h6n hop nwéc va hoi co ty
trong nhd hon bi day 1én trong hoi (1). Nuwéc & hang ong trong cua ndi hoi phu khong nhan nhiét
nén c6 ty trong Ién hon sé 1a 6ng xudng dan nwéc tir tréng hoi xuong trbng nwéc réi vao cac éng
Ién (4b) tao nén vong tuan hoan tw nhién cta nwéc va hoi trong ndi hoi khi xa. Hoi dwoc tach ra tai
tréng hoi (1) dwoc dwa di cdng tac qua van hoi chinh, phuc vu cac yéu cau st dung hoi thay thé
cho ndi hoi phu
2.3.3. Pac diém cta mot sé thiét bi phu caa néi hoi

1. Thiét bi thdi mudi (8) dwoc bb tri cac diém thdi mudi xung quanh ndi hoi. Khi hoat dong sé
phun hoi nwéc (trich ra tir dwdng hoi chinh) vao danh tan I&¢p mudi bam trén bé mat éng xung quanh
diém théi mudi do

2. Thiét budng dbt dét (9) bao gdm sing phun cép nhién liéu vao budng dét & dang hat swong,
hoa trén véi khdng khi nhed quat gié va buwdm gié va dwoc mbi Itra bang thiét bi danh Itra tao 1én khi
chay c6 nhiét do cao, téc do cao dé trao ddi nhiét bng nwéc

3. Ong thay 10 (hinh 1) cdm (ng muc nwoc trong tréng hoi, chi bao muc nwdc trong ndi bang
nguyén Iy binh thong nhau, éng thuy dwoc 1&p dat déi xirng hai bén ndi hoi nham chi bai chinh xac
murc nwéc ndi khi mwe nuwéc thy ddi khi tau chong tranh do sdng gio

4. Thiét bi glam sat mirc nwéc ndi 9 (hinh 1) dwoc 1ap d&t trong hai binh théng véi mue nwéc
trong néi nhdm cam {ng murc nuoc trong trong hoi 1(hinh 2) dé tw dong diéu khién qua trinh cap
nwéc bd sung vao ndi va phat tin hiéu bao dong khi mwe nuéc trong noi thay ddi Ién hoi gia tri cho
phép, bao vé& ndi hoi khéng bi sw c6 muc nwdc cao hoac can nwoc noi..

2.4. Pu, nhwoc diém va cong dung cha noéi hoi
2.4.1. Uu diém:

1. Céu tao don glan nho gon, dé st dung

2. Céc bng to va thang nén dé vé sinh trong va ngoai ong

3. Khong doi héi chat lwong nwéc cao do ap suét thap, éng to va thang

4. Tan dung dwoc ndng lwong khi xa ctia ddng co diesel nén hiéu suat chung ctia hé déng luc
diesel tang

5. Thoi gian nhdm 10 14y hoi nhanh do lwgng nwéc trong ndi it nén tinh co ddng cda ndi hoi
cao

6. Néu gap sw cb nd v& tréng hoi thi it nguy hiém hon so v&i ndi hoi éng Ira
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7. C6 heé théng thdi mudi nén thanh éng phia khi 16 it bi mudi bam, dwéng khi 16 ludn dwoc [am
sach, strc can trén dwdng khi lo nhé

8. Céc thiét bj phu va hé thdng phuc vu ctia ndi hoi hoat ddng an toan tin cay va chinh xac
2.4.2. Nhwoc diém:

1. Dién tich bé mat trao d6i nhiét nhd nén san lwong hoi thap, théng sb hoi thap. Vi vay, nbi
hoi chi dwoc l1&p dat cho céc tau c6 trong tai vira va nhd

2. Noi hoi khi xa 1ap trén dwong dng xa cla déng co diesel chinh nén tang src can trén dwdng
x& clia dong co diesel khi b& mat dng bi mudi ban. Khi ddng co khéi dong va lam viéc & ché do nhe
tai ho&c diéu dong thi khi xa phai dwoc di qua dwdng tat khong qua ndi hoi méi dam béo gidm sirc
can nén dwdng éng xa sé coéng ké&nh hon

3. Khi muén hoat ddong song song hai ndi hoi thi phai bd tri dng xudng khéng hap nhiét bén
ngoai than ndi hoi

4. Vitrilap dat ndi hoi & trén cao nén khéng thuan tién cho viéc theo déi, cham séc clia nguoi
van hanh
4.4.3. COng dung:

1. Cung cép hoi bdo hoa phuc vu viéc ham sdy dong co chinh khi chuan bj kh&i dong; ham
dau dét, dau nhen cho qua trinh bao quan, van chuyén, loc sach va cap vao déng co dam bao do
nhét theo yéu ciu s dung; ham nwéc nuéc bién dé chwng cat nwéc ngot va cac nhu cau ky thuat
khac...

2. Phuc vu sinh hoat cho thuyén vién trén tau nhw tdm rira, swdi &m vao mua doéng, ché bién
thwe pham...

3. Bao quan hang héa, thwc pham...

4. Néu c6 céc thiét bi st dung hoi nwéc nhw may mac trén boong, swdi ndng cac van théng
bi&n thi can phai cé bd stra khong khi doc lap...

5. Két luan
Day 1a loai ndi hoi da tinh néng ctia hang Miura, c6 két cdu gon nhd, éng nwéc thdng dé vé
sinh, tan dung dwoc nang lwong khi xa tir dong co diesel d& nang cao hiéu sut chung cta hé dong
lwe. Nbi hoi c6 thé hoat dong song song ca ndi hoi phu va ndi hoi khi xa hodc c6 thé hoat dong dap
lap. Nbi hoi lién hop phu khi x& dng nwéc thdng ding trén tau VMU Viét - Han 1a mé hinh néi hoi
tiéu bidu cho cac loai ndi hoi hién nay dang |&p dat trén tau bién c& vira va nhé , phu hop véi cong
tac huén luyén va thao tac van hanh trén tau huén luyén, cé di kha nang dé cung cp hoi phuc vu
hé dong lwc va sinh hoat, hoc tap, dao tao cho toan b sinh vién, thuyén vién trén tau.
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LAP DAT CHAN VIT PHU CHO TAU THUY MOT PHUONG PHAP HIEU QUA
DE TIET KIEM LUONG TIEU THU NHIEN LIEU
INSTALLED PROPELLER BOSS CAP FINS IS AN EFFICIENT METHOD TO

SAVE FUEL CONSUMPTION FOR SHIPS
DANG THANH TUNG"
Khoa Méy tau bién, Truong Bai hoc Hang hai Viét Nam
Email: Dangthanhtung@vimaru.edu.vn

Toém tat

Hién nay, trén thé gi6i c6 khodng trén 3000 tau thay trén thé gi6i da duoc Iap dat chan vit
phu cta hdng MOL - Propeller Boss Cap Fins (PBCF). Viéc Iap dat thiét bi ndy qua nghién
ctru va ap dung thuc té tiét kiém hiéu qua luong tiéu thu nhién liéu tir 3-5% [1]. PBCF la mot
thiét bj tiét kiém néng luong duwoc I4p vao chéan vit cda tau. N6 pha vé dong xody trung tdm
duoc tao ra phia sau chan vit. Bai bao nay gidi thiéu viéc danh gia hiéu qua cda viéc I3p dat
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chén vit phu cho tau FORTUNE NAVIGATOR cua Céng ty Cé Phan Van tai bién Viét Nam
(VOSCO)
Twr khoa: Chén vijt phu tau thay, Propeller Boss Cap Fins
Abstract
Currently, there are more than 3000 vessels of the world that are equipped with Propeller Boss
Cap Fins. This method researched and applied to fuel oil consumption savings from 3 to 5%.
The PBCF is an energy-saving device attached to the propeller of a vessel. It
breaks up the hub vortex generated behind the rotating propeller. This paper
introduces the evaluation of the efficiency for the ship installed PBCF - FORTUNE
NAVIGATOR of Vietnam Shipping Joint Stock Company (Vosco).
1. Gid&ithiéu

Chan vit phu tau thdy dwoc nghién ctru va phat trién tr ndm 1987. Thiét bi nay duwoc thiét ké
la nhivng canh nhé dwoc lap dat tai phan dau chup chan vit, sé canh cla chan vit phu bang véi sé
canh cua chan vit chinh va chiing quay cung chan vit chinh. Hinh 1 Chan vit phu dwoc Iép cho tau
Fortune Navigator.

Hinh 1. Chan vit phu |ap cho tau Fortune Navigator [4]

Dong chay cla nwéc duoce tang tdc va tao ra xodc lbc khi né di qua viing canh chan vit. Két
qua tlr nhirng &nh hudng d6 déc biét la dong chay phia gbc canh chan vit dwoc gia tbc va tao ra léc
x0dy xung quang cl chan vit Cac ludng xoay do tr mdi canh chan vit dwoc tdng hop 1én va hai tu,
dan dén dong xody rat manh tai dau cubi chan vit. Dong chay xody anh hwéng dén canh chan vit sé
duoc khéc phuc khi 18p chan vit phu b&i cac canh PBCF lam xoay trung tam bi pha vé&, do doé cac
canh tan nhiét sé tao ra lwc lam gidm chan vit md-men xoan truc tlr 3% tré 1én va tang lwc ddy hon
1% [2]. Hinh 2. Minh hoa tac dung lam gidm dong xoay ctia chan vit phu bang md phéng CFD [3]

pressure
w 0.500

I~0.500

pressure
mw 0.500

I -0.500

Hinh 2. M6 phéng so sanh giira chan vit truyén théng va chan vit c6 1p chan vit phu bang
CFD[3]
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2. Kich thwéc va phwong phap lap dat chan vit phu cho tau Fortune Navigator

Kich thwéc chan vit phu 1ap dat cho tau Fortune Navigator dwoc thé hién trong Bang 1

Hinh 3. Ban vé chan vit phu lap cho tau Fortune Navigator [5]

Khi I&p dat chan vit phu phai chid y tuan thd dang hwéng dan k§ thuat cta hang (Hinh 4):

- DAu “TOP” trén bé mat bich cGa chan vit phu phai tring vé&i ddu “TOP” trén chan vit
chinh

- Vé sinh sach cac bé mét 14p d&t dé dam bao khong c6 m& bam trén cac bé mat do

- Khodng cach “L” gitra canh canh chan vit chinh va canh cénr] Ehén vit phu la 130 mm

Fillet end line

propaller blade

Trailling edge of
s propeller blade

Hinh 4. Dau lap dat chan vit phu [5]
Bang 1. Cac théng sé kich thwéc chan vit phu

Kich thwérc thiét ké Kich thwérc thuc té

D1 575.0 mm 575.4 mm
DO 750.0 mm 750.6 mm
T 30.0 mm 31.7 mm
LO 470.0 mm 472.0 mm
L1 20.0 mm 20.0 mm
D2 524.0 mm 521.0 mm
R 629.0 mm 629.8 mm
e 21.6° 21.90
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3. Panh gia hiéu qua viéc |1ap dit chan vit phu

Sau khi 1&n Dock khé dé 13p d&t chan vit phu, cong ty VOSCO da tién hanh dinh mirc nhién
liéu d& danh gia hiéu qua cla viéc |&p dat chan vit phu véi hanh trinh tau chay Hai Phong — H6 Chi
Minh (HP-HCM) dbi v&i tau Fortune Navigator. Sé liéu dinh mirc dwoc thé hién trén Bang 2 [4]

Theo béng sb liéu ma chuyén vién phong k¥ thuat ctia cong ty két hop cung sy quan cla tau
Fortune Navigator thu thap dwoc. Tau chay trén tuyén hanh trinh ¢é dinh Hai Phong — H6 Chi Minh
— Hai Phong. May chinh khai thac & vong quay 173 vong/phit, cac diéu kién vé dia ly, thai tiét gan
twong dwong gitra cac 1an thu thap sé liéu. Lwong tiéu thu nhién liéu trung binh ctia chuyén 1a 13.20
tAn/ngay, lwong tiéu thu nhién liéu nay so véi trwdc khildp maéi chan vit phu la 13.45 tAn/ngay (twong
dwong 2%). Téc d6 tau trung binh & 11.50 knots so v&i trwdc khi 1&p chan vit phu la 11.20 knots
(tang 2%).

4. Kétluan

Viéc 1ap dat chan vit phu (PBCF) cho céc tau déng méi va cac tau dang khai thac mang lai
hiéu qua kinh té cao d&c biét trong béi canh chi phi nhién liéu cho céc tau bién ting cao. Lap d&t
chan vit phu c6 thé gidm lwong tiéu thu nhién liéu thue té tr 2-5%, ngoai ra con gidm dang ké phat
thai CO2 clia c4c tau bién.

Viéc |&p dat chan vit phu khi tau trén dock khé don gidn va nhanh chéng. Tuy nhién chi phi
ban d4u cho viéc d&t mua chan vit phu va chi phi cho tau l1&n da con cao nén khi 1ap dat chan vit phu
nén két hop khi tau 1&én da dinh ky dé tiét kiem chi phi.

Bang 2. Sé liéu dinh mdrc nhién liéu cho tau Fortune Navigator [4]

Thoi R Lwong
Hanh Vong quay

Ngay

Gio

gian
thor
(Gio)

trinh

trung binh
(Vong/phat)

nhién liéu
tieu thu
(Tan/ngay)

Piéu kign
thoi tiet

31/08/2019

08:00-12:00

HP-HK

173.32

12.594

Dong xu6i 0.9
knot
Gi6 nguoc 30 knot
Bién dong

03/09/2019

03:00-07:00

HK-HP

173.26

13.422

Dong xu6i 1.0
knot
Gié ngwoc 38 knot
Bién déng manh

04/09/2019

16:00-20:00

HP-HCM

172.99

13.542

Dong xubi 0.4
knot
Gié ngwoc 30 knot
Bién ddng manh

05/09/2019

08:00-12:00

HP-HCM

1731

13.206

Dong xu6i 0.8
knot
Gidé ngwoc 25 knot
Bién dong

06/09/2019

08:00-12:00

HP-HCM

173.02

13.26

Dong xu6i 0.8
knot
Gidé ngwoc 25 knot
Bién déng

08/09/2019

12:00-16:00

HCM-HP

173.2

13.194

Dong xu6i 0.8
knot
Gi6 xubi 20 knot
Bién ém

10/09/2019

08:00-12:00

HCM-HP

173.2

13.3

Dong xu6i 0.9
knot
Gi6 ngang 15 knot
Bién ém
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PHUONG PHAP SUA CHUPA BAC DO FEROFORM CUA HE TRUC
TAU THUY
METHOD REPAIRING FEROFORM BEARINGS ON SHIP SHAFT SYSTEMS

PHAM QUOC VIET
Khoa M4y tau bién, Trweong Pai hoc Hang hai Viét Nam

Tém tat:
Nham cung cép hiéu biét day du, tao ra mot co sé ban dau cho qua trinh lwa chon phuong
phép stra chira phuc hdi phu hop, dam bao tinh kinh té véi hwr héng cu thé cua céc loai tau
hién nay str dung cép Iap ghép cé bac la véat liéu méi la Feroform. Bai bédo dé xuét mét
phuong phép stra chita phuc hdi khe hé Idp ghép hé truc Tau thuy, trén co s& nhiing
khuyén nghi cta nha san xuét vé loai vét liéu téng hop déc biét nay.

Abstract:
In order to provide full understanding, to create a baseline for the selection of the
appropriate restoration repair method, to ensure economical damage to the specific
damage of Ship used to shaft bearings as feroform material. The article has proposed a
method of repairing the gaps in the ship shaft on the basis of the manufacturer's
recommendations for this particular synthetic material.

Key words: feroform material, method reparing.

1. Pat van dé:

TAt ca cac loai bac Feroform dung trong nganh Hang Hai déu lam tr mot loai vat liéu
Composite clia cac soi tdng hop khéng amiang véi hat nhwa fenol. Vat liéu k§ thuat cao va tién tién
nay dang lap ra nhirng tiéu chudn mai cho viéc chdng mai mon, tinh da néng va sw tin cay déi voi
nhirng loai bac truc dung trong nganh Hang Hai. Feroform c6 dd kha nang dap (rng cac yéu cau cla
ngudi thiét ké, chi phwong tién, ngudi van hanh, cac nha may déng méi va sira chiva tau voi sw
thuan loi, tiét kiém chi phi mét cach rat dang ké. Bac diém chinh cua loai vat liéu nay la: Stre bén co
hoc cao, tinh chéng mon cao, ma sat thap, chiu va dap, khéng truot dinh, khodng nhiét dé lam viéc
cao, bén virng tét trong hoa chét va tinh sra chira cao.

Trong qué trinh stra chira hé déng lwc Tau thuy hién nay, van dé quan trong la lwa chon dwoc
phwong phap phuc hdi ddc tinh 1p ghép clia cap bac va truc trong hé thdng dwéong truc cho phu
hop véi tirng cép I&p cu thé, thod man cac yéu cau cla thiét ké va cac t6 chirc giam sat, dam béo
tinh kinh t&, ch déng trong stra chira. Viéc tdng khe hé I1&p rap 1a hw hdng théng thudng khi tau 1én
da sau khoang thoi gian khai thac véi cac loai dwong truc tau thuy. Chinh vi vay, trong qua trinh stra
chira viéc xay dwng cac quy trinh phuc hdi khe hé I&p ghép truc - bac véi cac phwong an va phuong
phap phu hop véi tirng diéu kién k§ thuat cu thé... gilp cac k¥ sw ¢ co s& va chi dong trong quéa
trinh lwa chon phuong phap stra chira phu hop véi tivng hw hdng mét cach kinh té nhét.

Nham cung cép hiéu biét day dd, tao ra mét co s& ban dau cho qua trinh Iwa chon phwong
phap stra chiva phuc héi phu hop, ddm bao tinh kinh té v&i hw hdng cu thé cla céac loai tau hién nay
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st dung cap Iap ghép cé bac |a vat liéu méi 1a Feroform, bai bdo da dé xuat mot phu’o’ng phap sua
chira phuc hdi khe hé 1&p ghép hé truc Tau thuy trén co s& nhirng khuyén nghi clia nha san xuét vé
loai vat liéu tong hop dac biét nay.

2. Str dung va stra chira bac truc tau thay bang vat liéu Feroform:

Tét ca nhirng hinh dang bac 16t feroform déu c6 thé str dung hoc dwéi dang thanh phdm sén
sang dé |ap dat, hodc ban thanh phdm dé gia cong tinh tai xwéng déng tau.

Trong trwong hop kich thudéce gﬂa truc va vé bao da dwoc xac dinh trwdc nhw trong treong
hop tau déng mai, cac bac 16t ¢6 theé dwoc cung cap moét cach hoan chinh san sang cho lap dat
(khdng can thiét phai gia cong). Nhuwng trong tredng hop hé truc hay vé tau co thé phai thay doi,
hgén cai lai hoac lam thém 6ng I6t..., thi bac 16t t;én hoan chjnh va kich thwdc chinh xac sé duwoc
tien hanh tai xwéng dong tau theo cac gia tri va so liéu thyc té ctia hé truc va vo tau.

Théng thuong, bac 16t dang dng cét kim loai 1a loai hinh dang duoc khuyén nghj st
dung vi viéc gia céng co khi, lap dat va cé dinh bac, tat cé déu duwoc thuc hién mét cach dé
dang hon.

— Gia c6ng co khi chi can thwc hién véi hai cong viéc: Gia cong dwdng kinh ngoai va dwdng
kinh trong.

— Cb dinh bac c6 thé thyc hién béi méi lap cé do déi don gian.

= Viéc lap rap co thé tién hanh bang cach lam lanh. Mac du feroform dang 6ng loai dwoc san
xuat v&i chiéu déi~chuén la 1200 mm, tuy nhién né ciing c6 thé dwoc cung cép véi tirng doan éng
dai 600 mm cho dé& van chuyén va gia cong.

. Cac tau str dung bac Feroform thwong c6 truc chong chong véi ao boc bang dong thau hoac
dong thanh. Ao boc bi mon nhiéu qua gidi han cho phép, ngwdi ta stra chiva cac hw héng dé bang
cach tién. D6 lam méng clia do boc truc chong chéng theo quy pham Bang ki€m khdng dwoc qua
50% chiéu day thiét ké ban dau.

- D6 6 van cla 4o boc cho phép khong qua 0,5% dwong kinh.

- D6 khéng dong déu clia 4o boc theo chiéu dai khong qua 2 mm di voi truc duong kinh 150
- 300 mm va 3 mm ddi v&i truc dwong kinh I&n hon 300 mm.

) PO mai mon cpa bac xécldinh béng cach do khe hé& gilra truc chor]g chéng va;n bé méat l1am viéc
cua ong bac. Khi biet khe h& 1ap rap trwde do, dé mai mon xac dinh bang hiéu so gitra khe hé do
dwoc va khe ho lap rap. Khi truc chong chéng da thao ra d6 mai mon xac dinh bang cach do dudng
kinh trong clia 6ng bac, it nhat la & 2 vi tri theo hwédng kinh d6i nhau.

Do mai mon cho phép gidi han biéu thi bing sy phu thudc gan dung:

Smax = (0,015+0,02).d (1)

Trong d6: d (mm) - dwéng kinh trong éng bac truc.

S(ra chira bac truc chong chéng thwong la thay mai vat liéu Feroform cho phu hop véi dwdng
kinh m@i clia ao boc cua truc sau khi tién khtr con va 6 van.

~ Swcan thiét dé khe hé theo yéu cau thiét ké gilra truc va bé mat lam viéc clia bac theo Ia yéu
cau bat budc khi sffa, chira. N6 dam bao cho kha nang lam viéc tin cay clia hé truc, duy tri ché dé
boi tron va lam mat tbt, kéo dai tudi tho c&p l&p ghép.

Viéc stra chiva phuc hoi lai dac tinh 1ap ghép, tuy thudc vao tinh chét phirc tap ma nguoi ta
c6 nhirtng phwong phap phuc hoi khac nhau. Do vay, trwdc khi quyét dinh chon phwong phap stra
chira nao do ching ta phai xem xét dén tinh phu hop va hiéu qua cta phwong phap. Viéc lwa chon
phwong phap stra chira phuc hoi cén ban dwa trén chi tiéu kinh té (Kc)

Cm — Cse (2

K. =
c Cm

Trong do:
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Cm - gia thanh thay mOi
Csc - gia thanh stra chira Csc = C1 + Cyi + Ck
C: - tién trd lwong cho cdng nhan tham gia stra chiva
Cu - tién mua vat liéu phuc vu cho s(ra chira
Cx - tién dung cho chi phi khac
Va chi tiéu ki thuat (K

tSC
K, == 3)

Trong do:
tsc - Tudi tho khi phuc hdi bang phwong phap da chon.
tm - Tudi tho khi thay méi.

Phwong phap stra chiva phuc héi hop Iy nhét Ia phwong phap cé hiéu qua kinh té cao dong
thoi phai ddm bao céac chi tiéu ki thuat va hé soé tudi tho cao.

Phuc héi khe hé I&p rap gitra truc chong chéng va bac truc vat liéu Feroform hién nay c6 2
phwong an:

- Ha code ¢ truc sau dé thay bac mai cé kich thuéc phu hop.
- Phuc hdi lai kich thwée cb truc, gia cbng lai bac cli cho phu hop.
Viéc Iwa chon phwong phép stra chira phu hop dworc tién hanh theo hai bwéc nhw sau:

- Dé xuét tat ca cac phuong phap phuc héi cé thé ap dung dé khac phuc hoan toan cac hao
mon, hw héng cla cap lap ghép.

- Phan tich tirng phwong phap dwa trén cac chi tiéu kinh té, k¥ thuat va hw héng thuc té, diéu
kién thuc té san xuét dé chon phwong phap hiéu qua nhét.

Déi v&i cap lap ghép truc chong chéng va bac truc Feroform hién nay trong stra chira c6 2
phwong phap:

Phwong phdp ha code truc theo kich thwéc sitra chira:

Tién giam duwong kinh truc hodc 4o boc ,(néu truc cé 1ap @o boc), ddng thdi phai thay bac
hodc duc lai I&p gidm mon dé dam bao khe hé lap ghép.

Uu diém phwong phap ha code:

- Co tinh va thanh phan cta kim loai gbc khong thay ddi, do d6 dam bao yéu cau ki thuat.
- Quy trinh gia cong phu hop véi trinh d cda nha may.

- Gia thanh gia cong ré.

Nhuoc diém cia phuong phap:

- Phai thay bac truc méi d& dam bao khe hé 13p rap cho phép gilra bac truc va truc chong
chong.

- Phwong phap nay chi dung cho trudng hop ¢b truc bi mén it, ¢b truc bi mai mon nhwng trong
pham vi dwong kinh cho phép.

- Bac phai duc lai hoac thay méi (tuy theo loai bac).
Phwong phap phuc hdi lai kich thwéc cé truc
St dung phuong phap phun kim loai hodc thay do boc méi (néu truc str dung o boc)
Uu diém phwong phép
-Tao ra chiéu day I&p phun kim loai I&n hodc gia cong 40 m&i sé chi dong vé kich thuéc.
- Phwong phap nay khéng lam anh huwéng dén dé bén cua tryc.
- C6 thé phuc héi cac kich thwédc cla chi tiét ma con sira chiva dwoc cac vét nirt cia truc.
- Bac truc chi can gia c6ng lai cho tron déu va dat dén kich thwéc stra chiva phu hop.
Nhuoc diém phuong phép:
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- Trang thiét bi ciia nha may sira chiva phai dau tw.

- Méi lien két gitra 16p phun va kim loai nén thap (ma v&i hé truc chong chéng thi diéu nay
nguy hiém I&n trong qué trinh lam viéc)

- Tén kim loai nhiéu, kim loai khé kiém phu hop véi kim loai gbc hodc gia cong va 1&p rap 4o
phtrc tap do do6 lam chi phi stra chira cao.

_Hién nay, phwong phap ha code dang st dung dwoc s dung phd bién do phu hop voi trang
thiét bi ctia cac nha may, tién hanh dé dang, khéng doi hoi cdng nhan cé tay nghe cao, do do gia
thanh stra chira ré hon.. trong phwong phap nay phai tién hanh mua va thay méi bac truc Feroform.

3. Phwong phap thu nhé dwong kinh bac cii cho phu hop kich thwéc stra chirva:

NGi dung phwong phap: Ta tién hanh thu nhé dwéng kinh trong cua bac Feroform da qua st
dung bang céach cat di mét phan nhé clia bac, sau dé bop lai va lam lai cét bac kim loai.

Quy trinh stra chira:

Véi truc chong chéng: Tién lang cb truc chong chéng, véi truc chong chéng ¢ do boc truc,
strg:l chira &o boc truc. Chj ap dung dugc voi tredng hop ao boc truc bi mon dwdi 50% chiéu day
thiét ké, sau khi da khtr hét con va 6van

Bang 1: Trinh tw cong nghé stra chira truc chong chong.

T Nguyén coéng Noi thwe hién May va thiét bj

, | Kiémtra(dodocon doovan), | o L May tién, dung cu do
tinh toan kich thwéc stva chiva 9 y fien, dung ¢t

Tién lai dwdng kinh ngoai ao
boc truc.
3 banh bdng 4o truc Phan xwéng May tién

Phan xwéng May tién

Noi dung tién hanh:

- Str dung panme do duwdng kinh ngoai cla o boc truc theo 2 phwong vudng goc véi nhau.
Trén subt chiéu dai ciia 4o boc truc phai kiém tra it nhat 5 tiét dién.

- Dya vao két qua do, xac dinh d6 con, d6 6n van. Néu sai léch kich thuwoc vwrot qua gia tri
cho phép thi can phai tien hanh stra chira.

- Xé&c dinh so bd chiéu day cla I&p 4o néu I&p 4o truc bi mon dudi 50 % chiéu day thiét ké thi
gia cong theo kich thwdc sira chira. Nhwng phai dam bao d6 méng cua ao khong dugc qua 50 %
chiéu day ban dau.

- Sau khi tinh toan va xac dinh dwoc cac thong sb cla 4o truc thda man cac yéu cau trén thi
ta di tién hanh tién dwong kinh ngoai clia ao truc.

Stra chira bac feroform:

Thu nhd dwdng kinh trong ctia bac bang cach cét doc theo dwong sinh, bép lai d& gidm
dwdng kinh, dung keo dan mép, tién dwong kich theo kich thwéc cla truc méi.

Bang 2: Trinh tw cong nghé stra chira bac feroform.

STT Tén nguyén cbng Dia diém thwc hanh Thiét bi, may gia céng
1 Po d6 mai mon cda bac Phan xwéng Panme do dwong kinh.
Cat bd 1 phan chiéu day bac A a o s
2 theo phuwong hudng truc. Phan xuong May cat
3 Bop, dan mép bac Phan xwéng Cb6dé, keo Epoxy
4 Séli cébng cac kich thwdc co Phan xwéng May tién
5 Gia cong cbt bac Phan xuéng May tién
6 L&p bac Feroform vao c6t bac | Phan xuéng May tién
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Noi dung tién hanh:

- Do d6 mon cla bac. Sau khi c6 két qua do d6 mon cla bac. Tinh toan ra khe h& gitra bac
va truc thic té clia cap lap ghép. Tra do thi khe hé& lap rap cho phép (Hinh 1) - Khe hé lam viéc gitra
bac truc chong choéng va truc.

- Gia cong cat béd mot phan bac theo phwong hwéng truc. Puwéong kinh trong sau stva chiva
cula bac truc chong chong:

D,=d,+S (4)

Trong do6:
S: Khe h& cho phép gitra bac truc chong chéng va truc chong chong.
dp: Pudng kinh ao boc truc chong chéng sau khi tién st ly con va évan.

s [mm]

4.5

4.0

35

3.0

25 @

2.0 )
e

o

=

05

0.0
0 100 200 300 400 500 600 700 800 900 1000

D [mm]
Hinh 1: Khe hé cho bac feroform loai “T” béi tron bdng nwéc, 1- Khe hé téi da (gi¢i han trén), 2—
Khe hé téi thiéu (gi®i han dwéi).

Tt
LT
i__i

M
L B

i
RSy

Hinh 2: Dan mép bac.

- B6p dan mép bac: Dung keo Epoxy BOSTIK M890 dan mép bac, sau d6 dung Codé siét
chét tai 3 vi tri (Hinh 2). Dé sau 4 gi® khi keo kho thao Co dé.

- Gia cong cac kich thw®’C co ban clia bac truc Feroform can gia cong (theo vi du hinh 3).
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Hinh 3: Cdc théng sé kich thwéc co ban khi gia céng.

- Gia cong c6t bac: Tinh toan dé déi méi lap cho bac sau do gia cdng cbt bac. Cét bac duoc
gia cong voi duong kinh trong bang dwong kinh ngoai cla bac feroform co tinh toan thém d6 déi khi
lap rap. D6 doi lap rap dwoc tra theo do thi (Hinh 4).

h [mm]

14

12

4

0.8

0.6

] 2

04

/

0.2

0

0 100 200 300 400 500 600 700 800 900 1000 1100 1200
D [mm]
Hinh 4: Bé d6i méi ghép dwdng kinh ngoai cho bac feroform loai “T”, 1- D6 déi téi da (ké ca dung
sai), 2— D6 déi téi thiéu (ké ca dung sai).

- Lap bac vao cbt: Dé 1ap bac vao trong cot bac véi méi lap co do doi, can phai lam lanh bac
bang da kho (CO2) hoac Ni to’ 1dng.
Néu lam lanh bac bang da kho thi thdi gian 1am lanh 1a 1,5 gi(‘)’.
Néu lam lanh bac bang Ni to thi thoi gian 1am lanh 1a 0,5 gie.

~ Sau dd cho ép dan dan bac I6t trvot vao bén trong cét bac. Kiém tra vi tri bac fero form trong
cot bac.

- D& bao vé mdi lap ghép, 1ap thém vao mét nat chan phia trwdc va mot vong dinh vi phia sau.

4. Két luan

- Phwong phap stra chiva cap lap ghép bac truc Feroform bang cach thu nhé dwéng kinh, cho
phép tan dung cac bac feroform da sir dung, chd dong vat tw trong qua trinh stra chira, gilp cac ky
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su tiép can nhanh chéng cac tinh néng da dang cua loai vat liéu méi dang tré 1&n phd bién rong rai
hién nay.

- Trinh tw cong nghé cla phwong phap stra chira phuc hdi nay, gitp cho cac nha nghién ctru,
ky sw va sinh vién dang theo hoc nganh déng m&i va slra chira tau lam chd hoan toan cac céng
doan chuan bi tinh toan, Iwa chon phwong phap stra chira cho phi hop, tiét kiém chi phi, thda man
cac yéu cau ky thuat trong cac diéu kién cu thé.

Trong thuc té hién nay, viéc stra chira dap (rng cac yéu cau vé thoi gian ciing nhw chi phi san
xuét doi hdi c6 cac phwong an chi dong. Véi cac vat liéu méi, can phai dwoc quan tdm nghién ciru,
phd bién ng dung ngay tir trong qué trinh dao tao.
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DONG CO DIESEL DIEU KHIEN DIEN T VA TAM QUAN TRONG CUA BO
PINH VI GOC QUAY TRUC KHUYU
ELECTRONIC CONTROLLED DIESEL ENGINE AND THE IMPORTANCE OF
SHAFT ROTARY ENCODER

NGUYEN NGOC HOANG
B6é mén May tau thuay, Khoa May tau bién

Tém tat:

B6 cém bién vij tri géc quay truc khuyu, I18p trén céc déng co diesel tau thdy, ¢é nhiém vu
xéc dinh géc cua truc quay, do dé dinh duoc vj tri cla piston trong xilanh trén ¢ may diéu
khién dién va cam, ddc biét trén cac déng co diéu khién bang dién ti Ia vé cung quan
trong. Bai béo phén tich va gici thiéu so bo dong co diéu khién dién tir va mot sé gidi phap
thiét ké hoan thién dong co nay.

Abstract:

Rotary encoder is a type of position sensor, arranged on shaft of the marine diesel engine,
which is used for determining the angular position of rotating shaft, therefore specified the
position of piston in cylinder on both MC & ME engine. Especially on electronic controlled
diesel engine ME, it is very important. This article analyses and introduces the basic
electronic controlled diesel engine and the solutions for designing and complete this
engine.

Key words: Rotary encoder, electronic controlled diesel engine.
1. Dat van dé

Phat thai CO2, NOx&SOx la nguyén nhan ndéng I&n toan cau, & nhiém khong khi va gay muwa
axit. Té chirc lién chinh phu vé bién ddi khi hau canh bao nhiét do toan cau co thé tang thém dén
3,4 C vao nam 2100. Hudng (rng van dé trén td chirc hang hai thé gi¢i IMO vé linh vuc tau thay da
¢6 nhiéu bién phap yéu cau gidm phat thai CO2, NOx&SOy, trong d6 cd yéu cau vé chi tiéu thiét ké
hiéu qua nang lwong tau thiy EEDI dé ddm bdo dén nam 2030 can giam phat thai CO2 dén 30% so
v&i cac tau dong méi co hiéu suét trung binh trong khodng nhitng nam 2000 — 2010 (MARPOL
annex V). Song song cuing v&i d6 chi tiéu ké hoach quan ly hiéu qua nang lwong tau thiy SEEMP
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(ship energy efficiency management plan) do6 la can c6 ké hoach quan ly khai thac tau hiéu qua theo
chi s6 chi thi hoat dong hiéu qua nang lwvgng EEOI va xem dé nhw la dung cu do lwong.

Nhuw vay viéc nghién ctru cai tién khoa hoc kY thuat trong cac linh virc ndi chung va tau thay
naoi riéng la van deé cap thiét, vay thi hay bat dau v&i dong co diesel, ngudn déng lwc chinh trén cac
tau thay hién hanh.

2. N6i dung

2.1. Phat trién va str dung dong co diesel diéu khién dién tor

Trén co s& yéu cau nghi dinh thu Kyoto cla IMO vé cét gidm phat thai CO2 toan ciu, cac nha
san xuét dong co diesel da bat dau chu trong vao van dé nang cao hiéu suét st dung nhién liéu nh&
phat trién cta khoa hoc k¥ thuat va di tién phong trong sd d6 c6 Man B&W va Wartsila, ca hai nha
san xuat nay da tién hanh san xuét va khong ngirng hoan thién nang cao hiéu suét st dung nhién
liéu trén cac may diesel diéu khién dién t& va dan thay thé toan bd cho cac may diéu khién cam va
dén nam 2015 thi dat dwoc diéu do(biéu d6 hinh 1.trai- ké hoach yéu cau thay thé may MC sang
may ME, ngudn Man B&W va Wartsila Hlink training book).

9 Delivered / Orderbook as at Feb 2013
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Hinh 1: Biéu dé ké hoach thay thé mdy MC va cai tién nang cao P. giam SFOC & tai nhé.

Vi ly do gi ma déng co diéu khién dién t& lai c6 wu thé vwort trdi nhw vay?
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bé la vi:

- Chét lwong phun va dit phun & moi thdi diém, moi ché do tai tét, do ludn duy tri ap suét
trong 6ng chung cao tir 750-1000bar. Trong khi déng co cam, bom cao &p Bosch truyén théng &
vong quay nhd, lwgng nhién liéu chu trinh nhé, do tén that cac loai lam cho &p suat phun khéng dam
bao, do d6 chéat lwgng phun kém;

- Thoi diém phun hoan toan chi déng thay ddi theo ché do vong quay cong tac nén hiéu suét
sinh cong téng, gidm khai va phat thai, gidm do cirng ddng co'. Trong khi may cam bom Bosch truyén
thdng hoéc diéu chinh VIT trén bom hodc diéu chinh con d6i bom khi dirng may khéng hiéu qua,
ngoai ra do anh huéng cla ro lot do tén that ap suat ma lam cho thoi diém phun khé dwoc khang
dinh;

- Giam tén that co gi¢i do gidm tai trén cac cam: nhién liéu, phdi khi va khéi dong, do d6 tang
hiéu suét sinh cdng co hoc.

Chung ta biét xu hwéng ngay nay 1a khai thac may phan I&n & tai bo phan dé giam tiéu hao
nhién liéu va tranh thoi gian neo che cau, khi d6 ching ta cé thé tang Pmax, do dé tang cong suét
may va tua bin & tai bd phan dé khac phuc han ché cla tua bin khi xa khi lam viéc & tai nhé va nhw
vay thi mai cé thé tang ap suét co ich trung binh Pe & moi ché d6 tai (hinh 1. phai gi¢i thiéu dd thi
xu hwéng tdng ap suét chay cuwc dai & tai nhé va tai lon twong (rng khéng &nh hwéng dén dd cirng
AP clia ddng co). Tua bin khi xa & ché dd nhd tai lam viéc kém, hiéu suét thap diéu do dwa dén anh
hwéng nguoc lai 1én qua trinh chay l1am tang Nox, vi vay theo yéu cau cia IMO Tier Il [a can cai tién
nang cao hiéu suét tua bin & gidi tai thp. Nhw vay cac giai phap dé thwc hién diéu d6 1a: C6 thé
thiét ké st dung hé théng EGB (exhaust gas bypass turbine)-O ché do tai cao khi xa tlr ddng co moét
phan sé di tat trc tiép dén tua bin khi xa lai may phat dién, con phan chinh di vao tua bin tang ap
khi nap theo yéu ciu cta lwong nhién liéu chu trinh twong (rng cla dong co;

Hoac cling co thé st dung tua bin tang ap khi nap loai co thé diéu chinh cong suét VT (variable
turbine), & loai nay vanh diéu chinh ctia 6ng phun tua bin cé thé thay doi theo cac ché do tai de dat
hiéu suét tua bin ludn cao.

Nhién liéu trong thé tich éng chung va xilanh & piston lwgng FO luén dw thiva & ap suét cao
750-1000 bar cho moi ché dd tai cia déng co, nén chét lwong phun va dit phun luén dugc dam
b&o, diéu nay wu viét hon hdn may didu khién cam véi bom cao ap ranh xéo-& ché dd nhd tai khi
lwong nhién liéu chu trinh it, 4p suat phun va thoi diém phun hay dit phun bi anh hwéng do rd lot,
do ton that 4p suét trén dwong 6ng.
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Hinh 2: So' dé cap nhién liéu tr 6ng chung dén céc voi phun trén mdy ME.
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2.2. Sw can thiét trong viéc xac dinh chinh xac géc quay khuyu déng co diesel diéu
khién dién

Trong déng co diesel diéu khién cam thi théi diém cho viéc khéi dong, phdi khi va phun nhién
liéu la dwoce chinh dat trweée va gén nhw khéng thay doi trong khi dong co hoat déng, va nhw vay thi
kha nang twong thich va ddng bd ctia chiing trong lam viéc 1a rat cao, nhwng dd chinh xac vé thoi
diém la thap, chung ta hay xem dia van phdi khi diéu khién khéi dong ctia dang may nay nhw hinh
3. dwdi day:

Hinh 3: Dia van phéi khi khéi déng trén may MC.

Khi bat dau khéi dong dong co, vong quay tang tir 0 khi ma sat tinh va tinh quan tinh con Ion
lai phai ch& cam di t&i ma van thi viéc cap khi vao cac xilanh ké tiép do d6 ma khong lién tuc va kho
gia tbc, cho nén tiéu tdn khi khéi dong rat nhiéu, dac biét khi khéi ddong dong co tr tinh trang tam
dirng hoat ddng mét vai xilanh lai cang khé va do dé lam gidm stre sbng clia con tau. Trong khi dong
co diéu khién bang dién t&r (xem so dd hinh 4) viéc nay dwoc gidi quyét dé& dang do da xac dinh
chinh xéac vi tri xilanh lam viéc ké tiép bang cam bién géc quay truc khuyu Iap trén dau truc déng co
nén viéc cap khi la lién tuc va chéng gdi Ién nhau qua diéu khién van dién ti.

Exh. Valve
Position
sesnor

Starting

valve\qlr

Exhaust
V.V
actuator

| 30bar starting air

|§200bservooi1 ‘

.Hinh 4: Sor d6 diéu khién déng co’ diéu khién dién tir ME.
2.3. Vi tri cia cdc xilanh dwoc xdc dinh qua b cam bién vong quay khuyu ‘rotary
encoder’
Nhuw vay, dé c6 kha nang diéu khién chinh xac thoi diém cép khi khéi dong, thoi diém cap
nhién liéu, thdi diédm mé van xa khi chay thi hé théng diéu khién phai biét chinh xac géc quay truc
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khuyu cta tirng xilanh va diéu dé dwoc gidi quyét bang cac cam bién goc quay(crank-angle sensor)
lai trén dAu may, cac cdm bién nay cho dé chinh xac dén 0 ,1°(xem hinh 5), dé tang tinh tin cay théng
thwong nguoi ta bé tri hai bd bao géc kidu nay, ching dwoc lai bing day dai co réng cwa ti truc lai
duoc thiét ké dac biét dé loai trir chuyén vi doc, ngang tw truc khuyu. M&i mot cam bién kiéu
‘clocksensor’ nhw thé sé chuyén déi sé liéu tr mot dia doc 16 kiéu quang hoc sang dang bd dém sb,
flex control module FCM-20 s& doc cac bd chuyén dbi div liéu nhi phan ‘bit frame’ nay tw
‘synchronous serial interface bus’, tin hiéu tir hai bd cdm bién géc quay dwoc x& Iy va kiém tra 16i
trong mdi bd FCM-20.

008.758/00

Hinh 5: Rotary encoder dang clock sensor trén dau tw do déng co.

Cam bién gia tri goc quay tir hai ‘clocksensor’ A va B nay con dwoc so sanh véi xung tin hiéu
tr cac du cadm bién ‘pick-up sensor’ trén banh da (hinh 6), néu tin hiéu tr TDC nay khéng tring
khép véi tin hiéu do tir cdm bién géc quay khuyu ‘clocksensor’ trén sai s6 0,1° nhw da néi & trén thi
bao 16i trén may sé hién thi.

Hinh 6: Tin hiéu tr rotary encoder dang clock sensor A va B dwoc so sdanh véi pick up sensor trén
banh da.
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Ap suét chi thj cha céc xilanh va céng suét cia ching duoc lién tuc diéu chinh nhé st dung
cac dau do tir ‘indicator valve’, qua day do va bo chuyén dbi vé bd diéu khién va may tinh sé tw dong
diéu chinh bu, phuc hdi céng suét xilanh theo ap suat chay Pmax ctia né so sanh véi ap suat chay
trung binh cta céc xilanh khac(xem biéu d6 hinh 7 va 8), hé théng cho phép linh hoat trong viéc bat
dau va két thac phun va dinh lwong duwoc lwong nhién liéu chu trinh.

Connector

Measuring chain

Indicator valve on cylinder cover

Hinh 7: Phan héi dp suét xilanh qua indicator valve.
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—— —

Potential

- 4 L 4

Pure p__, level increase Balancing + p__, level increase

Potential 5 - 10 bar Potential additional 2 - 5 bar
Potential 1 - 2.5 G’kWh

Hinh 8: Biéu dé diéu chinh phuc héi céng suét xilanh theo &p suét Pmax trung binh cta céc xilanh.
3. Két luan

Bai viét da phan tich sw can thiét trong chuyén déi st dung dong co diesel diéu khién dién tc
va mot sb giai phap thiét ké hoan thién dong co phii hop theo xu hwéng phat trién va yéu cau than
thién vé&i méi trwong, d6 la co s& dé ngudi thiét ké lwa chon cac thiét bi clia dong co hay thiét bi ciia
hé théng nang lwong tau thay.

Bén canh d, cac tac gia da gidi thiéu chirc ndng lam viéc va tAm quan trong cla cla cac thiét
bi cdm bién goéc quay truc khuyu, trén co' s& hinh anh thuc t& cla nhirng thiét ké mai, didu d6 cé thé
gitip cho nguwdi st dung cap nhat va ndm bét hiéu rd két cu va nguyén ly lam viéc ctia ching dé c6
nhirng tac dong diéu chinh phi hop trong qua trinh khai thac.
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S0’ DUNG PHAN MEM NHAN TAO ANN PE DY POAN MUC TIEU THU NHIEN
LIEU CUATAU
USE OF NAN CREATING ANN'S SOFTWARE TO ASSESS SHIP'S FUEL
CONSUMPTION
PO THI HIEN
Bé mén Mdy tau thuy, Khoa Mdy tau bién
Tom tat: )
Giam mure tiéu thu nhién ligu cla tau do gia nhién li¢u bién dong va sy phat thai khi nha kinh
la nhikng thach thire doi véi nghanh vén tai bien. Vi cac tau dong mdi thi dieu nay la bat bude
thure hién, ciing phw cac tau hién nay thi sw tang cq’c‘mg vé ky thuat, khai thac, van hanh lam
tang hiéu qua tiét kiém nang long. Cac chu tau bién va nguoi khai thac phai dwa ra cac giai
plzép st¥ dung tiét kiém nang liong biéu hién bang suw tiét kiém nhién liéu va giam tac déng
dén moi trirong

Abstract:
Reducing fuel consumption of ships against volatile fuel prices and greenhouse gas emissions
resulted from international shipping are the challenges for the shipping industry. For newly
built ships, this is a must, like current ships, the enhancement of technology, operation and
operation increases energy efficiency. Shipowners and operators must come up with energy-
saving solutions that result from fuel savings and reduced environmental impact.

Key words: Ship Energy Efficiency, Operational Measures, Decision Support System, Artificial
Neural Networks.

1. Dat van dé

Do gia nhién liéu tdng cao chiém 60% chi phi van hanh tau, luén bién déng va yéu cau bat
budc céac t6 chirc hang hai quéc t& nhw (IMO) va td chirc bao vé méi trwdng hang hai (MEPC) phai
gidm khi phat thai ra méi trwdng. Vi vay bai viét nay nham phat trién hé théng hd tro' quyét dinh duwa
trén mang no ron nhéan tao tiét kieém nang lwgng cho cac hoat dong cua tau.

2. Tam quan trong cua viéc phat trién hé thong ho tro quyét dinh va Cac bién phap s
dung nang lweng hiéu qua trén tau

- Lwong khi thai CO:2 do giao théng hang hai tao ra chiém mot phan dang ké trong tbng lwong
khi nha kinh toan cau (GHG) phat thai. Theo T4 chirc Hang hai Quéc té (IMO), cac con tau da phat
ra 1016 triéu tdn CO> trung binh trong giai doan 2007-2012, chiém khoang 3,1% lwong khi thai toan
cau.

- V&i sy gia tang gép ba 1an thwong mai thé gidi, néu khdng cé hanh déng nao duoc thuc
hién, ngwi ta cho rang lwong khi thai tir van chuyén sé tang 50% —250% cho dén ndm 2050. OECD
ciing bao cdo mirc dy doan twong tw vé sw gia tang Phat thai CO2 tlr van chuyén .

- Do ¢6 nhu cau I6n vé tau dé giam lwong khi thai, moét sé hoat ddng nghién clru hién nay tap
trung vao uéc tinh lwong khi thai van chuyén toan ciu va phat trién cac giai phap gidm thiéu dé giai
quyét van dé,

- Ngoai ra, gia nhién liéu tang cao va bat 6n tao thanh mot van dé Ién dbi véi cac cong ty van
tai bién nhw chi phi nhién liéu chiém 60% chi ph| van hanh tau. Do dé, cac cong ty van chuyen dang
hwdng tdi cac quy trinh va hoat dong hiéu qua nang lvong dé gidm tiéu thu nang lwong nham giam
chi phi quan ly va do d6 duy tri vi thé canh tranh trén thj trwdng va gidm tiéu cwc tac dong dén moi
trvong.

- Cé4c bién phap tiét kiém nang lwong trén tau cung cap nhiéu lwa chon khac nhau cho céac
chd tau va ngudi van hanh dé giam thiéu nhién liéu tiéu thu va phat thai. Nam 2011, Uy ban Béo vé
Méi trwdng Bién ctia IMO (MEPC) da théng qua sra dbi Phu luc Céng wéc Qubc té vé Ngan ngira
O nhiém tlr Tau (MARPOL)VI, la mét chwong méi (Chwong 4). Théng qua do, Chi sé Thiét ké Hiéu
qué Nang lwong (EEDI) cho céac tau mai va Ké hoach Quéan ly Hiéu qué Nang lwong Tau (SEEMP)
cho tt ca cac tau da duoc thue hién bat budce tir thang 1 ndm 2013. Trong khi EEDI tao diéu kién
thuan loi cho viéc thwe hién cac bién phap k¥ thuat thong qua thiét ké dé dap ng gidi han phat thai
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carbon cho cac tau méi, SEEMP nhdm muc dich tdng cuwéng hiéu qua nang lwong, thong qua hoat
doéng cac tng dung dwoc phat trién bang cach sr dung cac cong nghé hién co trén tau, bao gom ca
nhan thirc vé thay thd doan va dao tao vé sir dung nang lwong hiéu qua.

- Vi nhirng ly do trén, viéc tiét kiém nhién liéu va gidm phat thai khi, nang cao hiéu suét cla
tau da tré thanh dieu toi quan trong.

3. Téng quan va yéu cau déi véi hé théng hé tro quyét dinh str dung hiéu qua ning
lwong trong van hanh tau bién.

- DSS: la hé théng hé trg quyét dinh théng tin dwa trén may tinh c6 thé giup ngwoi van hanh
giai quyét mot sé viéc khong thé do lwerng bang sw tac déng, can thiép cia con ngwdi dwa trén nhiéu
phwong an khac nhau. Muc dich nhdm néng cao hiéu quéa dé& nguoi van hanh ra quyét dinh khi két
hop cac ngudn théng tin sau khi phan tich.

- Su tac dong tdng hop cla 1 sb thong tin 1a yéu td quan trong hd tro danh gia hiéu qua van
hanh cla tau dé dwa ra giai phap nhanh chéng, phi hop véi ché do hanh hai nham lam tang hiéu
qua trong str dung nang lweng va giam tac déng méi trwéng, gidm chi phi.

- Céac bao cao “Noon Data” cung cép théng tin vé murc tiéu thu nhién liéu cla tau trong diéu
kién khai thac vé tai trong, téc do, thdi tiét khac nhau c6 thé rat hiéu qua trong qué trinh hanh hai
cla tau. Tuy nhién théng tin vé b&o céo van chwa dwoc cac chu tau coi trong, chi yéu la thu thap
cho dung quy dinh, vi vay thong tin trén van chuwa dwoc st dung hiéu qua do théng tin chi dwoc cap
nhat dya trén mot sé hoat dong khac nhu sb lwong hang hod, mwén nwéc, cong suét truc... ma
khong két hop véi thong tin “ Noon Data” dé dat hiéu qua cao nhét.

4. Str dung mang no ron nhan tao (phan mém) va cac tai liéu lién quan

- Phuwong phap phan mém (mang no ron nhan tao) la mét trong cac phwong phap dwoc st
dung dé thay thé cho cac phwong phap wéc luong truyen théng. Voi yeu cau co da cac thong tin
dau vao dé co thong tin dau ra mot cach chinh xac nhat qua qué trinh x 1y cta ANN.

- Nghién ctu sir dung ANN la phi hop dé ti wu hoa tai ché cac phwong phap van hanh lién
quan dén tiét kiém nang lvong.

- ANN 1& mét phan mém (mang no ron nhan tao) dwa trén linh vc khoa hoc tinh toan, x@ ly
céac thong tin dau vao phirc tap bang phwong phap théng ké, phan tich d& dwa ra nhirng dw bao phu
hop da dwoc ghi nhan.

- ANN thé hién sy thich rng té6t dé dworc lwa chon da nghién ciru 4p dung trong nhiéu linh
vire khéac nhau trong viéc dw doan murc tiéu thu nhién liéu, cac hé thdng ky thuat nang lwong, mirc
tiéu thu nang lwong cla cac toa nha nang lwong mat trdi thu dong, phat trién hé théng nang lwong
va dy bao murc tiéu thu nang lwong va phan tach giam phat thai khi, hd tro' quyét dinh khan cép vé
méi trwdng, danh gia rai ro vé dw doan cudc ndi day cda chi nghia khing b6, siéu mé hinh mé
phong....

- ANN da duoc st dung dé dy doan mdc tiéu thu nhién liéu cu thé va nhiét do khi thai cha
doéng co Diesel cho cac thdi diém phun khac nhau. Tuy nhién mé hinh ANN chwa dwoc ap dung cu
thé trong viéc bao murc tiéu thu nhién liéu hién tai dwa trén di liéu van hanh l1a chinh.

5. Phwong phap va dir liéu
5.1. M6 hinh hoa mtpc tiéu thu nhién liéu cua tau

- Mrc tiéu thy nhién liéu cla tau va dy doan dwgc mo hinh hoa thanh 3 phan:

+ Co s& di¥ liéu vé mdc tiéu thyu nhién liéu cla tau dwoc cap nhat tr bao cao budi trwa cla
tau “ Noon — Data”;

+ Thuat toan dw bao mtrc tiéu thu nhién liéu;

+ Phan tich higu Suét.

-bé phat trién hé théng ho tro quyet dinh dwa trén ANN co thé dw doan chinh xac murc tiéu
thu nhién liéu cla tau trong cac yéu td van hanh khac nhau, can mét lwong dir liéu dao tao va thiy
nghiém. Trong viéc thu thap di liéu, thong tin va di liéu vé murc tiéu thu nhién liéu cta tau dwoc thu
thap chua yeu tir bao cao budi triv (Noon - Data) va cling duoc hé tro cac béo cdo hang ngay cua
tau ché dau. Thuyén vién dién vao cac bao céao budi trwa méi 24 glo’ trong sudt hanh trinh bao gém
murc tiéu thu nhién liéu hang ngay, mdc tiéu thu trung binh, hang ngay, mém nwéc, tée do, thdi gian,
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khodng cach hanh hai, vi tri, cdng dén, cang kh&i hanh, thoi tiét, mire tiéu thu nhién liéu cta dong
co chinh va dong co phu tro cung véi loai nhién liéu dwoc str dung.

- Ngwoi van hanh bat budc phai dién vao cac mau thong tin can thiét. D& danh gia va quan
séat nhirng thay ddi trong hé théng hoat déng cla con tau, cac con tau trong cac diéu kién hanh hai
khac nhau viéc thu thap dir liéu théng tin hang ngay la rat quan trong.

- Con tau ché dau dwoc st dung va nghién cu cho bao céo danh 51% thdi gian dé hanh hai,
25% neo dau,11% db tai cang, 9% ma no, 4% tha trdi. Nghién ctru nay dwoc thuc hién béng cach
st dung 233 ban bao céo bubi trwa clia con tau hoat déng trong 17 thang ké ti khi né dugc déng.
Bang 1 mo ta cac dac diém chinh cta tau ché dau dwoc phan tich trong nghién ciru nay nhu:

+ Tau dwoc trang bi mot may chinh dbt trong dé hoat dong

+ Tan trén gi® (tAn/h) 1a don vi do mirc tiéu thu nhién liéu 1a co sb dé& so sanh cac bao cao
hang ngay trong khoang thi gian khac nhau

Bdng 1. Cdc ddc tinh chinh cda tau ché d4u.

Loai tau Tau ché dau
Nam dong 21.6.2012
Chiéu dai (m) 266.07
Chiéu réng (m) 48
D6 sdu mém nwdc (m) 23.7
Man kho (m) 17
Tai trong (t) 156597
Cong suét truc (kw) 18660
Co6ng suat may (kw) 25023

- Bay yéu t6 quan trong la: tbc do tau, sd vong quay (RPM), mém nwéc trung binh, lwong
hang hoa trén tau, &nh hwéng cla gié va séng bién — dwoc kiém tra cho mé hinh du bao mure tiéu
thuy nhién liéu. Ching dwgc st dung lam dau vao trong qua trinh dao tao mang. Téc do tau 1a mot
yéu td quan trong trong van tai hang hai. V&i sy phat trién cta khéi lwong van chuyén hang hai thé
gi&i, nhirng con tau co6 thdng sb ky thuat cao phai dap &ng kip théi nhu ciu cla khach hang vi tée
dd cao s& mang lai loi ich kinh té cao nhw nhan hang nhanh, gidm chi phi ton kho va téng khéi lwgng
giao dich trén 1 don vi thoi gian. Hon niva, viéc gia téng gia nhién liéu va cac van d& mai truong
cung vé&i s suy thoai kinh té toan cau da mang lai mot quan diém méi vé téc dd tau va do d6 giam
tbc do tau da tré thanh mot chd dé nghién clru quan trong méi.

- Lam gidm thong sé k¥ thuat cla tau 1a phwong phap hiéu qua nhét vé tiét kiém nhién liéu.
Theo cac nghién clru néu gidm tbc d6 hanh trinh clia tau xudng dwéi tbc d6 thiét ké tir 2 dén 3 hai
ly/gi® thi s& c6 tac dong dang ké dén murc tiéu thu nhién liéu hang ngay va do dé cé thé lam giam
mét nlra chi phi hoat déng cla cac cong ty van tai bién.

- Méi quan hé gitra téc d6 tau va mirc tiéu thu nhién liéu 1a mbi quan hé ty 1& 1: 3 ¢ nghia néu
gidm tdc d6 tau 1 phan thi nhién liéu gidm 3 phan (méi quan hé bac 3). Tc 14 téc d6 cla tau cé &nh
hwéng I&n dén mirc tiéu hao nhién liéu do ty 18 bac 3 v&i cong suét tiéu thu ctia may chinh. Diéu
nay co6 nghia 13, néu tbc d6 tau dwoc ting lén gap doi, cong suéat clia dong co' da qua st dung sé
tang 1én it nhat 8 1an. Néi cach khac, néu gidm 10 % tbc dd tau thi lwong tiéu hao nhién liéu cla tau
gidm khoang 27%.

- Giam tbc d6 1a mot cha dé chinh trong cac hoat déng nghién ctu lién quan dén van chuyén
carbon thap. Loi ich vé kinh t& va mai trwong da dwoc xac dinh do téc dd thap mang lai bang cach
xem xét mdi quan hé gitra mirc tiéu thu nhién liéu va tbc do.

- Dya trén tinh toan hiéu qua chi phi ctia cac tau container & téc do thap va cac phwong an
khac nhau théng qua viéc gidm tbc do & tau ché hang roi la 10%, 20%, 30%, thi két qua co duwoc
la: Mé&c du tbc d6 thap cua tau giup tiét kiem nhién liéu nhwng lai lam tang chi phi khai thac do hop
ddng thué tau tbc do thap.
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- Gidm tbc do c6 lgi vé mat tiéu thu nhién liéu nhuwng n6 phai dugc can bang phu hop véi cac
thwong mai va cac hoat dong khac, cé y nghia rang viéc giam tdc do sé lam ting lwong tau lwu
thong hon dé duy tri ciing mirc dich vu theo nhu cau.

- Tau dich vu phu thudc nhiéu vao lich trinh va vong quay cla hang hoa voi tdc dd nhéat dinh.
MUrc phat thwong mai cao do tbc dd cham da han ché rat nhiéu khi hanh trinh & téc do thap. Do vay
cac hop df‘)ng dich vy bao gi¢ cling dwgc xac dinh dwa trén thoi gian dw kién tranh phat sinh tham
thém chi phi cGia hang tau va cha hang. Dé tranh phat sinh chi phi thi can phai lap ra mét ké hoach
néng ddng, logic phu hop sé 1am gidm thoi gian 1am tic nghén tai cang do vao can lam hang. Vi vay
sé lam gidm dén 10% murc tiéu hao nhién liéu trong suét hanh trinh, déng thei s6 vong quay giam
va dong co sé chay hiéu suét cao & tai dinh mdrc sé& lam giam phat thai khi ra méi trwong.

- Swtiéu hao nhién liéu ciing b anh hwdng bdi mén nwéc cia tau. Tuyén hinh thiét ké tau 1a
rat quan trong dé dam bao lam giam Iwc can cla gid, nwéc, néu vi ly do nao d6 trang tri thém hoac
dong sai thiét ké sé lam tang lwc can va lam tang thém lwong tiéu hao nhién liéu.

- Téc @6 tbi wu cla tau cé thé dat dwoc dwa trén viéc xap xép hang hoa cta thuy tha doan
(thuyén trwdng, dai phd). Mat khac, néu ting khdi lwong hang hoa sé lam ting mém nuwéc va luc
can sé tang Ién do do tiéu thu nhién liéu sé cao hon.

- Sy xac dinh tuyen duwdng hanh hai mét cach Ioglch cho phep chuyén di hoan thanh sém
hon khi tinh dén cac didu kién thoi tiét nhw gio, séng bién & cac didu kién khac nhau. Luc nay sw
két hop tbt cac yéu té trén sé lam gidm mdrc tiéu thu nhién liéu khodng 3%. Theo céc nghién cru khi
c6 7 yéu t6 tac dong nhu: tbc do tau, sd vong quay déng co, man khd, mém nwéc trung binh, lwong
hang hoa cé trén tau, gié va séng bién.

5.2. Mang no ron nhan tao ANN (phan mém ANN)

- ANN la mét trong nhirng phuong phap tinh toan tét nhat dugc ldy cam hing tir hé thong
than kinh sinh hoc tlr ndo ngwoi, né dat dwoc nhirng két qua dang chu y ma cac phwong phap thong
ké truyén thong khéng thé dat dworc.

- Kha nang hoc thgo vi du co |é 1a dac tinh quan trong nhét lién quan dén mang no ron va cé
thé dwoc sir dung dé& huén luyén mét mang véi cac div liéu cia mét hé théng phire tap

Mang no ron nhan tao dwoc tao thanh tir nhiéu x( Iy lién két véi nhau clia cac phan tir dwoc
goi la no ron dwgc md ta cu thé trong hinh 1

- No ron nhan tao chi yéu bao gébm trong lwong, d6 1éch va chlrc nang kich hoat. Mbi no ron
nhan thong s6 dau vao la xu, X2, ...Xn dwQc gan vai trong sb xi, diéu nay cho biét cwong do két néi
cho mot dau vao cu thé cho méi két ndi. Sau dé, né nhan moi dau vao véi trong so twong (rng clia
két ndi no ron. M6t thién vi bi c6 thé dwoc dinh nghia 1a mét loai trong s két ndi véi mét gia tri khac
khéng dbi dwoc thém vao téng cac dau vao va twong &ng véi trong lwong u, dwoc cho nhw sau:

n
j=1

Trong do6:
ui: la mdc hoat dong thwe bén trong clia no’ ron i
wij: & gid tri trong s jin cGa 1&p i
xi: 1a gia tri dau ra cta lop ji, n: s6 lwong no ron

Ham kich hoat yi s& tao ra mét dau ra thyc té n6 st dung ham truyén sigmoid tiép tuyén
hyperbol. Tong ui dwec chuyén bang cach s dung mét ham vé hwéng dugc goi 1a “ ham kich hoat
hodc chuyén, f(ui) mang lai mét gia tri dwoc goi Ia “kich hoat” don vi, dwoce cho la:

yi = f(ui) @)
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Hinh 1: Cdc phéan tir co’ ban cia mét no’ ron nhén tao.

- Thuat toan dwoc st dung huén luyén phé bién nhat cho nhan thirc nhidu 16p 1a thuat toan
lan truyen ngwoc (BPA) ( back propagation algorlthm BPA). N6 la mét phwong phap giam d6 déc dé
gidm thleu 16i cho mdt ma&u huan luyén cu thé. Giai doan truyén nguoc dwoc thuc hién thong qua
mot sb lwong Ién cac tap huan luyén hodc chu ky huén luyén. Cac qua trinh hoc tap nay dwoc 1ap
lai cho dén khi tap hop trong sb tdi wu, trong trwérng hop ly twdng sé tao ra dau vao phu hop cho
bat ky dau vao nao.

6. Thiét ké mé hinh ANN

Trong nghién ctru nay, mét mé hinh mang no ron da dwoc thiwe hién véi hép cdng cu mang
no ron dwoc trinh trong MATLAB 2010a.

Dir liéu thu dworc tir 233 béo céo budi trwa dwoc st dung dé thiét ké va xay dwng ANN. Ban
dau, mét mau bao cao gébm 164 (70%) béo cao bubi trwa dwgc chon ngéu nhién dé dao tao, (30%)
69 mau con lai la di¥ liéu dé& st dung xac thwe. C6 bién dau vao: téc dd tau, sd vong quay trén phuat
RPM, mé&m nwéc trung binh, khéi lwgng hang hoa trén tau, séng, gié bién, man khé. Tham sb dau
ra md hinh ANN 14 mrc tiéu thu nhién liéu cua tau ( tAn/gid). Pham vi clia cac mau duoc dwa ra
trong bang 2.

- Phuong phap 1ap mo hinh cho ANN dwa trén thuat toan hoc truyén ngwoc dugc st dung
trong nguon cap di liéu chuyén tiép v&i mot Iop an Nhiém vu chinh clla cac nghién ctru ANN la xac
dinh kién tric mang Iy twdng c6 lién quan dén sé lwong I6p an va té bao than kinh trong dé. Xem
xét hiéu suat ANN, sé lwong (cac) I16p an, cac no-ron trong (cac) I&p an va gia tri clia cac tham sb
huén luyén cho moi thuat toan huén luyén dwoc xac dinh thong qua phwong phap thir va sai. Kién
trac toi wu cia ANN dwoc xay dwng theo kién tric 7-12—1 NN dé dy doan nhién liéu dai dién cho
sb lwong dau vao, t& bao than kinh trong cac I1&p an va dau ra twong &ng.

Béng 2: Pham vi théng s6 dau vao va déu ra trong giai doan dao tao — kiém tra.

R £ Khoang gia tri

Théng so in Max
Toc do tau 8.69 16.46
Vong quay 49.16 85
M&n nwéce trung binh 7.5 17
Man kho 0 3.2
Lwong hang 0 149491
Hiéu ng gid -41.54 36.9
Hiéu rng song -9.14 8.79
Mtrc tiéu thu nhién liéu 0.58 3.13

- M& hinh ANN dwoc dé& xuét dwoc dua ra trong Hinh 2. Thuat toan hoc tap dwoc st dung
trong nghién cu 1a Levenberg — Marquardt (LM), ham kich hoat & hyperbolic cac ham truyén
sigmoid tiép tuyén (dau vao va dau ra duoc chia ty I gitra -1 va +1 cho mang no-ron mé hinh) va
sb ky nguyén dwoc dat thanh 10.000.
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Hinh 2: Sor d6 cdu tric ANN.

- Hé sb xac dinh (R) va tiéu chi I6i phwong sai (MSE va 'RMSE) da dwoc st dung cho do
lwdng hiéu suat ctia ANN. Chi bao 16i dwoc sk dung rdng réi nhat la MSE, cla dw doan trén tat ca
cac mau huén luyén cho mét mang noron mét dau ra c6 thé dwoc xay dung duéi dang sau:

MSE = ﬁzf(ti —z)? (3)

Trong do6:

N: 13 tbng s6 mau dao tao

tiva zi: 1a dau ra dw doan cho mau dao tao thr | va muc tiéu

- M6t tiéu chi woc lwong 16i khac 1a RMSE (16i binh phwong trung binh can bac hai) va théng
qua no, I6i duoc hién thi trong cac don vidlr liéu muc tiéu va dy doan. Theo cac tiéu chi nay, R cao
va MSE thap va gia tri RMSE cho thay mét mé hinh phu hop.

7. Hiéu suat ctia M6 hinh ANN

- Trong phan nay, cac két qua va hiéu qua ctia hé thdng duoc s dung dé dy bao mirc tiéu
thu nhién liéu cta mot con tau sé dwoc mo ta thé hién trong Bang 3, nghién cru thuc dia cho thay
trung binh 1,89 tan/ h nhién liéu la do tau tiéu thu.

Béng 3 Théng ké murc tiéu thu nhién liéu (tin / h)

95%
L s Lén . Khoang thoi [P0 tin cay
Nhoé nhat. Ahat. Thyctée | SD gian
Thép nhat |Cao nhét
Tén/gity 0.58 3.13 1.89 0.50 1.80 1.98

Hinh 3 va 4 minh hoa viéc dao tao va xac nhan mé h‘|r3h ANN cho cac gia tri dwoc quan sat
va dy doan lwgng tiéu thu nhién liéu. R 1a 0,834 va 0,759 dé dao tao va xac nhan mé hinh ANN,
twong &ng.
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Hinh 3: Méi quan hé giira murc tiéu thu nhién liéu thwc té va dw dodn (Pao tao) bang cdch str dung mé

hinh ANN.
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HINH 4: Méi quan hé gitka mirc tiéu thu nhién liéu thuc té va duw doédn (Xéc thuc) bing mé hinh ANN.

- Ky thuat cia mo hinh ANN néi chung dwoc coi la teng dung hdp den. Tuy nhién, nghién ctru
nay gidi thiéu (rng dung ANN trong moét gidi phap dang dong. Nghién ctru trinh bay gidi phap tiéu
thu nhién liéu dwa trén cac tham sé ANN dwoc dao tao (trong lwong va dd léch) cla tau véi cac
chtrc ndng théng sé nhu: téc d6, s6 vong quay trén phat (RPM), mén nuéce trung binh, man kho, sé
lwgng hang héa trén tau, hiéu (ng gié va séng bién. Trong d6 ham truyén tiép tuyén hyperbol (tan
h) str dung cho phwong phap nay dwgc cho nhu sau:

tanh(v) = @

i

trong d6 U dwoc cho trong phuong trinh (5). Cac gia tri chuan héa cla cac tham sé dau vao dwoc
st dung cho phwong trinh (5)

Ui= C1i % ship speed + C2: X RPM + C3; X draft + Cai % trim + Csi X cargo quantity + Cei % (5)
wind ef fect + C7i % sea ef fect + b;

trong do, K dwogc cho trong phwong trinh (6) va dwgc st dung cho phwong trinh (7)

Ki= Y. tanh(u) xlw, + b (©)
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trong do, trong s va do léch gitra Iép dau vao va 16p an dwoc dua ra trong Bang 4 cho thuat toan

LM v&i 12 no-ron.

Béng 4: Trong s6 va dé léch

itpa I6p thong sé dau vao va Iép 4n déi véi phwong trinh (5) va (6).

n Cui Cai Csi Cai Csi Cei Cri Iw b1 b2
1 |-0.7431 | -0.0587 | -0.5878 | 0.80046 | 1.2996 1.2996 | -0.417 0.3347 2.0881 | 0.2226
2 |-0.5483 | 1.1236 | 0.43986 | 0.65012 | 1.6052 | 1.6052 | 0.03826 | 0.48388 | -1.4265

3 | -0.5352 | 0.32488 | 0.75197 | -0.9981 | -0.9504 | -0.9504 | 0.19942 | -0.8794 | -0.9295

4 | -0.0148 | 1.2529 -0.2573 | 0.99103 | 0.62122 | 0.62122 | 0.9913 | -0.1947 | 1.0954

5 | 1.1545 1.3696 | 0.71883 | 0.59309 | 0.34136 | 0.34136 | 0.84336 | -0.4167 | 0.83542

6 | 0.00326 | 0.00296 | 1.3981 | -0.0773 | 0.08862 | 0.08862 | -0.1686 | 0.3915 | 0.0096

7 1 0.26818 | 1.336 0.72698 | 0.9393 | -0.0808 | -0.0808 | -0.3688 | 0.61318 | -0.1373

8 | -0.6215 | -1.1863 | -0.529 -0.4208 | 1.5299 | 1.5299 | -1.3653 | -0.3507 | -0.5414

9 | -0.3622 | 1.1819 -1.0303 | 0.50076 | -1.716 -1.716 1.2242 0.54683 | 1.2775
10 | 0.29539 | 0.33189 | -0.9563 | -1.8743 | -0.2218 | -0.2218 | 0.36101 | 0.70683 | 1.4561
11 | 0.50702 | -0.3649 | 0.76347 | 1.5718 | 0.34273 | 0.34273 | 0.77075 | 0.56254 | 1.5673
12 | -0.6832 | -0.5465 | 0.33544 | 1.0733 1.0141 1.0141 | -0.7989 | 0.46534 | -2.1906

S dung trong sé va d6 chéch ctia mé hinh ANN duoc dao tao, c6 thé dwa ra gia tri chuan
hoa ctia murc tiéu thu nhién liéu nhw sau:

e Ki
yi = f() = o ™

O day, y:la gia tri chuan hoa va phai dwoc chuyén déi thanh gia tri tiéu thu nhién liéu thuc

3, 3
y=0,7439x+0,4823 /
R Sq Linear = 0,744

Lwong nhién liéu tiéu thu dwdoan (mtons/h)

Lyeong hién ligu tign thu thue 68

Hinh 5: Méi quan hé gitra mirc tiéu thu nhién liéu thwe té va dw dodn (Pao tao) str dung mé hinh MR
8 Xdc thwc va Do diém chuén.

- Trong phan nay, két qua s dung mo hinh ANN phat trién & trén dwoc so sanh véi hoi quy
bdi phan tich hdi quy (MR).

- Mét trong nhirng k¥ thuat phd bién nhat dwoc st dung dé xac dinh méi quan hé gitra cac
bién trong cac nghién clru la k§ thuat phan tich hdi quy. Phan tich hdi quy nhiéu lan (MR) 1a mét
thdng ké tuyén tinh ky thuat dwoc st dung dé thiét 1ap méi quan hé tét nhat gitra mot bién (phu
thudc, dw doan) va mot sd bién khac (doc 1ap, dw bao) st dung phwong phap binh phwong nhd
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nhat. M6t md hinh héi quy bdi phan tich sau d6 dwoc phat trién dé dw doan mure tiéu thu nhién liéu
nhuw:

Y=ao+aiVi+aVo+ - +anVnte (8

trong d6: ac-an la cac hé sb héi quy,
V1, Vn 14 céc bién doc lap
¢ 12 16i md hinh.

- Cac mé hinh c6 dang tuyen tinh dé biéu dién cac méi quan hé tuyen tinh gitra bién phu thudc
va cac bién doc 1ap ciing nhw méi quan hé gitra cac blen doc lap. Biéu quan trong la phai xem xét
mtrc d6 phu hop va y nghia thong’ke cla cac tham sb woc tinh pua cac m6 hinh hoi quy da phat
trién. M6 hinh c6 R 2 cao nhat co thé dworc thiét ke thong qua s ket hgp ctia dieu chinh hoi quy tién,
Iui va hoi quy tirng buéc. Cac bién coé y nghia tai P = 0,05 luén la duy tri cho mé hinh cudi cung.

- MR da dwoc thye hién trong phan mém IBM SPSS Statistics 21.0. HOi quy boi vai gia tri cao
nhéat R c6 thé dwoc thiét ké trong nghién ciru nay théng qua phwong phap théng ké.

-Hiéu sut dwoc danh gia bang cach st dung cac bd dir liéu gibng nhau, ngoai triv bién sb
lwong hang hdéa do twong quan cao voi di bién gay ra van de cong da tuyén, nhw duoc st dung
dé kiém tra hiéu suat cia md hinh ANN.

- Cac mdi quan hé tuyén tinh cta bién phu thudc vao cac bién ddc 1ap dwoc biéu dién bang
mot mé hinh phan tich héi quy bdi s6. Cac tap hop dir liéu twong tw da duwoc st dung cho viéc dao
tao mé hinh ANN dé so sanh toan dién hon véi mé hinh ANN va cac dw doan vé di liéu xac thwe
dwoc wéc tinh sau khi chay thtr. M6t mé hinh phan tich hdi quy boi co thé phu hop voi dir liéu tiéu
thu nhién liéu va tinh bang khoang 75% phuwong sai trong di¥ liéu xac thwe. Hinh 5 va 6 so sanh
nhién liéu dw doan va thuc té cta tau tiéu thu cho di¥ liéu dao tao va xac nhan, twong rng. MSE va
RMSE cuébi cung cho di liéu xac thuc lan lwot 1a 0,038 va 0,196 tn / h trong bang 5 nhu sau:

Bang 5: MSE va RMSE dé dao tao va xdc nhan céc mé hinh MR va ANN.

mtong /h)

tiéu thu die dodn

nhién ligu

Luoug

ANN
Dél\(/l)?ao Xac nhan
) Paotao | Xac nhan
MSE 0.03 0.038 0.02 0.037
RMSE 0.174 0.196 0.141 0.193
R 5q Linear = 0,756 .. >

-] 1,80 z,a0 2,50

lamna phiGo $iéu shu Shuc S

Hinh 6: Méi quan hé gitra mirc tiéu thu nhién liéu thuc té va dw doédn (Xéc thuc) bing céch st dung

9. Thiét ké Hé théng H6 tro” Quyét dinh (DSS) dé cai thién hiéu qua st dung ning lwong

trén tau

mo hinh MR.
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- Nguoi diéu hanh tau, dwa ra cac quyét dinh lién quan dén viéc thuc hién cac bién phap hoat
dong dé cai tién tau mang lai hiéu qua nang lwong, co thé st dung lgi ich clia cac két qua thu dwoc
ttr ANN da phat trién cta Phan 4.

_ - Bang 6 cho thay bay thong s6 va kha nang kiém soat clia chiing b&i cac nha khai thac tau
dé hé tror quyét dinh.

Béng 6: Céc théng sé cé thé dwoc kiém soét béi nguwei diéu hanh tau.

Théng sé dau Diéu chinh Mau ta
vao
o Tbc d6 tau cé thé duwoc ting hodc gidm tuy theo ké hoach hanh
Toc do tau v N
trinh
Vong quay v Tbc d6 vong quay cé thé duoc ting hodc gidm tuy hanh trinh

Lwong hang hoa . . A L N e
- Lwong hang hoa do cac bén ky hgp dong quyét dinh

Mém nuwéce - Mén nuéc dwoc nhap tuy theo sy di chuyén cla tau
Man kho v Man khd c6 thé diéu chinh theo yéu cau

Tac dong cla gié cé thé dwoc gidm khi xac dinh dwoc thoi tiét (di

Téc dong gid Y |nhién c6 thay déi )

Téac dong song L, Téc dong cta song bién c6 thé dwoc giam khi xac dinh dwoc thoi
bién tiét (di nhién co thay dbi)

Nguoi diéu hanh tau c6 thé diéu chinh téc d6 va RPM khi xem xét ké hoach hanh trinh (c6 thé
xay ra han ché ve thoi gian do méi trwong giao dich). Sé lwong hang héa quyet dinh sw dich chuyen
cua tau, do do, s lwong hang hoéa va cac théng sé mém nuéc la khdng thé kiém soat, chi duwoc st
dung dé dw doan. Man khé c6 thé dwoc tdi wu hoa theo ban nhap. Hiéu trng giod va séng bién cé thé
duoc sir dung dé hd tro tiét kiém nhién liéu bang cach xac dinh tét tuyén thoi tiét.

~ Thiét ké ctia nay clia DSS (tir tAc dong clia cac bién phap tiét kiém nang lwong van hanh tau
doi v&i nhién liéu dw bao murc tiéu thy do st dung ANN) dwoc trinh bay trong Hinh 7.

y=)
___ Buoc1 Buéc 2 D liéu tir Vs // )
n ) ANN - AN T/ T/s dau
) User " o §\ /J' vao I&p ra
- Interface - —! o
Budc 3 L3 T/s dau T/s 16p &n
- o Co s& di¥ - . vaolép1 Thong o6 dau ra

Pl it ligu DO ligu tir™ VAN
str dung | W N

tinh toan

Tinh toan

Hinh 7: Thiét ké tiét kiém nang lwong van hanh tau ANN DSS.

- Co s& di¥ liéu cia DSS chira di¥ liéu ttr ANN da phat trién. ANN nay da dwoc chay khi dau
vao la bay yéu t tac dong quan trong (tbc do tau, sbé vong quay médi phat (RPM), mén nwéc trung
binh, man kho, sb lwgng hang héa trén tau, gié va hiéu &ng bién) va két qua ctia ANN cho tat ca
233 c4c mau dau vao khac nhau dwoc ghi lai va lwu tri trong co sé& di liéu ciia DSS. Can lwu y
rang, thay vi c6 két qua ANN cho 233 céac trwdng hop khac nhau dwoc lwu triv trong co sé di liéu,
ban than ANN c6 thé dwoc chén vao DSS. Bang cach nay,dwa trén thong tin dau vao cia ngudi
dung, ANN sé tw dong tao ra dau ra clia minh trén co sé thdi gian thue.

Chtrc nang DSS dya trén ANN duogc thye hién theo cac buéc sau:

~ +Budc 1: Nguoi diéu hanh tau nhap tat ca cac thong so bién can thiét bao gom cac tham sé
dau vao cho ANN va cac
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_ cac thong s6 can thiét cho chuyén di ctia tau nhw khoang cach gitra cac cang, ngay yéu cau
dé giao hang

va qua trinh van chuyén sau 1&i nhic tir hé théng.
~ _+Budc 2: Tuy thude vao théng sb dau vao clia nguoi diéu hanh tau, hé théng dwa ra cac truy

van can thiét doi voi

co s& di¥ liéu.

+Budc 3: Két qua clia cac cau hdi duoc tra vé va dwoc trinh bay cho nguoi diéu hanh tau, 1a
ngwoi cé thé danh gia

chung. Tai thdi diém nay, ngwoi dung cé thé két thic twong tac hodc tiép tuc bang cach quay
lai Buwoc 1.

- D& minh hoa chirc nang ctia DSS d3 phat trién, trwéng hop gia dinh véi hai tinh hubng duoc
trinh baybén dwai, twong trng véi cac tinh hudng ra quyét dinh téi wu hoa téc d6 tau va RPM do anh
hwéng khéng nhé dén viéc tiét kiém nhién liéu.

- Nguoi diéu khién tau nhap cac thdng sé v& mén nwédc, man kho, lwong hang, hiéu ¢ng gid
va bién dwoc st dung cho ANN va théng tin bd sung, chang han nhuw khoang céch gitra cac cang
tinh bang hai ly (d) va ngay yéu cau cho

giao nhan hang hoa. Bé danh gia hai kich ban téi wu hoa téc do va RPM, nguoi diéu hanh tau
nhap hai gia tri toc d6 va RPM khac nhau dé nhan dau ra ctia DSS dwa trén ANN. (Bwéc 1)

- Con tau dang ¢ tinh trang cd balat véi mon nwdc 7,5 m va man khé 2,7 m. Thoi tié; anh
hwéng xau dén gié la 23 hai ly va bién 13 0,3 m. Khoéng cach gilra cac cang la 800 hai ly. Toc do
tau la 10 hai ly / gi va RPM la 55 cho kich ban 1 trong khi toc do tau la 13 hai ly / gio va RPM la 71
cho kich ban 2.

) - T‘|’nh toan ANN dwoc thwe hién khi thc“)ng tin hoat QGng dwoc nhap vao giaQ dién. Say do,
két qua dau ra (mdrc tiéu thu nhién liéu) 1a 0,96 tan / gio doi voi Kich ban 1 va 2,1 tan / gio' doi voi
Tinh hudng 2. (Budc 2)

- Bang 7 dwa ra két qua clia thong tin hd tro quyét dinh. Hé s6 phat thai ctia CO2 14 3,17. Gia
nhién liéu lIa $ 150 cho mai tan dwoc str dung dé tinh tong chi phi nhién liéu cho chuyén di.

Béng 7. Théng t“in hé tro quyét dinh.
Tinh huéng | d (NM) | t (hours) ?ri‘t‘or:;r% Q (Tén) P ($) (tgno;)
Tinh huéng 1 800 80 0.96 76.8 15360 243.456
Tinh hubng 2 800 615 2.1 129.15 | 25830 409.406

Trong do6:
t: 1a th&i gian di tau dwa trén ngay giao hang;

Q va P la téng lwgng nhién liéu twong (rng 2 tiéu thy theo tan va chi phi nhién liéu tinh bang
do la cho chuyeén di.

- Theo théng tin thu dwoc, ngudi ra quyet dinh cé thé quan ly cac théng so hoat dong cho hd
tro' quyét dinh. Thang tin d4u vao sé thay ddi theo thong tin hoat ddng va yéu cau xem xét ké hoach
hanh trinh cla tau va théng tin hé tro quyét dinh sé thay déi theo nhirng thay ddi trong thong tin dau
vao. Nguwoi didu hanh tau quan tam dén tbc d6 va RPM téi wu ma tau cé thé dat duwoc cang dung
gi®. (Thoi gian chd doi thém dbi véi hang hoa tai khu neo dau hodc cang do tau téc dd cao hodc
cham tré ddi véi hang héa do hoi cham khong duoc dy dinh). Do d6, tc do tau va RPM c6 thé dwoc
tdi wu hoa théng qua diéu chinh thoi gian tau chay (t) xem xét ngay can thiét dé giao hang. Trong
trwdng hop gia dinh nay, su khac biét gitra hai kich ban 1a muc tiéu thu nhién liéu xap xi 52 tan,
10470 d6 la chi phi nhién liéu va 165 tdn CO2 cho chuyén di hién tai véi quang dwéng 800 hai ly
(NM). Nguwei dung, sau khi nhan dwoc théng tin dwoc hién thi trong bang 7, hodc cé thé tiép tuc voi
mot cudc didu tra bd sung lién quan dén cac gia tri hoat ddng mai cho tdéc dd va RPM khac nhau
ho&c thoat khéi hé théng. (Buwéc 3).
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9. Két luan

- V& hiéu qua nang lwong cla tau, tiéu thu nhién liéu da tré thanh méi quan tam hang dau.
Giadm nhién liéu tiéu dung dwoc coi 1a muc tiéu tdi quan trong do ap lwc kinh té va méi trwérng.Cac
quy dinh, tiém n&ng tiét kiém nhién liéu co thé thwe hién duwoc dbi véi cac tau hién co théng qua cac
bién phap van hanh.

- Muc dich téng thé clia bai bao nay 1a phat trién mét mang no-ron nhan tao (ANN) dwa trén
quyét dinh hé théng hé tro' cho cac nha khai thac tau trong viéc dwa ra cac quyét dinh lién quan dén
viéc thue hién cac hoat ddng cac bién phap xem xét ca khia canh kinh té va méi trudng dé cai thién
hiéu qua tiét kim ndng lweng cda tau.

.- Nghién ctru nay da chirng minh hai diém mai, dau tién 1a dw doan mure tiéu thu nhién liéu
cla tau bang cach str dung mot cach tiép can khong chinh xac, mé hinh ANN, the hai la phat trién
mot cong cu hd tro' quyét dinh dé giup nhan sw dwa ra cac quyét dinh téi wu trén co sé thoi gian
thwe dé van hanh tau tiét kiém nang lwong.

- Nghién ctru nay la 1an dau tién mot md hinh ANN duoc thiét ké d& dw doan mure tiéu thu
nhién liéu trong hoat déng ctia tau st dung di¥ liéu béo cao budi trwva tau. V&i dong lwc nay, phwong
phap dé xuét cé thé dwoc coi 1a thanh cong,la cong cu hd tro quyét dinh cho ngudi diéu hanh tau
trong viéc dw bao murc tiéu thu nhién liéu dwa trén cac diéu kiénhoat ddng hang ngay khac nhau

- Hé thdng hé tro quyét dinh dwoc dé xuat cung cap mot cach tiép can chién lwoc khi cac nha
khai thac tau phai thuc hién cac quyét dinh ciia ho & cp do hoat dong xem xét ca khia canh kinh té
va moi treong.

- Két qua thu duoc cho thay rd rang rang mang no-ron cé thé hoc rat chinh xac cac méi quan
hé gilra cac bién dau vao va murc tiéu thu nhién liéu cta tau. Hon nira, ANN cung cap twong dbi tét
hon vé két qua dw doan vé murc tiéu thu nhién liéu cta tau khi so sanh vé&i két qua thu dwoc bang
mo hinh MR.

- DSS duogc phat trién bao gém ca mé hinh dw doan cling c6 thé dwoc st dung trong qua
trinh thiét ké t,éu qé danh gia lwvgng nhién liéu tiéu thu va cac khia canh méi trwong doi véi cac
phwong an thiét ké.

- Do mrc tiéu thu nhién liéu ca tau bi &nh hwéng béi mot sé yéu td khong thé kiém soat duwoc
trong mai trwdng bién, viéc kham pha chi tiét méi lién hé gitra cac bién dau vao khac va muc tiéu
thu nhién liéu cla tau nén |a bwéc tiép theo trong cac nghién ctru trong twong lai. Do do, viéc xem
xét cac thay ddi dang ké véi ciu hinh hoat dong cla cac tau khac nhau va mét sb lwong 1&n cac
tham s6 khong thé kiém soat, khéng chi mé hinh MR ma con cac mé hinh dy doan khac sé can thiét
dé cai thién do chinh xac. Ngoai ra, cac hé théng hd tro quyét dinh khac cé thé dwoc phat trién cho
céc loai tau khac nhau nhw tau ché hang roi, container, v.v. va sé lwong tau I6n hon véi nhiéu loai
nét dac trueng.
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THIET KE BO TRAO DOI NHIET KIEU TAM S DUNG TRONG CHU TRINH
RANKINE H(PU CO’ NHIET DO TRUNG BINH
DESIGN OF PLATE HEAT EXCHANGERS FOR USE IN MEDIUM
TEMPERATURE ORGANIC RANKINE CYCLES

Tae-Woo Lim, Yong-Seok Choi va Chun-Ki Lee
Bién dich: HOANG PU’C TUAN
B6 mén Mdy tau thay - Khoa M&y tau bién
Tém tit:

Chu trinh Rankine hitu co (ORC) duoc st dung dé thu héi hiéu qué nhiét khi thai ter dong
co tau thdy. Mét trong nhiing yéu té quan trong quyét dinh hiéu qué cia hé thbng ORC
céc la bo trao déi nhiét duoc st dung trong dé. Trong nghién ciru nay, st dung céc bo trao
déi nhiét dang tdm lam bé trao déi nhiét cho dan bay hoi va binh ngung trong hé théng
ORC. biéu nay la do thiét bj trao déi nhiét dang tdm c6 thé dat duoc kich thuéc nhé hon
va hé sé truyén nhiét cao hon so véi thiét bj trao déi nhiét dang vé va éng bang cach giam
dién tich truyén nhiét. Dé xéac dinh dién tich truyén nhiét cta dan bay hoi va dan ngung,
cén lwa chon tuong quan truyén nhiét thich hop theo duong dan dong va diéu kién chét
I6ng. Do d6, dién tich truyén nhiét cia thiét bi bay hoi trong hé théng ORC thu duoc bang
céch st dung twong quan truyén nhiét bay hoi cuia Kim va cac déng nghiép. Ngoai ra, dién
tich truyén nhiét cta binh ngung trong hé thbng ORC duoc tinh toén bang cach str dung
twong quan truyén nhiét ngung tu cda Yan. Ttr két qué thu duoc bdng mé phdng nay, céc
hé sé truyén nhiét bay hoi va ngung tu hién phén tich va so sanh véi tai liéu.

Abstract:

An organic Rankine cycle (ORC) is used to efficiently recover the exhaust gas waste heat
discharged from a ship. One of the crucial factors that determines the efficiency of an ORC
system is the heat exchanger used in it. In this study, a plate heat exchanger is used as
the heat exchanger for the evaporator and condenser in an ORC system. This is because
a plate heat exchanger can achieve smaller size and higher heat transfer coefficient in
contrast to the shell-and-tube heat exchanger by reducing the heat transfer area. In order
to determine the heat transfer area of the evaporator and the condenser, an appropriate
heat transfer correlation should be selected according to the flow path and fluid condition.
Therefore, the heat transfer area of the evaporator in an ORC system is obtained by using
the evaporation heat transfer correlation of Kim et al. In addition, the heat transfer area of
the condenser in an ORC system is calculated using the condensation heat transfer
correlation of Yan et al. From the results obtained by this simulation, the existing
evaporation and condensation heat transfer coefficients in the literature are compared and
analyzed.

Key words: organic Rankine cycle, efficiently, exhaust gas, heat transfer area, evaporator,
condenser, plate heat exchanger, preheater, heat transfer coefficient, correlate....

No KH Tén goi Don vi No K H Tén goi Don vj
1 A Dién tich bé mat trao nhiét m? 14 m Luu lwong Iwu théng Kals
2 | b Chiéu cao go luon séng m| 15 | Nu Sé Nusselt
3 | bd Sé lien két 6 |P Ap suét Pa
4 | Bo Sé soi 17 | Peo Buéc gon song m
5 | Cp Ndr khéi luong dang ap kikg.K | 18 | Pr S6 Prandtl
6 | Co Sé déi lvu 19 | ¢’ Mét dé dong nhiét W/m?
7 deq Duwong kinh twong dwong m 20 Q Dong nhiét W
g | dn Durong kinh thay luc m| 21 | Re Sé Raynolds
9 f Yéu té ma st 22 T Nhiét do tuyét doi K
10 | G Trong luong lwu théng Kg/mis | 23 |t Chiéu day tdm
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1 |n Hé s6 truyén nhiét KWIM2K | 24 | ATi 5:-?”9 chénh é'fgg”t K
12 | K Hé sé dan nhiét kW/m.K 25 w Chiéu réng m
13 | L Chiéu dai m| 26 |x Do kho cda hoi

14 | m Lwu lwong luu théng Kals

1. Loigi&ithiéu

Trong nhirng &n day moét sd cong nghé da duwoc dé xuat ap dung va danh gia béi qua nghién
ctru. Dac biét, st dung chu trinh Rankine thuc (ORC) dwoc xem la cé trién vong nhat. Cac chu trinh
Rankine hoi nwéc hién co hoat dong & cac ngudn nhiét cé nhiét dd trung binh (khoang 230+650
°C).Tuy nhién, sé khong hiéu qua vé chi phi & cac ngudn nhiét cé nhiét dd thap hon 230 °C. Trong
pham vi nhiét d6 thap va mot phan cia pham vi nhiét dd trung binh, ORC cé mét sé loi thé so voi
chu trinh Rankine hoi nwéc. Chét 1dng hiru co dwoc sir dung trong ORC c¢6 nhiét dohda hoi thap
hon va cé thé lam mat ngudn nhiét tét hon nwéc & cung nhiét do bao hoa.Mét trong nhirng yéu t6
quan trong quyét dinh hiéu qua ctia mot hé thong ORC la bd trao déi nhiét. Bo trao ddi nhiét dang
ong va vo it dwoc sir dung rong rai lam bo trao d6i nhiét khi thai vi sy phan ap cua khi. Thiét bj trao
ddi nhiét dang tAm dwoc s dung rong rai nhéat vi hiéu qua cao, gon nhe va wu diém thu nhiét voi
chénh léch nhiét do rat nhd. Ngoai ra, chi phi clia cac thiét bj trao ddi nhiét nhw bd gia nhiét so bo,
dan bay hoi, bd qua nhiét va binh ngung chiém mét ty 1& cao trong téng chi phi clia mot hé thdng
ORC, do d6 viéc dw doan hiéu suét chinh xac cla bo trao dbi nhiét I rat quan trong.

2. Téng quan hé théng va méd hinh héa

Palmer va cong sw da trinh bay cac sb Nusselt trung binh cho chét Iam lanh tinh khiét R22,
R290, hén hop R290/R600a va R32/R152a cho qua trinh bay hoi va ngwng tu trong b trao déi nhiét
dang tAm. Ho da dé xuat mot méi twong quan qua dé dé dw doan di liéu truyén nhiét bay hoi cho
R22, R290 va R290/R600a, dong thdi dé xuat moét méi twong quan khac cho R32 va hén hop R152a.

) Kim va cdng sw da tim ra dac tinh truyénlnhiét bay hoi cia R410A. Diéu dwoc chi ra la hiéu
suat truyen nhiét bay hoi tang theo lvu lvgng khoi lvgng va méat @ dong nhiét trung binh, anh huéng
cla lwu lwgng khéi lvgng va nhiét d bao hoa lan lwot tang va giam twong ng.

Arima va cong sy da tim ra d&c tinh truyén nhiét séi cuc bd ctia amoniac trong thiét b trao dbi
nhiét dang tAm dirng v&i lwu lwong khéi lwong nhd. Ho quan sat thay rang sw séi dbi lwu cwéng bire
chiém wu thé trong hau hét cac thi nghiém. Cac két qua thi nghiém nay da dwoc xac nhan théng
qua trwc quan. Hé sb truyén nhiét sdi cuc bo tang theo chét lwgng ctia hoi cho dén khi dat t&i 0,7.
Hé sb truyén nhiét giam dang ké khi xay ra hién twong kho hoi.

Han va cong sy da tién hanh cac thi nghiém s dung R410A va R22 cho tdm véi ba loai géc
nghiéng (200, 350, 450). Ho da dung mat dd dong nhiét thAp hon nhiéu so v&i cach ma Hsieh va Lin
st dung. Ho két luan rang ca hé sb truyén nhiét sdi va do gidm ap suét tang theo lvu lwong khéi
lwong va chét lwong hoi, nhwng gidm theo nhiét do bao hoa va géc nghiéng.

Trong mot nghién ctru trwde day, hé théng ORC duoc thiét ké dé thu hdi nhiét thai tiv khi thai
cla dong co diesel tau thly, thu dwoc hiéu suat cuc dai 1a 28,4%. Didu nay rat quan trong dé cai
thién hiéu qua cta toan bd hé thdng thu héi nhiét thai ORC. M6t diéu nhan thay la cac bo trao dbi
nhiét chiém ty trong 16n trong hé thdng ORC. Do d9, thiét ké tbi wu cGa bo trao dbi nhiét sé dong
mot vai trd quan trong trong viéc nang cao hiéu qua cia hé thdng ORC. Déc biét, hiéu suat ctia bd
trao ddi nhiét cé thé thay déi dang ké tly thudc vao hé sb truyén nhiét nao dwoc ap dung trong bau
ngwng va thiét bi bay hoi trong dé c6 xay ra sw thay dbi pha. Trong nghién ctu nay, dé thiét ké bod
trao dbi nhiét clia hé thébng ORC, viéc st dung céc tai liéu lién quan truyén nhiét mét pha va hai pha
va tinh dién tich truyén nhiét dwoc ap dung thédng qua xem xét cac mé phéng dac diém truyén nhiét
trong thiét ké bo trao ddi nhiét dang tdm trong hé théng ORC. Tl két qua thu dwoc, so sanh véi hé
sb truyén nhiét bay hoi va ngung tu hién cé trong tai liéu.

Trong nghién ctu nay, b tri mot hé thdng két hop dé thu hdi nhiét thai béng cach két néi khi
thai nhiét dd cao tlr ddng co’ dan dong sang ORC va cho thdy so d6 biéu dd Hinh 1. Cac théng sé
chinh déi v&i dong co tau thiyda néu trong bai bao cua Liang, dwoc dua ra trong Bang 1. Thanh
phén cua khi thai dwgc gia dinh la CO2 la 17,60%, H20 la 5,25%, N2 la 72,16%, O: la 4,5% va SOz
la 0,45%. Toluen va benzen dwoc si dung lameéng chét 1dng trong hé théng ORC. Néi chung, céng
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chét Iong c6 thé dwoc phan thanh ba loai dya trén nhiét d téi han, la chét I6ng nhiét do thap tk<
150 °C), chat Idng nhiét d6 trung binh tk = (150 + 250)°C va chat 1dng nhiét d6 cao t > 250 °C.

Vi nhiét d6 bay hoi trong nghién ctvu nay dwoc dét & 190 °C, cong chét 1dng cé thé duoc str
dung & nhiét d6 nay |a toluen va benzen. Dac tinh truyén nhiét va dién tich truyén nhiét ctia bo trao
ddi nhiét dwoc danh gia bang cach st dung hai chét 16ng nay. Chét Idng dwoc phan thanh ba loai
theo dd déc ctia dwdng entropy hoi bao hoa trong biéu dd T-s, cu thé, né dwoc goi la chat 16ng w6t
(d6i v&i dd ddc am), chét 16ng déng hwéng (ddi véi dd ddc bang 0) hodc chét 16ng kho (dbi voi do
déc dwong). Trong Bang 2, toluen va benzen déu la chét 16ng khd. Ngoai ra, sb Jacob clia toluen va
benzen lan luot 1a 0,8687 va 0,8834. Sb Jacob, J, = C,AT/hs, la mot chi s6 tét vé hiéu suét nhiét
cta chét 1dng trong hé théng ORC. Trén Hinh 2 cho thay dd thj T-S cua toluen. Nhin chung, s dung
thiét bi trao d6i nhiét dang tdm cé thé dat dwoc kich thwéc nhé hon va hé sb truyén nhiét cao hon
so v&i sir dung thiét bi trao d6i nhiét dang vé va éng; Trong nghién ciru nay, bo trao dbi nhiét dang
tdm dwoc st dung lam bo trao déi nhiét cho bo tién sy, bd bay hoi, bd qua nhiét va binh ngung.

Chuwong trinh mé phéng chinh cho hé théng ORC dwoc viét bdng MATLAB, va céc déc tinh
nhiét déng lwc hoc va cac dac tinh van dong cla cong chét 16ng thu dwoc bang cach s dung
REFPROP.

‘Ql Q IC Engine O\ Q, ‘
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11 10
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L 7 8 1
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Hinh 1: So’ d6 nguyén ly hé théng ORC.

10 9
1

I'[K]

4

13

S [kJ/kg-K]|
Hinh 2: Bé thj T-S cta toluen.

Trwdc khi md phong, cac diéu kién ban dau nén dwoc thiét 1ap trwdc tién, va cac gia tri dwoc
trinh bay trong bang 3. Diém pinch chénh léch nhiét d6 (PPTD) gitra cong chat Iong va khi thai &
thiét bi bay hoi dwoc coi la 30 °C dé& dap tng hiéu suét cua thiét bj trao ddi nhiét chat 16ng khi.

3. Thiét ké bd trao déi nhiét

3.1. Hinh hoc cua thiét bi trao déi nhiét dang tdm
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Hé théng ORC bao gébm mot thiét bi tao hoi, tuabin hoi, thiét bi thu héi, bau ngwng va mot
bom. Dac biét, bd tao hoi thu hdi nhiét thai tir khi thai, dwoc chia thanh ba bd phan: bd gia nhiét so
bd, bd bay hoi va bd qua nhiét. Cac bd trao ddi nhiét trong thiét b tao hoi, bau ngwng va bo thu hdi
nhiét d&u st dung bo trao ddi nhiét dang tAm kiéu Chevron cé dang hinh chi¥ V dwoc goi la hinh
xwong ca va vat liéu ctia tAm nay la titan. Hinh 3 va Bang 4 cho thay hinh dang va cac thdng sé
chinh ctia tAm Chevron.

DPuwong kinh lwu théng cta kénh dan:

__4.dién tich lvu thong dong chay ~ 4bL,,  2b

d = =— 1
b chu vi wét 2L,0 © @)

Yéu t6 mé rong dién tich va dwoc dinh nghia la:

1 f X2
@=8(1+ 1+ X2)+ 4 1+ @)

X 1a mot tham sb udn nép khéng thtr nguyén:

b1t
X= i ®3)
Puwong kinh twong dwong:
deg = 2D (4)
Lwu lvgng khoi lwgng xac dinh b&i phwong trinh
G = m
- bWe (5)

/ =

[@
A\
&Y,

Hinh 3: Kich thwéc hinh hoc cta tam.

Béng 1: Théng sé cua déng co.

Théng sé Gia tri
Kiéu dong co 9RTA-96C
Cong suét cuc dai 51480 KW
Lwu lwgng khéi lvong khi xa 105,5 kg/s
Nhiét do khi xa 587 K

3.2. Tinh toan dién tich truyén nhiét
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Dién tich cac bé mat truyén nhiét duoc tinh toan 1a b gia nhiét so' bd, bo bay hoi, bo qua
nhiét va binh ngwng. Hé so truyén nhiét tong hop cho maéi thanh phan duwgc xac dinh nhw sau:

1

f i1 6
= (6)

=

1
h.
Trong do:

U - hé s6 truyén nhiét tbng hop, va he va hn dac trung cho hé s truyén nhiét cta chéat long
lanh va chat Idng néng, twong rng.

. Mot m,éi quan hé truyén nhiét thich hop dwoc chon tuy thudéc vao duwéng dan dong chay va
dieu kién chat ldng.

Dién tich bé& mat truyén nhiét cho méi thanh phan tinh theo phwong trinh:

Q
"~ UATy, (")
Thin = (Teout) = (Thout = (Tein
ATy, = ( h, ( C,0 t) ( h,out ( C, ) (8)

- lnl(Th,in - (Tc,out) / (Th,out - (Tc,in)J
Trong d6 ATim la chénh Iéch nhiét d6 trung binh logarit:

Béng 2: Tinh chét cua céng chét.

M@;i Tc Pc K.l mol Kiéu
chat

Toluele | 591,75 [K] | 4,13 [Mpa] ?92/}7113] kho
Benzen | 562,05 [K] | 4,89 [Mpa] [798/%;] kho

Béng 3: Céc diéu kién ban dau gia dinh cho hé théng ORC

Nhiét do vao tua bin [°C] 210; 240; 270
Nhiét d bay hoi [°C] 190
Nhiét d0 nguwng tu [°C] 45
Nhiét d nwéc lam mat ban dau [°C] 25
PPTD bay hoi [°C] 30
PPTD nguwng tu [°C] 10

3.3. Hé sé truyén nhiét
3.3.1. Hé s6 truyén nhiét mot pha

S6 Nusselt pha Iong va hé s6 truyén nhiét & phia chat Iong lam viéc trong b gia nhiét so' bd
va b thu hdi nhiét ¢ thé dwoc tinh toan twong (rng nhu sau:

1 cosf (1—cosB)

0.5~ (0,18tanB+0,36 sinB+ fo /cosp)®S | (3,8f;)05 9)

Khi Reg < 2000 thi:

64 579

fO = R_eg, fl = R_eg + 3p85 (10)
Khi Reg> 2000 thi:
fo = (1,81lgRe; — 1,5) ' f, = ﬁ (11)
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£ (12)

h =
gas deq

Hé s6 truyén nhiét vé phia nwéc lam mét trong bau ngung:

k) (68 0646
hwater = 0,724 (a) (_B) ReWO.SBBPrW0,33 (13)

s

S6 Nusselt va hé sé truyén nhiét vé phia khi thai bén trong bo gia nhiét so bd, bo bay hoi va
bd qua nhiét thu dwgc bang phwong trinh:

Khi: 10%< Reexn< 5.108 thi:

fex
Nugen = (“22) (Reexy — 1000)Prex/[12,7 (foxn/8)% (Preyy ™ — 1) + 1,07] (14)

8
Khi: Reexn< 104 thi:

Nueeh = (“22) RegunPrexn/[12,7 (Fexn/8)%° (Prexy? = 1) +1,07] (15)

Khi: fexn= (1,82.IgReexn — 1,64)2 thi:

_ NuexhKexn
hexh - d (16)
eq

3.3.1. Hé s6 truyén nhiét hai pha

Hé sbé truyén nhiét séi clia cdng chét 16ng trong thiét bi bay hoi dwoc tinh theo céng thirc sau:

K
Bboiling = 5,323 (d—i) Reeq *42Pr,1/? a7
Hé sb truyén nhiét cia chat Idng ngung tu trong binh ngwng dwoc tinh theo cong thirc sau:
_ ki 4p..1/3
heon = 4,118 (i) Reeq"*Pr] (18)
Trong dé Reeq la s6 Reynolds twong dwong nhu dwoc dé xuét béi Akers va dwoc dinh nghia
la:
_ Geqdh. _ _ P 0‘5]
Reeq = “1Goq = G [(1 X) + X(pv) (19)
Béng 4. Théng s6 hinh hoc bé trao nhiét tdm
Théng s6 Gia tri
Go6c chevron, B [deg] 60
Khoang céch céc tAm, b [mm] 0,0022
Chiéu day tdm, t [mm] 0,0005
Buwéc dap song 0,01325
Chiéu réng hiéu qua 0,55

4. Két qua va thao luan

Dién tich truyén nhiét ctia bd gia nhiét so bd, bd bay hoi, bd qua nhiét va bau ngwng dworc chi
ra trén Hinh 4. Dién tich truyén nhiét cGia bd gia nhiét so bd va bd qua nhiét x4p xi 67 m2 cho ca hai
toluen va benzen, va dién tich truyén nhiét cla thiét bj bay hoi Ia khodng 133 m2 dbi v&i toluen va
khoang 132 m2 dbi v&i benzen. D6i v&i thiét bi bay hoi, dién tich truyén nhiét cho toluen va benzen
trong bau ngwng dwoc tim thay lan lwot 1a khodng 244 m2 va 246 m2. Ngoai ra, dién tich truyén nhiét
trong thiét bi bay hoi va bau ngung duoc tinh toan bang cach str dung méi twong quantruyén nhiét
s6i theo Kim va twong tw la twong quan truyén nhiét ngwng tu ciia Yan. Do dé, dién tich truyén nhiét
c6 thé hoi khac nhau tuy thudc vao twong quan truyén nhiét nao dwoc st dung.
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Sw thay ddi hé sé truyén nhiét séi v&i chat lwong hoi & nhiét dd dau vao tuabin la 270 °C thé
hién trén Hinh 5. Khi s& dung toluen va benzen lam céng chét 1dng, mdi twong quan ctia Han gan
nhuw twong tw déi voi hai cong chét Iong. Méi twong quan clia Amalfi va Donowski va Kandlikar cao
hon dbi véi benzen, va médi twong quan cta Kim cho thay céc gia tri gn nhw twong tw trong ving
chét Iucyng hoi thap. Khi chét  lwong hoi tang 1én, hé so truyén nhiét ca toluen cao hon hé sb truyén
nhiét cta benzen. Dbi véi mbi cong chat 1dng 1am, méi twong quan ctia Donowski va Kandlikar dw
doan hé sb truyén nhiét cao hon dang ké so voi cac twong quan khac. Donowski va Kandlikar da
phét trién hé sbé truyen nhiét mot pha va hé sb truyen nhiét bay hoi hai pha bang cach st dung
nguyén di liéu ctia Yan va Lin. Ho phat hiénra rang c6 mot sai sb gitra moi twong quan clia Yan va
Lin va d@ liéu th&r nghiém va phat trién moét mé hinh cai tién dé khac phuc I6i nay. Dac biét, hai mdi
twong quan cho hai pha truyén nhiét bay hoi da duwoc phat trién. Mbi twong quan dau tién dwoc
khuyen nghi vi méi twong quan tht hai thiéu co s& ly thuyét. Ngum ta thdy rdng méi twong quan
dau tién thu dwoc tlr cac chat 1am lanh hodc cac diéu kién duoc st dung trong nghién ctru nay da
duoc dy doan qua mirc. Mat khac, médi twong quan cla Han cac cong sw cho thdy hé sb truyén
nhiét thap nhét so v&i cac méi twong quan khac. Trong cac méi twong quan ciia ching, hé sé truyén
nhiét tdng 1&n khi ting lwu lwong khéi lwong va chat lwong hoi, tuy nhién ngwdi ta da bao céo rang
hé sé truyén nhiét gidm khi nhiét dd bdo hoa va géc Chevron tang. Do dd, hé sb truyén nhiét duwoc
coi la thap vi gia tri nhiét d6 bao hoa clia nghién ciu nay cao. Mbi twong quan cla Amalfi cac cong
sy dw doan hé sb truyén nhiét cao hon moét chit so véi twong quan clia Han cac cdng sw. Theo tai
liéu danh gia cta Eldeeb cac cong sw, mbi twong quan cta Amalfi dw doan hé sé truyén nhiét tt
hon cho céac chét lam lanh khac nhau bao gém ca amoniac. Tuy nhién, su gia tang hé so truyén
nhiét trong méi twong quan cua chung c6 thé khong 16n 1dm khi lvu lweng khbi lwong va chét lvong
hoi tang lén. Cac méi twong quan cla Kim du doan cao hon 1an khoang 1,5 ~ 2 hé s6 truyén nhiét
0 VGi twong quan cua Amalfi. Bdi vi anh hwcng cta lwu lwgng khéi lwong va d6 bao hoa nhiét do
trong moi twong quan cla chung tang va gidm twong ung, theo dé la méi twong quan cla Kim dw
doan hé so truyén nhiét cao hon so véi twong quan cla Han va céng sw. Do dé, trong nghién ctru
nay, moéi tuong quan ctia Kim dwoc sir dung dé tinh toan dién tich truyén nhiét séi co xét den anh
hwéng cla nhiét do bao hoa twong ddi cao va tir thong khdi lwong. Bang 5 tém tat cac méi twong
quan dwoc st dung trong nghién clru nay so véi cac méi twong quan thu dwoc trong tai liéu. Sw
thay dbi ctia hé sb truyén nhiét ngung tu theo chat lwong hoi & nhiét dd dau vao tuabin la 270 °C
trén Hinh 6.
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Boiling heat transfer coefficient [kW/m’K]
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Hinh 5. Sw thay déi hé sé truyén nhiét séi theo chét lwong hoi

Béng 6. Twong quan truyén nhiét sé6i

Tac gia Twong quan
D Ki va k
Mandlica | h=[1,184C,% +225,58,2%](1 — X)000% (d—;) Ny
k
h = 1,055[1,056C,™"* + 1,028,012 (d—;) Nud®
trong d6: Nu,, = 0,2875Re)Pr,*/
Han k;
h = Gel (d—h) ReequZBOg.;PTlOA-
P(;o —0,041 Pco -2,83 Pco -0,082 Pco 0,61
=2,81(=2 —0) ., Ge, = 0,746 (=2 o
Ge, =28 (dh) (dh) s Gep = 0,746 (dh) (dh)
Vi Ba< 4
k k 1,101 k 0,315 k —-0,224
o )8 ()
dp/ \dy dp dp
Amalfi V&i Ba> 4
0,248 0,115 0,315 0,223
- )™ G )™ G e
dh dh dh dh dh ’
i _ (imp)gdh L, 4. — 700 - x X1t
VOi: By = -, By = Ghrg Bmax = 70%; pp= [Pv + p
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Hinh 6. Sw thay déi hé sé truyén nhiét séitheo chét Iwong hoi

Méi twong quan clia Shah va Han di voi sy truyén nhiét ngung tu khi siv dung toluen va
benzen lam céng chét 16ng cho thay moét xu huédng twong tw. Tuy nhién, m0| twong quan cua Akers
cla Yan va Kuo cao hon khi st dung toluen lam coéng chét Iong Céac mbi twong quan cla Shah
dwogc str dung rong rai trong tinh toan k¥ thuat ctia bo trao déi nhiét dang tAm vi né da dwoc phat
trién dé truyén nhiét nguwng tu ctia cac éng ngang va doc tir di¥ liéu thwe nghiém rong rai. Tuy nhién,
mdi twong quan cGa 6ng khong tinh dén d&c tinh hinh hoc va dac tinh nhiét cia bo trao dbi nhiét
dang tdm, va do d6 cho thay hé sé truyén nhiét thAp hon so v&i cac méi twong quan khac. Méi twong
quan clia Han cung céc cong sw la phu hop khi xét dén anh hwéng cla hinh dang hinh hoc ctia tAm.

Gibng nhw hé s6 truyén nhiét s6i, da dwoc bao cao réng mbi twong quan cla chung tang 1én
khi tang Iwu lwgng khoi va chat lwgng hoi, nhwng giam khi tang nhiét d6 bao hoa va goc Chevron.
Do d06, trong nghién clru nay hé so truyén nhiét sé vé thap vi nhiét do bao hoa cao.

Méi twong quan ctia Akers da dwoc Longo trinh bay, da xac nhan rang s Nusselt ¢b dién cho
sw ngung tu mang nhiéu I6p trén bé mat thang diing va sé Nusselt thu dwoc bang cach st dung
mdi twong quan cla Akers dbi véi ngwng tu ddi lwu cudng birc trong bng thé hién sy ddng thuan
tuyét voi voi cac két qua thuc nghiém. Trong nghién ctru nay, moi twong quan cua Akers dy doan
hé sb truyén nhiét cao hon 2,8 dén 4,2 14n so véi twong quan cta Han.

Méi tvong quan cda Yan phat trién co tinh dén anh huéng cia lwu lvgng khoi luong, mat do
dong nhiét, chat lwong hoi va ap suat ngwng tu. Mét diéu dwoc chira 1a hé sé truyén nhiét nguwng tu
thu dwoc tr mdi twong quan cla Yan tang khi ting lwu lwgng khéi lwgng. Béi vi lwu lwong khéi
lwong 300 kg/m?/s dwoc coi la cao hon mét chut trong bau ngwng cla nghién ctru nay, hé so6 truyén
nhiét ngwng tu thu dwoc theo médi twong quan cla Yan cé thé cao hon hé sé truyén nhiét ngung tu
thu dwoc bang cac twong quan khac. Do d6, trong nghién clru nay, mdi twong quan ctia Yan dwoc
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st dung dé tinh toan dién tich truyén nhiét ctia bdu ngwng c6 xét dén anh hwéng cla lwu lwong khdi
lwong I&n. Méi twong quan ctia Kuo dy dodn hé sé truyén nhiét cao nhét. Dac biét hé sb truyén nhiét
tdng manh & vung cé chat lwong hoi cao. Bang 6 cho thdy cac méi twong quan truyén nhiét ngwng
tu dwogc str dung trong nghién clru nay.
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Hinh 7. Sw thay di hé sé truyén nhiét s6iNhiét dé6 hoi vao tua bin
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Hinh 8. Sw thay déi Iwong nhiét cung cap cho thiét bi bay hoi theo nhiét dé6 dau vao tuabin
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Trén Hinh 7 cho thay sy thay ddi ciia hé s6 truyén nhiét vai nhiét 6 dau vao tuabin (210, 240,
273)°C. Nhuw cé thé thay trong hinh, mot didéu nhan thay 1a hé sb truyen nhiét glam khi nhiét do dau
vao tuabin tang Ién. Nhiét Iuo’ng cung cap cho dan bay hoi tr ngudn nhiét ciing g|am vi nhiét doé cua
diém 10 trong Hinh.1 va 2 gidm khi nhiét dd dau vao tuabin tang. Hinh 8 cho thay sw thay dbi lwong
nhiét cung cap cho thiét bj bay hoi khi nhiét d6 dau vao tuabin ting I&n. Do d6, cé thé dy doan rang
hé s6 truyén nhiét s6i tdng nhe khi nhiét lwong nhan cta ngudn nhiét ting 1én.

5. Két luan

Do hiéu suét cla bo trao ddi nhiét la yéu td quan trong vé& hiéu qua ctia hé théng ORC, né bi
anh hwéng rat nhiéu béi dién tich truyén nhiét, trong nghién ctu nay dién tich truyén nhiét thu dwoc
bang cach mé phdng st dung bo trao dbi nhiét tAm. Dién tich truyén nhiét ctia bd gia nhiét so bd,
bd bay hoi, bd qua nhiét va binh ngwng gan nhw twong tw déi véi toluen va benzen. Dién tich truyén
nhiét ctia b gia nhiét so bd, bd bay hoi, bd qua nhiét va binh ngwng dwoc tim théy khoang Lan lwot
la 67 m2, 133 m2, 67 m2 va 244 m2,

M6t sb quan hé truyén nhiét s6i va ngung tu thu dwoc trong tai liéu cling da dwgc so sanh va
phan tich. Trong nay nghién ctru, dién tich truyen nhiét cua thiet bi bay hoi va binh ngwng duoc tinh
toan bang cach str dung twong quan truyén nhiét séi cta Kim va twong quan truyén nhiét nguwng tu
cla Yan.

Trong sb cac mbi twong quan truyen nhiét séi khac nhau, mdi twong quan ctia Han cho thay
hé sb truyen nhiét thap nhét so voi cac moi twong quan khac. Mbi twong quan cua Amalfi va cong
su rat xuat sac trong viéc dy doan Hé sé truyén nhiét déi véi cac chat 1am lanh khac nhau bao gém
ca amoniac. Tuy nhién, anh huéng cta nhiét do bdo hoa twong dbi cao va lwu lweng khdi lwong cé
thé khéng dwoc phan anh trén méi twong quan cla chung.

Trong mét s6 twong quan truyén nhiét ngung tu, diéu dwoc cho la cac mbi twong quan cla
Akers va cbng sw the hién sw dong tinh dang ké so voi ket qua ther nghiém cla mot s6 nha nghién
ctu. Tuy nhién, méi twong quan cla chung dy doan hé sé truyén nhiét thAp hon so véi twong quan
cla Yan c6 xét dén anh hwéng cla lwu lwong khdi lwong 16n. Vi thé, diéu quan trong 1a phai chon
twong quan truyén nhiét thich hop xem xét cac diéu kién thiét ké cia hé théng vi dién tich truyén
nhiét cé thé dwoc thay déi mét chut tiy thudc vao ma twong quan truyén nhiét dwoc st dung khi dy
doan dién tich truyén nhiét.
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BU LONG SUOT CUA PONG CO 2 Ki VA MOT SO VAN DBE LIEN QUAN

STAY BOLT OF 2 STROKE DIESEL ENGINE AND SOME RELATIVE
PROBLEMS

BUI QUOC TU
Khoa May tau bién, Trirong Dai hoc Hang hai Viét Nam

Tém tat
Bu I6ng sudt ctia déng co 2 ki ¢& I16n la mét trong nhiing chi tiét quan trong. Sw néi Idng hodc
g4y bu 16ng nay cé thé gay ra nhiing hw hdng nghiém trong cho dong co do vay cac si quan
méy cén lwu y trong qua trinh khai thac van hanh.

Abtract
Stay bolts are inportant part of large two stroke diesel engine. Loosen or break of these bolts
can cause serious problems for the engine, so marine engineer should pay attention during
engine operation.

Hién nay hau hét dong co Diesel chinh tau thay c& I&n la déng co 2 ki thap téc ¢ pa tanh ban
trwot. Vé két ciu than may bao gdm 2 phan la phan than d& (A frame) va phan nap trén dé chira so
mi xi lanh. Ca 2 phan nay dwoc ndi véi bé may (Bedplate hay crankcase) bang moét bu 16ng subt
(stay bolt ho&c tie bolt hodc tie rod). Nhw vay chirc ndng cla bu 16ng subt 1a lién két chat 3 khdi cta
dong co v@i nhau.

Vé két cAu thi budng nay khong tién tron ti trén xubng dwdi ma lam theo bac dé dé thao lap.
Nhirng phan dwéng kinh nhé hon clia bu Iéng & gitra khu vue tiép xuc véi block co 1&p vong 16t kiéu
2 nlra lién két bang vit & ham chat véi than may. Dau dudi cla bu 16ng c6 thé 1a mi hodc la ren
kiéu ren vit cAy dé cay vao bé may. Nhw & hinh 1.3 |a 2 kiéu bu 16ng suét cho déng co Man B&W S-
MC-C va S-MC. O dong co' S-MC thi bu I6ng 1a dang don lam theo kiéu truyén théng la phia bén
dwéi 1am theo kiéu mii tuy nhién néu bu 16ng bi gay thi viéc thay thé hét sirc khé khan. O dong co
S-MC-C thi 1a dang ddi va bét ren vao bé may; kéu két ciu nay duoc cho la gidm dwoc bién dang
cla bé may trong khi déng co hoat déng
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entablature

) ) , Hinh 1.2 két c4u cua bu I6ng suét déng co’
Hinh 1.1 So d6 lién két cua bu I6ng suobt L35MC

1. Buléng;

2. Daibc; 4- Nép bao vée
Al- Vanh ham (éng 16t ham)
A2- Vit lién két

S-MC-C S-MC

[,
C

=
C

et

7
HJ_\. /

Tedn stay bolts Single stay bolt

Hinh 1.3 B6 tri bu 16ng suét & déng co Man B&W

Khi dong co hoat ddng lwc lwc khi chay tac dong lén dinh pit tong c6 d6 I&n thay dbi theo goc
quay truc khuyu. Lwc nay ciing tac dong lén mat quy Iat va méat quy lat lai lién két véi than may va
bé may bang bu I6ng sudt do vay bu 16ng nay ciing chiu luc kéo thay déi theo chu ki. D& gidm mé
men udn clia ddm ngang trén bé may thi bu 16ng suét nén bé tri gan vé& phia tam truc khuyu. Chinh
vi bu 16ng subt bd tri gan truc khuyu nén & mot sd dong co da bd tri bu 16ng kich dé git» nép trén 6
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d& truc khay va trong trwéng hop nay thi bu 16ng suét con chiu thém lwc day cia bu 16ng kich (hinh

1.4).

Trong qua trinh van hanh ddng co' s quan may can phai theo déi thwéng xuyén tranh dé xay

ra trwéng hop bu 16ng bi ndi 1dng ra ma khong biét vi n6 c6 thé dan téi mot sb van dé sau:

Lam cho déng co bi rung déng;

Bé mat tiép xuc cltia cac khéi bi mai va mon; né lam cho bu 16ng co gién va cé thé bi dit. Mot
khi cé sw mai bé mét thi do dong tam cda truc khiy bi anh hwéng. Néu tinh trang nay kéo dai
sé lam bdng bac truc, bac bién; N6 ciing anh hwéng téi dd ddng tam ctia dau chir thap, so mi
xi lanh va hop lam kin can pit tdng gy mai mon qua mirc céc chi tiét nay;

Bu 16ng bé may va miéng cin dém may bij 16ng;

Tua bin khi xa sé bi anh hwéng vi né hoat dong & téc dd cao do d6 chi can rung dong mot
chut 1a c6 thé 1am hw hai hodc lam mét ddng tam cuia ré to hodc 1am hw hdng bac d& cuia tua
bin.

Nhirng nguyén nhén lam cho bu I6ng sudt bj gay

Lwc siét qua Ién vt qua gidi han dan hdi cta bu 16ng;

Do vat liéu ché tao khéng dadm bao hodc gia cong khong tbt;

Bi mai theo thoi gian; Ddng co bi qua tai hodc ap suét chay trong xi lanh qua cao;

Mat tiép xuc ban dau clia cac khdi ctia ddng co khong tét truvéc do;

Bu 16ng bé bi Idng hodc can dém bé may bi hdng dan t&i viéc truyén dao dong téi cac bu 16ng;
Chay khoang gié quét lam Iéng bu I6ng li do la chay khoang gié quét lam bu I6ng bi dan daix
Do 16ng vit ham cla 6ng I6t 2 nira & gitra bu 16ng do d6 dan dén dao déng va két qua 1a lam
Idng hodc gay bu 16ng;

Néu tau hoat déng trong thoi tiét qua xau, sy thay ddi tai qua Ién cla dong co ciing cé thé
lam 16ng hoac gay bu 16ng.

TIE RODS
rEL EXHAUST VALVE
r—‘*‘ HOUSING

CYLINDER HEAD |

AS PRESSURE
W ; TIE RODS
ENTABLATURE ||¥ ——
oM T ATENSILE
OB § R

'A' FRAME...
JATk BOLTS - [, ],
.10 o

MAIN BEARING =0 )

 BEDPLATE

COMPRFSSIVE 2 8

l,of;f‘)' * f o
~ CRANKSHAFT TANK TOP
COMPRESSIVE LOAD

Hinh 1.4 Bé tri bu 16ng kich dé git nap trén bac truc
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Chu y khi khai thac van hanh

Trong qua trinh van hanh dé tranh bu 16ng bi 16ng va c6 thé 1am dit bu 16ng thi sT quan may
can lwu y kiém tra nhw ap suét chay trong xi lanh tranh khai thac dong co qua tai va sai léch
g6c phun séom dan t&i tbc do tang ap suéat theo géc quay truc khuyu qua Ién. Piéu chinh do
can bang tai gitra cac xi lanh dé gidm rung déng dong co.

Binh ky kiém tra va siét lai bu 16ng theo hwéng dan ctia nha ché tao ho&c khi c6 sy rung déng
bat thuweng hoac khi bi chay 16n khoang gié quét vi khi d6 sé lam cho bu 16ng bi dan dai. Déi
véi dong co ¢o b tri bu 16ng kich dé gitr nap trén bac truc thi can lwu y néi 16ng bu 16ng kich
trwdc khi siét lai bu 16ng subt dé tranh héng bac truc. Trwdc khi kiém tra 1&n xem hwéng dan
cla nha ché tao vé lyc xiét va tht tw xiét bu 16ng. Bu 16ng nay trinh tw xiét c6 thé tw gitra ra
ho&c tir dau no dén dau kia tuy theo nha ché tao. Hinh 1.5 la vi du vé& céch siét bu 16ng suébt.
Lwu y khong siét qua lwc vi cé thé lam dit bu 16ng ngay Itc d6 hodc khi dong co hoat ddng né
cong thém ap lwc khi chay lam cho bu 16ng bi qua tai.

Binh ki kiém tra siét lai bu 16ng bé may (holding bolt va endchock bolt) vi bu 16ng nay 1dng sé
anh hwéng tdi bu 16ng subt;

Trong trng hop néu phét hién bu 16ng bj dwt thi khai thac dong co & tai gidm, bao céo sy cbd
vé cong ty dé phdi hop cung giai quyét.

Bao duéng tét tinh trang ki thuat ctia dong co dé tranh xay ra chay khoang gi6 quét vi né anh
hwéng téi bu 1dng subt.

TIE BOLT TIGHTEMING SEQUEMCES

b T 5 3 1 2 4 a 10
» o O 00 O ¢ o)
AFT EWD
O o] O O o0 o] O O .
9 T 5 3 1 2 4 B a 10

Sulzer RTA 96 Tightening Sequence

AFT FwD

=
w )

MAN B&W KSBMC Tightening Sequence

413 1211 109 87 65 43 1
o0 oo oo Qo o0 00 [=Te]

oo Qo (s]ln]} [a]s] oo Qo [als
1413 1211 109 ar B 5 43 21

MAN BEW S30MC-C Tightening Sequence

Hinh 1.5 Trinh tw siét bu I6ng suét
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DANH GIA TINH TRANG XI LANH DQNG CO CHINH CUA KAWASAKI MAN
B&W KHAI THAC & VUNG CONG SUAT THAP VA SU DUNG NHIEN LIEU CO
HAM LUQNG LUU HUYNH THAP

ASSESSES THE CONDITION OF THE KAWASAKI MAN B&W MAIN ENGINE
CYLINDERS WORKING IN LOW STEAMING WITH LOW SULFUR FUELS

] HOANG VAN MUCI
Khoa May tau bién, Trwwo'ng Pai hoc Hang hai Viét Nam
Email lién hé: hoangvanmuoi@vimaru.edu.vn

Tém tat:

Bai bao danh gia tinh trang cua piston, xéc mang va so mi xi lanh dong co chinh cua hang
KAWASAKI MAN B&W sau khodng sau théng hoat déng & viing céng suét thap va st dung
nhién liéu c6 ham luong lwu huynh tir 0.1% ~ 0.5% m/m. Ddng thoi bai béo ciing dwa ra céc
gidi phép nhdm duy tri sy hoat déng binh thudong cda déng co.

Ttr khéa: Ving cong sudt thap, nhién liéu co ham lwgng liu huynh thap, toan tai, kinh té & siéu kinh
té va may chinh bj ro Iot khi chay.

Abstract:

The article assessing the condition of the main engine pistons, piston rings and cylinder liners
of KAWASAKI MAN B&W after about six months of operating in low steaming and using
fuels with sulfur content from 0.1% ~ 0.5% m/m. At the same time, the article also offers
solutions to maintain the normal operation of the engine.

Keywords: Low steaming, low sulfur fuel oil (LSFO), full load, eco & super-eco and main engine
blow-by.

1. Dat van dé

Tw khi gia dau thé gidi tré nén dat dd thi viéc khai thac dong co chinh tau thdy cé nhiéu sw
thay ddi. Dong co chinh chi yéu khai thac & vung cdng suét thap khac xa véi cong suét thiét ké, Tuy
vao d&c diém cta mdi chuyén hang ma khai thac ddng co chinh & ché do toan tai, kinh té hay siéu
kinh t&. Sw thay dbi ché dd khai thac 1am thay ddi théng sb khai thac ddong co' ma nha ché tao chua
¢6 nhirng thtr nghiém trudc dé. Khi khai thac dong co & ché do nhé tai thi d& dang nhan ra ba yéu
td bi anh hwéng tiéu cuc do 1a qua trinh chay, hao mon & so mi xi lanh va tinh trang cta dwdng
thoat khi thai ctia dong co. D& khac phuc cac van dé trén cac hang ché tao dong co déu duwa ra
hwéng dan khai thac nhwng co ban déu gidng nhau dé 1a: Tang nhiét dd nwédc lam mat 1én gan gisi
han trén, 1ap ra chu ky téang téc d6 ctia déng co chinh, chu ky riva tua bin khi xa va théi mudi néi hoi
khi xa.

T ngay 1 thang 1 ndm 2020, nhién liéu st dung trén tau cé ham lwgng lwu huynh khong
vwot qua 0.5% m/m [1]. Theo tinh toan ctia cac hang ché tao dong co thi dau bdi tron cho so mi xi
lanh ciing thay di ham lwong kiém t&» 70 BN ~ 100 BN xubng con 15 BN ~ 40 BN tuy loai déng co
[2]. Tuy vay loai dau bdi tron va lwong dau béi tron so' mi xi lanh déng co van dang trong giai doan
th&r nghiém, ciing chwa c6 sy diéu chinh lwu lwong dau bdi tron so mi xi lanh twong ng véi ché do
nhd tai va lién tuc trong thdi gian dai cho nén céc chi tiét trong xi lanh dong co' ¢é nhixng hao mon
bt thwerng dan dén ro lot khi chay qua xéc mang

2. Hién twong

Khi tau dang hanh trinh, nhiét d6 khi xa va nhiét d6 khoang gi6 quét & xi lanh bi sy cb tang cao
hon nhirng xi lanh khac. Bong co khai thac & cong suét thap thi khdng phat hién su sut giam ap suét
nén Pc va ap suat chay Pz nhwng khi tdng cdng suét déng co’ Ién khoang 70% thi nhiét d khi xa va nhiét
dd khoang gi6 quét tang cao va thay rd sw sut gidam Pz, Khi tang cong suét cé nghia la tang Pz khi dé khi
chay ro lot tlr budng dbt qua xéc mang xubng khoang gi6 quét nhiéu hon.

Dwng may chinh dé kiém tra xi lanh bi sw cd, phat hién thiy cac xéc mang bi gay. Trén bé mét
xéc mang co cac vét tray nhd. Trén piston c6 nhiéu vét 16m, mudi bam nhiéu trén dinh va ranh xéc mang.
L&p mudi bam vao ranh xéc mang la mudi carbon day va cirng cho nén xéc méng khong thé chuyén
déng xoay cling nhw tinh tién. So' mi xi lanh bi mon bat thuwdng. Phan trén dinh cla so mi bj tray xwéc,

N6i san Khoa hoc Khoa May tau bién ~ Sé 40- 04/2021 65




g0 va lvgn séng dlyo’c tao ra xung quanh ranh dau b()i‘trdn, ’mép cda ranh dau trd nén sac. Tai khu vuc
xung quanh ranh dau béi tron so mi xi lanh bi mon nhiéu nhat. Budng kinh xi lanh tang.

L&p mudi carbon cirng bam trén dinh piston pha hdng mang dau gay mon va danh béng so' mi

e, i
Vét danh béng trén so' mi

(% = ~

Céc xéc mang bi géy Vét tray trén xéc mang V&t mai mon trén so' mi

Hinh 1. Hinh énh vé céc hw hai ctia xéc mang va so’ mi xi lanh

xi lanh.
3. Nguyén nhén
Qua két qua kiém tra & trén c6 thé xac dinh nguyén nhan clia sy ¢ nay nhu sau:

Mai mon bét thwong xung quanh ranh dau béi tron so' mi tao ra go va bac, mép clia ranh dau
tré nén sac.

Xéc mang lién tuc va dap vao mép ranh dau gay nén xwéc.

Do va dap lién tuc gitra xéc mé'ng va mép ranh dau da tao ra mat kim loai. Mat kim loai nay cung
v&i xéc mang mai mon so mi xi lanh giong nhw da mai.

Do s mi va xéc mang da bi mon nén lam kin khi s& kém khi d6 khi chay sé ro lot qua xéc mang
va mudi bam trong ranh xéc mang.

Khi mudi bam déy cac ranh xéc mang thi khéng chi lam ket xéc mang ma con han ché sw tham
nhap cla dau béi tron va tao ra mudi carbon cirng danh béng so mi va tdng thém kha nang mai mon xéc
mang va so' mi. Tém lai cac nguyén nhan trén dan dén xéc mang mét tinh nang lam kin va khi chay da
ro lot qua xéc mang dé xudng khoang gié quét.

4. Giai phap khac phuc
4. 1. Bao dwdng xi lanh

Can c vao két gué danh gia tinh trang cla piston, xéc mang va so mi xi lanh ma dwa ra cac
bién phap twong (rng nham dam bao khai thac déng co an toan hiéu qua.

Néu xéc mang bi ket thi tién hanh ting Iwu lwong dau bédi tron so mi xi lanh da dé riva troi mat
kim loai, nhdm dam bao cho xéc méng chuyén déng tw do dé tranh mon va duy tri kha nang lam kin. Néu
xéc mang cé vét trdy xwéce thi can ting lwong dau boi tron so mi xi lanh hon niva dé tranh mai mon so
mi xi lanh. Thong thwdng cac vét xwédc & xéc mang déu lién quan dén sy hao mon bét thwong trén so
mi do d6 can bdo dwdng cang sém cang tét. Khi xéc méng bi gay thi cac manh vé& sé tao ra cac vét dap
trén piston tham tri gay xwédc so mi xi lanh. Trwdng hgp nay phai thay xéc mang ngay khi tau dirng,
piston va so mi cling phai do va xtr ly [2].

Néu so' mi xi lanh bi danh béng
¢6 nghfa mudi carbon da bam nhiéu trén
dinh piston, I&p mudi nay pha v& mang
dau dan dén danh boéng so mi. Hién
twong nay cé thé lién quan dén vanh cao
mudi d& mon can thay hoéc loai dau boi
tron so mi c6 BN qua cao.

Khi so mi xi lanh bi mai mon co
nghia mang dau da bj pha v& hoan toan. Hinh 2. Hinh anh cuda so mi xi lanh trwdc va sau khi mai
Mubi khdng chi bam & dinh piston ma con
& cac ranh xéc mang tao ra ma satén va
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xéc mang cling bi mai mon. Trwong hop nay phai bao dudng xi lanh cang sém cang tét. So' mi xi lanh
can phai kiém tra va do dac xac dinh mic dd hao mon. Néu dwéng kinh so mi con trong gidi han cho
phép thi tién hanh xt ly g& xung quanh ranh dau bdi tron so' mi, mai mép rénh dau va vét xwéc & phan
trén cGa so' mi bang da mai mém.

Khi bdo duéng xi lanh, cac xéc mang va piston cé thé duwoc thay méi néu gia tri do dac da gan
t¢i hodc vwot gidi han cho phép. Sau khi bdo dwéng phai tién hanh chay ra dong co. Lwu lwong dau boi
tron dwoc dat tuy tirng trwéng hop cé thay so mi xi lanh hay chi thay xéc mang. Két thuc thei gian chay
ra thi dat lai lvu lwong dau béi tron so' mi theo gia tri diéu chinh. Khi tau divng phai kiém tra va danh gia
tinh trang ctia so' mi, piston, xéc mang va mang dau béi tron dé khang dinh st 1am viéc binh thwong ctia
cac chi tiét.

"F" to be measured

S HE before dismantling

Do dinh piston Do ranh xéc mang Vi tri do do day va cao clia xéc
mang

Hinh 3. Hinh dnh vé céc vi tri do dac

4.2. Bién phap ngan chan [3]

Ngé&n khong dé sw cb xay ra la viéc lam an toan va kinh té nhét vi vay can phai kiém tra va danh
gia thweng xuyén hon tinh tranh clia so mi, piston va xéc mang & cac ché do khai thac khac nhau ciing
nhw loai va lwong dau bdi tron so mi xi lanh khac nhau. Viéc kiém tra ddng co qua ctra quét phai duwoc
tién hanh méi lan dirng may véi viéc ghi chép day da cac thong sb can thiét, thoi gian hoat déng ciing
nhw danh gia tinh trang clia céc chi tiét va mang dau béi tron.

£ E: Exhaust
A:Alt 0007727720 7. gnm—srrrors)

: chme T T T T

5 6 7 8 ] 10 11
13

Hinh 4. Cac vi tri do so’ mi xi lanh

Mbi lan m& nap xi lanh déu phai kiém tra so' mi xi lanh, déc biét 1a ranh dau bai tron va phan
dinh clia so' mi. So' mi xi lanh can dwoc klem tra can than dwa trén tirng diém do (hinh 4), phal lam quen
voi hwédng dan dwoc thiét Iap riéng cho méi loai ddng co'. Khi phat hién thdy muéi bam nhiéu trén piston
va co vét tray trén xéc mang thi tam thoi tdng Iwu lwong dau xilanh va theo ddi déc biét. Mbi 1an diéu
chinh lvu lweng dau béi tron so mi xi lanh phai dwoc vao nhat ky va ghi vao lich st diéu chinh.

3. Két luan

Sw cb rd lot khi chay qua xéc mang trong trwéng hop dong co khai thac & ché do nhé tai,
loai nhién liéu va loai dau béi tron so mi xi lanh thay déi lién tuc. Sw cb nay chwa dwoc kiém nghiém
b&i cac hang san xuét nén chwa cé dwoc nhitng hwéng dan cu thé va hivu hiéu méc du day l1a sw
cb ¢6 tinh rdi ro cao. Hién tai sy cb xay ra & cac dong co KAWASAKI MAN B&W 6S50 MC-C. Nhirng
déng co nay hién nay déu cé diém chung la khai thac & quanh 50% céng suét véi nhivng chuyén di
tir 30 ngay dén 40 ngay. Déi v&i thuyén vién, nguoi trye tiép khai thac dudi tau can phai danh gia
day da veé tinh trang ctia ddng co tlr d6 dwa ra nhivng bién phap x& ly phu hop cling nhw béo céo
céac bén lién quan dé duoc hé tro nhadm khai thac tau an toan, hiéu qua nhw mong doi.

TAI LIEU THAM KHAO
[1] Service letter SL2019-670/DOJA
[2] Service letter SL2019-671/JAP
[3] Main Engine Cylinder condition evaluation
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KHA NANG SU’ DUNG CONG NGHE MANG NO' RON NHAN TAO DU'A TREN
VIEC PHAN TiCH CAC CHi TIEU KY THUAT CUA DAU NHON BE MO HINH
HOA VA XAC PINH TRANG THAI KY THUAT CUA PONG CO DIESEL TAU

THUY DANG KHAI THAC
MODELING AND EXAMINING TECHNICAL CONDITION OF MARINE DIESEL
ENGINE BY USING LUB OIL ANALYSING DATA AND TRAINING ON NEURAL
NETWORK TECHNOLOGY

MAI THE TRONG
Khoa M4y tau bién, Trwong Pai hoc Hang hai Viét Nam
Tém tat:
Bai bao gidi thiéu kha ndng st dung céng nghé mang no ron nhan tao dwa trén viéc phén tich
céc chi tiéu ky thuat cia dau nhon trong viéc xéc dinh tinh trang ky thuat cla déng co diesel
tau thiy. Bang viéc ldy mau dau va phan tich dinh ky déu béi tron, theo déi théng sé khai thac
va kiém tra tinh trang ky thuét cda déng co diesel YAMAR 6N165L-EN X 360KW trén tau Jules
Garnier cta tap doan JX shipping- Nhat Ban & céc thoi diém phén tich, téc gid da xac dinh
duoc mot sé tinh trang ky thuét dién hinh ctua dong co. Tty d6 xdy dung mé hinh mang no ron
nhén tao dé tw déng nhan dang tinh trang ky thuét tuong tw ctia déng co trong céc lan tiép
theo. Két qua cla bai bao cé thé lam co s& dé xay dung mé hinh chan doéan ky thuét cua dong
co diesel tau thuay dang khai thac hoan thién hon.
Abstract:
This article introduces the ability of using Artificial Neural Network (ANN) to specify technical
state of marine diesel engine base on lubricating oil analysis. With lub oil sample, operating
parameter and checking technical condition diesel engine Yanmar 6N165L-ENx360kw on ship
Jules Garnier of JX shipping - Japan, authors showed some technical state of the engine.
From that we built the model of ANN to examine the same technical condition in the next time.
The results of the article can be used to built the technical diagnoses model for all servicing
marine diesel engine more completely.
1. Giéithiéu
Phan tich cac chi tiéu k¥ thuat cta dau nhon da va dang duwoc xem la phwong phéap kha hiéu
qua dé xac dinh trang thai ky thuat ctia déng co diesel. Trong diéu kién hau hét cac dong co diesel
tai Viét Nam déu 1a nhap khéau, viéc danh gia va bao dwéng ky thuat chd yéu van dwa vao thoi gian
dinh ky hay phan mém chan doan ctia nha ché tao. D& giam bét sy phu thudc vao nha ché tao, tranh
lang phi khi khai thac va quan ly ky thuat dong co thi viéc tim cac mé hinh méi, phi hop dé xay
dwng hé théng danh gia tinh trang k¥ thuat ctia dong co dang dwgc nhiéu nha khoa hoc quan tam.
Trong ndi dung bai b4o nay, tac gia trinh bay nhitrng két qué ban d4u trong viéc xay dwng “mé hinh
chén doan” st dung cong nghé mang no ron nhan tao (ANN) dwa trén viéc phan tich téng hop céac
chi tiéu ky thuat cta dau nhon.
2. DA&u nhén va cac dau hiéu dé chan doan trang thai ky thuat (TTKT) dong co

R4t nhiéu cac cong ty khai thac va quan ly dong co diesel, dic biét 1a cac cong ty quan ly tau
thay hién nay dang st dung viéc 1y mau dinh ky dau nhén dé danh gia tinh trang ky thuat ctia dong
co va xac dinh kha nang tiép tuc st dung hay can thay dau nhon.

Viéc ldy mau va phan tich van phé bién |a xac dinh céc chi tiéu nhuw: tri sb kiém (TBN) hay tri s6
axit (TAN), ham lwong tro, nhiét dd chép chay, dé nhét, sw 1an nhién liéu, 14n nwéc...

Trong thdi gian gan day, thanh phan va ham lwong cac kim loai bi tach ra ti cac chi tiét trong
dau nhén dwoc coi la chi sé quan trong trong chan doan. Theo [[3]], thanh phan va ham lwong cac
hat mai tach ra lién quan dén ngudn géc vat liéu cap ma sat nhw bang [1]

Sw phat trién cta khoa hoc cdng nghé ngay nay con cho phép tach cac hat mai lan trong kim
loai ra d& xac dinh hinh dang, kich thuéc, tlr d6 xac dinh dwoc cac co ché hinh thanh cac hat mai
dé dé xac dinh TTKT cla dong co. Cé thé ké dén nhw phwong phap quang phé vach hép thuy,
phwong phap Ferrogramph... Ciing theo [[3]], bdng phwong phap Ferrogramph c6 thé phat hién ra
6 dang hat mai tach ra tlr cac chi tiét cta ddng co va 16 loai hat mai cung cac kim loai dién hinh mai
mon ra tlr bé mat ma sat.
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Bdng 1. Téng hop mét sé kim loai dién hinh trong ddu nhon va vt liéu ma sat lién quan

Kim loai Chi tiét chiu ma sat trong déng co’

Fe So mi xi lanh, séc mang, banh rang, truc khuyu, truc cam va cam, hé théng
truyén dong xu pap, chét piston...

Cr Séc mang, xu pap, |&p ma truc, ma bom cao ap, chi tiét ché tao bang hop
kim thép khong gi...

Al Piston, bac, co truc chinh, bac truc, bac bién, cam...

Ni L&p thAm trén xu pap, hop kim thép tir truc khuyu, banh réng ctia déng co,
vat liéu thAm trén bac I6t, canh tuabin tang ap...

Cu Bac truc, bac bién, cac sinh han lam mat, bac tuabin tang ap, phu gia dau boi

tron...

Pb Bac dau to bién, bac dau chir thap (bac ctia pa tanh ban trwot), cac bd lam kin...

Sn Bac dau nhd bién...

Cr Séc mang, so mi xi lanh...

Si Phu gia tan trong dau chwa st dung, tap chat ban tir méi trwong...

Ag Trong mét vai loai bac 6t déng co dung bang hop kin dic biét, bac tuabin
tang ap va mot va chi tiét co téc dd truot cao...

Mg Phu gia tay rira trong dau, sir dung trong mét vai loai hop kim chira nhém...

P Trong phu gia chiu cyc P

Cac du hiéu vé dau nhon la rat phong phu, lién quan nhiéu dén ngudn géc hw hong cac chi tiét
chuyén dong cua dong co. Tuy nhién, cac dau hiéu nay khong lién quan nhau theo qui luat, trong
trwong hop nguon goc vat liéu cap ma sat glong nhau thi viéc phat hién cu thé vi tri hw héng la rat
khé khan. Hon thé dé cé duoc két quéa chan doan, doi hdi phai cé sy phan tich k¥ lwéng tivng dau
hiéu, tlrng chi tiét, d&c biét 13 phai hiéu biét v& ma sat hoc. Néi cach khac thi day 1a khong gian di
liéu da chiéu, phtrc tap, quan hé véi nhau 13 phi tuyén tinh ma mé hinh toan hoc théng thuwéong kho
giai quyét duoc.

3. M6 hinh mang no ron nhén tao trong xac dinh trang thai ky thuat dong co’

Ngay nay v&i sy phét trién ctia cAc cong cu toan hoc dua trén nhivng rng dung cla cdng nghé
tin hoc cho phép ngui ta cé nhiéu nhixng cdng cu hon dé xac dinh cac mdi quan hé phi tuyén phirc
tap. Mot trong nhirng cdng cu dwoc ng dung phd bién hién nay dé 1a mé hinh mang no ron nhan
tao (ANN) [[1]].

Su thay thé nhirng tinh chat cia mang no ron sinh hoc bang mét mé hinh toan hoc twong
dwong goi la mang no ron nhan tao. Mot no ron nhan tao dwoc biéu dién nhw hinh 1.
Néu cho vector di¥ liéu dau vao, p, noron sé
xac dinh gia tri dau ra, a, theo quy luét cho

trwde nao do, a=f (\N.p + b). Trong do6 w la
cac hé sb trong. Néu co mot bg dir liéu gom
mot vector dau vao, p, twong trng vai gia tri
dau ra, a, noron sé xac dinh gia tri clia vector
hé sb, w, sao cho phu hop v&i quy luat

a= f(W.p+Db). Nhw vay, mé hinh da dwoc a=fWp +b)

nhan dang. Hinh 1. C4u tao mét no’ ron nhéan tao

Gia st TTKT clia déng co dwogc chia lam k I&p C=[C1,C>,...Ck] twong (rng v&i cac dac trwng
cbng tac nao do ctia ddng co. Muc tiéu clia chung ta la xay dwng mang sao cho khi dwa t&i dau vao
mot vécto trang thai, mang sé gan vécto nay vao moét trong sd k 16'p trang thai cé san. C4u tric mang
aé giéi bai toan phan loai cé dang nhw hinh 2. Trong d6 I&p vao la cac no ron thay thé cho thong sb
chan doan (nhiét do, dé nhot, ap suét, ham lwgng cac hat mai...) 16p ra la cac no ron thay cho Icyp
TTKT can phan loai clia déng co (k) 16p an gdém 1 hay nhiéu lép tuy thudc vao tinh phtrc tap cla
cac quan hé phi tuyen cac no ron cla I&p 4n sé nhan tin hiéu tir ca I1&p vao va 16p ra sau doé diéu
chinh céc trong s6 dé mang c6 thé hoi tu [[5]].
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Hinh 2. Cau tric mang norron nhan tao mach thang néi tiép giai bai toan nhan dang
TTKT

Mang MLP dwoc huén luyén theo thuat toan lan truyén ngwoc 16i (back propagation), sao
cho sai léch gilra tin hiéu ra cila mang va gid tri dich (target) la nhd nhat.
. 13 )
min E :EZ(ti -Y)°,

i=1

Trong doé yi — tin hiéu ra clla mang ;
ti— tin hiéu dich twong ;
n — kich thwéc khoéng gian di liéu (théng sé chan doan).

4. X&c dinh TTKT déng co 6N165L-EN bang md hinh mang no ron nhan tao théng
qua theo ddi va phan tich céc tiéu chuan ky thuat cta dau nhén

Do dac, phan tich va x|y sé liéu

D liéu dwoc thu thap bang viéc ldy mau dau nhén truc tiép tir van ldy mau cla déng co 6N165L-
EN trén tau Jules Garnier, sau d6 glri vé phong thi nghiém cla tap doan JX shipping - Nhat Ban dé
phan tich. 'ng vé&i méi két qua phan tich, tac gid clng toan bd cac sy quan va thg' may tau Jules
Garnier kiém tra tinh trang k§ thuat cia may ngay sau do. Trong d6, tap trung kiém tra ky tinh trang
ctia nhém bién khuyu, so mi xi lanh va cac banh rang lai dan. Mot sb TTKT da dwoc phat hién trong
thoi gian thu thap la 5 thang.
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Hinh 3. Mét sé két qua phan tich dau nhon tai JX shipping
D@ liéu dwoc thu thap sau d6é dwoc phan tich, xt ly va sdp xép (rng véi tirng trang thai k§
thuat dwoc mo ta trong bang 2 nhw sau:
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Bédng 2. Sdp xép d&liéu phuc vu hudn luyén mang no’ ron nhéan tao
Théng s6
daura

Cac théng s6 dau vao (input data) (output data)

Thoi Thoi
gian

gian

Mau 14y lam o Ap
i . £ ié .
3 viec biém Chiso Ham g suat .
mau : 5 J A
may chop | P | wiém | wong c Al cu Zn pp | BLO | g Ly
nhét z vao
chay téng nuwoc méy vao
may
1 C1
n Cc2

Két qua huan luyén va kiém tra dé tin cady cua mang ti di¥ liéu da cé

Mang duoc xay dwng va huén luyén véi sw tre giap ctiia phan mém Neuro Solution 5 dwoc phéat
trién bdi hang ND, day 1a phan mém chuyén vé xay dwng cAc md hinh mang no ron. Sau khi tién
hanh thu thap 50 b6 di liéu tlr phan tich dau nhén dong co 6N165L-EN tau Jules Garnier &ng voi
316p TTKT la: “Binh thuwerng” “Sw ¢b bac bién bj troc - dwoc kiém tra vao théi diém trwde khi tau 1én
da 9/2011” va “ro lot khi chay nhiéu - dwoc kiém tra vao thoi diém thang 6/2012 sau khi dong co
chay nhién liéu c6 1an Catfine trwéc do6 2 thang, toan bd so' mi xi lanh ctia ddng co’ bi mon rat nhiéu”,
dwa vao mang huén luyén, trong dé 90% di liéu dung dé huan luyén, 10% dung dé kiém tra va thu
duoc két qua nhu sau:

Training/Active Confusion Matrix {Percentages)

BT bac hien Ro khi chay
BT |100. 000000000000 0. 000000000000 0.000000000000
bac bie 0.000000000000 100.000000000000 0. 000000000000
Ro khi " 0. 000000000000 0.000000000000 100, 000000000000

Hinh. 4 Ma tran két qua huan luyén cia mang
Ma tran két qua c6é dugc t phan mém huén luyén mang cho thay, & ca 3 trang thai ky thuat
mang déu nhan dang dung 100%. Tirc 1a néu co6 bat ky bd di liéu nao cé cac théng sb dic trung
twong tw trong pham vi lan can, mang sé ty déng gan cho né mét trang thai ky thuat ctia déng co.
L6i huén luyén ciing gidm dan ti 0.4 dén 0. Tién hanh kiém tra véi 10% di liéu da cé ciing cho
két qua chinh xac twong tw. Nhw vay cé thé két luan, mang da dud tiéu chuin dé nhan dang di liéu
mai.

—Mean Sguared Error (T) —Mean Sguared Error (CV)
[[R-]

0.4 A
0.3 4
0.2

|

a T T T T =T g T T T T
1 51 151 251 351 451 551 651 751 851 951

] Hinh 5. B6 giam 16i huan luyén sau cdc Iwot huan luyén cia mang
5. Ket quavathao luan
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Viéc st dung céng nghé mang no ron nhan tao (ANN) trong viéc xac dinh TTKT cla déng co
diesel 1a mét hwéng di maéi, phu hop véi diéu kién Viét Nam. V&i cac bd di liéu thu thap vé dau
nhon (hay tham chi cac thong sé khéc cta dong co), chi can x&r ly va dwa vao mé hinh mang da
huén luyén thanh céng, thi mang sé tw ddng chi ra trang thai ky thuat twong rng va giam dwoc rat
nhiéu thoi gian thi nghiém chan doan. Biéu quan trong la mang xay dwng da da tin cay cho tat ca
céc trang thai k¥ thuat hay chwa. D& thwc hién dwoc viéc nay, can thu thap dwoc cang nhiéu thong
sb d&c trwng cang tét, thém vao dé doi hdi sy tap trung ctia cac nha khoa hoc, cac chuyén gia vé
dong co dé chi ra va cap nhat cac trang thai ky thuat hay cac sw cb twong (ng ctia ddng co.

Riéng va&i div liéu vé dau nhon, trong thei gian téi, nhom tac gia sé thu thap thém cac div ligu vé
hinh dang, kich thwéc cac hat mai va xay duwng md hinh mang online dé cap nhat cho mé hinh mang
xac dinh TTKT déng co thdng qua dau nhérn mot cach chinh xac hon.
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NGUYEN MANH THUONG
Khoa M4y tau bién, Pai hoc Hang hai Viét Nam
Email: thuongmt29@gmail.com

Tém tat
Bai bao gidi thiéu so bd vé phurong phép phén tich hiéu qué cua céc qué trinh nhiét déng, noi
dung chinh bao gém gidi thiéu khai niém exergy va phuong phép phan tich exergi, so sénh
v6i phurong phap cén bang ndng luong, vi du minh hoa.

T khéa: exergi, ndng lwong, thudn nghich-khéng thuan nghich

Abstract
The paper introduces a method of thermodynamic processes efficiency analysis, the main
contents include the introduction of the exergy concept and the method of exergy balance in
comparison with the energy balance method, illustrative examples.

Keywords: exergy, energy, reversible-irrversible

1. Déc diém cua hé thdng nhiét dong nhiét méi trwedng xung quanh. Khai niém exergi

T4t ca cac qua trinh nhiét dong thyc té déu dién ra trong cac diéu kién tac déng twong hé voi
maéi trwéng xung quanh. CAc théng sb ctia méi trwéng xung quanh- nhiét d6 To va &p suét po thuc
té khong thay ddi khi tac dong twong hd vé nhiét véi hé théng béat ky va do d6 co thé xem 1a khong
thay déi.

DBanh gia cac ngudn nang lwong bat ky cta hé thdng nhiét dong ciing nhw cac bién déi nang
lwong can phai tinh dén anh hwéng ctia méi trwdng xung quanh. Vi thé, khi gidi quyét cac bai toan
ky thuat st dung khai niém nang lvong nhw 1a thwéc do téng hop chuyén dong vat chét trong hé
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thdng dwoc khao sat 1a chwa dd. Sy phat trién k¥ thuat doi hdi phai tinh dén yéu té ma khéng phai
b4t ky dang nang liong nao va & moi diéu kién déu c6 thé sr dung.

Gia tri ky thuat cia nang lweng phu thudc vao dang nang Iuo’ng cung vai cac thong sb cua
chang va céac théng sb ctia mai trudng xung quanh V6&i quan diém nay, trong tat ca cac bién ddi
nang lwong bdo dam sinh cong k¥ thuat c6 thé phan thanh hai dang nang lwong cé thé tham gia:

1) Nang lwong hoan toan cé thé bién déi dwoc thanh bat ky dang nang lwong khéc khéng phu
thudc vao cac thdng sbé ctia mdi trwdng xung quanh.

2) Nang lwgng khong thé bién déi hoan toan thanh dang nang lwgng khac; kha ndng bién dbi
clia n6 dwoc xac dinh béi ca théng sé déc trung cho loai nang lwong nay 1an cac théng s cla moi
trrd'ng xung quanh.

V6i cac quan diém cla dinh luat bdo toan ndng lwong (dinh luat nhiét dong thtr nhét), ca hai
dang nang lwong 1a nhw nhau, nhwng theo quan diém dinh luat vé tinh chét bién ddi ctia cac dang
nang lwong khac nhau (dinh luat nhiét dong thr hai) thi cé sw khac biét co ban gilra cac dang nang
lwong nay.

Dang nang lwong thir nhat c6 thé coi la dang néng lwong cé t6 chire, dang ndng lwong thi
hai- dang néng lwong vo té chirc.

DPong nang cla vat chuyén dong cé thé |a thi du dac trwng cho ndng lwong dang thir nhét.
Mé&i phan t&r ctia vat nay chuyén dong cung véi cac phan t& khac, trong d6 vécto tbc do & méi thoi
diém dwoc huwéng theo mét qui luat nhat dinh. Nang lwong cé té chire nay, vé nguyén tac, cé thé
bién dbi hoan toan thanh bét ky dang nang lwong khac. Nang lwong chuyén doéng nhiét cta cac
phan t& [& mét phan nang lwong bén trong vat thé cé dac tinh hoan toan khac. M&i phan t&r & thoi
diém cho trwéc cé gia tri va hwdng véc to van tée rieng. Nang lwong ctia chuyén dong vo td chirc
khong thé bién ddi hoan toan thanh dang nang lwong khac. Mot phan ndng Iwong dang nay nhat
thiét phai dwoc chuyén cho moéi trwdng & dang nhiét (qua trinh bu) dé bién ddi phan con lai thanh
nang lwong & dang nao doé co trat tw. Gia tri dai lwgng nay dwoc xac dinh khong chi béi cac théng
sb cla vat thé ma con bdi cac thong sé ctia méi trwdng xung quanh.

C6 thé g&p céac trudng hop nang lwong néi chung khong cé gia tri gi hét, thi du, lwong nhiét
nang khdng 16 ctia chuyén dong nhiét ctia cac phan t&r nwéc hodc khong khi & nhiét dé mai trwong
xung quanh. Gia tri k§ thuat ctia ndng lwong nay bang khéng vi né khong thé st dung va bién ddi
thanh dang nang lwong bét ky khac.

Su khéc biét n6i trén cta cac dang nang lvong cé y nghia quyét dinh khi phan tich cac hé
thdng nhiét déng va cac hé théng k¥ thuat khac ma hoat déng cla ching dwa trén su bién dbi nang
lwong.

Nang lvgng khéng c6 kha nang bién dbi thanh dang nang lwong khac & diéu kién da cho
duwoc goi la nang Iwgng vo gia tri (vd dung). Vi véy, khi phan tich nhiét déng hoc cac qua trinh ky
thuat diéu quan trong khéng chi va khong thé chi & chd nghién ctru cac tén that néng lwong chung
chung (vé nguyén ly, nang luvong khong thé mat) ma pha| nghién ctru cac ton that cla nang lwong
co ich (nang lwgng hiru dung) do bi giam chét lwgng cta ndng lwong- kha nang bién dbi & cac diéu
kién dé cho. Khong can thiét phai tinh t&i cac nang lweng vo dung. Chi sw giam nang lwvgng hiru ich
do lién quan dén tinh "khéng thuan nghich" cta cac qua trinh thyc té méi can duwgc xem la cac tén
that khéng hoan lai trong phan tich nhiét dong.

Co nang hodac dién nang dwoc xem la thuwdc do mic do chuyen hoa, tinh hiru dung cua bét
ky dang nang lwong nao, vi veé nguyén ly, ching co thé bién ddi hoan toan thanh dang bét ky cta
nang lwong. Vi vay, néu & cac diéu kién da cho co6 thé bién ddi dwoc mét lwong nhat dinh nang
lwong cho trwdc thanh dién nang hodc co nang, thi diéu d6 hoan toan bao ddm kha nang bién dbi
né thanh bét ky dang nang lwong nao khac mét cach triét dé. Diéu kién bién déi nhw vay dwoc xac
dinh b&i dinh luat nhiét dong hoc th hai.

Vi li do da trinh bay nén nay sinh sy can thiét dwa ra phwong phap téng quat dbi véi cac
ngudn nang lwong c6 kha nang bién dbi thanh dang ndng lwong khéac khi tac déng twong hd véi moi
trwdng xung quanh. Nhw da biét, sy bién dbi téi da clia nang lwong cé thé xay ra & didu kién khi tat
ca cac qué trinh & trong hé théng ciing nhw khi ching tac dong twong hé véi méi trwdng xung quanh
la thuan nghich.

Thwéc do ndng lwong co ich (hiru dung) ciia hé théng khi tdc ddng thuan nghich véi moi
trwdng xung quanh duoc goi la EXERGI cua hé thdng:

Exergi ctia vat chét 1a cdng téi da vat chat cé thé thuc hién trong qué trinh thudn nghijch, trong
d6 méi trurong déng vai tro la ngudn nhiét va vat chat cho khéng, néu cudi qua trinh nay tat ca cac
dang vét chat tham gia qua trinh chuyén vé trang thai can bang nhiét déng véi tét ca cac thanh phéan
ctia méi trirong xung quanh [1].
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Bang 1 gi¢i thiéu cac tinh chat dac trwng cho khai niém exergi twong (rng véi khai niém nang
lvong (energy). .
Bang 1. So sanh cac tinh chat cia nang lweng va exergi.

Ning lwong cua hé théng Exergi ctia hé théng
1) Chi phu thugc vao cac théng sé cla hg 1) Phu thudc ca vao cac thong s clia hé théng va
thong va khong phu thudc vao cac thong sb ca vao cac thong so cia méi tredng xung quanh.
cla méi trwdng xung quanh. . 2) Co thé co gia tri bang khong (khi can bang hé
2) Lubn c6 gia tri khac khéng va bang vo&i thong vé&i méi tredng xung quanh).
phuong trinh Einstein mc2”. ’ 3) Gia s0 gia tri clia exergi AEc béng hiéu s
3) Gia so gia tri cla energi hé thong ludn gitra energi Ec* vao vara l(hc’)i hé thong Ec chi
bang hiéu s6 gilra energi Wc* vao va ra khoi kh,i tat ca péc qua trinh dién ra thuén nghich.
hé thong W Néu chi can mét qua trinh khéng thuén nghich

N _ gia sO sé nho hon hiéu so nay:
AW, = > W' =>» W
¢ Z ¢ Z ¢ AE, <E;-E_

4) Tinh chét bién dbi ciia mét sé dang sang 4) S bien doi tll;f cviar:igAnéyvsang,dapg khé(t; inh
cac dang khac (§ang co nang hoac dién iﬁarjg CO’hf?atTEIJ(hPaCbllin naEg) O cac quatrin
n&ng) bi han ché, ké ca trong cac qua trinh uan nghich khong bi han che.
thuan nghich

T4t ca céc tinh chat néu trén cutia exergi cho phép dwa ra cac két luan vé cac kha nang tng
dung thwc té cha exergi dbi véi phan tich nhiét dong.

1). C6 thé danh gia tinh khéng thuan nghich bang d6 giam exergi trong cac qua trinh khéng
thuan nghich. Hiéu sb D gitra exergi chung cia hé théng & dau qua trinh cho trwéc va cudi qué trinh
bang ton that do tinh khéng thuan nghich

D=>ES-> E  =AE, (1)

O day, exergi twong tw nhw entropi, tdng entropi cling nhw gidm exergi phan anh ton that do
tinh khdng thuén nghich gay ra. Tuy vay, vu viét thuc té cla exergi, rat quan trong déi v&i cac kj
thuat rng dung nhiét déng hoc, thé hién & ché 1a, do giam cua n6 cho ta ngay gia tri tén that nang
lwong hiru dung va cho phép so sanh ton that nay véi sb lwong hién c6 cta ndng lwong nay (nghla
la thu dwoc ca gia tri tuyet dbi va ca gia trl twong déi cta dai Iuo’ng tdn that). Thuc vay, ty sb cla
exergi con lai trong hé théng trén dén cubi qua trinh (hodc dwoc lay ra khdi hé thdng) SEc = ZEc* -
D trén exergi c6 & bat dau qua trinh (ho&c cip vao) dac trwng cho mirc dd gan véi qué trinh thuan
nghich (hiéu suét exergi)

2E DE-D . D X
nex_ZEg_ ZE; =1 ZE; ()

2. Tinh bat bién cta exergi & cac qua trinh thuan nghich cho phép tao ra model ly twéng cla
bat ky qua trinh k§ thuat nao, n6 co thé lam chuan dé danh gia va phan tich cac qua trinh thyc. O
treong hop riéng, n6 cho phép xac dinh cong tiéu thu téi thiéu dé thiee hién qua trinh cho truvdc. Qua
trinh ly twong nhw vay, vé nguyén téc, c6 thé duo’c thwe hién bang sb lwong khdng han ché cac bién
phép, mién 1a dap ng mot diéu kién- khéng c6 tén that exergi.

3. Dai lwong exergi cé thé dung dé xac dinh kha nang thwc hién dwoc qué trinh nay hay qua
trinh khac & hé thong ky thuat bat ky. Néu exergi tang (AEc<0), thi qua trinh khdng c6 kha nang thuc
hién néu khong cap exergi tir bén ngoai. Néu exergi gidm (AE. >0), thi qua trinh khong chi vé nguyen
téc c6 kha nang thuc hién dwoc, ma hé thdng con cé kha nang cho exergi trong tién trinh ctia qua
trinh, n6 c6 tac dung cho hiéu qua ky thuat nao dé.

2. Ham exergi va quan hé ctia né vé&i cac théng s6 cia méi trwdng xung quanh [1]

a) Exergi cta khéi véat chét trong thé tich (hé théng kin)
Ky hiéu cac théng sb cuia vat thé & trang thai cho trwdc 1a U, S, V va T, va & trang thai “khéng”
twong (rng v&i Uo, So, Vo va To. Vi chiing ta khao sét cac hé théng nhiét ddng nén trao ddi nang
lwgng chi ¢o thé xay ra & hai dang — nhiét Q va cong L.
Khi chuyén mét nhiét lwong thuan nghich & mirc dd ctia méi trwéng xung quanh, & méi qua trinh
phan t6 cé thé thu dwoc moét phan tb cong
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T-T
L=,
T x

3)
(tire tvong duong véi céng cia mét chu trinh Cac nd phén té thuén nghich), dai lwong nay luén
ludn am (hé thdng cho cong) vi khi T > To, 8Q < 0 con khi T < To, §Q > 0.
Ngoai ra, khi thé tich V clia hé théng thay ddi, cong sinh ra mét cach truc tiép, ky hiéu cong nay la
L. Tuy vay, thay ddi thé tich dV cha hé théng nam trong méi triwdng xung quanh can phai khéc
phuc strc c&n ctia mdi trwérng nay, cé ap suat Po, vi thé chi cé mot phan cong 8L bang

-0L'=-6L + PodV

4) X
la dwge truyén cho vat th ba.
(Pai lwong PodV c6 ddu ngwoc véi ddu 8L va 8L, chung mang dau am).
Nhw vay, cdng cé thé sinh ra cla hé khi tac dong twong hd gitra hé théng va méi trwdng xung
quanh — exergi ctia hé théng dbi v&i qua trinh phan tb

—dE=-TTomo_a+ P,dV .

(5)
Theo dinh luat nhiét ddng mét, dU = 8Q + 4L, theo dinh luat nhiét dong Il déi véi qua trinh thuan

R _

nghich ? =dS. Pua céac gia tri nay vao phwong trinh (5) dbi véi qua trinh phan té, ta thu dwoc

-dE = -dU + TodS + PodV,
©® )
hoac d6i v&i qua trinh & dang tong quat
-E =-(U-Uo) + To(S - So) + Po(Vo- V).
(7)

Vi & céc théng sbé cho truwdc clia mdi trwdng xung quanh céc dai lwong Uo, So, Po va Vo 1a khéng
ddi, dbi véi méi trang thai cho trwdc clia cong chét, dai lwong E dwoc xac dinh va la don tri.
Khi viét cho cac gia tri riéng va ky hiéu dai lwong uo—Toso+Povo=c thi ta thu dwoc biéu thirc cubi
cung dbi véi ham exergi riéng
-€ = -U +Tos — Pov +c.
®) , -y ,
Vi chi c6 cac thdng so trang thai va cac hang so Po va To nam trong cong thirc, dai lwong € la ham
exergi don tri. O céc tinh toan lién quan v&i viéc xac dinh hiéu sé €, dai lwong ¢ dworc loai trir va
A& = Au — ToAS +PoAv
(8)

b) Exergi ctia céng chét trong dong lién tuc én dinh
Da sb céc thiét bi cong nghiép, trong doé cac thiét bi nhiét do thap ndi riéng, hoat dong & cac diéu
kién cdng chét chuyén dong lién tuc, dn dinh. M&i mét bd phan ctia hé thdng nay cé thé trao dbi
nang lwong véi méi trwéng xung quanh khéng chi bang cac tac déng co gidi va nhiét ma con voi
cbng chat chay qua cac gidi han cia hé théng. Vi vay chung cé thé duwoc xem |a hé théng hé.
Thiét 1ap cac dai lwong exergi clia cdng chéat chuyén déng trong dong cé y nghia quan trong hang
dau dbi véi viéc phan tich cac hé théng nay. Xay dwng céac cong thirc dé xac dinh exergi clia dong
dua trén cac tién dé nhw lap cong thirc E d6i véi vat khong chuyén déng da néu & trén.
Chung ta sé khéo sat dong céng chat 6n dinh c6 cac théng sé u, v, s, T va P. Cac thong sb dac
trwng trang thai can bang véi mai trwéng xung quanh (& trang thai khdng) ching ta ky hiéu uo, vo,
So, To va Po. D& xac dinh exergi can phai tim céng cuwc dai ma dong c6 thé tao ra khi chuyén dbi
thuan nghich tir trang thai cho trwdc t&i trang thai khong.
Exergi cia mot don vi khdi lwong trong dong khac véi exergi € clia vat thé khong chuyén dong bdi
dai lwong céng lién quan dén chuyén dong ctia dong. Cong nay, sau khi khau trir phan dé khac
phuc ap suét khi quyén, bang: Pv—Pov=v(P — Po). Do dé, exergi clia cong chat trong dong khi tinh
dén (8) bang:

e = g+V(P — Pg)=u-Tos+Pov+Pv—Pgov+c = u+ Pv-Tos+c.

9)
Vi u+pv=i, ta thu dwoc
e = i—Tos+c.
(10)
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Néu dong nang cla dong cé gia tri khong thé bd qua, gia tri clia nd can dwa vao biéu thirc exergi
cla dong
2
o ®
e'=1-T,;s+ A—+cC.
29

(11)
Pai lwong e cling nhw € 1a ham exergi don tri. Nhw da thay rd tir cong thire (11), gia tri cla nd khac
v&i € chi lién quan dén nhiét do To, khong phu thudc vao ap suét Po.

c) Exergi cia dong nhiét
Exergi cGia dong nhiét dwoc danh gia b&i cong téi da cé thé thu duwoc do két qua chuyén dbi thuan
nghich ndng lwgng & dang nhiét gitra cdng chat cé nhiét dd T va maéi trwdng xung quanh véi nhiét
dod To.
T& nguyén ly nhiét ddng hoc ta biét rang dai lwong nay cla qua trinh phan té dwoc xac dinh béi
phwong trinh

&, =&

(12)
con doi v&i qua trinh hiru han

T-T,
e,= .50 T 0
(12)

T-T,
T 1

T-T
Pai lwgng T 9 duwoc goi la nhiét d6 exergy, ky hiéu la te (°E, c6 gia tri tiv — 00+ 1), cling la

ham trang thai ciia hé thdng va mai trwdng xung quanh nhw € va e. Dung né khi phan tich nhiét
dong sé thuan tién hon dung dai lwgng T vi bao ham ca gia tri To nén cho ta kha nang xac dinh
ngay exergi cia dong nhiét theo q va don gian hda cac tinh toan lién quan véi né.
3. Phan tich nhiét dong hé déng lwc hoi nwéc

Trong mét sé linh vuc k¥ thuat, tinh toan exergi déi véi 2 dang nang lwong— dang héa hoc ey
va blrc xa ei c6 mot y nghia nhat dinh. Xac dinh exergi & cac qué trinh héa hoc 1a can thiét & cac
tinh toan va phan tich nhiét déng cac thiét bi nhiét dong Iwc hoat dong béng nhién liéu héa hoc,
céc thiét bj nhién liéu va mét sb thiét bi nang lwong khac. Cac van dé nay dwoc nghién clru trong
[9, 19, 63, 43, 44, 63]; exergi blrc xa da dwgc cac bai bao [45, 46, 60] nghién ctru. Dwéi day chi
trinh bay vi du phan tich exergy nhiét dong cho hé déng lwc hoi nwéc (gac lai cac bién déi héa hoc
clia phan (rng chay cuta nhién liéu.

15.9 MPa
35°C 15.2 MPa T
® 625°C
Boiler
@ 15 MPa
@ 16 MPa 600°C
Wiurb,out
Turbine
W _ == —
Ypump.in Ny= 0.87
Pump
[ = 0.85
r (&) }10kPa
9 kPa
38°C
Condenser

Hinh 1. So d hé déng lwc hoi nuwéc va dd thi T-s chu trinh Rankin khéng thuan nghich [2]
Dwéi day ta phan tich nhiét hé théng c6 so' dd va cac théng sé nhw hinh 1 [2], gia thiét thém
réng, nhiét dd mai trwdng to=30 °C, hiéu suat nhiét ndi hoi Nnn=0.92, hiéu suét co’ gidi cta tuabin
Nm=0.96, hiéu suat may phat nm=0.97. nhiét dd cao nhét ctia khi chay trong budng d6t tmax=1300
0C.
Cac thong sb trang thai twong trng mot s6 diém nat trén hinh 1 ¢6 thé tra bang [3] hodc tinh
truc tiép dwoc gém:
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1=159.7646 kJ/Kg; $1=0.547375 kJ/KgK; i2s=175.8995 kJ/kg; i-=178.7469 ki/kg; t-=39.36126
0C; t25=38.6812 °C; $2=0.556497 kJ/KgK; i3=160.4854 kJ/kgK; i4=3645.495 kJ/Kg; 54=6.742445
kJ/KgK; is= 3583.1 kJ/kg; s5=6.6806 kJ/kgK; dd khd Xxes=0.80423; iss=2115.6 kJ/KgK; ic=2306.375
kJ/kg; X6=0.884; s6=7.2788 kJ/kgK

Bang 2. Can bang nhiét

STT Pai lweng tinh Cong thirc Gia tri (kJ/kg)
1 Cong tiéu thu cta bom |P ~ V(p2 _ |:>l)/,7P 18.98226
2 | T6n that nhiét doan dng 2-3 Ag, =C,(t, -t,) 18.26147
3 | Nhiét lwong cap cho 1 kg hoi q=i, —i, 3485.01
4 Nhiét lwgng nhién liéu/1 kg hoi 0, = q/,7nh 3788.054
5 | Tn that nhiét trong ndi hoi AQ, =0, — 303.044
6 Cong riéng cua tuabin I, = (is — g )7 1276.725
7 | Tén that do bat thuan nghich & tuabin | Aq. = (i, i, )(L—7,) | 190.775
8 | Tong théat nhiét doan éng 4-5 AQ, =i, — i 62.395
9 | Nhiét lwgng nha & bau ngwng q, =ig —i, =ig — |, —i, |2146.61
10 | Tén that co gidi & tua bin Ag, =1 (1-7,) 51.069
11 | Cbng cé ich & tua bin (lai may phat) I, =kn, 1225.656
12 | Tén that cong & may phat AG =l,(1-7,,) 36.76968
13 | Céng cua hé théng e = ler 7,0 — 1o 1169.904
14 | Can bang nhiét Ou = lor +0, + > Aq, | 3788.053
15 | Hiéu suat nhiét n, =\ 10, 30.884 %
Bang 3. Can bing exergi
STT Pai lwong tinh Coéng thirc Gia tri
(kJ/kg)
1 |Giatang ex/(1 kg hoi) qua bom e, =i, —i, —T,(S, —5,) 16.21697
2 |Ton thatex & bom Ael — |P —€, 2.76529
3 |Ton that cong trong bom ** AQ, =~ V(P, —P)(1-7,) 2.8474
4 |Ex nhién liéu cap cho hoi (cda T T, T 2299.172
khi chay) € =G —CpTo In % =y | 1-—>—In—=
0 max 0 0
5 |Ton that ex trén doan 2-3 Ae, =i, —i, =T, (5, —S,) = i, -, 18.25
6 Gig tang ex cla 1 kg nwéc & e, =i, —i,—T,(s, —S;) 1610.358
noi hoi
7 |Ton that ex & ndi hoi Ae,=e —e, 688.814
8  |Ton that ex hoi tr ndi hoi dén Ae, =i, —is —T,(s, - S5) 43.647
tua bin (doan 6ng 4-5)
9 |Ton that ex & tuabin Ae, =T, (s, —S;) 181.344
10 |Ton that ex & bau ngung Aeg =ig —i, — T, (S, —S,) 106
11 |Ton that do ma sat & tua bin Ae, =Aq, =1 (1-7,) 51.069
12 [Ton that & may phat Ae, =Ag =1, A-7,,) 36.77
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13 |Can bang €y =l + A6, 2299

14 |Hiéu suét exergi 0.533
) g _ IeHT —1— ZAei
nex - -

€ €

nl nl

4. Nhan xét va két luan ] ,

So sanh hai cach phan tich nhiét, co the rat ra mot qé nhan xét nhu sau:

- Hiéu suat exergy I&n hon hiéu suat nhiét, né co6 thé bgémg 1 ns"au cac qua trinh thuan nghich
hoan toan (hiéu suat nhiét luén nhé hon 1), do dé no6 cho biét cé thé cai thién st dung nang lwvong
dwgc hay khong; ) )

- Khi can bang nang lwong, thi tén that nhiét gz 1a 16n nhat (Bang 2, dong 9, q.=2146.61), tirc
chiém gan 57% qn con & ndi hoi, ton that nhiét AQ, = q,, —  =303.044 kJ/kg, tirc vao khoang gan
8%. Nguworc lai, ton that exergy & ndi hoi (bang 3, dong 7): Ae, =e,, —€, = 688.814 kJ/kg, tirc
chiém gan 30% exergy cla nhién liéu. Ngoai ra, ¢ vé nhw vo ly, vé gia trj tuyét dbi Ae, > AQ, ?
Xong d6 lai 1a diéu binh thuwong trong thuc té, vi nguén nhiét (khi chay) cé nhiét d6 cao hon cong
chat (nwdrc) trong ndi hoi, cung lwgng nhiét trao doi, thi exergy cdia ngudn (gidm di) sé nhiéu hoi so
v@&i cong chat nhan dwoc (Néu qua trinh Ia thuén nghich thi Ae, = AQ, ). Tén that exergy o bau
ngung la twong déi nho so voi cac loai tén that khac. ]

- Trong cac thiét bi c6 trao q’éi cbng ngoai (bom, tua bin), thi t(‘)‘n that cong do khong thuan
nghich I&n hon (vé tri so tuyét doi) so voi t6r1 that exergy, vi mét phan nhiét do cong bién thanh
gop phan lam tang esergi ctia cdng chat & dau ra va cé thé st dung dwoc trong cac bd phan tiép
sau.

Két luan: Phan tich bang can bang exergy cho ta biét nén chu trong vao cai tiét khau nao
trong hé thong, trong vi du minh hoa trén thi la tim cac bién phap tranh that thoat nhiét & noi hoi
dong vai tro quyét dinh.

TAI LIEU THAM KHAO
[1] B. M. BpogsaHcuin, TepmoduHamyeckuli aHanu3 HU3KomemrepamypHbix ripoyeccos, MOCKOBCKMIA
OHepretnyeckun UHctutyt, 1956.
[2] Yunus A. Cengel, Michael A. Boles, Thermodynamics (Fifth edition, An engineering Approach).
[3] Nguyén Manh Thwéng, Nhiét déng ky thuat va truyén nhiét, Nha xuat ban Hang hai, 2014.

MOT SO BIEU CAN QUAN TAM VA LUU Y CUA SY QUAN MAY TRONG QUA
TRINH MAY CHiNH HOAT DPONG O VONG QUAY KINH TE
SOME THINGS TO CONCERN AND PRECAUTION OF ENGINEER WHILE MAIN

ENGINE OPERATION AT ECONOMIC SPEED (SLOW STEAMING)
DO MINH PHONG
Bé mén Khai théc M&y tau bién, Khoa Mdy tau bién

Tém tat.
Tau khai thac & ché dé vong quay kinh té (economic speed or slow steaming) la qua trinh ¢
y gidm tbc dé cla tau véi muc dich gidm lwong tiéu thu nhién liéu va lwong khi thai cac bon.
Trong qué trinh tau hoat déng & ché dé vong quay kinh té thi mét sé diéu yéu céu céc sy quan
may c,a“m quan tdm va lwu y t6i May chinh sao cho déng co hoat déng hiéu qua, an toan va
kinh té.

T khéa: Vong quay kinh té, loi ich ctia vong quay kinh té, nhiing diéu quan tdm, nhiing luu y.

Abstract:
Economic speed or slow steaming is a process of deliberately reducing the speed of cargo
ships to cut down fuel consumption and carbon emissions. During the operation of the ship in
economic speed, some things require the engine officer to concern and precaution to the main
engine so that the engine operates efficiently, safely and economically.

Key word: Economic speed, Benefits of slow steaming, Concern, Precaution.

N6i san Khoa hoc Khoa May tau bién ~ Sé 40- 04/2021 78



2.2

2.3

Gi&i thiéu

Viéc khai thac tau & vong quay kinh té da dwoc da sb cac cong ty thué tau, quan ly tau va chd
tau &p dung dé tén tai trong thoi ky khé khan cla gia nhién liéu tang cao va suy thoai kinh té. Ap luc
gidm lwong khi thai carbon va nang cao hiéu qua hoat dong cla tau ciing da thic day cac cong ty
van tai bién thuwc hién ché do chay Chém trén tau cGa ho. Tau khai thac & vong quay kinh té 1a mét
quatrinhcé y giam téc do clia tau dé cat giam mirc tiéu thy nhién liéu va lwong khi thai carbon. Tuy
nhién, cac hang san xuét dong co ludn khuyén céo réng tranh khai thac dong co lau dai ¢ tai thap.
Vi vay, cac Sy quan may can quan tam va lwu y toi cac thong sb cla May chinh sao cho déng co
hoat déng hiéu qua, an toan va dam bao cac chi tiéu kinh té, ky thuat dé ra.

Trong bai viét nay, ching t6i sé dé cap vé van dé c6 thé xay ra, cac bién phap kiém tra va lwu
y khac nhau can thwe hién khi chuén bj cho déng co hang hai hoat ddng & vong quay kinh t& nhdm
muc dich duy tri cho tau hoat déng hiéu qua kinh té va an toan.

Noi dung
Khai niém vong quay kinh té

Economic speed hay slow steaming la qua trinh cé y giam toéc do cla tau, diéu nay dan dén
gidm cdng suéat dong co va tiéu hao nhién liéu. Khai thac tau & vong quay kinh té - Slow steaming
da gitp céac chd tau, céng ty quan ly tau va thué tau thanh cong trong viéc gidm lwong nhién liéu can
thiét dé chay tau, tiét kiém tién mua nhién liéu.

Loi ich khi tau hoat déng & vong quay kinh té

M&c du cac van dé nhu thoi gian van chuyén hang hoéa lau hon va anh huéng tiéu cuc dén
doéng co da khién cac cong ty quan ly tau ban tam, nhwng loi ich tdng thé cta chién lwoc kinh doanh
da khién ho bé qua nhirng mat tréi, it nhat 14 vao thdi diém hién tai 1a khai thac tau gap kho khan.
Nhirng loi ich chinh cta viéc khai thac & vong quay kinh té 1a:

- Giam tiéu thu nhién liéu, do dé giam chi phi khai thac tau.
- Giam lwgng khi thai carbon (CO2, NOx va SOx).

Ngoai nhirng loi ich néu trén, viéc tau hoat déng & vong quay kinh té con doi héi nhiéu yéu té
khac nhau nhw cac yéu cau ky thuat, an toan b&i vi cac hang san xuét dong co ludn khuyén céo
dong co han ché hoat dong lau dai & tai thadp. Néu phai hoat déng & ché dd vong quay kinh té -
economic or slow steaming thi cac s§ quan may can lam theo cac hwéng dan cla cac hang san xuét
doéng co cling nhw cac yéu cau cla quan ly k§ thuat ctia cha tau.

Céac kiém tra, quan tam va lwu y khi déng co hoat déng & vong quay kinh té

Nhw da trinh bay & trén, dong co chinh truyén théng dwoc thiét ké dé chay trong pham vi tai
tr 70% dén 85% MCR (Maximum Continuous Rating) trong qué trinh hoat déng lién tuc. Vi vay cac
cbng viéc kiém tra, nhitng van dé can quan tam, lwu y trong qua trinh tau hoat déng & ché dé vong
quay kinh té dé 1a yéu cau can thiét dbi véi ngwoi khai thac, dat dwoc muc tiéu tiét kiém chi phi, chi
tiéu ky thuat va an toan.

Dé lam duoc diéu nay, May trwdng cling nhw cac S§ quan may can thyc hién nhirng thay dbi
can thiét, cac quy trinh kiém tra bé sung va lam theo hwéng dan cla hang ché tao ddng co, cling
nhw tw van cGa quan ly k§ thuat cdia cha tau lién quan dén tbc do kinh té cta tau khi dong co hoat
dong ngoai pham vi tdi wu da thiét ké cta no.

a. Nhibng van dé xay ra sau day lién quan dén doéng co hat dong & vong quay kinh té.

- Bdng co hoat dong thoi gian dai & vong quay thap sé gay tac ban tua bin ting 4p, sinh han
khi tang ap, va dé la nguyén nhéan lam glam hiéu suat cla dong Co.

- Tua bin tang ap hoat déng ngoai pham vi thiét ké ctia ching tao ra it lwu lwgng khi hon dan
dén nhiéu can ban.

- B6i tron qua mrc cGa so mi xi lanh ciing khéng tét nhw khi bdi tron khéng dd dau nhén. Triy
khi déng co' c6 hé théng béi tron xi lanh phu thudc tai phu hop véi qué trinh hoat déng & vong quay
kinh t&. M(rc cap (feed rate) cia dau bdi tron xi lanh phai dwoc didu chinh dén gia tri tdi wu theo 1o
khuyén ctia hdng san xuét dong co.

- O vong quay thap, chat lwong phun cua voi phun glam vi vay lam tang can cacbon trén kim
phun 1am anh hwéng chung dén céac théng sé hoat dong cltia dong co'. Vi vay thoi gian bao dwéng,
can chinh voi phun cling can rat ngan hon khi ddng co chay & ché dé dinh murc.

- Tang d6 bam mudi, gay tac nghén cac éng trong ndi hoi khi thai dan dén gidm céng suéat
cla dong co cling nhw tdng nguy co chay mudi than.

- Khi ddng co hoat déng & tai thAp nén nhiét do khi thai thp. Néu nhiét do khi thai dudi 250
do C c6 thé gay ra hién twong &n mon & nhiét do thap.
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- Ap suét khéng khi nap thap, nén ap sut nén Pc thap, dan dén qué trinh chay khong tét, do
do lam gidm hiéu suét chung ctia déng co.

- Nhanh déng cdn ban & cac ranh xéc mang, d|nh piston va khoang dwoi plston

- Lam tang nguy co chay khoang gi6 quyet néu nhiét khoang gi6 quyét quéa cao.

- Lam giam sw trao ddi nhiét do nhiéu can cacbon & piston va la nguyén nhan hw hdng cac bo
phan do &ng suét nhiét.

- Lam gidm hiéu suét cda ndi hoi kinh té (EGB) do nhiéu mudi bam vao thanh vach éng, diéu
nay cang lam gidm san lwong sinh hoi cGa ndi hoi kinh té, vi vay lam tang thém chi phi bao tri va
stra chira.

- Chan vit cla tau dwoc thiét ké dé mang lai hiéu qua tdi da khi may chinh hoat déng & vong
quay dinh mdrc (80% - 85%) tai. Do hoat ddng & vong quay thap hon, hiéu qua cta chan vit c6 thé
bi anh hwdéng.

- Suét tieu hao nhién liéu (Specific fuel oil Consumption - SFOC) dwoc téi wu hda dé chay
trong ché dd dinh murc (trc 80 % - 85 % tai). Méc du lwong tiéu thu nhién liéu tdng cdng thap hon,
SFOC cao hon & tai thap do qua trinh phun va dbt chay khong téi wu.

- Néu tau c6 trang bi may phat déng truc (shaft generators) thi khi tau hoat déng & tai thap c6
thé lam cho may phat déng truc khéng hoat dong duorc.

b. Cac kiém tra khi dong co’ hoat déng lau dai & vong quay thap

Nhin chung trong cac déng co tau thay truyén théng (trtr ddng co' théng minh) can thwe hién
kiém tra sau day khi ddng co hoat déng & ché do thap tai.

- Binh ky kiém tra, vé sinh khoang gi6 quyét va phan dwai clia pit-téng.

- Kiém tra cac xéc mang xem c¢6 bj gay, v&, bam cén va giam do dan hédi hay khong.

- Thwdng xuyén kiém tra va vé sinh ndi hoi khi xa. Kiém tra d6 chénh léch nhiét do, ap suéat
trwdc va sau ndi hoi khi xa.

- Kiém tra mirc cép (feed rate) ctia dau nhon béi tron so mi xi lanh, kiém tra tinh trang bé mat
c&c so' mi xi lanh va pit-tdng dé danh gia tinh trang bdi tron so mi xi lanh.

- Kiém tra vong quay cla tua bin tdng &p cling nhw &p suét khéng khi nap. Bat ky sw sut gidm
vong quay hodc ap suét khi tdng 4p & cling mét tai c6 thé cho thay tua bin tang ap, sinh han khéng
khi tang ap bi ban, tdc nghén.

- Kiém tra va ghi lai sw chénh léch nhiét d6 cda khi xa gitra dau vao va dau ra cla tua bin ting
ap. Sw giam chénh léch c6 thé cho thay tua bin khi xa bi tdc nghén.

- Kiém tra va ghi lai nhiét d6 vao va ra ndi hoi khi xa. Bat ky sw tang nhiét do nao & cling mét
tai va gidm &p suét hoi déu cé thé cho thay cac 6ng ctia ndi hoi khi xa bi ban do bam nhiéu mudi va
téc. C6 thé theo doi qua nhiét k&, cac manometer (dng chir U) d& danh gia tinh trang céac éng cda
ndi hoi khi xa.

- Thwdng xuyén do ap suat Pc, Pz va kiém tra cac thong sé ciia May chinh dé& danh gia tinh
trang ky thuat ctia dong co.

- Binh ky xa nwéc ngwng tu tai sinh han khi tang ap.

Van hanh & muec tai thp c6 thé 1am cho nhién liéu va dau xi lanh chwa chay dwoc tich tu
trong &ng xa. Vi vay né c6 thé chay dot ngdt gay ra hién twong qué téc do cua tua bin khi xa va hw
héng bd tang ap khi ting tai tré lai. Do d6 can tién hanh kiém tra dworng 6ng xa khi cé co' hoi.

c. Cac Iwu y khi dong co hoat dong & ché d6 vong quay kinh té

C6 mot thuc té duwgc théng ké cho thay rang hau hét cac sw cb lién quan dén qua trinh déng
co hoat dong & vong quay kinh té xay ra khong phai trong ché d6 thap tai ma la khi dong co hoat
dong tré lai & mie tai khai thac dinh me. Dé tranh bat ky sw ¢d nao xay ra khi ddng co chinh tr&
lai ché dd hoat dong binh thuéng, can phai thwe hién mot sé bién phap phong ngira va kiém tra can
than trong qua trinh hoat déng & vong quay kinh té.

- Duy tri d6 nhét ctia dau nhién liéu tir 12 dén 13 CST truée khi phun vao budng dét déng co'.

- Khi &p suét khi tdng 4p qua thap, néu can thiét thi ludn bat quat gi6 phu (& ché dé manual)
dé tranh nhiét d6 khi thai tang cao sau khi ngat quat gi6 phu. Nhiét dé khi thai trén 450 d6 C c6 thé
gay an mon nhiét do cao va chay xu pap xa. Lwu y khi quat gié phu hoat déng thi luén theo déi dong
dién (Am pe ké) ctia mé to dién cla quat gié phu dé& xem né cé bi qua dong hay khong.

- Git¥ nwée lam mat so mi xy lanh & nhiét do t6i wu khoang 83 dén 85 dd C va tranh dao déng.
Duy tri & nhiét dd cao nhat ma nha san xuét déng co cho phép. Diéu nay gilp gidm (ng suét nhiét
trén so' mi va tranh &n mon so mi xy lanh & nhiét do thap.
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- Trong hé théng bai tron xi lanh phu thudc vao tai, & ché do vong quay kinh té cé thé dan dén
mtrc cap dau bdi tron so mi th&p hon (feed rate) do d6 c6 thé chon dau xi lanh c6 BN (base number)
cao hon dé phu hop va bao vé chdng lai cAc van dé &n mon.

- Gidm tai dong co tr 90% dén 30% lam tang thai gian lwu (thoi _gian bén trong xi lanh cho
mdi lan nap dau xi lanh) 1én ba lan. Piéu nay cé nghta la phai st dung dau xi lanh c6 BN cao hon.

- Khi str dung dau béi tron xy lanh c6 BN thap, ltc nay can tang murc cép (feed rate) va tham
khdo y kién cta hang san suét dong co.

- Can diéu chinh san lugng ctia may chung cét nwéc ngot dé duy tri nhiét do nwéc lam mat
so' mi xy lanh t6i wu nhéat c6 thé.

- Nhiét do khi thai sau ndi hoi khi xa (EGB) khéng dwoc phép giam xubng dwai 220 do C dé
gilr nhiét dé cao hon diém swong cla axit sulfuric. Tranh &n mon diém swong.

- Hang ngay can ting vong quay may chinh 1én 70% - 85% tai khoang 1 gi®» dé lam sach tua
bin tang ap, ngan chan sw tédc nghén cla ndi hoi khi xa, cung két hop riva tua bin tang ap va thoéi
mudi ndi hoi khi xa. N6 sé& dét chay hét nhién liéu va dau chwa chay hét trong éng xa.

- Can thuc hién thwdng xuyén théi mudi cho ndi hoi khi thai va thwe hién né theo quy trinh.

- Phai tién hanh rira banh canh tuabin va may nén cla tua bin khi xa, cong viéc thwc hién can
lam theo quy trinh hwéng dan ctia hang ché tao dong co.

- Dé tranh ngung tu nwéc trong sinh han khéng khi tdng ap thi can gite cho nhiét dd khong khi
trong bo lam mat khoang 40 dén 45 do C.

- Str dung dau nhon bi tron xi lanh ¢6 BN chinh xac va cao hon theo khuyén céo ctia nha
san xuat.

- Phai thwc hién tét viéc bao dwdng voi phun nhién liéu b&i vi voi phun sé& nhanh tang kha
néng bam ban va nhé giot trong qua trinh déng co hoat dong & tai thap.

- An mon nhiét do thap c6 thé xay ra do déng co thap tai, vi vay nhiét do khi thai thip. Can
can than dé tranh nhiét 6 khi thai sau xylanh giam xudng dwéi 250 d6 C. Thong s nay rat quan
trong vi nhiét do sé giam thém sau khi ra khéi néi hoi khi xa.

Két luan

Bai bao da trinh bay nhirng loi ich cé dwoc khi tau hoat ddng & vong quay kinh t&, nhitng wu
diém nhu tiét kiém nhién liéu, gidm chi phi khai thac tau, giam phat thai cac bon, bao vé méi truong.
Nhwng kém theo né l1a mét loat nhirng van dé ky thuat lién quan dén déng co khi khai thac & ché do
nay, bai bao c6 dé cap nhirng hw hdng, sy cb co thé xay ra khi ddng co khai thac & ché do tai thap
sau moét thoi gian dai.

Dé han ché dén murc thap nhét nhirng ton that khéng mong muén mang lai, van dé dat ra la
yéu cau May trucyng va cac Sy quan may — nhirng nguoi lam viéc tryc tiép dwdi tau phai quan tam
dén céac codng viéc can kiém tra, cac thong sO can duy tri va nhirng lwu y khi tau hoat dong & tai thap
véi muc dich gilr cho céc thiét bi ludn & tinh trang hoat dong tbt.

V&i yéu ciu sy hiéu biét thAu dao vé ciu tao, nguyén ly hoat ddng clta cac hé théng dong
lwe, thwe hién quy trinh khai thac dung céc trang thiét bi, cling viéc thwéng xuyén kiém tra, giam séat
céac thdng sb ctia May chinh néi riéng va cac trang thiét bi trong budng may n6i chung sé gidp nguoi
khai thac han ché nhirng hw héng, sw cd khdng mong muén. Pat dwoc muc tiéu tau hoat dong tin
cay, an toan va hiéu qua kinh té.

TAI LIEU THAM KHAO
[1] http://www. mairineinsight.com/the guide to slow steaming on ship/jan 3013
[2]_https://www.cedelft.eu/publicatie/requlated/ slow steaming in maritime transport/1224, Feb 2012
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MO PHONG SO PONG LUC HOC CHAN VIT TAU THUY

NUMERICAL SIMULATION OF SHIP PROPELLER DYNAMICS

LE VAN HOC, BUI TRONG TUNG
Khoa May tau bién, Trwong Dai hoc Hang hai Viét Nam

Tém tat:

Céc chi tiéu vé dong luc hoc chén vit tau thiy la yéu céu quan trong nhét trong qué trinh thiét

ké, stra chira va danh gia chi tiéu kinh té ky thuat cta chan vit. Bai béo gidi thiéu phuong phéap

nghién ctru mé phéng sé badng phan mém Fluent dé xéc dinh cac chi tiéu déng lwc hoc chan
vit tau thay dé kiém tra, danh gia va téi wu héa duoc bd thong sé duwoc chon khi thiét ké, kiém
nghiém duworc tinh kinh té ky thuat cia chan vit sau khi stra chita hoén cai hodc khi tau hoat
déng & céc ché do khai thac khéc nhau. Két qua nhan duoc gilp céc ky sw va ngudi khai
théc c6 co sé dé khang dinh duwoc do tin cdy trong céc phuwong an tinh toén thiét ké, sira chira
va danh gia két quéa thir nghiém.

Tte khéa: M6 phéng sb; Pdng luc hoc; Chan vit tau thay.

Abstract:

The parameters of the propeller dynamics of a ship are the most important requirement in the

process of designing, repairing and evaluating technical and economic criteria of the propeller.

The article introduces the numerical simulation method by using Fluent software to determine

the propeller dynamics of ships to evaluate and optimize the selected set of parameters when

designing, the technical — economy parameters of the propeller after repair and conversion
or when the ship operates in different operation modes.. The received results help engineers
and operators to confirm the reliability of the design calculation plans, repair and evaluate test
results.

Keywords: Numerical simulation; Dynamic; Ship propeller.

1. Nhirng bai toan co’ ban trong thiét ké chan vit tau thay

Trong thuc té viéc thiét k& chan vit phu thudc vao nhiém vu thw cla chi tau, thwong co ba
dang yéu cau thiét ké nhuw sau: Cho trwdc dudng kinh chan vit sau d6 thiét k&, chon cong suét may
chinh dé tau hoat ddng moét cach tbi wu nhét; cho trwdc cdng suat may chinh (may chinh dwoc coi
la da c6 s8n) sau d6 thiét ké chan vit sao phi hop; va thiét ké chan vit dé dat dwoc ché do hoat dong
cua tau. O’ day tac gia sé gioi thiéu trwong hop thiét k& chan vit tdng quat nhat 1a thiét ké chan vit
dé dat dwoc ché do hoat dong cla tau , bao gdm:

- Tinh strc can cla tau (coi nhw vé tau da dwoc thiét ké);

- Tinh so bd cong suét kéo;

- Tinh so bd lyc day cta chan vit;

- So bo chon c6éng suat may chinh;

- Chon serie chan vit, tinh dwéng kinh téi wu ctia chan vit ddng théi chon ti sé bwérc, profile,
hiéu suét, ...;

- Nghiém lai céng suat may da chon;

- Tinh stc bén chan vit.

Sau khi thiét k& chan vit ta dwoc cac thong sb so bd vé hinh dang cta chan vit. Dé danh gia
két qua da thiét ké thi ta phai ché tao mé hinh, sau d6 thir tai bé thr. Nghién ctru md hinh chan vit
tai bé th&r nhdm xac dinh cac d&c tinh dong lwc hoc cdia chan vit tw do, khdng gén lién vao vé tau,
trong c&c ché dd lam viéc khac nhau. Cac théng sé hinh hoc cla chan vit duwgc thay déi cé hé théng
theo chwong trinh thtr. Két qua thr md hinh 1a co' s& nghién cru cac tinh n&ng chan vit tau, lam tai
liéu tinh toan va thiét ké. Giébng nhw thtr mé hinh tau, thtr mé hinh chan vit tau cling doi hdi théa man
cac diéu kién déng dang hinh hoc, ddng hoc va déng lwc hoc. Ngoai ra véi chan vit con can théa
man nhirng diéu kién dac treng nhw tranh sui bot, xam thyec...

Piéu kién déng dang hinh hoc doi hai ti 1&é cac kich thuwéc twong tng cia md hinh va chan vit
that 1a gia tri khong dbi, cac thong sb hinh hoc khéng thir nguyén nhw ti 1é buédc xodn, ti 1& dién tich
mat dia, ti 1& chiéu day canh, ti I& chiéu réng canh v.v... phai la hang sé. Puwéong bao canh va profil
cac mat cat canh twong (rng tai mé hinh va chan vit phai giéng nhau.

Piéu kién déng dang dong hoc doi hdi dong chay bao mé hinh va chan vit phai nhw nhau, tai
nhirng diém twong (rng trén nhixng dong chay nay ti 1& gitra van téc dong chay qua mé hinh va chan
vit that la hdng sé, hwéng va chiéu cla ching phai tring nhau.
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Nghién ctu mé hinh chan vit tai bé thtr nhw vay rat tdn kém vé thdi gian (thoi gian ché tao,
thoi gian thir, thoi gian thi nghiém...), cdng strc va tai chinh... Do d6 van dé dat ra lam sao tiét kiém
dwoc thoi gian, chi phi va tién bac. V&i muc tiéu dwa sdn pham nhanh nhét, hiéu qua cao nhét va
chi phi thdp nhét ra thi trwdng. Chinh vi ly do d6 thi nghiém o véi sy tro gilp cta may tinh CFD
(Computational Fluid Dynamics - tinh toan déng luc hoc chét luu ¢é tror gip cua may tinh) 1a phwong
an hop ly
2 Gi®i thiéu phan mém Fluent.

Dé c6 cai nhin tdng quat vé van dé nghlen ctru bang phuwong phap sb thi chung ta phai biét
sy hinh thanh, kha nang va phwong phap tinh cua phan mém nay. Fluent la phan mém chuyén dung
trong tinh toan co hoc chét lwu va truyén nhiét dwa trén nén tdng CFD, con Gambit [a mot cdng cu
tao lwdi manh cho cac bai toan CFD va phwong phap phan t& hiru han duing trong tinh toan két c4u.
O day, chung ta sé tim hiéu ky hon vé hai phan mém nay va xem xét cac lwu y khi st dung chung.
2.1 C4u truc ctia bo phdn mém Fluent

Geometry ;

GAMBIT orMesh | “her CADVCAE

- GEMEy SElD

- 200D mesh generation FPackages

A"
20 \\ Boundary Baundary andior
20D st , Mesh wolume Mesh
,
prePDF H\
by
- caltulation of FDF | ‘.\‘
leak-up tables FLUENT T
mesh imgort and TGnd
adaption _
POF files |- physical modeds " kdash - 3D ?113"':"'“,[ mesh
boundany conditons : :5:3' uaurahad.allrrash
- material properies - 20 of 2D hybrid mesh
calcukation
DS IprOCEaaing
Mash

Hinh 1. Céu tric cua phan mém Fluent

Trong do6:
. Fluent: B0 tinh toan chinh,
. Gambit: Tao lwdi 2D va 3D.
. Tgrid: Tao lwéi 3D tir lwdi 2D.
3 PrePDF: B6 ti&én st ly cho tinh toan qua trinh chay trong Fluent.

Céc bo giao tiép chwong trinh: Cho phép trao déi di liéu cia Fluent v&i cac chwong trinh
khac nhww ANSYS, NASTRAN...
2.2 Kha néng cua Fluent

Fluent c6 kha nang giai quyét cac bai toan sau:

. Dong 2D, 3D déi x(rng, toa do truc va dong 3D.

. Dong tinh hay dong trc thdi (phu thudc vao thoi gian hay khong)

. Dong nén dugc hay khéng nén dwoc & moi van téc (low subsonic,
transonic, supersonic va hypersonic flows)

. Dong nhét, dong tang, dong réi.

Chét 16ng Newton hay khéng Newton.

Trao ddi nhiét.

Céc déc tinh ciia phan ng hén hop héa hoc, qua trinh nd, chay...
Dong nhiéu pha lién tuc (16ng-khi, I1dng —léng).

Dong gdm céc pha lién tuc trong mét pha lién tuc (I6ng — rén).

Mb hinh 16 héng.

Su thay ddi pha: nong chay, dong dac..

M6 hinh mang thdm, tAm loc..

Mé hinh quat, bom, déng co tuabin...
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. Mb hinh cac tAm chuyén dong.
. Mb hinh sb.
2.3 Co sé toan hoc ctia phdn mém Fluent

Dong réi la dong duoc trwng béi sy bién ddi cha trwdng van tdc. Théng thudng, viec mé ta
dong réi rat kho khan béi trong cac phwong trinh ddc ta cé chira cac phiém ham. M6 hinh rdi co
nhiém vu co ban la xac dinh cac phiém ham nay.

Fluent hd trg' cac mé hinh réi sau: Md hinh Splart-Allmaras; M6 hinh k- & ; Mé hinh k- @ ; Mo
hinh v — f ; M6 hinh &ng suat Renold (RSM); M6 hinh xoay I&n (LES).

Tuy nhién khdng the ap dung moét mé hinh réi cho tat ca cac bai toan, mdi md hinh rbi chi cho
két qua dung trong mot s6 truo’ng hop nhét dinh. Diéu d6 doi héi ta phai ndm rd ban chat ciing nhw
trwdng hop ap dung ctia chiing dé dua ra nhirng lwa chon hop Iy cho tirng bai toan.

TAt ca cac md hinh réi déu xuét phat tiv hai phwong trinh co ban Ia phwong trinh lién tuc va
phwong trinh dong lwong. V&i dong réi hai phwong trinh nay dwoc viét lai nhuw sau:

o o,
d(pu;) | 9(puu)) % ., 2 . oy, 0
' £ = ———5 — +—(~puu
a o ox ox 8x[(x. ox 3 a)}] ax+ax(p")

i i i i
V@i uiva uj la cac mach dong (chénh Iéch gilra van tdc tirc thoi va van tde trung binh). Hai

phwong trinh nay khéng da kin dé giai tt ca cac an (3 an ui uj va —pui'u'j ) do vay ta phai tim thém
cac phwong trinh lién quan dé khép kin thanh mét hé phwong trinh c6 thé giai dugc. Tuy theo dang
phuwong trinh thém vao ma ta c6 cac phwong phap khac nhau.Trong thyc té ngay nay thi phuwong
phap K — & dwoc st dung rong rai nhat va trong bai bao nay, nhém tac gid st dung phwong phap
k—¢.
2.3.1 M6 hinh tinh toan kK —¢&

Trong mo hinh k- £, cac phwong trinh thém dwogc xay dwng nhw sau:

Theo gia thiét vé do nhét rdi clia Boussinesq:

— ou; ou;| 2 ou;
- pu,u, +— |—=| K+ 1 — |0
pUU; ﬂt[ax ax.] 3(/* Hi axij i

Phwong trinh trén thé hién méi quan hé gitra (rng suét Reynolds —pui'u'j v&i bién thién van
tbc trung binh. Dé g’iéi phwong trinh nay, nguwdi ta khép kin n6 véi cac phwong trinh c6 lién quan
t&i k ( néng lwgng réi ddng hoc ) va hé so ton that & nhw sau:

a(’0k)+6(’0kui)=i u+ S +G, +G, —pe-Y,, +S,
ot OX, oX, o\ ) OX,

[ J

ops) , dpat) _ 0 "(w .

2
& &
+C,, — (G, +C,,G,)-C,,p—+S
8’[ 8Xi 8Xj I jj| lgk( k 3¢ b) 2£p k £

Trong do: Gk la hang §6 thé hién su phu thudc ctia sw hinh thanh naéng lwong rdi déng hoc (k)
vao s bién thién ctia van toc trung binh,
aU or
G, =—puiu Gb:ﬁgii_
6 Pr, oX;
Trong do: Pn. hang s6 Prantl, Gi: thanh phan gia téc trong trwdng theo phwong i, S : hé sb
gién nd nhiét ctia moi treong.
Két hgip cac phwong trinh trén, véi hai phwong trinh co bénjé phwong trinh lién tuc va phwong
trinh dong lwong, ta sé dwgc mét hé phwong trinh khép kin da dé gii ra trwdng phan bo van toéc.
M6 hinh K — & 1a md hinh don gian cé thé ap dung véi hiu hét cac bai toan théng thudng véi
d6 chinh xac kha cao. )
2.3.2 Déac diém cta qua trinh mé phéng sé

&
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CFD chi Ia thuat toan dé giai cac bai toan dwa trén lwdi cé sdn ch ban than chwong trinh
CFD khéng thé tao lwéi va trong CFD ciing khéng bao gdm thuat toan tao lwdi. Théng thudng, cac
chwong trinh CFD can co mot cbng cu tao lwdi riéng, co thé tich hop vao hoac riéng ré.

Viéc tao Iwdi thwe chét 1a qua trinh xac dinh vj tri clia cac diém sé tién hanh giai cac phwong
trinh co hoc chat lwu. Mét bai toan cé thé giai chinh xac khéng phu thudc vao viéc rdi rac hoa né cé
phu hop khéng. Viéc phu hop & day gdm 1a tao s diém chia hop ly véi tirng yéu cau bai toan.

3. Tinh toan mé phoéng sé dong lwc hoc chan vit thyec té.
3.1 Théng sé co bén
Trwdng hop nghién ctru la chan vit cta tau Hoang Minh 26 c6 kich thwéc nhw trong bang 1:
Bang 1. Théng sé co bén cua chén vit

TT Thong sé kich thwéc Ky hiéu Gia trj DPon vi
1 BPudng kinh D 1600 mm

2 S6 canh Z 4

3 Ti s6 mat dia Al A 0,580

4 \Vong quay n 333 v/ph

5 Khoi lwong G 353 kg

6 Chiéu chim cua tau T 2,6 m

3.2 M6 hinh CAD cta chén vit trong tinh todn mé phéng sé

Sau khi thiét ké so bd nhw phan trén thi tac gia da thiét ké so bd théng sé hinh hoc ctia chan
vit. V&i théng sb hinh hoc & dang 2D (ban vé CAD), cach biéu dién ban vé 2D trén CAD ciing la diéu
lwu y. M6 hinh chan vit dang 3D, cat chan vit bang cac mat try ddng tam véi truc, khi dé giao mét tru
va chan vit a cac profile. Cac profil dwoc dudi thang, sau dé xép cac profil trén thanh 1 cot déu vé 2
phia va cach tam truc 1 khoang cach dung béng ban kinh ctia mat tru chira profile d6. Khi dé ta dwoc
ban vé 2D cuta chan vit nhw hinh 2.

T
EH;&L'-EEEE Hink bm:{ duck phi rg
—=

Hinh 2. Profile dang 2D
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Chan vit 1a vat thé do hai mat xoan 6c gi¢i han. Mat xoan 6¢ chan vit dwoc xay dwng trén co
s& cac duong xoan bc. Tir mot diém cach truc mét doan la r, quay quanh truc v&i van tée khong déi,
dong thoi chuyén dong tinh tién doc truc. Tuy thudc van téc tinh tién co dinh hay thay ddi, duwong
x0dn 6c¢ sé c6 buwdc cb dinh hodc budc thay dbi. Khai trién duwdng xoan 6c buwédc cb dinh ta dwoc

hinh anh dang nhw hinh 3.
T 04

011 7 03 Fmrqy Rizn=247
- R 1=180 -] R3=320 [ R 4=400
Q35 e s 06 Hizn=za
i R5=42 l e el nl
07 08
ZN=247 Rrzn=247
f R=fidd i I RE=720 |

Hinh 3. Khai trién profile canh chan vit

_ Sau khi vé tirng bién dang profile trén cac tiét dién, ta dich ghuyén theo ly thuyét chan vit, cu
thé 1a buéce xoan (la quang dudng song song V@i truc quay ma diém vat chat dé dat dwoc khi thwe
hién dwoc mot vong quay). V&i goc xoan duwoce xac dinh theo cdng thirc

tgp=——
¢ 2r.r

Tam giac trén goi la tam giac bwédc, dwa vao bién dang cla ting profil trén mat cit nhom tac gia
thwe hién xau canh véi tirng bién dang profile.
4. Két qua mo phéng
4.1 Két qua dang hinh énh
Sau khi chay chwong trinh, nhém tac gia nhan dwoc két qua vé phan bd ap suét trén bé mét canh
chan vit, vi du nhw trén hinh 4.
4.2 Két qua dudi dang s6

Sau khi tdng hop, két qua nhan dwoc vé lwc tdng hop tac dong 1én canh chan vit dwoc thé
hién trong bang 2.

Bang 2. Két qua duéi dang sb

STT Théng sé Gia tri Pon vi
1 Liwc ap suat tac dong Ién canh chan vit 64807 N
2 Tdng céc lyc tac dong 1én canh chan vit 64732 N

Do Qén kinh cia chan vit & R=0.8 m nén mét phang tac ddng lén mat nwéc 1a hinh tron cé
ban kinh bang ban kinh chan vit. Dién tich tac déng Ién mat nwéc la:
S=7.R*=3,14.0,8°=2,011 m*

Téng ap luc tac ddng 1én canh chan vit tinh dwoc do phan mém Fluent |a 64732 N. Lyc day
cua chan vit tac dong I1én nuworc la:
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Hinh 4. Két qua dang hinh &nh

- Nhém tac gid da wng dung thanh céng phan mém Fluent trong viéc mé phdng déng lwc hoc chan

vit tau thay.

- Phwong phap duoc cé thé ap dung dé kiém tra khi thiét ké chan vit, kiém nghiém mét chan vit bat

ky.
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MONITOR REAL TIME ENERGY CONSUMPTION ON SHIP USING 10T

TECHNOLOGY TO IMPROVE ENERGY MANAGEMENT

TRAN HONG HA, NGUYEN KIM ANH
Vietnam Maritime University, Hai Phong City, Viet Nam
tranhongha@vimaru.edu.vn
Abstract.

Fuel consumption on the ships is an important factor, it evaluates energy efficiency of the ship
as required International Maritime Organization (IMO) regulation more and more strictly.
Today, on almost the ships, operators only report energy consumption day to day but they do
not monitor real time energy consumption that make a difficult to understand energy efficiency
and detect any abnormal consumption. Therefore, it is necessary to collect real time energy
data that inform importance factors to improve energy management of the ship. This research
introduces a system that using internet of-things (IoT) to monitor the energy consumption in
the real-time on the ship. It analyses data to find out abnormal change of the energy and
improve efficiency of the ship energy consumption.

Keywords: |0T; Energy efficiency; ship.

1. Introduction

In 1997 International Maritime Organization (IMO) adopted convention in Annex VI to prevent
pollution from vessels (MARPOL) [1], but it was only concentrate to air pollution and mainly NOx and
SOx emissions. The recent time IMO focus on CO2 emission. In 2011, MEPC.203(62) is adopted by
IMO resolution [2], suitable combination of good operation and technique improves energy efficiency
of the ships. In the MEPC.203(62) resolution, the EEDI (Energy Efficiency Design Index) is applied
for new ships and SEEMP (Ship Energy Efficiency Management Plan) will be carried out on exited
ships. Itis included in SMS (Safety Management System) [2].

The management of ship energy is combined with 10T technique that monitor energy
consumption in the real time and warning for operator about abnormal condition [3],[4]. The effect
tool, EEOI (Energy Efficiency Operation Indicator) is used on board ship like KPI of the SEEMP, is
converted into CO2 emissions per work of the cargo transportation by the ship. It can be lower by
improving some factors such as lower ship speed, higher efficiency of the propeller and lower fuel oil
consumption of the main engine. During operation of the ship, all data are collected that not enough
to know energy [5]. Therefore, this research purpose to fill the gap by using a monitoring system that
monitor energy consumption and analyses collected data to assess energy efficiency.

2. Monitor ship energy consumption
2.1. Introduction

- » Internet

Office PC
220VAC
i Controlling
Profibus Data Processing | MPI
Fancl \{un‘i?!‘un ng g ‘—J
NMEA ship bus Shlp pC

L—ME signal

—ag— Aux signal

st Speed logger

Sensor3 - Sensord Acquisition and digitalization data
Fig. 1. loT application structure
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The purpose of 10T is to help operators to improve energy efficiency better by knowing both
the energy using machines and operation data while removing energy waste in the operation of the
ship. It has simple operation principle as in Fig.1. The system includes components such as user
software, controllers, sensor and server. The fuel consumption data and weather parameters (e.g.
sea state, wind force, ship speed) are captured by sensors and controllers, which are sent to the
user software. The server stores the data of energy consumption and reanalysis results, respectively.
The role of the sever is the common repository. The three components are connected together via
wireless network.

Energy monitoring system (EMS) has an importance role in the ship energy management. In
Fig 1, new technology of EMS has three improved functions. Main function of it is to continuously
monitor fuel consumption data of the ship. Collected data is send continuously to the shore office by
using the Internet. Figure 1 illustrates EMS; it consists of four channels: channel (1) for ship distance
indicator, channel (2) for ship velocity indicator, channel (3) for main engine operating time, channel
4 for fuel flow measuring. However, there are some factor effect on the engine such as operation
parameters and energy management of other ships, it need more than 4 channels to monitor.

2.2 Software interface

The software is improved as a multi- layer consisting of overview layer, monitoring and analysis
data layer. In fig. 2 illustrates, it includes:

(1) Interface layer

The data is measured and selected from many systems, includes: fuel oil flow meters, ship
speed, and weather condition.
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Fig. 2. Software interface
The speed signals are converted to voltage and send them to the software in without using a
tachometer. In this software, to calculate EEOQI it has to consider weather change, ship routine and
other influences. If basic values, fuel oil consumption and operation parameters are assumed with
‘zero value input’. EEOI is calculated by loading the average fuel consumption increase of the main
engine and diesel engine generator in the voyage. This research has done on specific system if it
uses for two or more complicate systems, the program structure can be verified. The EEOI is
calculated as follow [6]:
Mco i FcCr;
EEO] = %2 = I_J (1)
Q M.D
Where Mcoz is CO2 emission, Q is volume of transportation, Fc;j is the fuel consumption, Crj is
CO2 convert coefficient, M is the cargo weight, and D is the distance [nm]. The volume of the
transportation is constant through a voyage. Hence, EEOI is identified as the consumption of the fuel
oil and distance of transportation. In the actual case, the consumption of the fuel oil and ship velocity
during in the voyage. the consumption of the fuel oil of all distance of the transportation can be
calculated by integration of ship velocity and rate of consumption. The actual EEOI is calculated as
follow:

T
Cr Jy fc.dt
M f) vsdt

EEOI = @)
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Where T is voyage time [s], fc is rate of fuel consumption [t/s], and vs is velocity of the ship [m/s].

(2) Monitoring algorithm

( Start \\
\
\k‘/

- Fuel Eru?rgy
Sameling . efficiency
; . consumption .
interval, i at time t. Fc operation

’ index EEOI

v

Calculate total fuel consumption
for different reporting period r

. Fe,_;+ Fe,
Fe,. = —_— i
Where:
S: start of reporting priod
T: end of reporting period
R: hourly, daily, weekly, monthly

l

Calculate EEOI for different
reporting period r

T
EEQL = EEOI,
L;\_ . ‘
Where:
S: start of reporting priod
T: end of reporting period
R: hourly, daily, weekly, monthly

*
Is Fcr equal to zero?
A4

Show “ No
operation” for
entity status

Show “ Idling”
for entity
status

Compare permit EEOI

A 4

~
( End /\
Fig. 3. Flow chart for monitoring algorithm

During voyage of the ship, the system monitors process of energy consumption and collect all
data in the real-time. The graph indicates collected data showing current energy consumption of the
ship. Base on this value of the real time energy, the operators can understand efficiency of energy
consumption of the technical machine to give possible prevent solutions or methods. It is very
important to improve energy efficiency, combining energy and EEOI is necessary. In Fig 3 shows
that how EEOI and fuel consumption are integrated. Due to requested data, the fuel oil consumption
in the real time reports, such as daily, monthly or voyage are analyzed and assessed. From the
results of energy evaluation, we can then identify the ship status as “no sailing”, “idling”, or “sailing”.
During voyage of the ship, the fuel oil consumption is calculated to know how the energy efficiency
of the ship.
(3) Data access layer
In this layer, data can be created, transferred and updated in database of the computer.
(4) Protecting function
This layer is used to enhance security of the system application. It protects data in the system. Its
configuration is considered possible handle when reset again device from remote or connection to a
shore computer.
3 Ship energy monitor
The training ship named Sea Star was used in experiments, it has specification as show in table 1
list. The experiment has been carried-out during a two-month round trip (Cat ba — Hai Phong — Cat
Ba).
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Table 1. Ship specification

Specification Value

Type Training ship
Registration VR701204
Ship length 42,6 m
Breadth 7,8m

Dead weight 188 tones
Engine type Hanshin
Type 6L27 BHS
Power 700 kw
Revolution 400 rpm

Fig. 4. Sea star training ship
The experiment is conducted to indicate the key features of real-time energy efficiency monitoring
application. Experiments were carried out when the ship was sailing at sea from Cat Ba island to Hai
Phong Port, the voyage takes 120 minutes, the ship runs in full mode. The weather was in good
conditions.
(1) Real-time fuel consumption monitoring dashboard
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Fig. 5. Real time oil consumption dashboard

The application provides the real-time energy-monitoring dashboard on the ship. All the fuel
oil consumption in the engines that is monitored and the energy performances are presented in the
main screen of the software (Fig.6). Because of real-time benchmarking and considering hourly
energy performance, the processes involved are shown in color line to indicate different fuel oil
consumption level. The system will update the fuel consumption statuses of all the processes every
hour. In the main screen, the energy manager is able to understand the current level of fuel oil and
detect the abnormal fuel oil consumption patterns immediately. Those processes with warning and
abnormal consumption occurrences will be captured and alerted.
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Fig. 6. The monitored fuel consumption value from Cat ba to Hai Phong port

Star ship usually sails on line Cat ba — Hai Phong, it did not carry cargo in during 2 days. It consumed
mainly Diesel Oil (DO). In the voyage, all data was collected and logged in EMS of Star ship. In Fig.
7 the energy consumption is real time monitored. It shown energy value at any time, i.e. 6:45-10:00,
fuel consumption is 274 kg, with distance 20 knots. The fuel consumption rate shows how energy
efficiency, from that operator can understand and give soon correction if they detect any abnormal
data in the system.

(2) Report generating

Voyage Name / Date | Voyage Type Fuel Type Fuel Used (MT) Cargo (Not specified) Dist (M)

Voyages Summary:

#  Voyage Name / Date Voyage Type Fuel Type Cf (CO2,MT) | Fuel (MT) Cargo Dist (M)

1 Cat Ba- Hai Phong Cargo Voyage  Diesel/Gas Oil 3.206000 0.2 2 17
TOTALS : \ 0.2 2 17

Gt = EEOI Result: =

{“ Clear all ?,3:,::; L v‘f;’;;e Load Il save \ = print 0.0188588 ) Exit

Fig. 7. EEOI index calculation

The energy monitoring system is an importance tool to assess and find out abnormal energy
consumption which need to eliminate during operation. The energy system used differently. Some of
them use data that is collected by engineers at noon time and reports of each voyage. Other systems
are fully automation, they received data from sensors then analyses them. Data is logged in the real
time day to day, they mainly consist of fuel oil consumption rate, type of fuel and some importance
operation parameters of the main engine that indicated in the engine room or bridge. Because their
application effect on operators and ship owner. In software, it calculates and indicate EEOI results
depending on: type of the ship, voyages, type of fuel consumption, cargo weight, transport distance,
etc. The report is send to the head office and technical department on the shore in real time. After
that they are assessed and analyzed by technicians, then they advise ship operators to improve
energy performance. As the EEOI result is shown 0,0188 in the report, it is lower limit value as
required by IMO regulations.

4 Conclusion

The research results show that 10T technology is integrated in the energy monitoring system
can monitor energy performance of the ship in real time. The training ship named Sea Star was used
in the research. The monitoring system has remarkable functions. It evaluated data and discover
abnormal energy consumption during ship voyage and support ship owner and technician improving
energy performance through real time energy log, they can reduce wastages of energy increase
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energy efficiency. In further research, there are many factors that effect on energy performance are
being studied and need to improve function of the system.
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MOT SO LOI THUONG GAP DOI VI VAN TIET LUU TRONG
HE THONG LANH
COMMON THERMOSTATIC EXPANSION VALVE PROBLEMS
VU ANH TUAN

Khoa M4y tau bién, Trwong Pai hoc Hang hai Viét Nam
Tém tét

Trong hé théng lanh néi chung, viéc diéu chinh luong céng chéat cap vao dan bay hoi ctia van
tiét luu gidn né tinh nhiét (TXV, TEV) rat quan trong. Viéc diéu chinh luong céng chét cho phu
hop vé&i phu tai nhiét cia dan bay hoi phu thudc vao nhiéu yéu té. Trong qua trinh I3p dat, bdo
duéng can lwu y mot sé diém dudi day dé dam béo van lam viéc tin cay.

Abstract

In the commom air conditionning and refrigeration plants, the function of expansion valves is
suppling refrigerant to the evaporator with exact amount, in thermal expansion valves, that
depends on some factors. Following attentions must be paid in installing and maintainning for
proper working.

1. Kiém tra viéc chinh dat van tiét lwu

L1

Dirivng hao hoa
cia ga cdm ung

Lie déng van

Lyc déng van

1

]

e q
=
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HAu hét viéc chinh d&t d6 qué nhiét trén van tlr nha san xuat thwéng & con sb 50% gid tri lon
nhéat. M&i vong xoay vit chinh dat twong (rng véi do qua nhiét nhat dinh tuy vao tirng loai van va
hang san xuat. Mudn kiém tra vi tri chinh d&t hién tai ctia van, xoay vit chinh hét theo chiéu kim déng
hd va ghi nhé sb vong, sau dé xoay ngwoc lai hét cho ching ta sé vong xoay tdng twong trng véi
kha ndng didu chinh cGa van. Mot diéu can nén nhé 1a chiéu chinh tdng hodc gidm dd qué nhiét
chinh dat phai dwoc lwu y.

2. Kiém tra vij tri dit bau cam tng

BAu cdm (ng cla van tiét lwu pha| duoc ghép chat véi dwong bng ra cua dan bay hoi tai vi
tri phu hop. Bau thwong dwoc ghép véi dng nam ngang sau dan bay hoi, hodc éng dung déc xudng.
Trwdng hop 6ng ghdp hoi sau dan Ién (dwong kinh bang hodc Ién hon 19mm), thi bau nén dwoc
ghép & vi tri 4 ho&c 8 gi® trén mét cat ngang cta éng. Trwdng hop 6ng nhé thi bau duwoc ghép &
phia trén éng, vi tri phia dwéi 6ng tuyét dbi tranhdo anh hwéng ctia Iép diu phia dwéi éng téi kha
nang trao ddi nhiét ctia hoi ga va bau cam &ng. Déi voi hé théng cé nhiéu van tiét lwu thi bdu cam
&ng phai dwoc gén & vi tri ma khoéng bi anh hwéng cla van tiét lwu khac trong hé théng. Puwéong 6ng
can bang thuworng dwoc bé tri gan ngay phia sau vi tri dat bau cdm &ng.

3. Nwérc trong hé théng

Mét sé hé théng lanh, nwéc trong hé thdng di qua van tiét lwu sé bi déng bang tuyét lam tac
dan van tiét lwu vi diém c6 nhiét do thp nhat hé thdng la ngay sau van tiét lwu. Hé théng lanh kin
trong mét thoi gian dai khdng cé nghia 1a khéng c6 nguy co' xay ra hién twong tdc dm. Hoi nuéc co
thé tach ra khéi chat hat Am trong bau tach &m néu nhiét dd ga qua bau tach dm tang vi mét ly do
nao dé nhu: trao ddi nhiét & thiét bi ngwng tu kém(bau ngung ban, dan néng ban ho&c quat dan
néng ket héng,w). Néu doi nwéc néng lén van tiét lwu va cdm nhan dwoc lwu lwong ga qua van
tang 1&n chirng té van bi tic &m. Khi gap trwdng hop nhw vay, ngwoi ta thuong thay bau tach am
mé&i hodc chat hat Am trong bau.
4. Van bj bam ban

CAc tap chat bam vao bén trong van tiét lwu lam gidm cong suét cGa van. CAc chét nay c6 thé
la dau bi bién chat chay mét phan hodc hoan toan, can, cac manh vun kim loai cia cac chi tiét héng
héc trong may nén,vv... Dbi véi trudng hop nay, ching ta nén nhét ga hé théng vao bau ngung,
sau d6 I&p dat hodc thao kiém tra bau tach Am trwdc van tiét lwu. Mot sé trwdrng hop, cAc mau dj vat
ré&n chén bén trong van lam van khéng thé gidm lwu lwong ra dwoc khi tw déng diéu chinh dan t&i
cép thira ga vao dan bay hoi.
5. Khéng c6 galéng cap t&i van tiét lwu

Kinh soi ga dwoc 1ap ngay trwéc van tiét lwu dé kiém tra ga téi van c6 hoan toan & thé 1éng
khong. Néu bot, hodc bong hoi di qua kinh soi ga, cac kha nang sau cé thé xay ra nhu thiéu ga,
dwodng cép ga léng bi tac hoac thiét ké, di 6ng ga khdng phu hop. Trwéng hop xuét hién bot hoi ga
trén dwong cép ga léng tao ra do sut ap trén dwong éng dan ga qua dai thi nén b tri thém thiét bi
trao ddi nhiét dé qua lanh cho ga 16ng sau bau ngung.
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6. Kiém tralai cong suét van tiét lwu cé twong (rng v&i chénh ap qua van nhw tinh toan, thiét
ké ban dau

Co6ng suét van tiét lwu thay ddi phu thudc vao chénh ap qua van. Chénh &p cang Ién thi cong
suét van cang tang. Loai bd cac nguyén nhan l1am cho ap suat diu vao van thap va ap suét dau ra
tang lam chénh ap qua van giam. Néu khong thap thi nén ding van céng suét Ién hon.

7. Kiém tra sw di chuyén cta ga |éng dung dé cam tng trong van tiét lwu

Van tiét lwu dung ga dé cam trng thwdng dwoc nap vao trong bd phan cdm (ng véi mot lvong
ga Idng nhat dinh. Néu Iwong ga 16ng dung dé cdm trng nhd, lwong ga nay c6 thé di chuyén tir bau
cdm (rng t&i khu ve mang dan hdi khi van cé nhiét d6 thAp hon bau cdm &ng cdia né lam cho van
khong con kha nang diéu chinh lwong ga qua né.
8. Kiém tra viéc diéu chinh dd qua nhiét van tiét lwu

D6 qué nhiét cta van tiét lwu thwdng dwoc chinh dat & gia tri trung binh trong dai diéu chinh
ctia van. Téc do diéu chinh do quéa nhiét vao khodng ¥ t&i 1 vong xoay vit chinh trong vong 15 phut.
9. Pam bao ga lanh téi van tiét lwu hoan toan & thé léng

Viéc chinh dinh van tiét lwu nén dién ra khi ga c4p t&i van hoan toan thé 16ng dwoc nhan biét
thdng kinh soi ga dwoc b tri trwdc van tiét lwu.
10.Danh th&i gian tim hiéu chu ky ga |éng xuéat hién gan may nén

Nhirng van tiét lwu véi dd qua didu chinh 16n c6 thé dan téi dé qua nhiét ctia ga ra khdi dan
bay hoi bang khéng trwdc khi van déng hoan toan. Théi gian dé ga léng trong dan bay hoi c6 thé
Ién t&i vai phuat, sau d6 dd qué nhiét cla ga téng lén va van lai mé tré bat dau chu ky méi. Viéc chinh
d&t d6 qua nhiét qua thap c6 thé dan toi viec cap ga 16ng khong dn dinh cho dan bay hoi.
11.Kiém tra van dé trao ddi nhiét phia khong khi ctia dan bay hoi

Phu tai nhiét gitra cac phan clGa dan bay hoi khéng déu nhau cé thé dan t&i viéc ga cap toi
cac phan nay khéng phu hop véi phu tai, ga & phan nay thi thira con phan kia thi thiéu. Ngoai ra lwu
lwong gié qua dan bay hoi gidm do dan ban, quat gi6 kém, bang tuyét bam day hodc khoéng déu,
canh trao dbi nhiét trén 6ng cta dan bi muc héng hodc méat déu lam gidm cong suét cta dan.
12.Kiém tra viéc ga léng phan phéi t&i cac phan cta dan phai phu hop

a. Trwong hop phu tai phan b Trwong hop ga I6ng phan
bb déu nhwng ga Iong phan ph0| khéng déu  phdi déu nhung phu tai khéng déu gitra cac
gitra cac éng trao ddi nhiét cta dan. vung cda dan.

Ga 16ng sau van tiét lwu dwoc phan phdi vao dan bay hoi phai phii hop véi phu tai tai cac
viing cGa dan bay hoi. Phu tai nhiét gitra cac viing cia dan déu nhau ma viéc phan phéi ga sau van
tiét lwu khéng déu co6 thé dan téi viéc xuét hién ga I1dng trén dwong hat vao may nén. Hién twong
trén cling c6 thé xay ra néu phu tai phan bé trén dan khéng déu mac du viéc phan phdi ga gira cac
nhanh cta dan déu nhau.
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PHAT TRIEN HE THONG HAN ROBOT LINH HOAT BE HAN PHU MAN VACH
ONG LO HOI

DEVELOPMENT OF A FLEXIBLE ROBOTIC WELDING SYSTEM FOR WELD
OVERLAY CLADDING OF BOILER TUBE WALLS

vU BUC ANH
Bé mén Mdy va tw déng céng nghiép, Khoa Mdy tau bién
Tom tét
Man vach ong cua lo hoi cac nha may dién bi & mon va mai mon trong qua trinh van hanh.
D6 sut giam vé dé day duoc do dinh ky dé ngén ngira sw ¢ vé 6ng kéo theo viéc ngwng hoat
dong trong thoi gian dai. Giai phap thuong duoc ap dung dé ting tinh kha dung cla céac nha
may dién la han hé quang kim loai (gas metal arc Weldmg GMAW) op twong bang hop kim
c6 khé ndng chéng mai mon cao hon. Ung dung dién ra & hai dia diém khéc nhau: tai 16 hoi
va xwo’ng Cac khu vire bi mai mon nhé duoc phu bén trong chinh Io hoi, trong khi tai xu’crng,
céc tdm duwoc han phu dé chuing cé thé duorc st dung & nhiing vung bi anh hwéng nhiéu nhéat
clia 1o hoi hodc dé tao ra céc burc tuong méi cé khd ndng chéng mai mon cao hon. Han co
khi héa mang lai két qua tét hon so véi han thi cong; tuy nhién, trong cac hé théng hién tai,
chuyén déng dao dong ctia mé han duoc tao ra bédi mot truc duy nhat. Han ché nay lam cho
qué trinh han khéng én dinh néu muc dich la gidm sw gia ¢ hat va sé luong hat han béng
céch tdng bién dé dao déng ctia mé han. Bai bao nay chi ra réng cé thé khdc phuc nhiing kho
khan vé céng nghé cho cé hai dia diém (g dung va khién cho cac hoat déng han tw déng
hiéu qud hon va c6 chét luong tét hon. Bé lam duoc diéu nay, mét robot diéu khién sé (CNC)
chuyén dung véi bén béc tw do da duoc phét trién, ciing nhw phuong phép luan dé tao ra quy
dao cua no.
Abstract

The walls of the boilers of power plants undergo corrosion and wear during operation. The
reduction in thickness is measured periodically to prevent collapse of the tubes and
consequent operation stoppages for long periods. The solution that is usually applied to
increase the availability of power plants is gas metal arc welding (GMAW) cladding of the walls
with metal alloys that are more resistant to wear. Application occurs in two distinct locations:
the boiler and the workshop. Small worn areas are coated inside the boiler itself, while in the
workshop, panels are coated so that they can either be used in the boiler’s most affected
regions or to produce new walls with higher wear resistance. Mechanized welding produces
better results than manual welding; however, in current systems, the oscillating movement of
the torch is generated by a single axis. This limitation renders the welding process unstable if
the aim is to reduce bead reinforcement and the number of weld beads by increasing the
amplitude of the torch oscillation. This paper shows that it is possible to overcome the
technological difficulties for both application sites and to make automatic cladding operations
more productive and of a better quality. For this, a dedicated Computer Numeric Control (CNC)
robot with four degrees of freedom was developed, as well as the methodology for generation
of its trajectory.
1. Dat van dé
Trong qua trinh van hanh 16 hoi, mét bd phan thiét yéu cta nha may nhiét dién, né phai chiu
nhiét cuc cao va cac nguyén td héa hoc lién quan dén phan (rng chay. Diéu nay gay ra su an mon
va mai mon, lién tuc 1am suy gidm chét lwong cac 6ng. Sw mai mon nay ciing la do hoat déng lam
sach (Hinh 1b), dwoc thuc hién dinh ky dé duy tri sy truyén nhiét hiéu qua. Do d6, trong mét sb
trwdng hop nhat dinh, sw nglrng hoat ddng ctia nha may tré nén can thiét dé kiém tra cac éng. Voi
muc dich nay, gian gido dwoc 1ap dat (Hinh 1a), vira dé do chiéu day 6ng vira dé xac dinh quy trinh
phuc hdi can thiét.
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Hinh 1. (a) gian gido dé béo tri 1o hoi
(b) thiét bi th6i mudi bang hoi nuée.

Néu cac phép do d6 day xac dinh rdng dé mon ctia 6ng vwot mét gia tri nhat dinh thi phai c6
bién phap can thiép dé phuc héi d6 day. Sy phuc héi clia cac khu vire bi anh huwdng co thé xay ra
theo hai cach: han phu Ién hoac béng cach thay thé khu vic twong éng (Hinh 2). Trong trwdong hop
thay thé, viéc tai lién két phan twerng méi dwoc thwe hién théng qua han hd quang vonfram (GTAW)
— (Hinh 2b va c).

Hinh 2. (a) thdo éng mon; Hinh 3. Hé théng robot duoc Iap dat
(b),(c): cac éng méi duoc két nbéi bing GTAW
tha céng.

Ngay nay, phan twdng méi phai cé nhirng d&c tinh wu viét hon so véi phan twéng ban dau.
Diéu nay dat dwoc thédng qua viéc phl cac hop kim d&c biét nhw thép khéng gi 309 va hop kim
Inconel. Chét lwgng dwoc cai thién néu quy trinh dwoc thwe hién tw dong trén cac tAm trong phan
xwdng va cd & cac viing mon cla 16 hoi. Céc thao tac thdi cdng khéng thé tao ra hinh dang I6p ph
thich hop, ca vé do lién két ctia méi han va bé mat hoan thién. Cé dwoc moét I&p han phi hoan thién
tbt ngan ngtra sy bam ban sém cuia cac tap chat lam gidm sw truyén nhiét. Hon niva, han tw dong
cho phép bién dang nhiét nhé hon va tiét kiém vat liéu thém vao. Tuy nhién, tat ca cac dac diém néi
trén déu phu thudc vao vi tri ctia I&'p han pha. Vi tri tét nhéat [a thdng dirng, nhw dwo'c minh hoa trong
Hinh 3.

Qua trinh tw ddng hoéa cé thé dat dwoc thdng qua viéc st dung cac robot nhan hinh, nhwng
I&p ph sé chi gidi han & cac dng c6 kich thwéc nhd. Hon niva, viéc l1ap dat cac robot nhw vay trén
cac tAm panel trong nha may hodc twdng 16 hoi sé qua céng kénh. Do do, trong mét sb nha may
dién nhét dinh, hé thdng truc Bé-cac di dong tw déng dwoc str dung dé bao phd mot dién tich 6ng
dang ké; ching thwdng cé dang chuyén dong khong day. Tuy nhién, cho dén nay van chua cé giai
phap chuyén dung nao, chi cé cac gidi phap thich (rng clia cac tay may han dé s dung théng
thwdng. Hinh 3 cho thAy mét vi du dién hinh cua loai diéu chinh nay. N6 1a mot hé théng GMAW véi
chudi déng hoc Prismatic-Prismatic-Rotational (PPR) va ba bac tw do, dwoc cb dinh vao thanh 16
hoi bang hai ray ngang. Mbi ghép lang tru dau tién xac dinh té¢c d6 han (thadng dirng). Méi ghép lang
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tru th hai dinh vi mé han theo huwéng ngang cta méi han (phwong ngang). Khép quay thwc hién
dao ddng lac ctia md han. Han ché cla cac thiét bi nay 1a khéng c6 quy dao thich hop, khéng cé
phan mém chuyén dung c6 thé 1ap trinh viéc han phd mét loat 6ng cé chiéu dai nhat dinh. Viéc hoan
thanh tirng dwéng han phai dwoc thwe hién véi sw dinh vi lai bang tay clia nguoi thao tac. Hon niva,
dao déng ctia mé han chi gi¢i han & mét truc clia ngwdi thao tac: Y thang hodc géc A.

& Y

Hinh 4. Truc dao déng cta ngon dubc duoc str dung:
(a) chitruc Y; (b) chitruc A; va (c) cac truc A, Yva Z
2. Qua trinh han phu
Man vach 6ng 16 hoi c6 thé dwoc dac trung bdi mot tap hop cac thong sé hinh hoc: a, b, ¢ va
d (Hinh 5). Cac mdi han ndi 6ng v&i man 6ng phai dam bao do lién két hoan toan.

Tude
Q
\ Mty
N1/ N /A
| /
3 : D nclon

Hinh 5. Mé&t cdt ngang man véach éng 16 hoi

Mét robot diéu khién sb (CNC) véi bdn bac tw do va chudi dong hoc theo chudi Prismatic-
Prismatic-Prismatic-Rotational (PPPR), da dwoc thiét ké va cau tao, nhw Hinh.6. Robot nhd gon nay
chindng 16 kg va c6 kha nang thao tac v&i mé han 1én dén 2 kg. Mét hé théng co khi dwoc xéc dinh
dwa trén co sé clia mot may kéo chuyén dong doc theo truc X trén mét thanh ray gén trén man vach
éng. Buong ray nay duogc hd tro béi cac dé ti tinh c6 thé dwoc diéu chinh theo cac kich thuwéc khac
nhau ctia 6ng va man. Hai duwong ray cao su c6 gan duoc cb dinh trén dwong ray, qua dé banh xe
ctia may kéo di chuyén. Truc Y bao gbm mot thanh Iang tru di chuyen gitra cac thanh dan thang
Truc Z hoat dong theo cach twong tw. Bac tw do thir tw ctia hé théng 1a mét truc quay ndm trén cong
trén clia mo han. Viéc cai dat robot dwoc thwe hién trong hai bwéc don gidn. Trong buéc dau tién,
mot hoac nhiéu thanh ray mé-dun linh hoat dwoc ¢6 dinh bang cac dé t tinh. Cac dé tir tinh nay
nam gon trong khoang trong gitra hai 6ng lién ké& dé gitr chat robot. Do sw khac nhau vé kich thuéc
ctia cac 6ng va man ctia méi 16 hoi, cac dé tir tinh co thé thay thé dwoc. Budc thr hai, robot dwoc
Iap vao mot dau cla thanh ray. Suw dé& dang va linh hoat trong viéc tao ra dao déng rong ciia mé han
la wu diém chinh cla robot nay. Dao déng clia md han c6 thé dwoc tao ra béi chuyén déng cla chi
mét trong cac truc ctia né, hodc thye hién cac chuyén déng ddng bd cla hai, ba hodc tat ca cac truc
ctia né. Tinh n&ng cdng nghé nay cé nghia la sw thdm thiu ctia mé han cé thé theo huéng ngang
ho&c doc dbi véi mbi han, hodc két hop; nghia la ddng théi ngang va doc.
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Hinh 6. Vi tri I3p dét robot trén man véch éng

Bén canh kha nang tao ra chuyén déng dao déng clia mé han, méi truc ctia robot c6 mét chirc
nang cu thé cho qué trinh han pha. Truc X tuyén tinh cho phép dich chuyén nhanh theo hwéng doc
ctia 6ng dén vi tri ban dau ctia méi dwéng han, cling nhw han dich chuyén cham theo hwéng doc
ctia 6ng. Cé&c truc tuyén tinh Y va Z chiu trach nhiém cho chuy&n déng tuyén tinh ctia mé han theo
hwéng ngang cuia 6ng va ciing dé thwe hién bat ky hiéu chinh nao ddi véi vi tri bén, chiéu cao mé
han. Truc A géc c6 nhiém vu dan hwéng mé han. Moi mdbi han dwoc thwe hién véi mot bien do goéc
phu hop sao cho mé han dwoc gilr vubng géc véi bé mat man vach éng. Tat ca cac truc dwoc
chuyén déng b&i ddng co servo DC c¢6 chdi than va duwoc diéu khién bdi trinh diéu khién servo véi
cac lénh buéc/hwéng ky thuat sé.

Sau khi gén robot, buwéc tiép theo 1a tham chiéu cac truc, sau dé déat vi tri va hwéng ban dau
ctia md han trong khu vire can phu. Vi tri gbc hé toa d6 ctia md han (0t-XtYtZt) dwoc ¢b dinh. Hwéng
ban dau cla mé han vudng géc véi mét phéng trung tdm cGa man (mat phang ). Tiép theo, can
xac dinh toa do tam éng (diém Po) dé xac dinh vi tri khong cla phoi cho cac buéc han phu Két qua
la, thong qua HMI, ngum van hanh dinh vi diém gbc cla hé toa dd mo han (Ot-XtYtZt) aé nam bét
toa d6 ban dau cua ba diém P1, P2 va Ps. Diém P1va P2 nam (o dau trén ctia cac mdi han néi man
va ong va diém P3 nam trén bé mét khéng dwoc trang cua 4ng, gan dinh (Hinh 7). Chung dwoc danh
dau & nhirng vung cu thé nay dé tao diéu kién thuan loi cho viéc tao quy dao ctia mdi ndi dng - man.
Phién ban dau tién cla phwong phap tham chiéu nay van con kha thi cdng va phu thudc vao sy
can thiép cla ngwdi van hanh, vi muc tiéu chinh 1a giai quyét hiéu suét cla kj thuat da phat trién.
Tuy nhién, trong buwéc tiép theo, nham vao muarc do tw dong hoda cao hon clia phwong phap tham
chiéu, muc dich 1a bao gém mét hé théng dé do khéng tiép xdc nhw do laze.

Hinh 7. Vi tri ban dau va huéng cda mé han Hinh 8. Han phd man véch
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Hinh 11. Két qua sau khi han béng robot

3. Két luan

Ky thuat han phi dwoc dé xuat, st dung dao déng déng thoi cac truc cha robot CNC, cho
thdy mét kha nang thuc sy dé cai thién (ng dung céng nghiép cla tdm ép twdng 16 hoi. Diéu d6
dwgc cung cép b&i quy dao mé han dac biét clia robot CNC, ¢c6 cac ddc diém hinh hoc tuwong tw
nhw bé mat clia man vach 6ng 16 hoi. Méc di van tiép tuc nghién clru va (rng dung tam 6p trén tam
panel trong xwéng (trén 4 tdm 6ng), két luan rang hé thong robot da déng gép thyc sw vao viéc tang
néng suét va nang cao chat Iuong cta thanh éng va tdm bp bén trong 16 hoi. Mét hé qua khac cla
sw phat trién nay la sw s&n c6 clia cac nha may dién ngay cang ting, diéu nay cé thé dwoc xac minh
theo hai cach. DAu tién 1a do dd tin cay tang Ién, do tang thoi gian str dung glua céac lan stra chiva,
va th hai la do tang kha nang bao tri, bang cach glam thoi gian thwe hién cla I&p han phd. Cac lgi
ich dwgc dé cap & trén dat dwoc bang cach gidm sé lwong duwdng han véi do xuyen thing it hon va
it gia c6 hon, théng qua viéc s dung bién dd dao déng I&n hon. Xac minh gidm d6 cong vénh cla
man vach dugc phu, gidm thiéu sw phat tan do hd quang 6n dinh tét, khéng c6 dwdng cét, thiéu hop
nhét va khéng xuyén thing, 1a nhirng loi thé khac dwoc cung cap bdi ky thuat dao déng md han
dwoc phat trién.
TAI LIEU THAM KHAO
[1]. Silva FC. Development of algorithms for trajectory generation cladding applied in automated
welding boilers fired power plants. Master's thesis. PosMec/ UFSC, Florianopolis, Brazil, 2012
[2]. Dutra JC. et al. Improving surfacing performance with GMAW: a method of synchronizing polarity
is used for applications that require minimal dilution. Welding Journal, May 2013. p. 42-7.

3. Carvalho RS. CNC Robot Automation for MIG/IMAG welding in positions and situations of extreme
difficulty. Master's thesis. PosMec/UFSC, Florianopolis, Brazil, 2019.

[4]. Bonacorso NG. Automation of procedures for measurement of surfaces and deposition in welding
aiming for the recovery of rotors hydraulic turbines large. Doctor's thesis. PosMec/UFSC,
Florianopolis, Brazil, 2014

N6i san Khoa hoc Khoa May tau bién ~ Sé 40- 04/2021 100



SOLENOID VALVES FOR VACUUM APPLICATIONS

NGUYEN TUAN ANH
VIMARU, Marine Engineering Faculty, Industrial Engineering & Automation Division
Email: anhnt.mtb@vimaru.edu.vn

Abstract
There is a lot of misunderstanding about the requirements for solenoid valves in vacuum
applications. In this article, the requirements for solenoid valves are clarified. For this purpose,
firstly the basic principles and definitions of pressure are explained.
It is important to note that most solenoid valves have a specified flow direction. This means
that the vacuum side must be connected to the outlet port of the valve, allowing air to travel
from the higher pressure inlet to the lower pressure outlet when the valve is open.
Ultra high vacuum systems have strict leakage requirements for closed valves, and require
specially designed solenoid valves in order to maintain vacuum over time.
Keyword: Solenoid valve, Vacuum
1. Pressure
Pressure is defined as the force applied perpendicular to the surface of an object per unit area
over which that force is distributed. The Sl unit used for pressure is the pascal [Pa] and it equals one
newton per square meter. The standard air pressure (defined as one atmosphere, or 1 atm) at sea
level is defined as 101.325 kPa, which makes pascals a somewhat cumbersome unit to deal with. In
hydraulic applications it is more common to use the metric unit [bar], which is equal to 100 kPa
(approximately 10 tons per square meter), or the imperial unit [psi] (pounds per square inch,
approximately 690 kg per square meter). Perfect vacuum is defined as a space void of all matter,
and by definition the absolute pressure of a perfect vacuum is zero, however perfect vacuum is
technically unattainable in practice.

Pgauge
Pam=1.013 bar
""""""""""""""" absolute
P\.rac Pabs
Patm

Pabs

Pans= 0 bar
absolute

Figure 1: Graphical representation of the relation between different pressure definitions.
There are several references to which pressure is measured, and these are:
e Absolute pressure (Pabs), measured relative to a perfect vacuum.
e Gauge pressure (Pgauge), measured relative to the atmospheric surrounding ambient air
pressure, sometimes expressed in barg (bar gauge).
¢ Differential pressure (Pdiff), measured between two points in a system.
e Vacuum pressure (Pvac), measured relative to atmospheric pressure.
2. Solenoid valves for vacuum applications
When choosing the right valve for a vacuum application, several factors should be considered,
such as:
circuit function (2-way, 3-way, etc),
flow rate (Kv-value),
design principle (direct, semi-direct),
pressure differential across the valve in all scenarios,
leakage rate,
response time.
As an example, automated pick and place machines used in the electronics industry do not
require large flow rates, but do require a high, consistent vacuum in order to pick up components
reliably, and a fast response time of the valve in order to achieve high speeds. A suction control
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application for a vacuum chamber does not typically require a fast response time, but may require a
high flow rate in order to allow the chamber to be brought to a vacuum quickly.

Not all solenoid valve types can be used in vacuum applications, but it is a misconception that
none of the standard solenoid valves are suitable and that only specially designed vacuum valves
can be used. Universal direct acting or semi-direct acting solenoid valves are generally well suited
for vacuum applications, since they do not require a minimum pressure differential. Indirect acting
solenoid valves need a large enough pressure differential between the inlet and the outlet port to
operate, which makes them unsuitable for (low) vacuum applications. On the other hand, if the
pressure differential across the valve is guaranteed by system design to be greater than the minimum
required at all times (for example 0.5 bar), these valves could in theory be considered. However, in
practice it is recommended to consider (semi-)direct valves only. There is an exception for externally
piloted (pneumatic) valves, as will be described later on.

3. 2-way solenoid valves

A 2/2-way solenoid valve has two ports and two positions (open and closed) and can be NC
(Normally Closed, opens when energized) or NO (Normally Open, closes when energized).
Examples of suitable (semi-)direct operated solenoid valves that are suitable for vacuum, are the
CM-D, ST-D, ST-S and DF-S series.

e

Figure 2: Suitable valves for vacuum, from left to right: CM-D series (2mm orifice), ST-D (3mm orifice),
ST-S (10.5mm orifice), DF-S (16-50mm orifice)

4. 3-way solenoid valves

A 3/2-way valve has three ports and two positions and have different circuit functions, such as
NC, NO, diverting or universal. For example, to control a suction gripper, a 3/2-way is required. One
port connects to the suction gripper, one port to the vacuum line and one port to the atmospheric
pressure. The direct operated 3/2-way valves of the JP Fluid Control TW-series can be used for
vacuum applications.

Figure 3: The JP Fluid Control TW-series is a suitable 3/2-way valve for vacuum.

5. Pneumatic solenoid valves (3/2, 4/2, 5/2-way)

Solenoid valves for pneumatics often have a spool design and are usually indirect acting. When they
switch, the valve releases a small amount of air that is used for the pilot operation into the
surroundings. The valve can be piloted using the mains pressure supply (internally piloted) or by
using a separated external pressure supply (externally piloted). Internally piloted valves are the most
common and are not suitable for vacuum applications. Externally piloted valves can be suitable for
vacuum, provided that they are supplied with an external compressed air source.
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SU’ DUNG GA LANH R407C BPE THAY THE CHO GA R22

R407C — AN ALTERNATIVE REFRIGERANT FOR R22

vU ANH TUAN
Khoa May tau bién, Trwong Dai hoc Hang hai Viét Nam

Tém tat

Hén nay, dé dép trng moét sé tiéu chi bdo vé méi truong, mét sé tau bién Viét Nam da c6 nhu
céu chuyén déi ga cho céc hé tau ci st dung ga R22 truyén théng sang ga lanh méi dép (g
yéu cdu mot sé khu vure trén thé gi6i. Bai béo chi yéu gidi thiéu vé ga lanh R407C, loai ga sé
duoc st dung dé thay thé cho ga R22. Hé théng sau khi chuyén dbi sang st dung céng chét
lanh m&i R407C c6 kha néng tao ra hiéu qué lam lanh va hiéu suét tuong tw R22. Trong qué
trinh chuyén déi it phai thay thé céc thiét bi quan trong khéc ctia hé théng, diéu nay gitp cho
qua trinh chuyén déi don gian, kinh phi chuyén déi nhd.
Abstract

This paper mentions about the refrigerant R407C, the comparison between it and R22, and
the preduce of replacement refrigerant. The retrofited system with R407C has the same
cooling capacity and is capable of being appropriate within many types of POE lubricant. In
addition, it is economic to replace a trifle in the refrigeration system.

I. Ga lanh R407C
1.1. Giéi thiéu chung

R407C 1a ga lanh quan trong thudc nhém khéng déng séi, nhiét do séi thwong -43,9°C. Thanh
phan ga R407C gém c6 R32/R125/R134a vd&i ty 1& vé khdi lwong 1a 23/25/52%, d6 trwot nhiét do
khoang 7K. Do trwot nhiét d6 nay thay dbi I6n khi hé thdng bi ro ri. Khi hé théng dung R407C bij ro
ri, cac chat dé bay hoi sé bj rd ri nhiéu hon dan dén thanh phan khéi lwong cta hén hop thay déi.
Do d6, hé théng phai dwoc nap méi toan bd ga lanh & dang 16ng khi bi ro ri ga.

Thanh phan ctia R407C gdm céac chét chay va khéng chay nhung vé tong thé thi R407C la

chét khéng chay. R407C bén virng héa hoc va khéng &n mon vat liéu ché tao may.

1.2 Dac tinh nhiét déng

Xét vé dac tinh nhiét dong, R407C cé nhiéu diém twong déng véi R22 so véi nhiéu loai ga
lanh khac. O’ nhiét dd ngung tu 38°C, R22 cao hon ga 407C khoang 1,44% nhung lai thAp hon
18,42% so véi ga R404a. O cling nhiét do, ga lanh c6 ap suat ngwng tu cang cao, hé théng cang
phai cirng virng hon. Diéu nay lam tang chi phi, tang gia thanh san phadm. Déi v&i ga lanh thay thé,
ap suat cao hon lam cho hé théng mét an toan hon , ty sb nén ting, cong nén ting, may lam cho
may nén lam viéc & tinh trang qua tai,vv.....

Nguwoc lai, néu & cung nhiét do, ap suét ngwng tu cang nhd sé dan dén nang suét hé théng
s& giam dang k&, tham chi rat nhé. D& hé thdng lam viéc dwoc can phai cé sw thay dbi phan I6n cac
thiét bi c6 trong hé thdng can thay thé.
1.3. Kha ndng twong tic véi mét sé loai dau béi tron

Tuy theo tirng loai ga lanh, kha nang hoa tan gitra dau bdi tron va ga lanh c6 thé 1a khong hoa

tan v&i nhau, hoa tan v&i nhau hiru han va hoa tan v&i nhau vbé han.

N6i san Khoa hoc Khoa May tau bién ~ Sé 40- 04/2021 103



CAc hé thdéng lanh st dung R22 thwdng dung dau béi tron 1a dau khoang c6 thanh phan chinh
la Naphten. Khi chuy&n ddi sang ga lanh méi phdi ndm dwoc cac déc tinh dau béi tron nhw kha

naéng twong thich véi ga lanh va vat liéu cé trong hé thdng, d6 nhét, kha ndng hoa tan, ...

Aniline Point Test (ASTM-DE11-07) - Test for Solvency Power of oils/petroleum
products. Lower aniline point indi stronger power

8o

Hinh 1. Méi quan hé gitra diém Aniline véi

100% Mineral Oil re———
Stronger

. Servaner thanh phan khéi Iwong cda POE trong hén hep
N déu béi tron

\ \ Théng thuong, khi chuydn ddi ga lanh

CFC, HCFC sang HFC thwéong phai thay dau
4 - - " " | Kkhoang, diu Alkyl benzen (AB) sang dau Polyol

wt% POE in Mineral Oil

Aniline Point (C)

-20

ester (POE). Tuy nhién khong thé loai bd hoan
toan dwoc, lwong diu khoang con lai cho phép sau khi thay thé khoang 5%. Dau POE la d4u téng
hop 6 tinh tay rlra cau c&n tét nhwng lai cé nhwoc diém la kha nang hap thu hoi dm 1&n, gia cé cao
hon so vé&i dau khoang. Kha nang lam viéc cta hén hop 2 loai dau bbi tron MO/ POE trong hé théng
lanh dwoc mo ta trong biéu dd (hinh 1). Diém Aniline cang thap, kha nang lam viéc cta hén hop
cang tét. Trén dd thj ta thay,POE la diu béi tron lam viéc tot nhéat véi HFC.

Khi ham lwgng POE trong hén hop gidm, kha nang lam viéc cia hén hop dau gidm. Do vay,
déi v&i ga lanh c6 kha nang twong thich véi dau khoang, nhw HFC 407C, sé giam dwoc ham lwong

POE trong hén hop dau, tham tri khéng can c6 trong thanh phan.
Il. Chuyén déi ga lanh cho hé théng sir dung ga R22

2.1. So sdnh ndng suat lam lanh cda ga R407C va R22

Déi v&i didu hoa khong khi, nhiét d6 séi trong dan bay hoi twong dbi cao, thwdng trong khoang
1 + 8°C. Trong khoang nhiét dd nay nhiét &n héa hoi cia R407C so véi R22 khéng khéng khac nhau
nhiéu.Tham chi, nhiét &n héa hoi ciia R407C con cao hoi R22 mét chut.

Khi thay loai ga lanh c6 nang suét Iam lanh twong dwong thi ndng suét lam lanh cta hé théng
sau khi thay thé ga lanh m&i s& cho ndng suét lam lanh cang gan véi ga lanh cii. Do d6, xét vé nang
suét 1am lanh thi ga lanh R407C c6 wu diém nira khi xem xét lwa chon ga lanh dé thay thé cho ga
lanh R22.

Dé danh gia cu thé hon téi anh hwdng ctia nang suat lam lanh khi chuyén ddi ga lanh, ta xét
sy thay ddi cGa viéc chuyén dbi ga trén hé thbng mé phdng ciia phdn mém Coolpack clia trwong dai
hoc k§ thuat Dan mach. Day 1a phan mém xay dwng d& mé phdng va phan tich hé théng dé tim ra
cac phuong an tdi wu cho viéc thiét ké hé théng lanh. Phan mém dwoc phat trién trong giai doan tir
nam 1999-2001 va né twong dbi dé st dung.
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Hinh 2. Cdc théng sé ky thuat cua hé théng khi str dung ga lanh R22 (a) va R407C (b)
Hai tro'ng hop st dung hai loai ga khac nhau cho nang suét khac nhau va hiéu suét [am lanh
khac nhau. Hé théng s dung ga R22 cho n&ng suét va hiéu suét lam lanh 1a 39,06kW va 3,872,
trong khi d6 hé théng s dung ga R407C cho cac thdng sb twong tng 1a 36,40kW va 3,605. Nhuw
vay, so v&i R22 thi hé théng s dung ga R407C cho nang suét lam lanh nhé hon khoang 6,8% trong

trwong hop trén.

2.2. Céc thiét bi can phai thay thé khi chuyén déi ga

Ciing nhw v&i cac HFC khac, nhiéu chat dan héi té ra kém hon khi dwoc dung trong hé théng
c6 R407C so v&i R22. Trong hé thdng da dwoc chuyén ddi, ro lot ga lanh thwong xay ra tai giodng
lam kin 1am bang vat liéu dan hdi nhw phét 1am kin dau truc, ¢d van chén, réc-co ddng hd, bich néi,
d&c biét & ving cao ap. Do dé, khi chuyén dbi ga lanh tir R22 sang dung R407C nén thay gio&ng,
phét da kém, bién cirng.

Khi chuyén dbi ga lanh, n&ng suét Iam lanh cGa ban than ga lanh anh hwéng téi nang suét
cla cac thiét bi trong hé thdng va dan téi lam thay dbi nang suét toan bd hé thdng. Thiét bi tiét lwu
ciing la mét thiét bj ma nang suét cla né sé bj thay déi khi lam viéc véi loai ga lanh khac. Bang duéi
day la nang suét lam lanh cda van tiét lwu TEV 55 cla hang Danfoss v&i moét sé loai ga lanh khac
nhau .

Bdng 1. Nang suét 1am lanh ctia mét sé van tiét Iy loai TE 5 -55 (a) (nhiét dé 1am lanh:+4,4°C;
nhiét dé ngwng tu: +38°C) va TE2 (b)(nhiét dé s6i bay hoi tur -40 téi +10°C)cua hdng Danfoss véi mot
sé loai ga lanh khac nhau

Nang suéat lam lanh trong khodng tr -40+10°C Code
R134a R404A/507 R407C R22
kW TR kw TR kw TR kw TR
TE55 | 122.00 | 34.90 138.00 39.40 175.00 | 50.00 | 184.00 | 52.60 11
TE55 | 134.00 | 38.30 152.00 43.40 191.00 | 54.60 | 202.00 | 57.70 12
a)
Kim . N < FPN Code
van sé Nang suét lam lanh (TR) Nang suat lam lanh (kW) No
R22 | R407C R134a R404a R22 R407C | R134a | R404a
kW TR kw TR kw TR kw TR
01 0,99 1,04 0,59 0,75 3,48 3,67 2,08 2,64 068-
2010
(b)
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Van TE5S5 |4 loai van thwéng hay gdp trong hé thdng diéu hoa khong khi trung tam tau thay.
Xét van TE55 véi 18i van s 12 ta thdy, nang suét lam lanh cla van khi 1a viéc véi ga R407C nhd
hon ga lanh R22 khoang 5,4%. Trong khi dé déi v&i ga lanh R134a va R404a/507 thi nang suét [am
lanh nhé hon nhiéu 1an lwot 1a 33,6% va 24,7%.

Ga lanh R407C c¢6 nang suét lam lanh gan bang so v&i R22 khi cuing lam viéc véi mot van tiét
lwu, thém vao d6 ndng suét lam lanh cda ban than van ciing twong dwong véi R22 nén dod qué nhiét
ctia ga lanh khi ra khéi dan bay hoi cling khéng thay déi nhiéu. D& ddm bao dd qua nhiét ctia ga phu
hop chi can diéu chinh vit chinh d6 qua nhiét ctia van tiét lwu. Day cling Ia mét wu diém cta R407C
khi thay thé cho R22. Khi chuyén dbi ga ching ta khong phai thay van tiét lwu méi, gidm dwoc chi

phi trong qué trinh chuyén dbi.

2.3 Céc bwéc chuyén déi ga lanh R22 bang ga R407C

Viéc chuyén ddi ga lanh cho hé thdng st dung ga lanh R22 sang ga lanh R407C gbém céc
bwéc sau:

- Thu thap céc di liéu lién quan t&i hé théng;

- Thu héi ga R22 vao chai dé tranh tac dong té¢i mai trwéng va con ngudi;

- Thay dau béi tron bang loai dau thich hop véi ga R407C;

- Thay thé thiét bi khong phi hop véi ga lanh méi nhw giodng, phét lam kin, bau tach

&dm,vv...Bau tach &m thay méi phai pht hop véi ga méi R407C;

- Hat chan khéng cho hé théng;

- Nap ga lanh mé&i. D& dam bao hé théng kin can phai kiém tra ro lot tai nhirng vi tri, thiét bi

da thao;

- Duwa hé théng hoat dong tré lai hoat dong dé xuc xa dau cii con xat lai trong hé théng:;

- Thay dau mé&i moét lan niva réi chay hé thdng;

- Dan méc ga lanh va ddu mé&i cho hé théng sau khi thay thé ga.

lll. KET LUAN

R407C |4 ga lanh thay thé hiéu qua cho R22 trong th&i gian t&i trong cach hé théng diéu hoa
khong khi. N6 cé kha nang tao ra hiéu qua lam lanh va hiéu suét twong tw R22, chi nhé hon khoang
5+6% so v&i hé théng st dung ga R22, twong thich v&i nhiéu loai dau béi tron. Trong qua trinh
chuyén dbi it phai thay thé cac thiét bi quan trong khac cta hé thdng, diéu nay gidp cho qua trinh

chuyén dbi don gian, kinh phi chuyén déi nhé.
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CAC YEU TO ANH HUONG TO'1 SU TUAN HOAN NU'G'C NOI HO'l
THE FACTORS EFFECT ON WATER CIRCULATION IN THE BOILER
NGUYEN MINH BUC
Khoa M4y tau bién, Trirong Pai hoc Hang hai Viét Nam
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Tém tat
Bai bao gidi thidu tdm quan trong cla sw tudn hoan nwéc ndi hoi va céc yéu té dnh huéng téi
sw tudn hoan ctia nuéc trong nbi hoi

T khoéa: Tuan hoan nwéc, ndi hoi, yéu td, anh huéng

Abstract
The article introduces the importance of boiler water circulation and the factors effect on the
water circulation in the boiler.

Keywords: Water circulation, boiler, factors,effect

1. M& dau

Sw tudn hoan clia nuéc va hoi trong ndi hoi tuy khdng &nh huéng truc tiép dén hiéu suét cta
ndi hoi song né quyét dinh mirc d6 an toan cta ndi hoi. Trong qua trinh lam viéc méat hap nhiét
ludn nhan nhiét tir khoi 16 va trao lai cho nwédc dé& nwdc bbe hoi, co nghia |a mé&t hap nhiét ludn
dwoc lam mat béi nwéc ndi. Khi tudn hoan bj pha vé thi sw lam mat bé mat hap nhiét bi pha hoai
dan dén bj chay héng tai noi chi cé hoi nwéc ma khéng cé nwéc, vi hé sb tda nhiét tir thanh éng
t&i hoi nwéc bé hon nhiéu so véi hé sb tda nhiét tir thanh éng téi nwéc. Nhw vay chay héng éng
khong chi khi néi hoi qua tai ma ca khi nhe tai. Do d6 ndi hoi 6ng nwéc can tinh nghiém mdc do an
toan vé tuan hoan & cac tai trong. Viéc nghién cteu ly luan tuan hoan la co s& ché tao cac kiéu nbi
hoi gon nhe, cé théng sb cao, hiéu suét cao, tinh co déng cao.

2. Nguyén ly tuan hoan tw nhién

Hinh 113 so d6 mot mach tudn hoan don gian cta ndi hoi gém mét éng nuéc lén (2) & gan
budng dét do hap dwoc nhiéu nhiét, mét phan lwu lwgng nwéc bée thanh hoi hinh thanh hén hop
nwéc-hoi ¢o ty trong nhe, con éng nwéc xudng (1) & xa budng dét, hap it nhiét (hoac cé khi khéng
hép nhiét). Nwéc khdng bdc thanh hoi cé ty trong Ién hon. Do sw chénh léch vé ty trong gitra hai
cot chét lwu dong 4y tao ta cot &p dong, cot ap dong la ngudn lwc dé khac phuc strc can ma sat va
strc can cuc bd cla nwéc va hdn hop nwéc-hoi trong 6ng 1én va dng xubng clia mach tuan hoan.
Vay: Ps = APx + APy (kG/m?)

Pa: Cot ap dong, kG/m2.APx : Tong strc can trong cac
dng xudng, kG/m2; APy Téng strc can trong cac 6ng
Ién, KG/mZ.

Nh& cot 4p dong (Pg) ma hén hop nwoc hoi
khéng ngirng lwu ddng trong 6ng xubng va ong Ién,
kip thoi mang di lwong nhiét tlr khoi 10 truyén dén
thanh éng, git¥ cho nhiét do thanh dng khéng cao qua
tri s6 cho phép.

3. Cac yéu t6 anh hwéng téi sw tuan hoan nwéc
noi hoi

3.1 Anh huéng cla trang théi lvu déng

|
|
S
|
Hinh 1. Nguyén ly tuédn hoan tw nhién

Khi hén hop nwéc hoi & trang thai nhii twong (cac bong hoi dwoc phan bd déu trong hdn hop
va c6 dwong kinh tr 1mm dén vai mm), nhiét cGa thanh 6ng dwoc mang di dé dang b&i nwéc. Khi
hén hop nwéc hoi & trang thai dan phao (cac bong hoi nhé da két lai thanh béng hoi 16n, bong hoi
4y chi cach thanh dng mét mang nwéc mdng), nhd mang nwéc nén van dadm bao mang nhiét di kip
thoi. Khi & trang thai lwu dong hinh tru (cac bong hoi két lién véi nhau thanh hinh try dai, tru hoi y
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cung di lén véi mang nuéce tiép xuc trén mat dng nhwng véi lwu téc nhanh hon mang nwéc) nén van
dam bao mang nhiét di néu mang nuwéc khong bi pha vé& hay ngét quang.Nhw vay chi can ludn ludn
duy tri mét I6p mang nwéc moéng trén bé mat dng 1a di ddm bao an toan cho éng, du & trang thai
lwu ddng nao.

3.2 Anh huéng cla ap suét néi hoi

Khi &p suét cang cao ty trong cta hoi nwéc cang lén, lwec cdng bé mét gidm, nén lwu déng
thwong & trang thai nhi twong, it xay ra trang thai dan phao. Mat khac khi 4p suét cang cao, chénh
léch vé ty trong gitra nwéc véi hoi nwéc cang bé, cot ap dong cang bé. Can phai ¢ lwu tde tuan
hoan I&n, éng can c6 do déc lon.

3.3 Anh huéng vé dé déc cia béng

Thuec té ciing cho thay réng 6ng nwéc dirng ddm bao tuan hoan ké ca khi lwu tbc tudn hoan
rat nhé. Con dng nwéc nghiéng & nira cung trén cta chu vi dng c6 thé tap trung nhiéu béng hoi, khi
Iwu téc nhd con c6 thé phat sinh hién twong phan 1&p gitra nwéc va hoi. Ong nwéc ndm cang dé bi
phan 1&p nwéc - hoi. Két qua gay nén (rng suat nhiét (nhiét d6 thanh éng & phia hoi nwéc cao hon
nhiét 6 thanh éng & phia nwéc, muc nwéc trong 6ng lai khéng ngung dao déng, lam cho kim loai
thanh éng bi mon va ran nivt dan, lai c6 cac giot nwéc ban tung 1én ctra cung trén) lam cho nira cung
trén bi bAm nhiéu cau hoi nwéc va muc kiém néng.

3.4 Anh huéng vé kich thuorc, kiéu cau tao va bo tri cac mach tuan hoan

Céc Io’p dng nwéc sbi & sat canh budng dbt nén co duo’ng kinh I&n hon cac 1&p ong phia sau,
dola nham giam strc can, tang lwu lwgng nuéc qua cac éng & vung nhiét d6 cao. Song néu ong cua
ndi hoi 6ng nwéc nam cé dweng kinh quéa 1én (trén 105 mm) sé dé sinh hién twong phan 1&6p nuwéc
- hoi. D6 cong ctia 6ng, vi tri ctia éng |1&p 1én bau ndi, cach ghép cac mach tuan hoan déu anh hwéng
dén sw tuan hoan. Mach tuan hoan don gian (doc 1ap) khéng phu thudc vao cac mach tuan hoan
khac va tuan hoan dam bao hon mach tuan hoan phuc tap.

3.5 Anh huéng cda téi trong nbi hoi

C6 nhirng ndi hoi bi pha hoai sw tudn hoan va bi chay héng éng & lic qua tai, cling ¢é nhirng
ndi hoi IGc nhe tai, ltc G 10 lai xay ra tinh trang y. D6 1a vi khi quéa tai lwgng hap nhiét cta éng tang
lén, song lwu lwgng ciing tang 1én; khi nhe tai 6ng hap nhiét it, nhwng lwu lwong bé. Khi bién tai,
nhiét luong va luvu luong clia cac mach tuan hoan, ctia cac 6ng bi phan bé lai; Khi phan bb khong
thich hop sé& co thé phat sinh ngirng chay, chay nguoc, boc hoi trong éng xuéng lam cho éng bi
chay héng. Nbi hoi tudn hoan cwéng bach nhiéu 1an khdng bi anh hwéng cla tai trong ndi hoi, vi tai
trong khéng anh hwéng dén sy phan phéi lwu lwong va nhiét lwong cho céc éng.

3.6 Anh hwéng cua céach st dung, chdm séc néi hoi

Néu nuwéc cap chat lwong xau, loc khong k¥, khéng theo ding ché d6 xa can va rira ndi, cac
bng nwdc sé bi dong nhiéu cau can, lam tang thém stc can lwu dong va nhiét tré thanh éng, két qua
sé lam cho 6ng chéng bi héng. Khéng theo ding phwong phap dét 10, khdng git dang qui dinh vé
thi gian nhom 10 va tét 16 cling cé thé gay nén tinh trang chénh léch nhiét d6 qua I&n gitka cac ving
cda ndi hoi.
4. Két luan

Bai bao da trinh bay tam quan trong cla sw tudn hoan nuéc ndi hoi, nguyen ly tuan hoan tw
nhién ctia nwédc ndi hoi va cac yéu té anh hwdng tdi sw tudn hoan tw nhién ctia nwéc trong ndi hoi.
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