MO PAU

1. Tinh cap thiét ciia d@ tai luan an

Hai Phong la thanh pho trong diém kinh té phia Bic, cira ngd quéc té thong ra bién
cua vung kinh té trong diém phia Bic. Khu vuc cang bién Hai Phong 12 mot trong ba khu
vuc cang bién 1on nhat Viét Nam, la dau méi luu théng hang héa chinh cua khu vie Mién
Bic bang duong bién. Trong quy hoach hé thdng cang bién ciia Viét Nam dén nam 2020
tam nhin dén nam 2030, cang bién Hai Phong la hé théng cang tong hop qudc gia va cira
ngd qudc té, du kién khéi lwong hang héa thong qua cang bién Hai Phong dat 120 tri¢u
tan/nam dén nam 2020, hang nam ting trung binh khoang 11%.

Hién tai trung binh mdi ngay c6 50 luot tau bién ra vao cap cau, ¢6 thoi diém 70 luot
tau bién ra vao cang Hai Phong. Viéc diéu khién tau bién ra vao tuyén ludng hang hai Hai
Phong do hoa tiéu bat buoc. Pac diém cua tuyén ludng Hai Phong 1a mot chiéu cé ga
tranh, gioi han van téc chay tau, kha niang quay tré hep, nhiéu doan hep, khic quanh co,
khu vuc ndng can cuc b, nhiéu khu vuc gap nhau cia nhanh séng, véi dac diém thiy tridu
va dong chay siét tai cac cac khu vuc d6, do d6 nhiéu vu tai nan hang hai xay ra, chu yéu
do méc can va dam va. Trung binh khoang 11 vy tai nan hang hai lién quan dén tau bién
trong mot nam, c6 nhirng vu dic biét nghlem trong, gay ton thit 16n vé ngudoi va tai san.
Hau hét cAc vu tai nan xay ra la do nguoi didu khién tau.

Mot trong nhitng nguyén nhan co ban trong qué trinh diéu khién tau, 1a do sy twong
tac ciia to hop chan vit - banh 14i tau thuy tai thuc dia trén tuyén ludng chua phd hop. Vi
vay, hoa tiéu va thuyén truong hiéu ré quy dao chuyén dong cho truée (hay quy dao mong
mubn), d6 sau cua ludng, van toc tau, van dé an toan hang hai, dic diém khi tugng thay
van,... cua tuyén ludng Hai Phong. V&i mdi chung loai tau thay, mac do tai trong khéc
nhau, théng sé tuyén luong tai thoi diém hién tai, s& anh huong truc tiép dén diéu khién
tau theo phuong &n nao cho phi hop nhat hay téi uu.

Lién quan dén linh vuc nghién ctru cua dé tai luan an ¢ trong nude va nude ngoai, co
thé ké dén mot sb cong trinh tiéu biéu sau:

- Tai nudc ngoai, c6 thé ké dén cong trinh khoa hoc cua tac gia hay nhém tac gia sau:
A.V.Pustoshny, S.V. Kaprantsev thuoc Vién nghién ciru tau thuy Krylov tai St. Petersburg
(LB Nga) da nghién ciru vé dong luc hoc chan vit tau thiy. Shreenaath Natarajan, B.Tech,
Truong Pai hoc Texas (Hoa Ky) da cong bé két qua nghién ctiu vé mé phong sé su twong
tac gitta chan vit va banh lai tau thuy. Tac gia Da Qing Li, Truong Pai hoc Cong nghé
Chalmers (Thuy Dién) da nghién ctru vé su twong tac chan vit va banh lai theo phuong
phép s6. Han. J, Kong. D, Kim. Y, Lew. J tai Hoi nghi qudc té thuong nién tau thay Tae-
jon (Han Qudc), da phan tich su twong tac chan vit va banh lai tau thay. Phillips A. B,
Turnock S. R, Furlong M. E tai Truong Pai hoc Southampton (Vuong quoc Anh), da cong
bd mot sd két qua lién quan dén sy twong tac chan vit va banh lai tau thuy theo phuong
phdp RANS. Andrea Di Mascio, Giulio Dubbioso, Roberto Muscari, Mario Felli da tng
dung chuong trinh CFD dé phan tich sy trong tac chan vit va banh lai tau thuy.

- O trong nudéc, ¢ thé ké dén tac gia hoac nhém tac gia thude Truong Dai hoc Bach
khoa Ha Noi nhu GS. TSKH. Vii Duy Quang, PGS. TS. Lé Quang di cong b két qua va
tinh toan dong lec hoc dong chay, dién hinh lién quan van dé xac dinh luc can tau thuy.
GS. TS. Nguyén Thé Mich, PGS. TS. Truong Viét Anh da cong bd két qua ung dung CFD
cho cac bai toan may thay lyc canh dan nhu bom, tua bin, chan vit tau thuy nhung tap
trung vé van dé xam thyc. TS. Vil Vin Duy cting nhém nghién ciru, thuge Truong Dai hoc

1


https://www.amazon.co.uk/s/ref=dp_byline_sr_book_1?ie=UTF8&text=Da+Qing+Li&search-alias=books&field-author=Da+Qing+Li&sort=relevancerank
https://www.onepetro.org/search?q=dc_creator%3A%28%22Di+Mascio%2C+Andrea%22%29
https://www.onepetro.org/search?q=dc_creator%3A%28%22Dubbioso%2C+Giulio%22%29
https://www.onepetro.org/search?q=dc_creator%3A%28%22Muscari%2C+Roberto%22%29
https://www.onepetro.org/search?q=dc_creator%3A%28%22Felli%2C+Mario%22%29

Hang hai Viét Nam da cong bé mot sb két qua vé dong luc hoc, tinh todn md phong dong
chay bao, tng dung CFD dé tinh toan mé phong, ...

Tu két qua da cong bd cua cac cong trinh, nhan xét rang: Cac két qua nghién cau
mang tinh chat chuyén sau va doc lap vé chan vit, vé banh lai, hoic vé tuong tac chan vit -
banh 14i tau thuy, hodc ding lai & nghién ciru tieng phan, nghién ciu ly thuyét, nghién cau
mé phong sd, tng dung CFD dé tinh toan md phong,... Hién tai, NCS chua thiy két qua
nghién ciru chuyén sau cua cong trinh khoa hoc, thé hién su gan két tir dong lec hoc chan
vit - banh lai dén diéu khién huéng chuyén dong cua tau thiy. Hon nira, lai gan chat ché
v6i pham vi nghién ciu cu thé 1a “tuyén ludng hang hai Hai Phong”. Vi vay, NCS da
nghién cau va thuc hign dé tai luan an tién si: “Nghién citu tdc dgng cua té hop chan vit -
banh ldi dén diéu khién huéng di tau thiy trén tuyen luong Hai Phong” khong tring vai
bat ky cong trinh nghién ctru c6 lién quan da cong bd trude d6 ¢ trong va ngoai nuac.

2. Muc dich nghién citu ciia ludn an

Nghién ciru tic dong cua té hop chan vit - banh 14i dén diéu khién hudng di tau thiy
trén tuyén luong hang hai Hai Phong, gop phan dam bao an toan hang hai.
3. Poi ‘twgng va pham vi nghién ciru cia ludn an

Poi twong nghién cizu: Nghién cuu tac dong cua té hop chan vit - banh lai dén dac tinh
huéng chuyén dong tau thiy, bam theo quy dao cho truéc trén tuyén ludng Hai Phong.
Lua chon va sir dung tau container M/V TAN CANG FOUDATION, trong tai 7040 MT,
¢6 01 chan vit chiéu phai dé tién hanh thuc nghiém.

Pham vi nghién cizu: Ap dung trén tuyén ludng hang hai Hai Phong, trong d6 chi tap
trung vao cac khu vuc tiém 4n nhidu nguy co mat an todn hang hai. Chi xét anh huéng cua
dong chay (dong tridu), cac yéu té anh huong khéc dén tau thay khong xét dén. Ap dung
dbi véi tau thay c6 trong tai twong dwong khoang 7.000 MT, loai 01 chén vit va chiéu
quay chan vit 1a chiéu phai.

4. Phwong phap nghién ciru cia luin an

Phuong phép nghién ctu ly thuyet két hop thuc nghiém, dé 1am néi bat tinh khoa hoc
va tinh thyc tién cua van dé Can giai quyet cu thé:

Nghién cizu ly thuyét gdm céc van dé lién quan: Téng quan tuyén ludng hang hai Hai
Phong va co s& |y luan té hop tuong tic chan vit - banh l4i tau thuy; dong luc hoc dong
chay sau chan vit va twong tac vai banh lai tau thay; mé hinh todn, quy trinh tinh toén, tinh
toan mo phong sé quy dao chuyén dong tau thiy twrong g véi céc té hop tuong tac chan
vit - banh lai khac nhau.

Ung dung chwong trinh CFD, gém nhiéu phan mém dac biét 1a Fluent - Ansys trong
qué trinh tinh to4n md phong dé giai quyét van dé dat ra.

Nghién cizu thuc nghiégm gom: Tién hanh nghién ctru trén hé théng thi nghiém két
hop vé&i nghién ctru thuc té tai thuc dia tuyén ludng hang hai Hai Phong, dé kiém chang
két qua nghién ciru ctia dé tai luan 4n dit ra.

5. Y nghia khoa hoc va thue tién ciia luin dn

Ynghfa khoa hoc cua luan an:

- Xay dung co sé khoa hoc v& mo hinh nghién ctru va mé hinh chia luéi dong cua van
dé nghién cau. Vi két qua dat duoc gop phan hoan thién mot phan co sé ly luan lién quan
dén van dé nghién ctru va co dong gop nhét dinh cho khoa hoc chuyén nganh hang hai;

- Pua ra phuong phap luin vé xay dung quy trinh tinh toan md phong su tuong tic
cua té hop chan vit - banh lai dén diéu khién hudng chuyén dong tau thiy néi chung. Trén
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co s¢ d6 ap dung cho dbi tuong va pham vi nghién ciru cu the cua luan an. Tur do, lya chon
phuong an diéu khién hudng chuyén dong cua tau thuy ti wu, nghia 1a quy dao chuyén
dong thuc cua tau thay bam séat quy dao cho truéc cua tuyén luong.

Y nghia thuc tién ciia lugn an:

- Két hop chit ché co sd khoa hoc 1y thuyét dac thu lién quan dén khoa hoc chuyén
nganh hang hai véi thyuc tién hang hai;

- Két qua nghién ciru cua luan én, c6 thé xay dung thanh hd so dir liéu, nham cap nhat
chiing loai tau, tinh trang tai trong, tinh trang tuyén ludng, tinh trang hé thong diéu khién
(théng s6 hién tai cua chan vit, banh 14i),... Tir d6, tinh toan va mo phong, lya chon dé dua
ra phuong an dleu khién tuong (g véi cac vi tri trén tuyén ludng toi wu nhét, dic biét cac
khu vyc tiém an nhiéu nguy co mét an toan hang hai. Nghia 13, dua ra phuong an diéu
dong tau tdi wu dé khuyén cao hoa tiéu, thuyén truong ty tin, 1am chii qua trinh diéu khién
loai tau do, gop phan dam bao an toan hang hai trén tuyén Iuéng Hai Phong;

- C6 thé mé rong ap dung cho cac tuyén ludng hang hai khac, gop phan dam bao an
toan hang hai, dac biét khi tau thay doi huéng chuyén dong trén mot sé diém c6 nguy co
mat an toan cao, khic cua gap, ... trén tuyén ludng.

6. Nhirng diém déng gép méi cia luan an
6.1. Vé mat ly ludn (phuong phdp so):

- Xay dung mé hinh nghién ctru va tinh toAn md phong su tuong tic chan vit - banh
i tau thiry noi chung. Pua ra cac thong sb dong luc hoc, dién hinh 1a gia tri van téc trung
binh doc truc tai mat chuyén tiép vai cac to hop sb vong quay chan vit va géc bé lai khac
nhau (n;, o;), theo sé liéu cua M/V TAN CANG FOUNDATION;

- Xay dyng mé hinh ludi dong cho ddi tugng vat thé chuyén dong trong méi trudng
chat long. Tir d6 4p dung cu thé cho tau M/V TAN CANG FOUNDATION, dé xay dung
quy dao chuyén dong tdi uu theo cac to hop (n;, a;) twong &ng trén tuyén ludng Hai Phong.
6.2. Vé thuc tien khoa hoc chuyén nganh hang hdi:

- Xay dyng md hinh nghién ctru thuc té tai 4 khu vyc tiém an nhiéu nguy co tai nan
hang hai trén tuyén ludng Hai Phong. Pong thoi xay dung quy trinh tinh toan, tinh toan
mb phong tac dong cua td hop chan vit - banh lai dén quy dao chuyén dong tau thay cho
timg m6 hinh nghién ctru thyc té, ung voi t6 hop chan vit - banh lai khac nhau;

- Lya chon va dua ra cac td hop chan vit - banh 14i t6i wu tai cac khu vyc tiém an
nhiéu nguy co tai nan hang hai trén tuyén ludng Hai Phong. Tir d6, d& xuét cu thé phuong
4n didu dong tau thuy, nham khuyén céo hoa tiéu va thuyén truéng chu dong dan tau an
toan qua cac khu vuc nay;

- Thiét ké va ché tao thir nghiém h¢ théng thi nghiém, dé kiem chang két qua tinh
toan mo phong su twong tac to hop chan vit - banh lai tau thuy, thdng qua gid tri van toc
trung binh doc truc tai bé mat chuyen tiép. Mat khac, dwa ra két qua tong hop sau nhiéu
lan nghién ctu khao sat va di thyc té trén tau M/V TAN CANG FOUNDATION tai thyuc
dia tuyén luong Hai Phong, dé phan tich, danh gia, so sanh va kiém ching phan két qua
bam theo quy dao chuyén dong cho trudc.

7. Két cAu cua luin an

Luén an gom 141 trang A4 (khdng ké phu luc) va thi tu cic phan nhu sau: Mo déau;
ndi dung (chia thanh 4 chuong); két luan va kién nghi; danh muc cac cong trinh khoa hoc
d3 cong bd lién quan dén luan an (07 cong trinh); tai liéu tham khao (66 tai liéu) va phu
luc (05 phu luc).



CHUONG 1. TONG QUAN TUYEN LUONG HANG HAI HAI PHONG VA |
CO SO LY LUAN TO HQP CHAN VIT - BANH LAI TAU THUY

Chuong 1 tép trung nghién ctru tong quan tuyén ludng hang hai Hai Phong va co s¢
1y luan t6 hop chan vit - banh lai tau thuy, véi cac nhi¢ém vu tom tat nhu sau:

Tong quan tuyen luong hang hai Hai Phong, gom vén dé co ban lién quan dén:

Phan tich ddc diém tuyén luong hang hai Hai Phong; H¢ thong phao, tiéu bao hiéu
hang hai va hé¢ thong bao dam an toan hang hai trén tuyén ludng Hai Phong; Dic diém
hoat dong hang hai tuyén ludng Hai Phong; Téng hop, phén tich, danh gia tinh hinh tai
nan va tinh chét tai nan hang hai trén tuyén ludng Hai Phong giai doan 2011 - 2016,

Phan tich chi tiét dic diém 4 khu vue (1, 11, 111, 1V) tiém 4n nhiéu nguy co tai
nan hang hai trén tuyén ludng Hai Phong, thir tw tir cang Hai Phong dén phao s6 0:

- Khu vuc I (hinh 1. 1) Glao nhau gitra Song Cém va séng Rudt Lon Khu vuc hep,
nhiéu bai bdi gan cira / Y ‘
song Rudt Lon, mot
bén 1a hé thoéng cau
cang Hai Phong. D$
sau ludng rat hep va
bién d6i phuc tap.
Phuong tién thuy
thuong  xuyén cat
ngang tu song Rudt
Lon véao séng Cam va
nguoc lai. D& giy va
cham hodc bi mic
can phia bo song.

- Khu wvuc 1II
(hinh 1.2): Giao nhau
giita song C4m va song Bach Pang. Khu vuc c¢6 nhiéu bai bdi phia gin cira song Bach
Ding. Mat d6 tau va phuong tién thity hoat dong day dic, tinh chit giao thong thuy phirc
tap, cac phuong tién ey Woss
d6i huéng, cat husng [~ e Il
thuong  xuyén va "—- TR '
khong tudn tha quy :
tac. Véan toc dong 2 - | %
3 knots. Khi thuy
tridu dang, ludn co xu ; A\
huéng day huong 7O
chuyén dong cia tau

sang phia bo bén " w1 | : o g
Thﬁy Nguyén | % k Qu¥ dao mong muon -‘ .

- Khu vuc III
b)

(hinh 1.3): La khu X : o , il .
Hinh 1.2. Khu vuc Il - tiém an nguy co mat an toan hang hai:

vuc Bach Déng, giao o 3 |
nhau cta cic tuyén a) tir binh d6 s6 VN4HPOO05; b) theo phan mém chuyén dung

Quv daobn:long mudn

)
Hinh 1.1. Khu vuc | - tiém 4n nguy co mat an toan hang hai:
a) tir binh d6 s6 VN4HP007; b) theo phin mém chuyén dung
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lubng song Cém,
Nam Tri€u, Cai Trap
va kénh Ha Nam,
nhiéu khu vyc néng
can phia dao BDinh
Vi va ctra song Bach
Pang. Khu vuc nay
c6 mat do tau,
phuong tién tham gia
giao thong dong duc
va phtc tap. Nhidu
phuong tién thuy
hoat dong khong
dung tuyén ludng quy ~ Hinh 1.3. Khu vuc 111 - tiém an nguy co mét an toan hang hai:
dinh, thuong xuyén a) tir binh @ s6 VN4HP005; b) theo phan mém chuyén dung
cit ngang dé vao
kénh Cai Trap (dac
bi¢t doan phao 30 -
32). Hon nita, day la
khu vuc dong chay
siét va khong on
dinh, khu neo dau,
khu vuc ga tranh, bén
pha hoat dong,...

- Khu vuc IV
(hinh 1.4): Giao nhau
gitra kénh Ha Nam,
kénh Cai Trap va
duong thiy ndi dia
dén Quang Ninh (qua
Cai Bau). Nhiéu tau noi dia, sa lan va phuong tién thuy di vao kénh Cai Trap, cit ngang
ludng (dac biét tai cac cdp phao 19 - 21 - 23). Khu vuc ndy co nhiéu tau blen cd 16n qua
doan ludng Lach Huyén, dong chay kha manh vén tdc dat 3 knots va khong 6n dinh, mat
d6 giao thong 16n, dan xen tau blen va phuong tién thuy noi dia ra, vao kénh Cai Trap va
kénh Ha Nam, gia ting nguy co mét an toan cho tau thuyén khi hanh trmh qua khu vuec.

Hg théng héa co sé' 1y luan t6 hgp chan vit - banh lai tau thiy, gém cac van dé:

- Banh lai va chan vit tau thiy; Chiéu quay chan vit va anh huong cua chiéu quay
chén vit; Phan tich lyc tic ddng 1én banh 1ai va chan vit tau thiy; Cic dong nudc sinh ra
khi chén vit hoat dong; Hi¢u ung cta chan vit anh hudng t4i dic tinh diéu dong tau thuy;

- Vai trd t6 hop chan vit - banh l4i tau thay; M&i quan hé cua té hop chan vit - banh
lai; Anh huong cua chan vit va banh lai dén didu dong tau thuy.

Hé théng héa o s¢ toan hec vé chuyen dong tau thay: Phan tich rd thanh phan
chuyén dong, tham s dong hoc cua chuyén dong tau thiy; Phuong trinh toan mé ta chuyén
dong tau thiy ¢ moi vi tri v6i 6 bac tu do; Phuong trinh todn m6 ta chuyen dong trén mat
phéng ngang cta tau thity véi 3 bac tu do.

17 . : /
Qu¥ da0 mong muon 7
\ a4
\

B

 Quy dao i;mng muén N,

) b)
Hinh 1.4. Khu vuc IV - tiém 4n nguy co mat an toan hang hai:
a) tir binh d6 s6 VN4HP003; b) theo phin mém chuyén dung



Két luan chwong 1: Tur ket qua dat dugc trong chuong 1, dac biét khdo sat, phan tich
va danh gia chi tiét 4 khu vuc tiém 4n nhiéu nguy co tai nan hang hai, nhan xet ring:

- Thyc té, nhiéu vu tai nan hang hai do mic can, ddm va di xay ra trén cac khu vuc
nay. Mot trong nhitng nguyén nhén co ban dan dén cac tai nan, do thuyen trudng hodc hoa
tiéu diéu khién tau khong di ding quy dao mong mudn cua tuyén ludng hang hai;

- T céc sb liéu va md hinh quan trong tai 4 khu vuc nay, luén 4n thyc hién cac van
dé nghién ctru lién quan trong cac chuong tiép theo, nham dua ra nhimg t6 hop chén vit -
béanh 14i t6i wu. Tir d6, khuyén cdo thuyén trudng, hoa tiéu chu dong va lya chon phuong
4n dan tau phu hop nhat khi qua khu vye ndy, dam bao tau bam theo quy dao cho trugce;

- Dua ra gi¢i han van & nghién ciru cu thé cua luan an.

CHUONG 2. TINH TOAN MO PHONG DONG LU'C HQC DONG CHAY
SAU CHAN VIT VA TUONG TAC BANH LAI TAU THUY

Chuong 2 tép trung tinh toan mé phong dong luc hoc dong chay sau chén vit va
tuong tac banh 1ai tau thuy, thuc hién cac van dé sau: Ly thuyét vé dong chay bao quanh
chan vit va banh lai tau thiy; Xay dung mo6 hinh nghién ctru va co sé toan hoc; Xay dung
quy trinh thuc hién tinh toan mé phong; Ung dung CFD tinh toan md phong, tir d6 phan
tich, danh gia két qua.

Dong chay bao quanh chin vit va banh lai:
D3 phan tich Iy thuyét vé dong chay va md hinh
dong chay bao quanh chan vit - banh lai tau thuy.

Khi tau thay hoat dong, véi dién tich mat tiép
xtc cua béanh 14i 1a ¢é dinh, khi d6 luc bé l4i chi phu
thuoc vao hai thong sé 1a van téc dong chay bao
quanh banh 14i va goc bé lai (ky hiéu o;). Van téc
dong chay bao quanh béanh l&i chinh 1a van téc dong
sau chan vit, phu thudc chat ché sé vong quay chan
vit (ky hiéu n;). Nhu vay, t6 hop chan vit - banh lai
(ni, 05) s& quyét dinh gia tri lyc bé 14i tau thuy (R).

Xay dung mo hinh nghién ciru va co sé toan
hoc: M6 hinh nghién ctu duoc xay dung chung va
phu hop tat ca tau thay, mé ta theo hinh 2.2.

Hinh 2.1. M hinh dong chay bao
guanh chan vit - banh lai tau thuy

Dau vio bai todn 2

- Thyc chat 1a thyc hién bai toan dong luc hoc ! - .
dong chay bao quanh chan vit tau thuy dé xac dinh l
cac dai lugng tai mat chuyén tiép, nhu: Van toc, ap 8 E

suét, cudng do réi,... day chinh la cac dai lwong dau
ra (bai toan 1). Qua mit (ving) chuyén tiép twong
tac gitra chan vit va banh 1ai, thi dai luong dic trung
du ra, chinh 1a dau vao bai toan dong chay bao
quanh banh 14i va anh huéng t6i hiéu qua bién doi
ning lugng dong chay thanh lyc bé 1ai (bai ton 2).

- Tuy nhién, tp trung nghién ctru tinh todn md
phong dai lugng van toc trung binh doc truc. Tr d6 Hinh 2.2. M4 hinh nghién citu “viing
dua ra khuyén céo viéc van hanh t6 hop (n;, o). chuyén tiép” chan vit - banh l4i
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Lién quan dén co s6 toan hoc cin cht y mot s phuong trinh co ban sau:
- Phuong trinh lién tuc, mé ta quy dao chuyén dong phan tir chat 1dng:

u, v, ow_ (2.1)
xtay a0
- Phuong trinh Navier - Stokes, mé ta chuyén dong phan tir chit 1ong:
v _= 1 vi (2.2)
—=F —=gradp+vAV '
dt > gradp+v;

Trong d6: V(u,v,w) - véc to van toc phan tir chat 1ong; F - luc khdi (N); p - khdi luong

riéng chét 1ong (kg/m®); v - hé s6 nhét dong hoc; P - ap suat (N/m?); A - toan tir Laplace.
- Phuong trinh xac dinh luc day chéan vit tau thuy cé dang:

c f [s}
T = pn’.D* Vo U Po—€ (2.3)
nD ) | pnD? ) | pn’D?

Trong dé: D - duong kinh chan vit (m); V, - van téc tau (knot, m/s); n - vong quay chan vit
(rpm); p - khéi lwong riéng caa chét 1ong; (po - €) - &p suat tinh trén truc chan vit (N/m?).

He s6 lye ddy: K —— 1 (.4); Hesdtibn: j_ Vo (2.5)
pn’.D* n.D
2 : nD? :
S6 Reynolds: rp =M (2.6); Bai toan thie
n
Hesémomenquay: K = 2 (27); ilB“f'c'-
N pn’.D°
Luc ddy c6 dang: T =K,pn®D* (2.8); Xay dyng mo hinh
Mo men quay:Q = K,pn’.D°  (2.8) bai toan nghién cou
Cong suat can thiét dé quay chan vit: ﬂBuéﬂ
_Qo_2my Dt 2.9) R E—
75 75 V& mo hinh, chia lvdi va
Hiéu sut lam viéc chan vit: ,, — K+ 3 thyre hién dt ditu kién bién
¥ ¥ : np =
Ko 27 €z
7 (2 10) ;j _E “ Bugc 3
bé thue hién tinh toan md phong trong lugn 3 ;
an st dung chuong trinh CFD v6i phan mém = J[ | Tih toan mé phong cdc gid ik
chuyén dung Fluent - Ansys va phuong phap sir  z 2| |Ap suit vin toc tung binh
dung 1a “thé tich hitu han”. 7| | doc truc, 46 nhot réi....
Xay dung quy trinh va phwong an thuc —
hign tinh toan mé phéng: Bude 2
- Xay dung quy trinh tinh todn mé phong: ¥
Thong qua chi ti€t 4 bude thyc hién theo hinh 2.3. Phan tich két qua mé phéng
. Lua chon s0 li¢u dong dang chén vit va banh (Hiéu chinh Iai mé hinh néu cin)
lai tr M/V TAN CANG FOUNDATION, thuc

hign xdy dyng ban v& 3D chan vit bang phan Hinh 2.3. Quy trinh thyc hién
mém Solidwork, theo ty s6 dong dang hinh hoc 1a tinh todn md phong
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k = 10. Déng thoi, chia lugi md hinh tinh toén, trién khai trén phin mém Workbench, két
qua nhan dugc va str dung 1a 1,4 tri€u 6 luédi (hinh 2.4). biéu kién bién: Pau vao 1a gia tri
van tdc duge tinh todn trude, ddu ra 1a ap suat tinh. Str dung k¥ thuat tinh todn md phong
dugc lya chon 1a (k - €) trong Fluent - Ansys.

- Phuong an thuc hién tinh toan moé phong cho 2 bai toan cu thé: Lya chon mé hinh
nghién ctru duoc dong dang vdi bai toan thuc theo tiéu chuan Froude.

Theo tiéu chudn nay, moé hinh nghién ciru va mé hinh thyuc goi 1a ddng dang véi nhau
khi cting s6 Froude, nghia 1 théa man diéu kién: E V ’ (2.11)

n Lg

Trong d6: L - chiéu dai dic trung, gi tri bang duong kinh chan vit D (m); g - gia tdc trong
truong, g = 9,8 m/s%; V - gid tri van toc (m/s).

2 2
Khi d6: V), V). wig=gn=0
gt D[ gm Dm
Vay vén toc va vong quay chan vit mo hinh 1a: = (n = 3 .
D,

H i Bautru | l

Canh

a b
Hinh 2.4. Két qu)él tinh toan moé phong: a) ban vé 3D chén)vjt; b) chia 6
lu6i trén canh va bau chan vit cia M/V TAN CANG FOUNDATION

Tir mé hinh nghién ctru theo hinh 2.2, sir dung 7 thong sé vong quay chan vit va van
téc thuc té twong ung cia M/V TAN CANG FOUNDATION, tién hanh tinh toan mo
phong tuong tac giira chan vit va banh 14i tau thay, cu thé cho 2 bai toan nhu sau:

Bai toan 1: Tlnh toan m6 phong, phan tich va lam o cac dai 1u0ng déc trung tai mat
chuyén tiép: Vén téc trung binh doc truc, cuong do ri, &p suat,... cho cac truong hop
twong g vdi s vong quay chan vit va van tdc thyc nhu sau:

ny={90; 100; 110; 120; 130; 140; 150}, (rpm).
(Vphr~{4,5;5,0;5,5; 6,0; 6,5, 7,0; 7,5}, (m/s).
Bai toan 2: Trén co so két qua nhan duogc cua bai toan 1, trong Gmg voi sb vong quay
chan vit va van tde thuc, voi goc bé lai o658 vi tri khac nhau
o = {0°% 5% 10% 15% 20° 25°% 30°% 35%
Nhu vay, tat ca 56 truong hop khac nhau dé xac dinh luc bé lai R; = f(n;, o). Tir
d6 phan tich, danh gia mbi quan hé giita van toc va vong quay chan vit dén luc bé l4i.
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Phén tich va danh gia két qua tinh todn md phong:

Str dung CFD v6i phan mém Fluent - Ansys, dé tinh todn mo phong timg truong hop
ctia bai toan 1. Két qua nhan duoc 1a van tdc doc truc tai mat chuyén tiép cua timg trudng
hop mo ta theo hinh 2.5.
1: Contours of Axial Vebsty v |

1: Contours of Axial Velodty v

L

Contours of Awial Velocity (mfs) Mar 08, 2016
ANSYS Fluent 15.0 (3d, pbns, ske)

b) n =100 rpm

L

1: Contours of Axial Velodty ~

%40
11340 b
ST

-A0%HD

Contours of Axial Velocity (mfs) Mar 08, 2016 Contours of Axial Velocity (m/s) Mar 08, 2016
ANSYS Fluent 15.0 (3d, pbns, ske) ANSYS Fluent 15.0 (3d, phns, ske)

c)n=110 rpm d) n =120 rpm

1: Contours of Axial Veloaty »

Contours of Adal Velacity (mis) Mar 08, 2016 Contours of Adal Velocity (mis) Mar 08, 2016
ANSYS Fluent 15.0 (3, phns, ske) ANSYS Fluent 15.0 (3d, phns, ske)

e) n =130 rpm g) n =140 rpm



1: Contours of Axial Velocity

356D
-4 2+

-4 564+

SR
£3HD
D5esm L
17540 3

S5+

Contours of Axial Velacity (m/s) Mar 08, 2016
ANSYS Fluent 15.0 (3d, pbns, ske)

) h)n=150 rpm o
Hinh 2.5. Két qua tinh toan md phong gia tri van toc doc truc tai mat chuyen tiep
Hon nitra, gia tri van toc bao quanh banh 1ai dugc xéac dinh theo cong thurc:

V= (Vp)t +(th )n (2.12)
Trong d6: (Vp )t - van téc thuc cua tau; (th )n - van téc trung binh tai mat chuyén tiép.

Tu lgét qua trong hinh 2.5, hoan toan tinh dugc gid tri van tbc trung binh doc truc tai
mat chuyén ticp, ket hop (2.12) dwa ra ket qua md ta trong bang 2.1.
Bang 2.1. Két qua tinh toan van toc doc truc bao quanh banh lai theo Fluent - Ansys

S6 vong quay Vin toc Vian téc trung binh | Van tée doc truc
TT chén vit thue ciia tau | tai mit chuyén tiép bao banh lai
(ny, (rpm) (Vp)y, (mfs) (Vio)n, (MV/s) V), (m/s)
1 90 45 1,42 5,92
2 100 5,0 1,64 6,64
3 110 55 1,72 7,22
4 120 6,0 1,90 7,90
5 130 6,5 2,10 8,60
6 140 7,0 2,52 9,52
7 150 7,5 2,70 10,02

Sau khi ¢6 két qua tinh toan mo6 phong chi tiét ciia bai toan 1, ti€p tuc tinh toan cho
bai toan 2, tirc 1a trudng hop dong chay bao quanh banh 1ai tau thuy. Tur d6 xac dinh lyc bé
1ai R twong ung duoc xac dinh theo cong thue: R =577AV sina (2.13)
Trong dé: o - goc bé 1ai; Ag - dién tich tham chiéu bénh 14, 6 gia trj Ag = 12 m? (theo hd
so tau M/V TAN CANG FOUNDATION); V - vén toc dong chay bao quanh banh lai.

Két qua tinh toan luc bé 14i R v&i cac t6 hop (n;, a;) theo (2.13), md ta tai bang 2.2.

Béng 2.2. Két qua tinh toan lyc bé 1ai R véi van tc V tinh theo Fluent - Ansys

Gia tri goc bé 14i a;

N[0T 5% [ 10° [ 15° | 20° | 25° | 30° | 35

rpnm
(rpm) Gia tri lwc bé 14i R

90 0 | 20641,69 | 41126,43 | 61298,5 | 81004,53 | 100094,7 | 118423,8 | 135852,6

100 0 | 25483,56 | 50773,37 | 75677,16 | 100005,6 | 123573,7 | 146202,2 | 167719,3
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110 0 | 30835,11 | 61435,78 | 91569,37 | 121006,8 | 149524,1 | 176904,7 | 202940,3
120 0 | 36696,33 | 73113,66 | 108975,1 | 144008,1 | 177946,1 | 210531,3 | 2415158
130 0 | 43067,22 | 85807,00 | 127894,4 | 169009,4 | 208839,5 | 247081,8 | 283445,5
140 0 | 49947,78 | 99515,80 | 148327,2 | 196010,9 | 2422044 | 286556,4 | 328729,7

150 0 | 57338,02 | 114240,1 | 170273,6 | 225012,6 | 278040,8 | 328955,1 | 377368,4
Tu bang 2.2 xay dung d0 thi quan hé lyc bé 14i R véi céc t6 hop (n;, o;), theo hinh 2.6.

RN RO
400000 =G bE Ei= 5
370000 & om0 oM —
320000 =100 rpm S =0 i3l b = 10
Zron L0 e b L e G bk B
220000 == 120 rpm
=0 Gic b k=10
170000 b B0 TOM 1o b e e e
120000 == 140 rpm ) G b Bl 5
70000 130rpm T —a—Gicbiki=2

20000 ol 04 . . T . T f

5 10 15 20 25 £ 35 40 00 1o 120 130 140 150 ——Gic béBi= 5
Hinh 2.6. D6 thi mo ta mbi quan hé gitra luc bé 1ai R véi cac to hop (n;, a;) khéc nhau

Phan tich két qua tir bang 2.3 va hinh 2.6, nhan xét rang:

- Po thi la duong thang tuyén tinh. Lyc bé l4i R ty 18 thuan véi t6 hop (nj, «;). Nghia
13, khi tang gia tri goc bé 1ai hodc gia tri vong quay, thi lyc be 1ai R cling tang theo;

- Cung gid tri vong quay chén vit, chang han n = 100 rpm, khi thay déi goc bé lai, thi
luc bé lai R cling thay déi va tang theo, cu thé:

Khi o® =5, g1a tri lyc bé 1ai R tang va dat 25483,65 N;

Khi o® = 10°, gia tri luc bé 14i R ting va dat 50773,37 N;
Khi o® = 15°, gia tri luc bé 14i R ting va dat 75677,16 N;
Khi o® = 20°, gia tri luc bé 14i R ting va dat 100005,6 N;

Khi o’ = 30° gla tri lyc bé 1ai R tang va dat 146202,2 N;

Khi o = 35°, gi4 tri luc bé 14i R ting Va dat 167719,3 N.

- Cung gié tri goc bé 14i, ching han o = 10°, khi thay ddi vong quay chan vit khac
nhau, thi lyc bé 14i R ciing thay ddi va ting theo, cu thé:

Khi n =90 rpm, gia tri lyc bé 1ai R tang va dat 41126,43 N;

Khi n= 100 rpm, gia tri lyc bé 14i R tang va dat 50773,37 N;

Khin =110 rpm, gia tri lyc bé lai R tang va dat 61435,78 N;

Khi n =120 rpm, gia tri lyc bé 1ai R tang va dat 73113,66 N;

Khi n =130 rpm, gia tri lyc bé 1ai R tang va dat 85807,00 N;

Khi n = 140 rpm, gia tri lyc bé lai R tang va dat 99515,80 N;

Khi n =150 rpm, gia tri luc bé lai R tang va dat 114240,10 N.

- Cung gia tri luc bé 1ai R, ¢6 thé c6 nhiéu t6 hop (n;, 0;) thoa méan, chang han:

Khi R =200.000 N, ¢6 ti 5 t6 hop (n;, 0;) thoa mén;

Khi R =250.000 N, ¢6 t6i 3 t& hop (n;, 0;) thoa mén.

0_
0_
0_
Khi o’ = 25°, gia tri luc bé 14i R ting va dat 123573,7 N;
0_
0_
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Nhu vay, co nhiéu t6 hop chan vit - banh 14i lwa chon phu hop, giap thuyén truong,
hoa tiéu didu dong tau, dic biét khi quan cac khu vuc nguy hiém trong luong hang hai.

Két luan chwong 2: Trong chuwong 2 luan an dat duoc cac két qua co ban sau:

- Xay dyng mo hinh nghién ctru va co sd toan hoc lién quan dé thyc hién tinh toan va
mo phdng su trong tac dong chay sau chan vit va banh lai tau thuy;

- Tinh toan mé phong su tuong tac dong chay sau chan vit va banh lai tau thay, ung
dung hi¢u qua CFD, dac biét voi ph?m mém Fluent - Ansys, nhan dugc cac dai luong dic
trung tai mat chuyén tiép, nhu: Van téc ap suét, cuong do rdi,..., dic biét tap trung nghién
ctru tinh toan m6 phong gia tri vén tc trung binh doc truc tai mat chuyén tiép tuong tmg
v6i cac truong hop s6 vong quay chan vit khac nhau.

- Tinh toan chi tiét Iyc bé lai R theo cac t6 hop (n, a;) v6i cac phuong 4n khac nhau
bang phuong phap mo phong (ky hi¢u Ry phong). Phén tich, danh gia va lya chon t6 hop
(i, o;) phut hop, gitp thuyén truong, hoa tiéu ty tin didu dong tau, dic biét qua khu vuc
tiém an nguy co tai nan hang hai, dam bao tau bam sét quy dao cho trude.

CHUONG 3. TINH TOAN MO PHONG TAC PONG CUA TO HQP CHAN VIT -
BANH LAI DEN PIEU KHIEN HUONG PI TAU THUY TREN TUYEN LUONG
HAI PHONG

Chuong 3 tap trung giai quyét cac vin dé sau: M6 hinh ludi dong; Xay dung md hinh
nghién ctru cho 4 khu vuc néu trén; Xay dung quy trinh tinh toan mé phong va thuc hién
tinh toan md phong tic dong cua t6 hop chén vit - banh 1ai dén quy dao chuyén dong tau
thay trén tuyen ludng; Phan tich va dénh gia két qua tinh toan mé phong, tir d6 dé xuat
phuong an diéu dong, dam bao an toan qua 4 khu vyc tiém 4n mit an toan hang hai.

Mo hinh lwéi dong: Hinh anh ludi chia lai
sau mdi budc thoi gian thay ddi, boi mdi budc
thoi gian vi tri tau thay doi, thi ludi phai duoc
tu dong chia lai va cac thong s6 dong luc hoc ':'
thay d6i theo. Diéu nay gitp khao sat quy dao
chuyen dong cua tau v6i diéu kién bién gan
thuc t& va chinh xac hon. Sir dung thuat toén
ludi dong thuoc Fluent - Ansys, két hop ngon
ngit lap trinh C++ dé thiét lap dic tinh cua vat e
thé, sau do6 bién dich va dua vao thu vién phan
mém dé tinh toan md phong (hinh 3.1).

Xay dung mo hinh nghién ctru cho 4 khu
vue I, 11, 111, 1V tuyén ludong Hai Phong:

M6 hinh nghién ctru dong dang véi mo
hinh thyc té khao sat cho 8 truong hop ciia 4 Hinh 3.1. Két qua md phong mé hinh
khu vuc trén tuyén ludng Hai Phong, theo  ludi dong truong hop 5 khu vuc 11
chiéu tir cang chinh Hai Phong (HPP) ra khu dén tré hoa tiéu (PS) va nguoc lai, cu thé:

Truong hop 1 (HPP1 — PS1) va truong hop 2 (PS1 — HPP1) ap dung khu vuc 1.

Trudng hop 3 (HPP2 — PS2) va trudng hop 4 (PS2 — HPP2) ap dung khu vuc II.

Trudong hop 5 (HPP3 — PS3) va truong hop 6 (PS3 — HPP3) ap dung khu vuc III.

Truong hop 7 (HPP4 — PS4) va trudng hop 8 (PS4 — HPP4) ap dung khu vuc IV.
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Trong lun an di xdy dyng mé hinh nghién ctru chi tiét ciia timg truong hop cua 4 khu
Ve voi cac tham s6 dau vao, du ra va tham sé bd sung, trong d6 ¢ xét téi anh hudng cua
dong chay, ké ca dong tir nhanh song va gi61 han khong xét to1 anh hudng cia song va gio.

Dong thoi, lya chon cc tham sb van tdc tau, sé vong quay chan vit theo M/V TAN
CANG FOUNDATION khi tau chd day tai (khi tau khong tai hay nira tai, thi quy trinh
thyuc hién tuong tw). Gié tri goc bé 1ai thay déi theo o = {- 5% - 10° - 15°, 0°, 5°, 10°, 15%.

Trong 8 truong hop gidi han cua 4 khu vyc I, 11, III va IV da phan tich trong chuong 1,
thi khu vyc III (twe 1a truong hop 5), tinh chat nguy hiém va phtrc tap hon ca, day 1a khu
vuc c6 xac suat tiém an nguy co tai nan hang hai cao nhét trén tuyén ludng (hinh 3.2).

| Bai tosn thuc t ]

£>;_ ‘a:: \\

Hinh 3.2. Xay dung m6 hinh nghién ctru cho trudng hop 5 cua khu vuc 111

Vi véy, tap trung tinh toan mé phong, phan tich, danh gia va lua chon t6 hop (n;, )
tdi wru cua truong hop 5 (goi la truong hop mau), sao cho quy dao chuyén dong tau bam
sat v6i quy dao mong mudn. Tir d6 dé xuat phuong an diéu dong tau qua khu vuc nguy
hiém nay. Bay truong hop con lai, quy trinh tinh toan mé phong, phén tich, danh gia va
Iia chon t& hop (i, a;) tdi wu, dwoc tién hanh thyc hién tuong ty trudng hop 5 va di duoc
trinh bay chi tiét trong luan an.

Xiy dung quy trinh va thue hi¢n tinh toAn md phéng tic dong ciia td hgp chan
vit - banh li dén quy dao chuyén dong tau thiy déi véi truong hop 5 khu vure I11:

Xay dung quy trinh tinh toan mé phong theo so @b khéi sau hinh 3.3.
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Bai todn thire

Xé&v dung md hinh
béi todn nghién cin
| VE&mb hinh va chia hréi Lip trinth file d&c tinh tan thuy
u béng ngén ngir C
Bt cic didu kaén bign che Bién dich va dwa véo bé heu ik (thr
trremg hop tinh tedn vién) clia chromg trinh CFD

Timh toan md pheng swr twong téc to hop
chén vit - bénh lii dén qui dao chuyén déng
cia tau thut rén tovén néng hing ha

Thay d3i goc b 1id vi wing quiy chiin wit

Phién tich két qui tinh toén m phéng

Hinh 3.3. So' d6 khdi quy trinh tinh toan mo phong
Tinh toan mo phoéng tac dong cia to hop chén vit - banh lai dén quy dao chuyen
dong tau thiy doi véi trueomg hop 5 khu viee ITL. Co thé chia thanh cac giai doan diéu
dong khac nhau, ky hiéu 1a BD; (i = 1 = n), di véi truong hop nay thin = 3.

Giai doan diéu dpng tiu DD,

Xét truong hop gitr nguyén van toc tau V, = 0,75 knots (vong quay chan vit khong
d6i), nhung gia tri goc bé lai a® thay déi. Két qua mé phong tinh toan quy dao chuyén
dong cua tau (vi tri thay doi cta tau) va thong sé dong luc hoc dong chay, theo cac bude
thoi gian khéc nhau t; (i = 1 = n), dugc mo ta tir hinh 3.4 dén hinh 3.9.

EiiEEEEEEENE
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o = @ ’
Hinh 3.4. K&t qua tinh todn md phong quy dao chuyen dong cia tau va van toc dong chay
tai thoi diém khac nhau t;, khi o® = 0% a) t; = 0,5s; b) t, = 2,5s; ¢) t3 = 6,55; d) t, = 9,5s.

o
e
08
-
-
0

<) . . d) ;
Hinh 3.5. I§ét qua tinh toan moé phong quy dao chuyén dong cua tau va van toc dong chay
tai thoi diém khac nhau t;, khi o = 5% a) t; = 0,5s; b) t, = 3,5s; ¢) t;3 = 6,75s; d) t, = 9,5s.

ANSYS

AXSYS

a) b) c)
Hinh 3.6. Két qua tinh toan m6 phong quy dao chuyén dong cta tau va van toc dong chay
tai thoi diém khac nhau t;, khi o® = 10% a) t, = 0,5s; b) t, = 2,5s; ) t; = 6,0s.
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Hinh 3.7. Két qua tinh todn m6 phong quy dao chuyén dong cta tau va vén toc dong chay
tai thoi diém khac nhau t;, khi «® = -10% @) t, = 0,5s; b) t, = 3,5s; ) t; = 5,0s.

a) b) c)
Hinh 3.8. Két qua tinh todn m6 phong quy dao chuyén dong cta tau va vén toc dong chay
tai thoi diém khac nhau t;, khi o = 15% @) t; = 0,5s; b) t, = 4,0s; C) t = 6,0s.

-
-
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a) b)
Hinh 3.9. Két qua tinh toan md phong quy dao chuyén dong cta tau va van toc dong chay
tai thoi diém khac nhau t;, khi o = -15% a) t, = 0,5s; b) t, = 3,5s.
Téng hop va phan tich két qua tinh toan mé phong tir hinh 3.4 dén 3.9 theo bang 3.1.
Bang 3.1. Téng hop két qua tinh toAn md phong quy dao chuyén dong cua tau thiy
G6c @’ | Theo buée thoi gian t; (i=1+n), (5) | Quy daochuyén dong tau thiy
o’ =-15% [t,; = 0,55 [t,=3,55 - - Khong bam quy dao cho trudc
o’ =-10° [t,=0,5s [t,=35s |t;=5,0s - Nhanh roi khoi quy dao cho trudc
Quy dao chuyén dong tau thuy
bam quy dao cho trudc, nhung
quan sat tir két qua mé phong cho
chu ky dao dong khong déu.

o®=-5° [t,;,=0,55 [t,=2,55 [tz=5,755 |t, =855
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Quy dao chuyén dong tau thuy
o°=0° [,=0,55 |t,=25s [t;=6,55 |t,=9,55 | bam sat qu§ dao cho trudc nhét. La
trudng hop tdi wru duoc lua chon.
o°=5" |t,=0,55 [t,=3,55 |t;=6,75s |t,=9,55 |Tuong ty nhu o = -5°
9=10° [t,=05s [t,=25s |t;=6,0s - Nhanh roi khoi quy dao cho trude
9=15° [t,=0,5s [t,=4,0s |t;=6,0s - Nhanh roi khoi quy dao cho trude
Giai dogn diéu djng tau PD, va DD;: Thuce hién tinh toan mé phong chi tiét tuong ty
truong hop DDy, gitt nguyén van tdc chuyen dong cua tau V¢ = 0,75 knots, thay doi gia tri
goc bé 14i a’. Trén co sd cin ctr thuc té qui dao cho trude ca tuyén ludng:
- Béi v6i DD, xét 2 truong hop o = -5° va o = -10°. So sanh két qua nhan dugc, thi
a® = -10° cho quy dao chuyén dong cua tau bam sat voi quy dao cho truée nhét, do d6
truong hop nay dugce lua chon;

- Béi V0’1 bb; xét 2 trudong hop o® = 0% va o° = 5° Phan tich va so séanh két qua nhan
duoc, thi o® = 0° cho quy dao chuyén dong cta tau bam sat v6i quy dao cho trude nhit, do
d6 truong hop nay dugce lya chon.

Tir két qua nhan duoc, tong hop cho ba giai doan diéu dong tau DDy, PP, va PD; cua
truong hop 5 khu vuc 111 m6 ta theo bang 3.2 va hinh 3.10.

Bang 3.2. Tong hop céc t6 hop chan vit - banh l4i toi wu cua trudng hop 5 khu vuc 111

Giai doan PP, T6 hop toi wu (n;, o) K¢ét qua nhan dwoc
- 0 2
ggl (1(1101?prngm ( SO)O)) Quy dao chuyén dong cua tau thuy
p) -\ , , ~ , £
PD, (110 rpm - 0°) bam sat quy dao cho trude nhat.

Dé xuit phwong dn diéu dpng tau trong trwong hop 5 khu viee III-

Khuyén céo phuong an diéu dong tau cho hoa tiéu va thuyén truong theo 3 giai doan:

- Ttr vi tri hién tai cua tau & DBl va thoi gian hién tai da biét ty, van tde tau 1a Vt 75
knots (n = 110 rpm), hudng di biét trudce, dua ra khdu 1énh voi goc bé 14i ban dau o = O0
va thay tha 14i giit on dinh trén huéng di nay. Khi tau chay dugc khoang thoi gian At =2
phut, tuong ung quang duong S = 0,3
hai 1y, tau dén vi tai DD,.

- TU vi tri hién tai cua tau &
bb,, gitt nguyén s6 vong quay chan \
vit, dua ra khau Iénh véi goc bé lai |
ban dau tiép theo o = -10° va thay et I
thu 1ai giit On dinh trén huéng di nay. [ L. |/ 5
Khi tau chay duoc khoang thoi gian f TN pp;
At = 1,5 phlt twong ing quing duong '
S~ 0,25 hai ly, d&n vi tri tai DD, ‘

- T vi tri tau hién tai &6 BDs, gilr /'\
nguyén sb vong quay chén vit, dua ra AN
khiu 1énh véi goc bé 1ai ban dau tiép a=0° L
theo o = 0°. Tau tiép tuc chay véi '
hudéng di da dinh va ra khéi khu vuc .
an toan, hanh trinh trén tuyén ludng Hinh 3.10. Tong hop vi tri cua tau theo goc be
Hai Phong theo ké hoach. lai o° tai DDy, PP, va PP ciia truong hop 5

[ Qui dao mong muodn ‘

pb,
N7
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Phin tich két qud tinh todn mé phéng va dé xudt phwong dn diéu dong tau qua cdc
truwong hop con lai ciia khu vue I, I, 1V theo hinh 3.11.

P g— Quif da0 mong mubn

b,

Quy dao mong muon

c) d)

N
Qu¥ dao mong mudn i
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Quf dao mong muon

Hinh 3.11. Két qua tong hop vi tri tau bam quy dao mong mudn véi cac td hop tdi wu
(n;, o), theo thir tur a, b, ¢, d, e, g va h 1a cac truong hop 1, 2, 3, 4, 6 va 7 ciia cac khu vuec.

Két luan chwong 3: Céc két qua co ban dat dugc cu thé sau:

- Tur nghién ciru khao sat thyc té, da xay dung mé hinh nghién ciru thyc té tai 4 khu
vic tiém an nguy co tai nan hang hai trén tuyén ludng hang hai Hai Phong;

- X4y dyng quy trinh tinh toan mé phong cho tirng trudng hop véi to hop chan vit va
banh 14i khac nhau biang CFD vé6i phan mém Fluent - Ansys. Dic biét 13 tinh toan md
phong md hinh chia ludi dong dong dang véi tau M/V TAN CANG FOUDATION theo
bude thdi gian thue trong 8 trudng hop cua 4 khu vuc trén tuyén ludng Hai Phong;

- Tinh to4n mé phong tic dong cua t6 hop chan vit - banh 14i &én quy dao chuyén
dong tau thuy trong 8 trudng hop cia 4 khu vuc trén tuyén ludng Hai Phong. Phan tich,
danh gia va lya chon t6 hop chan vit - banh l4i t6i wu ddi véi timg truong hop. Tur do, deé
xudt phuong an diéu dong tau qua cac khu vuc nay phi hop nhét, dam bao quy dao chuyén
dong that clia tau bam sat voi quy dao cho trudce cua tuyén ludng Hai Phong.

CHUONG 4. NGHIEN CUU THUC NGHIEM: _
PHAN TICH, SO SANH VA PANH GIA KET QUA

Chuong 4 thyc hién nghién ctru thuc nghiém dé kiém ching két qua co ban dat dwoc
trong chuwong 2 va chuong 3 cta luan an, cy thé nhu sau:

Doi véi thiét ké va ché tao hé thong thi nghiém: Trong luan 4n dd mo ta hd so chi
tiét quy trinh, thiét ké, ché tao va bd tri thiét bi cua hé théng, nhu:

- Thiét ké va ché tao mot sb thiét bj chinh cua hé théng, gém: Bé chira nudc tuan
hoan; Phan din dong trong bé; Khung nang hé thong; Banh li; Chan vit; Budng quan sat;

- Xay dung va bd tri thiét bi do Iuc bé 1ai R; Thiét bi do van toc trung binh dong chay
tai mat chuyén tiép chan vit - banh Iai; Hé truc, chan vit, hop s va dong co dan dong.

- Da xay dung quy trinh van hanh va danh gia wu nhuge diém hé thong thi nghiém;

- Hé thong thi nghiém sau khi thiét ké va ché tao mo ta theo hinh 4.1. Hé thong dwoc
Hoi ddng Khoa hoc chuyén nganh d4nh gia theo Quyét dinh s61482/QD-DPHHHVN ngay
11/8/2017 cua Hiéu truéng Truong Pai hoc Hang hai Viét Nam va Hoi ddng KHCN cép
B6 GTVT danh gia nghiém thu ngay 07/11/2017 theo Quyét dinh sé 2890/QD-BGTVT
ctia BO truong Bo GTVT véi két qua xép loai A (xuét sic). Hon nita, mot phan két qua
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nghién ciru chinh cua hé thong cong bé trén Ky yéu Hoi nghi Khoa hoc Quéc té chuyén
nganh va dat giai Nhat theo ti€u chuan cao nhat cua cdng trinh khoa hoc xuét sac, tai Dien
dan Hoi nghi khoa hoc Quoc té cac truong Pai hoc Hang hai va Nghe ca Chau A, 11/2017.

Huong quansat

Té hop din déng chan vit

Buéng quan sat

Hinh 4.1. Tong thé h¢ thong thi nghiém sau khi duoc thlet ké va che tao
Phin tich, so sanh va danh gia két qua nghién ctru thwc nghié¢m:
S6 liéu dau vao quy doi theo tiéu chuan dong dang Froude. Sir dung 7 thong s van
hanh vong quay chén vit V& vén toc twong tmg ciia M/V TAN CANG FOUNDATION la:
={90; 100; 110; 120; 130; 140; 150}, (rpm).
(Vp)t~{45 5,0; 5,5; 6,0; 6,5; 7,0; 7,5}, (m/s).
Phan tich, ddnh gid va so sanh két qud nghién civu trén hé thong thi nghiém:
- Chuong 2 da tinh toan m6 phong dai luong dac trung van tdc doc truc trung binh tai
mat chuyen tlep, tlr d6 tinh toan cu thé dai luong luc bé 1a1 tau thity, goi 1a Ring phong-
- Mit khac, str dung cong thire thue nghiém dugc qudc té thira nhan sau:
Vthu’c nghiém =1 3(Vp)t (4 1)
Cong thtrc (4.1) ap dung ddi véi tau ¢6 01 chan vit dat thing goc voi truc banh 14i
trong mat phing truc doc tau (phu hop v6i M/V TAN CANG FOUNDATION), két hop
v6i (2.22), tinh dugc lyc bé 1ai theo cong thirc thye nghiém (Rye nghiem) theo bang 4.1.
Bang 4.1. Két qua tinh toan luc bé 1ai thyc nghiém Rinye neniem t0 Vinye nehiem

Gi4 tri goc bé lai g;
(r;‘r;]) 0] 5° [ 10° | 18° [ 20° | 258° [ 30° [ 3%°
Gia tri ll.l’c bé lai (Rthu'c nghiém)
90 0 | 20888,68 | 41618,54 62031,98 81973,81 101292,41 | 119840,80 | 137478,2
100 0 | 26032,43 | 5182,640 77307,13 102159,56 | 126235,28 | 149351,17 | 171331,7
110 0 | 31136,99 | 62037,25 92465,85 122191,48 | 150987,97 | 178636,63 | 204927,1
120 0 | 37166,79 | 74051,01 110372,22 | 145854,36 | 180227,46 | 213230,42 | 2446122
130 0 | 43831,72 | 87330,20 130164,70 | 172009,56 | 212546,70 | 251467,86 | 288477,1
140 0 | 52253,06 | 104108,80 | 155173,07 | 205057,56 | 253383,06 | 299782,08 | 343901,8
150 0 | 58925,84 | 117403,67 | 174988,87 | 231243,72 | 285740,39 | 338064,60 | 387818,6

- Hon nua dé xac dinh duoc luc bé 1ai trén hé thong thi nghiém (goi 1a Ry neniem) theo
hinh 4.1, can xé4c dinh gia tri van toc thi nghiém trung binh dong chay bao quanh banh lai
theo phuong doc tryc trén hé¢ thong (goi 1a Vi nghiem). Thuc hién do dac truc tiép trén hé
thong thi nghiém thanh phan vén tdc trung binh tai bé mat chuyén tiép, s& nhan duoc két
qua cu thé. Tur d6 hoan toan tinh dugc gid tri luc bé 141 Ry nghiem theo bang 4.2.
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Bang 4.2. Két qua tinh todn lyc be 14i thi nghiém Ry nghiem th€0 Vini nhiem

Gia tri goc bé 1di g,
(r;l;]rin) 0] 5° [ 10° | 15° | 20° | 25° | 30° | 3%
Gia tri ll.l’C bé lai (Rthi nghiém)
120 0 | 36152,20 | 72029,23 | 112514,6 | 141870,0 | 175302,1 | 207400,1 | 237919,5
130 | O | 4247924 | 84635,15 | 132205,9 | 166698,9 | 205982,0 | 243697,5 | 279558,0
140 | 0 | 49207,17 | 98039,78 | 153144,8 | 193100,9 | 238605,7 | 282294,6 | 323834,8
150 | O | 56196,27 | 111964,8 | 174896,6 | 220527,8 | 272495,9 | 322390,1 | 369830,4

Tir két ‘qua nhan duoc theo bang 2.2 (chuong 2), bang 4.1 va bang 4.2, thyc hién xay
dung cac d0 thi so sanh gia tri lyc bé 1ai duoc thyc hién theo 3 phuong phap: Ris phong;
Rihye nghiém va Ry nghiém tuong ng voi cac to hop (n;, 0;) khéc nhau. Chang han, hinh 4.2 mo
ta dd thi so sanh céc gia tri lyc bé 14i Ry phongs Rite nghiem V& Rinf nghiem KNI N =150 rpm.

Phan tich, danh gia, so Rr\.
nhét khi n = 150 rpm va __1 SRS RSN L
o = 35° 1 t6 hop 16n nht. R ; AR o
£ L, . , 2 , 3':‘]:‘:0 +7 ___TJ_I_I_J.J_I_I_LJ.J_I_LL LlJdd
Poi voi cac to hop khac i T I
hoan toan phan tich, danh 250000 tr SRR LER ST 14
gia va so sanh tuong tu. 200000 1+ T R EERCT P bd
- D6 thi mo ta gia tri oo Liiiiii Ldd-
luc bé 14i theo hinh 4.2 dang ; LT P
duong thing va ty 1¢ thuan 100000 737mmr i zsifane ey soeres ik
voi gid uf o DO thi gid U] s AT L o
Rmucngmemnémphiatréndé 0 et R I
bt ot 1 20 hy B 05 o Is 5
thlnghlemr | —+—Fmo phas —=— Tftoy ngim —=— Thivgiem |

- Ba duong dd thi nay
rat gan nhau. Khi goc bé lai Hinh 4.2. B thi danh gla so sanh gia tri Ryg phong:

ting dan (rd nhat tir o = 20° Rihue nghiems Rini nghiem VO o? khac nhau, khi n = 150 rpm.
trg 18n), thi xuat hién su chénh 1éch, nhung rd rang sy chénh léch nay khéng qué nhiéu.

Cu thé: Cung c4c gia tri n = 150 rpm va o = 35°, nhung gié tri R chénh 1éch nhau 1a:
- Rug phong = 387818,6 N - 377368,4 N = 10450,2 N.

R= Rthuc nghiém

Ty 1¢ chénh léch gitra Riyye nghiem V& Ring phong - R% = M x100% = 2,69% -
387818,6 N
R = Ripe nghiem ~ R nghiom = 387818,6 N - 369830,4 N = 17988,2 N.
A LA 1AL e 5 ) 17988,2 N
TY 1e chénh 1CCh giua Rthuc nghiém va Rthi nghiém- Rfo=——— ><100% = 4,64% .
387818,6 N
R = R phong = Rihi ngniem = 377368,4 N - 369830,4 N = 7538,0 N.
Ty 1 chénh Iéch giita Rug prong V& Rt ngrien: R% — 2002 N__ 10006 ~ 206 -
387818,6 N

RO rang voi ty 16 chénh 1éch bién thién tir 2% + 4,64% theo 3 phuong phap khac
nhau, thi vi€c nghién ctru thyc nghiém dadm bao do tin cdy cao. Dong thoi da ki€ém chung
két qua tinh toan mo6 phdong trong chuong 2, chuong 3 cua luin 4n va dam bao d6 tin cdy.
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Phén tich, danh gid, so sanh két qua nghién ciru thuc dia tuyén luong Hdi Phong:

Chuong 3 dua ra két qua ndi bat 14 tinh toan mo phong quy dao chuyén dong tau thuy
tai 8 truong hop khac nhau cua 4 khu vuc (I, 11, 11, 1V) tiém an nhiéu nguy co mat an toan
hang hai trén tuyén ludng Hai Phong. Tur do, da phan tich, danh gia va lya chon cac t6 hop
(n;, o) tdi uru, sao cho quy dao chuyén dong tau bam sat quy dao cho trude.

Dé kiém chung két qua nay NCS cung nhém cong sy da tryc tlep nghién ctru thyc dia
tuyén ludng Hai Phong tai 3 thoi diém (thang 12/2015, thang 5/2016 va thang 7/2017) trén
M/V TAN CANG FOUNDATION, khi tau hanh trinh trén tuyén ludng Hai Phong. Phéan
tich, d4nh gia va so sanh quy dao chuyén dong cho trudc véi quy dao chuyén dong that
cua tau. Cu thé xét truong hop 5 khu vuc 111, déy la truong hop déc trung nhit.

Ghi lai vét chuyen dong that cua tau M/V TAN CANG FOUDATION tai khu vyc IlI.
Dua viao vét chuyén dong that ciia tau dé lai qua cac khu vyc khao sét trén tuyén ludng, két
hop hé thdng phao, tiéu bao hiéu hang hai, tir d6 giéi han cho phép xdy dung duoc quy
dao thuc cua tau.

Pdng thoi ghi lai 1énh diéu dong trén tau do hoa tiéu dua ra voi khoang thoi gian qua
mdt phan nguy hiém nhit cua khu vyc nay tir 12 gio 45 phit dén 12 gio 50 phat ngay
15/7/2017, chi tiét theo bang 4.3.

Bang 4.3. Téng hop cac 1énh diéu dong ghi lai trén budng 14i khi qua khu vuc 1T

Thoi Vi tri tau Huéng | Vong Goc Vién Ghi chd
gian hién tai di HT | quay bé lai toc
12h45 | Giita cdp phao GVOC o_beo fai T.}iuy; thu' ldi va
0 110 data =0 gitt on dinh trén
27-32 140 rpom | Dao  dong 78 huéng di dit goc
12h46 | (img v6i Db,) quanh o° = 0° bé 14i ndy.

Chinh _ngang Thuc hién bé Thiy thu Idi thay
phao dan vao 0 110 0 a0 do6i hudng di moi,
12h47 | . P 120 lai o = 10°| 7,5 . e 2 .
kénh Céi Trap rpm ®) va gitt on dinh
(ung véi BDy) hudng di nay.
Dao  dong Thity th 14i ir
12hag | OiFacapphao | 4 00 | 110} st | 7,6 | Sidm Ve ST (P)va
25-30 rpm 0 _ a0 gitt on dinh trén
a =10 (P) . S
hudng di nay.
Gitra cap phao 110 Chuyén goc ng tléu()%al étlu fg
12h49 | HN7 - HN8 | 082° bé lai | 7,5 | §AMYVE L VA&
rpm on dinh  trén

a’=0°

(ing véi DD3) hudng di nay .

Tur két qua theo bang 4.3, thuc hién so sanh vadi két qua nhan dugc trong bang 3.3 va
dé xuat phuong an diéu dong tau ciia truong hop 5 trong chuong 3, nhan xét rang:

- Két qua khao sat, nghién ctru thyc dia gan vai két qua tinh toan md phong, tir do lwa
chon t6 hop (n;, o;) trong chuong 3, dong thoi cing théa man voi dé xuat phuong an diéu
dong tau qua khu vie tiém an nhleu nguy co mat an toan hang hai trong chuong 3;

- Dbi voi cac truong hop khac thyc hién twong tu nhu trudng hop 5 cua khu vye I11.

Nhu vy, téng hop cac qua trinh nghién ctru thuc dia tai khu vurc, xdy dung dugc quy
dao chuyén dong that cua tau, dugc mo ta theo hinh 4.3 va rit ra két ludn ring:
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- Két qua nghién ctru  thye &
nghiém quy dao chuyén dong that AP
lubn xu hudng bam sat quy dao cho
trudc ca tau va phit hop véi két qua
tinh toAn mé phong trong chuong 3;

- Viéc nghién ctru thye nghiém
da kiém ching dugc két qua nghién
ctru dt ra, nhung con han ché trong
viée dénh gia sai s6 quy dao theo
tinh toan md phong va quy dao
chuyén dong that ciia tau. Dicu nay
khoé thuc hién, bdi vi cd su gidi han
diéu kién bién, din dén chua hoan
toan twong thich diéu kién bién gitra
tinh toan md phong va diéu kién
thuc nghiém thyc té tuyén ludng.

Két luan chwong 4: Tap trung
nghién ctru thyc nghiém véi Kkét qua co ban dat dugc nhu sau:

- Thiét ké va ché tao thir nghiém hé thdng danh gi4 tic dong t6 hop chan vit - banh l4i
tau thay. Tién hanh thi nghiém gia tri van tde doc truc tai mat chuyén tiép thong qua dai
lwong trung gian lyc bé 14i tau thiy. Két qua thi nghiém dugc so sanh, phén tich va danh
gid vdi cac phuong phap khac nhau va dam bao d6 tin cdy.

- Thyc hién nghién ctru thyc dia trén tuyén 1u6ng Hai Phong nhiéu lan, trén tau M/V
TAN CANG FOUNDATION, dé kiém chtng két qua chinh trong Cchuong 3. Theo két qua
dat dugc khi nghién ctru thyc dia ndy, gidi han tai cac khu vuc tiém an nhiéu nguy co tai
nan hang hai, da phan tich, danh gia va so sanh voi két qua chinh dat dwoc trong chuwong 3.
Tu d6 rat ra két luan réng: Céc t6 hop chan vit - banh lai tdi wu duge lua chon cho tung
truong hop va phuong an dé xuat didu dong tau bam theo quy dao cho trudc hoan toan phu
hop va théa man véi két qua nghién ctru thuc dia.

Qu &0 chuyen 8ing thit cua tin A

dudmg =26t din)

Hinh 4.3. Banh gi4, so sdnh quy ‘dao ch}lyén doéng
that (nét dut) va quy dao cho truée (nét lien) cua tau

KET LUAN VA KIEN NGHI
1. KET LUAN:
Bang cac phuong phap nghién ctru da thyc hién, dé tai luan 4n da dat duoc muc dich
nghién ctru dit ra, v6i cac két qua cy thé nhu sau:

1.1. Hé thdng hda co s& Iy luan tuyén ludng hang hai Hai Phong va to hop tuong tac
chan vit - banh l4i tau thily. Dac biét khao sat, phan tich va danh gia dic diém cua 4 khu
vuc (I, 11, 111, IV) tiém an nhiéu nguy co tai nan hang hai trén tuyén luéng Hai Phong. Tir
két qua nay, da xay dung md hinh nghién cau thuc té tai 4 khu vuc néu trén.

1.2. Xay dung quy trinh nghién ciru, tng dung CFD dé tinh toan md phong su tuong
tac dong chay sau chan vit voi banh l4i tau thay néi chung va ap dung cho dbi _tuong
nghién ciru cu thé cua luan an, nhan duoc cac dai luong dic trung tai mat chuyén tiép, dic
biét tap trung nghién ctru tinh toan mé phong gia tri van téc trung bmh doc truc tai mat
chuyén tiép véi cac t6 hop (n;, a;) khac nhau. Phan tich va danh gia mdi quan hé chit ché
giita gié tri trung gian luc bé 13i R theo t6 hop (n;, a;) twong tmg bang phuong mé phong.
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1.3. Xay dung md hinh lu6i dong dbi véi vat thé chuyén dong trong chét long noi
chung va &p dung cu thé theo sb liéu cua M/V TAN CANG FOUNDATION. Tinh toan
mo phong su tuong tac t6 hop chan vit - banh lai dén diéu khlen huéng di tau thuy trén
tuyén luong Hai Phong cho 8 trueong hop cua 4 khu vuc tiém an nhiéu nguy co tai nan
hang hai. Tt d6 lua chon t6i uu t6 hgp twong téc chén vit - banh lai cua tung truong hop.
Trén co s nay, dé xuit phuong 4n didu dong tau tdi wru, nham khuyén céo hoa tiéu, thuyén
truéng cha dong, tu tin dan tau bam theo quy dao cho truéc, khi tau hanh trinh qua cac
khu vyc tiém an nguy co mét an toan hang hai trén tuyén luong Hai Phong.

1.4. Thiét ké, ché tao thr nghiém va xay dung quy trinh van hanh hé thong thi
nghi¢m, dé kiém ching cu thé két qua tinh toan m6 phong sw twong téc t6 hop chan vit -
banh lai tau thuy. H¢ thong thi nghiém khong chi giai quyét van dé nghién ctu cia luan
an, ma con c6 thé mo rong cho van dé nghién caru khac lién quan dén linh vuc hang hai.

Hon nira, d&& 1am ndi bat két qua cuaa luan &n, mot phan két qua nghién ctru co ban
trong luan an da dugc NCS két hop chit ché voéi Van @& nghién ciru cua dé tai KHCN cap
Bo Giao thong van tai, ma NCS la mét trong nhirng thanh vién chinh tham gia thuc hién.

1.5. Xay dung quy trinh nghién ctu thuc nghiém, kiém chiing két qua dat duoc cua
luan &n, cu thé: Tién hanh thi nghiém trén hé thong thi nghiém va nghién ciru thue dia
tuyén ludng Hai Phong, trén tau M/V TAN CANG FOUNDATION. Tir két qua nhan duoc
theo thyc nghiém, thyc hién so sanh, phan tich va danh gia véi Kkét qua tinh toan moé phong
thuc hién trong cac chwong 2 va chwong 3 ctia ludn 4n va rat ra két luan rang:

- Céc két qua tinh toan md phong ma nghién ctru sinh thuc hién trong chuong 2 da
duogc kiém ching va dam bao d9 tin cdy;

- Cac t6 ‘hop chan vit - banh lai dugce lwa chon ti wu cho timg truong hop va phuong
4n dé xuit diéu dong tau bam theo quy dao cho trudc tai 4 khu vuc tiém an nguy co mét an
toan hang hai trong chuong 3, hoan toan phu hop va thda mén.

2. KIEN NGHI

Kién nghi ctia luan 4n ciing chinh 1a nhirng vin dé can quan tdm trong huéng nghién
ctru tiép theo, cu thé:

2.1. P xay dyng co s& khoa hoc va quy trinh tinh toan chung 4p dung cho tuyén
ludng Hai Phong, nhung viéc tinh toan m6 phong va nghién ctru thyc nghiém gisi han tai
4 khu vyc tiém 4n nhiéu nguy co mat an toan hang hai, ma chua thé hién chi tiét toan bo
tuyen ludng Hai Phong. Vi vdy, trong diéu kién cho phép va co thé trong cac nghién ctru
tiép theo, sé tiép tuc thuc hién trén cac khu vire con lai cua tuyén ludng.

2.2. Mac du tirng b phéan, ting thiét bi trong hé thong thi nghiém duoc thiét ké va
ché tao di c6 chung nhan vé do chinh xac thiét bj ciia nha san xuit, hon nira, hé théng
dugc Hoi dong Khoa hoc chuyén nganh danh gia va Hoi dong KHCN cap Bo Giao thong
van tai nghiém thu danh gia loai A (xuat sic), nhung ca hé thong chua dugc danh gia vé
d6 chinh xac. Tuy nhién, két qua nghién ctru thi nghiém trén hé thong khong anh huong,
bdi vi ludn an sir dung phuong phap tiép can 1a phan tich, danh gid va so sanh két qua theo
cac phuong phap khac nhau: Két qua tinh toan md phong, két qua theo cong thic thue
nghiém vai két qua nghién ctru thi nghiém, tir d6 rat ra két luan vé sy chénh léch két qua
theo ba cach khac nhau.

2.3. Trong diéu kién cho phép, tac gia tiép tuc nghién ciru timg budce cai thién mot sb
han ché ctia hé thong thiét k& va ché tao, ddng thoi md rong cho nhiéu bai toan nghién ciru
thue nghiém khéac cua chuyén nganh trén hé thong thi nghi¢m nay.
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