MO PAU

1. Tinh cép thiét caa dé tai luan an

Hai Phong 1a thanh phé trong diém kinh té phia Bic, ctra ngd quéc té
thong ra thay cua ving kinh té phia Bac. Khu vuc cang bién Hai Phong 13 mot
trong ba khu vuc cang bién 16n nhat Viét Nam, 1a diu mbi luu théng hang hoa
chinh ctua khu vyc Mién Bic bang duong bién. Trong quy hoach hé thdng
cang bién cta Viét Nam dén nam 2020 tim nhin dén nam 2030, cang bién Hai
Phong 13 hé thong cang tong hop qudc gia va cira ngd qubc té, lugng hang hoa
thong qua cang bién Hai Phong du kién dat 120 triéu tAn/nim dén nam 2020
[39, 66].

Tong khéi luong hang thong qua cang nim 2015 dat 73 triéu tan, nim
2016 14 81 triéu tan, dy bao nim 2017 luong hang hoa thong qua cang 1a 91
triéu tin, hang ndm trung binh ting khoang 11%. Hién tai trung binh mdi
ngay khoang 50 lugt tau thuy ra vao cap cau cang Hai Phong, ¢6 thoi diém 70
lrot tau thuy ra vao cang [33].

Hon nira, viéc diéu khién tau bién ra vao tuyén luong hang hai Hai
Phong do hoa tiéu, thuyén trusng dam nhan. Do dic diém cua tuyén ludng
hang hai Hai Phong 1a tuyén ludng mét chiéu c6 ga tranh, giéi han van téc
chay tau, kha nang quay tro hep, nhiéu doan hep, nhiéu khtc quanh co, nhiéu
Khu vuc ndng can cuc bo,...

Mt khéc, tuyén luong hang hai Hai Phong c6 nhiéu khu vuc gip nhau
ctia cac nhanh song kha phirc tap, voi dic diém thuy triéu va dong chay siét
tai khu vuc do, tai nan hang hai chu yéu do méc can va dam va thuong xuyén
xay ra. Trung binh khoang 11 vu tai nan tau bién trong mot nam [33], cO
nhimg vu dic biét nghiém trong, gy ton that 16n vé& ngudi va tai san. Hau hét
cac vu tai nan xay ra 1a do nguoi diéu khién tau. Mot trong nhiing nguyén

nhan co ban trong quéa trinh diéu khién tau, 1a do sy twong tac cua td hop chan



vit - banh 14i tai thuc dia trén tuyén ludng chua phu hop. Boi vi, viée diéu
khién hudng chuyén dong bam theo quy dao cho trudc caa tau thay chinh 1a
diéu khién t6 hop tuong tac giita chan vit va banh lai, sao cho luc bé lai tac
dong trén banh 14i ¢ tirng thoi diém 1a phi hop nhat.

Vi vay, nguoi didu khién tau bién hiéu rd quy dao chuyén dong thuc té
cho truéc (hay quy dao téi uu/quy dao mong muébn), do sau caa ludng, van
téc tau, van dé an toan hang hai, dic diém khi twong thiy van,... caa tuyén
ludng hang hai Hai Phong. V&i mdi loai tau thuy, muac d6 tai trong khac nhau,
thong s6 tuyén luong tai thoi diém hién tai, s& anh huong truc tiép va rat lon
dén viéc diéu khién tau theo phuong 4n nao cho ph hop nhat hay téi wu.

Lién quan dén linh vuc nghién ctru cta dé tai luan 4n o trong nudc va
nudc ngoai, cé thé ké dén mot sé cong trinh sau:

Tinh hinh nghién cizu trén thé gidi lién quan dén dé tai lugn an

- Nam 2001, cong trinh khoa hoc cua nhom nghién ctru A.V.Pustoshny,
S.V. Kaprantsev [43], thuoc Vién nghién cuu tau thuy Krylov tai St.
Petersburg, Lién bang Nga, di nghién ctu vé dong luc hoc chan vit, cac yéu
t6 anh huong toi dong luc hoc chan vit tau thay. Cong trinh da thiét lap cac
mo hinh toan, tinh toan va phan tich tac dong cua dong luc hoc chan vit, ciing
nhu cc yéu té co ban anh huéng dén dong luc hoc chan vit, c6 xét dén hién
tuwong xam thuc trong mot s6 ché do didu dong tau.

- Nam 2003, nhom nghién ctu Shreenaath Natarajan, B.Tech [61], tai
Truong Pai hoc Texas cia My, da cong bd két qua nghién ctu vé md phong
s6 su twong tac gitra chan vit va banh 1ai,... Cong trinh nghién ctu caa nhém
tac gia s dung phuong phap “Mullti block” dé gan két bai toan dong chay
qua chén vit va bao quanh banh lai.

- Nam 2004, tac gia Da Qing Li tai Truong DPai hoc Cong nghé
Chalmers, Thuy Dién [46]: “Investigation on propeller - rudder interaction by
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numerical methods” da nghién ctru vé sy tuong tac chan vit va banh lai, tinh
toan mo phong theo phuong phap sé.

- Nam 2009, nhom nghién ciru Han. J, Kong. D, Kim. Y, and Lew. J,
tai Hoi nghi quéc té thuong nién tau thuy Taejon, Han Quéc [50], da nghién
ctru, phan tich sy twong tac chin vit va banh 14i tau thiy v6i su thay do6i cua
g6c bé lai khac nhau.

- Nam 2010, nhém nghién ctru Phillips A. B, Turnock S. R and Furlong
M. E, tai Vién khoa hoc tau thuy [42, 59], Truong DPai hoc Southampton,
Vuong qubc Anh, d3 nghién ctru va céng bd mot s6 két qua lién quan dén su
tuong tac chan vit va banh lai, tinh toan mé phdng theo phuong phap RANS.

- Nam 2010, nhom nghién ctu Karsten Hochkirch, FutureShip,
Potsdam (Lién bang Btc) va Benoit Mallol, Numeca, Brussels (Vuong qudc
Bi), da dua cong b két qua ang dung CFD dé nghién ctiu su tuong tac chan
vit - banh lai tau thuy.

- Nam 2015 nhém nghién ctu géom Andrea Di Mascio, Giulio
Dubbioso, Roberto Muscari, Mario Felli [44], da ing dung chuong trinh CFD
dé phan tich su twong tac chan vit va banh lai tau thuy. Két qua nghién cau
duoc bao cdo tai Hoi nghi quéc té & Hawaii, My.

Hon nira, da c6 tac gia hoac nhom tac gia khac [45, 47, 51, 54, 55, 56,
62] thuoc cac Vién nghién ciru tau thay, Truong dai hoc,... dd cong b cong
trinh nghién ctu lién quan dén: Tinh toAn mod phong sy tuong tac chan vit va
banh lai tau thuy; twong tac chan vit, banh lai va than tau thuay; tac dong cua
dong luc hoc dong chay bao chan vit va tuong tac banh lai; tng dung chuong
trinh CFD d¢é giai quyét mot s6 van dé nghién cau,. ..

Tur két qua da cong bd cua cac cong trinh, nhan xét rang:

Cac két qua nghién ciru mang tinh chat chuyén sau va doc lap vé chan
vit, vé banh lai, hoic vé tuong tac chan vit - banh l4i tau thay. Nghién ctu

sinh (NCS) chua thay két qua nghién ctu cia cong trinh di cong bd, c6 su
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gan két cua to hop chan vit - banh 14i véi viéc diéu khién huéng chuyén dong
tau thay, dé tim ra nhitng t6 hop sé vong quay chan vit - géc bé banh 14i, dam
bao quy dao chuyén dong that cua tau bam quy dao mong muén cho trudc.

Tinh hinh nghién cizu trong niede lién quan dén dé tai lugn an

O trong nudc, dién hinh tai Truong Pai hoc Hang hai Viét Nam,
Truong Pai hoc Bach khoa Ha Noi, Truong Dai hoc Bach khoa thanh phd Hb
Chi Minh, Truong Pai hoc Nha Trang, Truong Pai hoc M6 - Dia chat, Vién
Khoa hoc Cong nghé tau thuy, Vién khoa hoc Thuy loi Viét Nam,... mot s6
tac gia nghién ciru va cong bd cac dé tai lién quan:

- Cac tac gia thuoc Truong DPai hoc Bach khoa Ha N6i nhu GS. TSKH.
Vii Duy Quang, PGS. TS. L& Quang va nhém nghién ctu [17],... di cong bd
hang loat két qua va tinh toan dong luc hoc dong chay, dién hinh vé van dé
xac dinh lyc can tau.

- GS. TS. Nguyén Thé Mich, PGS. TS. Truong Viét Anh cling nhém
nghién ctu [21] di co nhitng két qua tng dung CFD cho cac bai todn may
thay luc canh din nhu bom, tua bin, chan vit tau thay nhung chuyén sau vé
hién tugng xam thuc.

- Nhom tac gia Tran Ngoc Phong, Téng Duy Tan, Vii Cong Hoa,
Truong Pai hoc Béach khoa thanh phé Ho Chi Minh [26], da cong bé mot s6
md hinh tinh todn dong luc hoc luu chéat st dung phan mém Fluent va
Gambit, tng dung chu yéu trong chuyén nganh co k¥ thuat.

- Nam 2015 nhém nghién ciu Lé Quang, Pham Thi Thanh Huong,
Ngb Van Hé cua Truong Pai hoc Bach khoa Ha Noi [17], da cong bd két qua
lién quan dén thuc nghiém va tng dung CFD trong khai thac tau thay nham
giam tiéu hao nhién ligu.

- Nam 2016 nhom nghién cttu Nguyén Vian Thinh, Nguyén Vin Giap,
Triéu Hung Truong, Trudong Pai hoc Mo - Pia chat Ha Noi [22] da ang dung
CED d¢é tinh todn mé phong tac dong dong chay trong hé thdng turbine.



- TS. Vi Van Duy cung nhom nghién cuu, thuéc Truong Pai hoc Hang
hai Viét Nam [28, 29, 30] da cong bé mot sé két qua vé dong luc hoc dong
chay bao, xdm thuc canh dan, tinh toan mo phong dong chay bao quanh tau
thaty, ng dung chuong trinh CED d¢é tinh toan mé phong, ...

Tir két qua cong b cua cac cong trinh, nhan xét rang:

Hau hét cac két qua nghién cau dung lai & viéc nghién ciu ting phan,
nghién ctu ly thuyét, nghién cau md phong sé, tng dung CFD dé tinh toan
mo6 phong,... Hién tai, nghién cau sinh chua thay két qua nghién ctu chuyén
sau cua cong trinh khoa hoc, thé hién sy gan két tir viéc dong luc hoc chan vit
- banh l4i dén dic tinh diéu khién huéng chuyén dong cua tau thuy. Hon nita,
lai gan chat ch& véi pham vi nghién cau cu thé 1a “Tuyén luong hang hai Hai
Phong”, nén dé tai luan an khéng trung vai bat ky cong trinh nghién cau c6
lién quan da cong bd trude do.

Mt khéc, voi diac diém cac tuyén ludng hang hai co ban khac nhau,
riéng tuyén ludng hang hai Hai Phong véi cac dac diém néu trén, thi viéc
nghién ciru dé dua ra nhiing t6 hop s6 vong quay chan vit - géc quay banh lai
t6i wu, cang tro 18n quan trong, sao cho chuyén dong cua tau thily bam gan
qu¥ dao cho trudc.

TOom lai: Xuat phat tir nhitng 1y do da phan tich cu thé néu trén, Véi
mong mudn dam bao an toan hang hai cho tau thuy khi diéu dong trén tuyén
ludng hang hai Hai Phong, chinh la diéu khién t6 hop tuong tac gita chan vit
va banh l4i. Nghién ctu sinh di nghién ctiu va thuc hién dé tai luan an tién si:
“Nghién citu tdc déng cua té hop chan vit - banh ldi dén diéu khién hudng di
tau thay trén tuyén luong Hdi Phong”.

Nhu vay, ban chat cot 16i cia diéu khién huéng chuyén dong tau thuy,
chinh 1a viéc dua ra cac t6 hop chan vit (twong ung vai sd vong quay n) -
banh 14i (twong wng véi goc bé 1ai o), hay 1a toé hop (n;, a;), dam bao tdi wu,

sao cho quy dao chuyén dong that cua tau bam sat quy dao cho truée.



Vén dé nay luén mang tinh cap thiét, khdng chi dbi véi hoa tiéu, thuyén
truong, ma con d6i voi cang vu hang hai, co quan diéu hanh, quan ly cang,
cac t6 chuc, doanh nghiép, chu tau,... trong linh vuc khai thac hang hai.

2. Muc dich nghién ciru caa luan an

Nghién ctru tac dong cua to hop chan vit - banh lai dén diéu khién
huéng di tau thay trén tuyén ludng hang hai Hai Phong, gop phan dam bao an
toan hang hai.

3. P6i twong va pham vi nghién ciru cia luan an

Doi twong nghién ciu:

- Nghién ctru tac dong cua td hop chan vit - banh 1ai dén diéu khién
huéng chuyén dong tau thay, bam theo quy dao cho trudc trén tuyén ludng
hang hai Hai Phong;

- Nghién ctru sinh lya chon va sir dung tau container M/V TAN CANG
FOUDATION, trong tai 7040 MT, c¢6 01 chan vit véi chiéu quay chan vit la
chiéu phai dé tién hanh thuc nghiém.

Pham vi nghién cuu:

- Ap dung trén tuyén luong hang hai Hai Phong, trong d6 chi tap trung
vao cac khu vuc tiém an nhiéu nguy co mat an toan hang hai. Bong thoi gioi
han xét anh hudng cua dong chay (dong triéu), cac yéu té anh hudng khac dén
tau thiry khong xét dén;

- Tau thuy véi trong tai twong duong khoang 7.000 MT, c6 01 chéan vit
va chiéu quay chan vit 1a chiéu phai.

4. Phwong phap nghién ctru caa luin an

Phuong phap nghién ciu ly thuyét két hop nghién cau thuc nghiém, dé
lam noi bat tinh khoa hoc va tinh thyc tién cta van dé can giai quyét.

Nghién cizu ly thuyét:

- Nghién cau tong quan tuyén ludng hang hai Hai Phong va co sé Iy

luan t hop tuong tac chan vit - banh 14i tau thay;



- Nghién ctru dong luc hoc dong chay sau chan vit va twong tac voi
banh lai tau thuy;

- Nghién ctru xdy dung mé hinh toan, quy trinh tinh toan, tinh toan mé
phong sé quy dao chuyén dong tau thuy twong (ng véi cac to hop tuong tac
chan vit - banh lai khac nhau.

Ung dung chwong trinh CFD, véi phan mém chuyén dung Fluent -
Ansys trong qué trinh tinh todn md phong dé giai quyét van dé dit ra.

Nghién ciu thuc nghiém:

Nghién cau thuc nghiém, gdm: Tién hanh nghién cau trén hé thong thi
nghiém két hop vai nghién cau truc tiép thuc té tai thuc dia tuyén ludng hang
hai Hai Phong, dé kiém chiing két qua nghién cau cia dé tai luan an dit ra.

5. 'Y nghia khoa hoc va thue tién ciia luin 4n

Y nghia khoa hoc ciia ludn dn:

- Xay dyng co sé khoa hoc vé md hinh nghién ciu va md hinh chia
lu6i dong cua van dé nghién ctu. Vai két qua nghién ciu dat duoc gop phan
hoan thién mot phan co so ly luan lién quan dén van dé nghién ctu va co
nhitng déng gop nhat dinh cho khoa hoc chuyén nganh hang hai;

- Pua ra phuong phap luan vé xay dung quy trinh tinh toan mé phong
su twong tac ciia té hop chan vit - banh 1ai dén diéu khién huéng chuyén dong
tau thiy néi chung. Trén co sé d6 ap dung cho ddi twong va pham vi nghién
ctru cy thé cua luan an. Tir 4o, lya chon phuong an diéu khién huéng chuyén
dong cua tau thay téi wu, nghia 1a quy dao chuyén dong thuc cuia tau thuy bam
sat quy dao cho trudc cua tuyén ludng.

Y nghia thiee tién cia ludn an:

- Két hop chit ché co so khoa hoc 1y thuyét dic thu lién quan dén khoa
hoc chuyén nganh hang hai véi thuc tién hang hai;

- Két qua nghién cau c6 thé xay dung thanh ho so dir liéu, nham cap

nhat chung loai tau, tinh trang tai trong, tinh trang tuyén ludng, tinh trang hé



théng diéu khién (thdng sé hién tai cua chan vit, banh 14i),... Tir d6, tinh toan
va md phong, lua chon dé dua ra phuong an diéu khién twong tng vai cac vi
tri trén tuyén ludng tdi wu nhat, dic biét cac khu vyc tiém an nhiéu nguy co
mét an toan hang hai. Nghia 1a dua ra phuong 4n diéu dong tau téi vu dé
khuyén céo hoa tiéu, thuyén truong 1am chi qua trinh diéu khién loai tau do,
g6p phan dam bao an toan hang hai trén tuyén ludng hang hai Hai Phong;

- Trén co s& nay ¢ thé ma rong ap dung cho céc tuyén ludng hang hai
khac, gop phan dam bao an toan hang hai, dic biét khi tau thay doi hudng di
tai mot s6 diém c6 nguy co mat an toan hang hai cao, khuc cua gap, ...
6. Nhitng diém doéng gép méi caa luan an
6.1. Vé mat Iy lu@n (phwong phdp s6):

- Xay dung mé hinh nghién ctu va tinh toan mdé phong su tuong tac
chan vit - banh l4i tau thuy noi chung. Pua ra cac thong s6 dong luc hoc, dién
hinh 1a gia tri van toc trung binh doc truc tai mat chuyén tiép vai cac té hop sb
vong quay chan vit va gac bé lai (n;, o;), theo sé liéu caa M/V TAN CANG
FOUNDATION,;

- Xay dung mo hinh ludi dong cho dbi twong vat thé chuyén dong trong
moi trudng chat long. T d6 ap dung cu thé cho tau M/V TAN CANG
FOUNDATION, dé¢ xay dung quy dao chuyén dong tdi wu theo cac to hop
(i, a;) twong &ng trén tuyén ludng hang hai Hai Phong.

6.2. Vé thuc tién khoa hec chuyén nganh hang hdi:

- Xay dyng md hinh nghién cau thuc té tai 4 khu vyc tiém an nhiéu nguy
co tai nan hang hai trén tuyén ludng Hai Phong. Bong thoi xay dung quy trinh
tinh toén, tinh toan mo phong tac dong cua t6 hop chan vit - banh lai dén quy
dao chuyén dong tau thuy cho timg md hinh nghién ctu thyc té, ing véi to
hop chan vit - banh lai khac nhau;

- Lua chon va dua ra céc t6 hop chan vit - banh 14i toi wu tai cac khu vuc

tiém an nhiéu nguy co tai nan hang hai trén tuyén luong Hai Phong. Tur do, dé



Xuit cu thé phuong an diéu dong tau thay, nhiam khuyén cao hoa tiéu va

thuyén treong cha déng dan tau an toan qua cac khu vuc nay;

- Thiét ké va ché tao thir nghiém hé thdng thi nghiém, dé kiém chang két
qua tinh todn md phong su tuong tac to hop chan vit - banh lai, thdng qua gia
tri van tc trung binh doc truc tai mat chuyén tiép. Mat khac, dua ra két qua
tong hop sau nhiéu 1an nghién ctu khao sat va di thyc té trén tau M/V TAN
CANG FOUNDATION tai thuc dia tuyén ludong Hai Phong, dé phan tich,
danh gia, so sanh va kiém chiing phan két qua bam theo quy dao chuyén dong
cho truéc cua tuyén ludng.

7. Két cau caa luan an

Két cau cua dé tai luan an gom cac phan thu ty sau:

- Phan m¢ dau;

- Phan noi dung (gom 4 chirong);

- Phan két luan va kién nghi:

- Danh muc céc cong trinh khoa hoc di cong bé lién quan dén dé tai

luan &n tién st;

- Tai liéu tham khao;

- Phan phu luc (gom 5 phu luc).

Trong phan noi dung caa luan an duoc chia thanh 4 chuong nhu sau:

Chuong 1. Tong quan vé tuyén ludng hang hai Hai Phong va co sd 1y
luan t6 hop chan vit - banh I4i tau thuy.

Chuong 2. Tinh toan mé phong dong luc hoc dong chay sau chan vit va
tuong tac banh lai tau thuy

Chuong 3. Tinh toan md phong tac dong cua to hop chan vit - banh lai
dén diéu khién hudng di tau thay trén tuyén ludng Hai Phong

Chuong 4. Nghién ctru thyc nghiém: Phan tich, so sanh va dénh gia két

qua.



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

1.1. Téng quan vé tuyén luéng hang hai Hai Phong
1.1.1. Phén tich dic diém tuyén luong hang hdi Hai Phong

Tuyén ludng Hai Phong (hinh 1.1) c6 tong chiéu dai khoang 72,5 km,
gém cac doan luéng: Lach Huyén, Ha Nam, Bach Dﬁng, Song Cam, Vat
Céch, Pha Rung va Nam Tri¢u.

Dic diém dia 1y tu nhién tuyén ludng hang hai Hai Phong gdm nhiéu
khtc cong, khic cua gap, co nhiéu khu vuc giao voi nhanh song, nhiéu khu
vuc ndng can cuc bd. Hé théng lu?)ng ra, vao cang bién Hai Phong chua duoc
cai tao déng bo. Poan luéng Nam Tri€u thuong xuyén bi sa boi 1éng, doan
luéng dén cang Vat Cach hep, hanh trinh qua cau Binh, d6 siu cua cac doan

ludong nay khong dam bao cho tau c¢& 16n ra vao cang. Vi vdy, hién nay tau

thity ra, vao cang bién Hai Phong chu yéu tip trung qua ludng Lach Huyén,
kénh Ha Nam [33].

Hinh 1.1. Téng quan toan bd tuyén ludng hang hai Hai Phong
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Téng thé tuyén ludng hang hai Hai Phong kha hep, duoc thiét ké mot
chiéu c6 ga tranh, nhiéu khu vuc khéng thé tranh, vugt nhau duoc va mot sb
khu vuc gi6i han van toc 8 knots. Mat d6 tau thily tap trung vao thoi gian gio
nuée 16n trong ngdy, dan t6i to chire thuc hién diéu tiét tau thiy ra, vao cang
gip nhiéu kho khan va ludn tiém an nguy co mét an toan hang hai.

Bang 1.1 mo ta chi tiét cac thong s thiét ké cua tuyén ludng hang hai
Hai Phong [33].

Bang 1.1. Thong s6 thiét ké tuyén luéng hang hai Hai Phong

Théng s6 ludng thiét ké Ban kinh
Tén doan luong Dai Rong | D)sau | Mai cong
(km) (m) (m) doc | nho nhat
Hai Phong 72.1 - - - -
Poan Lach Huyén 17.7 100 -7,2 0/1
Poan kénh Ha Nam 5.9 80 -7,0 1/7 1300
Poan Bach Déng 8.8 80 -7,0 0/1 1050
Poan Song Cam 10.6 80 -5,5 0/1 925
tu nhién
Poan Vat Cach 9.7 60 555
(_ 316)

DPoan Nam Triéu 19.4 100 -4,5 0/1 1000
Vung quay tr¢ trudce

s T R=130m -7,0 0/1
cang Dinh Vii
Vung quay tr¢ tau ha

=4 y, ' R=110m -55 0/1
luu cang Cam
Vun uay tro tau

s R=110m -55 0/1
trude cang Hai Phong

(Ngudn: Cang vu Hang hai Hai Phong, 2017)
Do anh hudng bai sa bdi, dd sau cua toan tuyén ludng Hai Phong con
han ché, khong dong déu, bé ngang ludng chay tau hep va thuong xuyén xut

hién mot s6 dai can cuc bd trén mot s6 khu vuc cua tuyén ludng, han ché tdi
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viéc diéu dong tau thiy hang ngay. Van toc sa boi, bdi lap, sat 16 dién ra
nhanh va nghiém trong, dac biét, & mot sb vi tri nhu: Pau phia Pong, phia
Tay kénh dao Ha Nam, khu vuc phia ddi dién véi dén Aryo va khu vuc gan
thuong luu cang Cam. Dic biét 1a vao thoi ky tac dong cua nudce 1ii, song boi,
gay kho khan cho ké hoach khai thac ciia chu tau, cht hang va dai 1y hang hai.

Tur két qua nhan duoc trong bang 1.1, xay dung dd thi mo ta do sau cua

cac doan ludng trén tuyén ludng Hai Phong, theo hinh 1.2.

7.5 - Lach Huyén;

7, Bach Ping; 7

?'_
6,5 -

6 -

5,5 - Séng Cam; 5,5

5 4

45 - Nam Triéu; 4,5

4 -

35 - ét CéCh; 3,6

3 T T T T T T |
0 1 2 3 4 5 6 7

Hinh 1.2. D6 sau thiét ké ctia cac doan ludng trén tuyén ludng Hai Phong

Tuy nhién, hién tai do sau thuc té cic doan ludng trén tuyén ludng Hai
Phong tinh dén thang 12/2017, duoc mé ta chi tiét trong bang 1.2 [33, 34].
Bang 1.2. P sau cac doan ludng trén tuyén ludong Hai Phong dén 12/2017

TT Tén doan ludong P§ sau (m)
1 Poan lué)ng Lach Huyén -6,7
2 Poan luong (kénh) Ha Nam -7,0
3 Poan luong Bach Pang -7,0
4 Poan lué)ng song Cam -56+-70
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5 Poan 1u6ng Vat Cach - 3,6
6 Poan luéng Pha Rung -21+-3,6
7 Poan luéng Nam Triéu -08+-20

(Nguon: Bao d¢am an toan hang hai Mién Béc, Cang vu Hang hai Hai Phong, 2017)

Tir két qua nhan duoc trong cac bang 1.1, bang 1.2 va hinh 1.2, nhan
xét rang;

- Pbi voi tau bién trong tai 16n ra vao cang Hai Phong chi hanh trinh
qua nhitng doan luéng co6 do sau dam bao, nhu: Poan luéng Lach Huy¢n,
kénh Ha Nam, Bach Dﬁng, song Cam.

- Vé6i nhing tau thuy trong tai nho, tau bién pha song,... c6 mén nudc
nho, nén hanh trinh qua nhitng doan ludng do sau nhé hon.

Ché d¢ thuay triéu [27, 33, 66]: La khu vuc c¢6 ché do nhat tridu thuan
khiét, trong thang c6 khoang 25 ngay c6 mot 1an nudc 16n, mot 1an nude rong.
Bién d6 thuy triéu kha déu, do 1on thay tridu khoang 3,5 m. Muc nudc cao
nhat do duoc 13 4,21 m (22/10/1985) va thap nhét 1a (-) 0,30 m (02/02/1991).
Thay triéu tai khu viuc Hai Phong twong dbi déu, bién d6i c¢6 quy luat, hau
nhu khong ¢6 su cuc by xay ra.

Dong chay trén ludng Hai Phong chiu anh hudng truc tiép tir dong tridu
(dong do hién tuong dang 1én va rat di cta thuy tridu). Vao mua mua lii, nude
lii tir cac song Cau, song Thuong, séong Luc Nam, séong Hong qua song
Pudng, song Ludc chay vé, dudi sy tuong tac ciia dong triéu, nude bi don ép
& pha triéu 1én va tao 1én véan téc dong chay 16n & pha triéu xudng. Vé mua
déng, dong chay anh hudng tryc tiép tir muc nudc thuy tridu va yéu té dia
hinh déy, tic dong tir song, gi6 1a khong dang ké. Tac dong ciia dong chay
siét va lién tuc Vi dia hinh ludng quanh co, nhiéu khac cong gap, khu vuc
giao nhau véi cac nhanh song, di anh huong khong nho dén hoat dong hanh
hai trong khu vuc. Pay ciing 1a mot trong cac yéu t6 gy nén nhiéu tai nan, sy

cO hang hai xay ra tai khu vuc nay.
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Trong ndm séng thuy khu vuc Hai Phong c6 do cao 16n tap trung vao
thang 8 va thang 9. Trong mua gié Pong Béc, d6 cao song khong 16n do duoc
dao Cat Ba che chin. Cac song 16n nhat quan tric duoc trong mua nay chi
xuit hién ¢ hudng Nam (S), Pong Nam (SE). Song véi cac huéng Pong (E),
Pong Nam (SE), va Nam (S) gdy nguy hiém nhat véi khu vuc ctra thuy Nam
Triéu va Lach Huyén. Tuy nhién, tdc dong cua song khong anh hudng nhiéu
dén hoat dong hang hai cua tau thily trén tuyén ludong Hai Phong.

1.1.2. Hé théng phao, tiéu bdo higu hang hdi va hé théng bdo dim an toan
héng hdi trén tuyén luong hang hdi Hai Phong

Hé théng ludng hang hai duoc lip dit cac trang thiét bi, phao tiéu bao
hiéu hang hai theo tiéu chuan Viét Nam va Qudc té, dap tng yéu cau dam bao
an toan cho tau thay ra, vao khu vuc cang bién Hai Phong an toan 24/24 gio
trong ngay.

Toan tuyén luong hang hai Hai Phong [34], gom 169 bao hiéu hang hai
cac loai, trong d6 c6 45 tiéu khac nhau duoc chia ra thanh cac doan mo ta

theo hinh 1.3, cu thé nhu sau:

Hinh 1.3. Hé théng phao, tiéu bao hiéu ludng hang hai Hai Phong
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Poan luo”‘ng Lach Huyén: Bé rong luéng 100 m, cao do - 7,2 m, mai

ddc 1:15, chiéu dai 16,8 m, ¢6 téng sb 34 bao hiéu cac loai.

Hinh 1.4. Hé théng phao, tiéu bao hi¢u doan luéng Nam Triéu va Lach Huyén
DPoan lu(;ng Nam Triéu: Bé rong luéng 100 m, cao dd - 2,4 m, mai ddc

1:15, chiéu dai 19,1 km, téng sb 25 bao hiéu céc loai.

Hinh 1.5. Hé thong phao, tiéu bao hi¢u doan ludng kénh Ha Nam
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Poan luong Kénh Ha Nam: Bé rong ludng 80 m, cao d6 - 7,0 m, mai
ddc 1:15, chiéu dai 7,3km, téng s6 28 bao hiéu cac loai.

Hinh 1.6. Hé théng phao, tiéu bao hiéu doan ludng Bach Pang va Song Cam

Poan luéng Bach Pang: Bé rong ludng 80 m, cao d6 - 7,0 m, mai doc
1:15, chiéu dai 8,0km, téng s6 29 b4o hiéu céc loai.

DPoan luo”‘ng Song Céam: Bé rong luéng 80 m, cao d6 - 4,5 m, mai doc
1:10, chiéu dai 10,4 km, téng s6 27 bao hiéu céc loai.

Poan luéng Vit Cdch: Bé rong ludng 60 m, cao d6 - 3,7, mai déc 1:10,
chiéu dai 8,1 km, téng s6 26 bao hiéu céc loai.

Cé4c hé thong tro gitip bao dam an toan hang hai khac: Hé thong dai
thong tin duyén hai Hai Phong, hé thong AIS, hé théng GMDSS,...

Dbi voi hé théng VTS ludng hang hai Hai Phong dugc xay dung phu
hop véi cac quy dinh cia T6 chire Hang hai Thé gisi (IMO), cac khuyén céo
ciia IALA cac quy dinh qudc té khac, nham muc dich ning cao do an toan va
hiéu qua cua giao thong hanh hai trén cac ludng va ving nuée thude khu vue
quan 1y cta Cang vu Hang hai Hai Phong, giam thiéu cac tau bi mic can, ddm

va va t01 thiéu hoa nguy co doi véi cac thiet bi hang hai.
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Hé thong VTS gdm: 01 trung tdm VTS dit tai tru s& cang vu Hang hai

Hai Phong, 02 tram radar, trong do: 01 tram tai Pai di¢n cang vu Hang hai
Hai Phong tai dao Cat Hai (tram Cat Hai), 1 tram dat tai thuong luu cang Hai
An (tram Hai An), thiét bi radar, camera CCTV, thiét bj thu AIS (co tich hop
GPS), thiét bi do van téc, hudng gi6 va cac may lién lac VHF duoc lép dat tai
mdi tram trong ca 2 tram radar trén.
1.1.3. Diic diém hogt dpng hang hdi tuyén lusng hang hdai Hdi Phong

Tuyén luong hang hai tir ngoai phao s6 0 di vao cac bén cang nam siu
trong dat lién, truéc hét 1a cang ctra ngd quoc té Hai Phong dang duoc xay
dung ¢ phia Nam cira Lach Huyén, tiép theo 1a cic bén cang tai khu cong
nghiép Pinh Vi, trén song Bach Pang va cudi cung 1a cac bén cang doc theo
bo song Cam dén tan cang Vat Cach.

SO luot tau va phuong tién thuy ndi dia hoat dong tai khu vuc cang bién
Hai Phong rat 16n, cu thé [33, 66]:

- Nam 2012 c¢6 15.328 luot tau thuy, ndm 2013 c6 16.841 luot tau thuy,
nam 2014 c6 17.653 luot tau thay, nam 2015 1a 18.260 lugt tau thiy, nam
2016 dat gan 20.000 luot tau thity, nim 2017 dat 22.170 lugt tau thuy.

- Hang ngay c6 hang nghin luot tau, thuyén nhoé qua ludng ra, vao cac
cang, bén thuy nodi dia nhu: Chinfon, Hoang Thach, Pién Céng, Phiic Son,
Lam Thach,...

Véi tuyén ludng hep, mat do giao thong thily rat cao, hon nita viéc chéap
hanh luat phap hang hai ctia mot s6 cht phuong tién thuy ndi dja chua nghiém
tdc, hién tuong phuong tién thuy nodi dja 1an chiém ludng hodc hanh trinh cat
hudng, cat ludng tau thiy, tiém 4n nguy co xay ra tai nan hang hai [37, 38].

Dic biét, ddi v6i doan luéng Lach Huy¢n, mat do tau thuy ra vao cang
Hai Phong chu yéu, trung binh mdi ngdy c6 khoang trén 50 luogt tau thiy ra
vao doan ludng. Hon nira, ddy 13 ludng chay tau mot chiéu, c6 chiéu dai 16,8

km (tir Iy trinh km 0 dén km 16 + 800), bé rong ludng 13 100 m. Theo binh do
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d6 sau ludng Hai Phong ty 1& 1/2.000 (thang 02/2017) phuc vu thong bao
hang hai cho thay cao do day ludng pho bién trong khoang - 6.8 mHD dén -
9.0 mHD, chu yéu bdi ling vé hai bién ludng. Trén doan ludng dugc bd tri 22
phao bao hiéu bién ludng (khong bao gdm phao “0”), khoang cach giita cac
cap phao khoang 1 hai ly.

Kénh Ha Nam ciing 1a ludng mét chiéu, cac tau thiy roi cang sau khi
qua kénh Ha Nam thuong phai tranh nhau vdi tau vao cang trudc khi qua
kénh, trén doan ludng Lach Huyén. Piéu nay 1lam cho mat do tau thuyén trén
ludng Lach Huyén vao thoi diém nudc 16n mat do dong, tiém an nguy co cao
gdy mat an toan giao thong, an toan hang hai. Thoi diém c6 mat d6 giao thong
hang hai cao khoang 5 gid cta thuy triéu cao hang ngay. Trén doan ludng nay,
tau thay thuong hanh trinh v6i van tdc 10n, khoang tir 10 - 15 knots.

Hang ngay, c6 nhiéu tau khach cao toc chay tuyén Hai Phong - Cat Ba
va nguoc lai tham gia giao thong trén luong Lach Huyén gay anh huong cho
hoat dong cua céc tau thuy.

Hoat dong cua tau thuyén neo chd vao cang hodc tranh bio: Tai khu
neo dau Bén Got thuong xuyén co tau 16n neo dau chd vao cang lam hang
hodc chuyén tai. Khi giap giong 16c hodc gio bio d& bi trdi neo va dap vao
nhau, doi khi chan ngang luong hang hai giy ach tac ludng.

Hinh 1.7 m6 ta huéng dan hoat dong hang hai qua kénh Ha Nam.
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1.1.4. Phén tich dic diém mét sé6 khu vuc tiém an nhiéu nguy co tai nan
hang hdi trén tuyén luéng Hdi Phong

Trén doc tuyén ludng hang hai Hai Phong, ton tai nhiéu khu vuc tiém
an nguy co tai nan hang hai xay ra. Dé phén tich va 1am ndi bat cac khu vuc
nay, trong chuong ndy nghién ctru sinh phan tich cu thé 4 khu vyc tiém an
nhiéu nguy co tai nan hang hai.

Nghién ctru sinh da thong ké, tong hop va phan tich tinh hinh tai nan
hang hai trong giai doan tir 2012 - 2017, trén co s& cac sb lidu chinh thuc tir
bao cao tai nan hang hai ctia Cuc Hang hai Viét Nam trong cac nam va béo
c4o s liéu tai nan hang hai tai ving nudc cang bién Hai Phong ctia Cang vu
Hang hai Hai Phong, dugc mé ta theo bang 1.3 [32, 33, 66].

Bang 1.3. S liéu théng ké loai va s6 vu tai nan hang hai

tai ving nudc cang bién Hai Phong tir ndm 2011 dén nam 2017.

Loaitainan | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
Pam va 03 05 01 01 0 01
Va cham 02 02 04 03 02 01
Mac can 04 02 01 02 01 0
Chim dim 01 04 01 02 01 01
Chay no6 0 03 01 0 01 0
Khéc 02 03 03 02 0 03
Tong so 12 19 11 10 5 7

(Ngudn: Cyc Hang hai Viét Nam, Cang vu Hang hai Hai Phong, 2017)

Trén co s& so do tong thé ludng Hai Phong theo hinh 1.1, c4c binh d6

s6 VN4HP003, VN4HP005, VN4HP007, VN4HP008 ctia Tong cong ty Bao
dam An toan Hang hai Mién Bac [34] va cac binh do IA cua B tu 1énh Hai
quan [36]. Nghién ctru sinh di nghién ciru, tong hop, phén tich va danh gia 4
khu vuc nguy hiém, theo sb tht tu tir cang chinh Hai Phong dén phao dau

ludng (phao s6 0) trén tuyén ludng hang hai Hai Phong [60], nhu sau:
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- Khu vuc I: Pugc mo ta theo hinh 1.8, 1a khu vuc giao nhau ctia sdng
Cam va song Rudt Lon. Pay 1a khu vuc rat hep, c6 nhiéu bai bdi phia gan cta
song Rudt Lon, mot bén 1a hé thdng cau cang chinh Hai Phong. Do sau cua
ludng rat hep, hai bén mép so véi tim ludng, do sdu bién d6i phirc tap va han
ché. Hon nita, tau thuyén nho, phuong tién thay, thuong xuyén chay cat
ngang tir song Rudt Lon vao séng Cam va nguoc lai. Rat d& gay nguy co va

cham vdi tau thuy dang nam trong cau cang, hoac bi mac can phia bd song

~ Quy dao mong muébn

b)
Hinh 1.8. Khu vuc | - tiém an nguy co mat an toan hang hai:
a) TUr binh d6 s6 VN4HP007, b) M6 phong theo phan mém chuyén dung

- Khu vuece II: Pugc mo ta theo hinh 1.9, 1a khu vuc giao nhau cua sGng
Cam va song Bach Pang. Pay 1a khu vuc ¢6 nhiéu bii boi phia gan cira sdng
Bach Dé“mg. Mat d6 tau va phuong tién thuy hoat dong day dac, tinh cht tham
gia giao thong thuy phtc tap, phuong tién thuy d6i hudéng, cit huéng thuong
xuyén xay ra va khong tuan thi quy tic nghiém tic. Van téc dong chay 2 - 3
knots. Khi thily triéu dang, ludn c6 xu huéng day hudng chuyén dong cia tau
sang phia bo Thay Nguyén. Vi vy, nguy co méc can va ddm va kha cao tai

khu vuc nay.
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b)
Hinh 1.9. Khu vuc Il - tiém an nguy co mat an toan hang hai:
a) Tur binh d6 s6 VN4HP005, b) M6 phong theo phan mém chuyén dung
- Khu vuc III: Pugc mo ta theo hinh 1.10, 1a khu vuc ctia Bach Déng,
giao nhau cta cac tuyén ludng séng Cam, Nam Triéu, Cai Trap va kénh Ha
Nam cua séng Cam. Nhiéu khu vuc néng can phia dao Pinh Vil va cira song

Bach Ping.

Hinh 1.10. Khu vuc 1 - tiém 4n nguy co mat an toan hang hai:
a) Tur binh d6 s6 VN4HP005, b) M6 phong theo phan mém chuyén dung
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Khu vuc nay c6 mat do tau, phuong tién tham gia giao thong dong dic
va phuc tap. Nhiéu phuong tién thuy hoat dong khong ding tuyén ludng quy
dinh, thudng xuyén cat ngang dé vao kénh Cai Trap (dic biét doan phao 30 -
32). Hon nita, day 1a khu vuc dong chay siét, tinh chat dong chay khong 6n
dinh, ¢4 nhiéu khu neo dau, khu vuc ga tranh, bén pha hoat dong,...

- Khu vuc IV: Pugc md ta theo hinh 1.11, la khu vuc giao nhau cuia
kénh Ha Nam, kénh Cai Trap va duong thity ndi dja dén Quang Ninh (qua Cai
Bau). Rét nhiéu tau ndi dia, sa lan va phuong tién thuy, di vao kénh Cai Trap,
cat ngang ludng (dic biét tai khu vuc cia cac cip phao 19 - 21 - 23).

VN4HPOO3 WGS84

. -
L4 I

I k‘%’”
ialid e
[ (9

Quy dao r";mng mudn
b)
Hinh 1.11. Khu vuc IV - tiém 4n nguy co mat an toan hang hai:
a) TUr binh d6 s6 VN4HP003, b) M6 phong theo phan mém chuyén dung

La khu vuc ¢ nhiéu tau bién trong tai lon qua doan luéng Lach Huy¢n,
dong chay kha manh van tc dat 3 knots va khong 6n dinh, mat d6 giao thong
day déc, dan xen tau thuy va phuong tién thuy noi dia ra, vao kénh Cai Trap
va kénh Ha Nam, gia tdng nguy co mat an toan cho tau thuyén khi hanh trinh
qua khu vuec.

Tom lgi: Trén co so khao sat, phan tich, danh gia va nhan xét réng:

- Thuc té, nhi€u vu tai nan hang hai do mac can, dam va da xay ra trén
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cac khu vuc nay. Mot trong nhimg nguyén nhan co ban din d&én céc tai nan
hang hai, do thuyén truéng hodc hoa tiéu diéu khién tau khong di dung quy
dao cho trude cua tuyén ludng hang hai;

- Trén co s& cac dir liéu va md hinh quan trong nay, nghién ctru sinh s&
thuc hién van dé nghién ciru trong cac chuong tiép theo, nham dwa ra nhiing
t6 hop chan vit - banh 1ai toi vu. Tir d6, khuyén céo thuyén trudng, hoa tiéu
cha dong va lwa chon phuong 4n dan tau phu hop nhét, dic biét qua nhiing
khu vyc nay, dam bao tau bam theo qui dao cho trudc, gop phan nang cao an
toan hang hai trén tuyén ludng.

1.2. Co s ly luan vé té hop chan vit - banh lai tau thiy
1.2.1. Banh lai tau thiy

Bénh lai tau thuy 1a mot thiét bi khong thé thiéu trong qué trinh diéu
dong tau. Banh lai giit cho tau chuyén dong trén hudng di da dinh hodc thay
d6i hudng di tau thily theo ¥ mudn cua ngudi diéu khién [7, 11, 12].

Banh lai dugc dat ngay phia sau chan vit. Vi tau ¢6 01 chan vit thi banh
lai va chan vit cung nam trén mat phéng truc doc cua tau. Banh 14i c6 thé quay
mot goc nhat dinh sang phai hodc sang trai (khoang tir 35° phai dén 35° tréi).

Banh l4i c6 thé duoc ché tao bang cac nguyén liéu khac nhau, nhung mdi
banh 14i déu c6 hai bd phan co ban 1a truc 1a1 va mat banh lai.

Khi tau chay t6i hodc chay i thi dong nuéce chay tir mili vé lai tau hodc
dong nudce chay tu lai vé miii tau, s& tac dung vao bé mat banh 141 mot ap luc
P. Bang cong thirc thuc nghiém dé tinh ap luc d6 nhu sau [7, 12]:

K,sina
P= — X
0,195+ 0,305sin

S XV (1.1)

Trong do: o - goc bé 14i (d9J);
V - vén tdc tau (m/s);

S - dién tich ngdm nudc ctia banh lai (m°);
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K, - hé s cua banh 14i, phu thudc vao $6 luong chan vit va duoc
ldy nhu sau: K; = 38 + 42 (kg/m®) véi tau mot chan vit; Ky = 20 + 22,5
(kg/m®) v&i tau hai chan vit.

Luc can do tac dong cia nudc phu thude vao phﬁn chim vo tau, mudn c6
tac dung tot thi banh l4i phai c6 dién tich ti 1¢ thich dang v6i phan chim cua
tau. Do do dién tich mat banh 1ai phai dugc chon theo ti 1¢ phu hop voi tau.
C6 thé tinh dién tich ngam nudc cua mat banh 1ai S dya theo cong thirc thuc
nghiém nhu sau [12]:

B LxT
KZ

S (1.2)

Trong d6: L - chiéu dai cua tau (m);
T - mdn nudce cua tau (m);
K3 - phu thudc loai tau, thuong K, = 50 + 70.

Tir cong thic (1.1) nhan xét rang:

Ap luc nude tac dung 1én mat banh lai tau thuy phu thudc vao van tdc
tau, dién tich mit banh lai va goc bé ai, cu thé:

- Trudong hop tau chay t&i, banh 14i ndam trong mat phang truc doc cua
tau, thi gid tr1 P = 0, bé1 vi 4p lyc nude tac dung can béng trén hai mat banh
lai, tau sé chuyén dong théng, tau chi chiu tac dung cua luc déy va luc can,
goc bé 14i lac nay o = 0°.

- Khi bé banh lai 1éch khoi mat phéng truc doc tau mot géc o nao do vé
man phai hodc man trai. Gia st goc o’ sang phai lac nay do tac dung cua dong
chay bao va dong do chan vit tao ra trén bé mat cta banh 14i, s& sinh sy phan
bb lai 4p luc nudc, mat banh 14i hudng téi dong chay bao thi ap luc ting, mat
kia giam. Diém dit cia tong ap luc P nay gan vé phia song 1ai va vudng goc
vO1 mat banh lai.

Phan tich luc P thanh hai thanh phan theo truc x (Bx) va truc y (By).
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Hinh 1.12 mo ta su xuit hién cta luc sinh ra khi bé 14i mét g6c ol bét ky.
Tai trong tam tau, néu dit mot cap luc P.VA P , s€ ¢6 dg 1on thi P, = P, = P,
va chiéu tac dung thi P: nguogc chiéu P,. RS rang, cdp ngau luc Py, P, lam
cho miii tau quay vé phia bé 14i, luc P; 1am tau dat ra ngoai vong quay trd, P,

1am giam chuyén dong toi cua tau [7].

Dong nuwéc chay tir mai vé 1ai

, ------ P Vv

P,
______ o
s
\ | O4

Doéng nudc chay tir mii vé lai

Hinh 1.12. Lyc xuat hién do bé 1ai va tac dung khi tau chay t6i

Thong thuong diém dat cia ap luc P va cac luc thuy dong khong cung
nam trén mot mat phang nam ngang, nén khi quay trd, tau ngoai viéc chuyén
dich ngang con bi nghiéng va chdi.

TOm lai, quy dao chuyén dong cta tau sau khi bé 14i 1a mot duong cong
do trong tam tau vach ra.

- Trudng hop tau chay lui (hinh 1.13), khi tau d3 c6 trén 1ui, néu bé lai
mdt goc a nao do. Liac nay do tdc dung cua dong chdy bao va dong do chan
vit tao ra trén madt ctiia banh lai sinh ra sy phan bd lai ap luc, mat banh lai

huéng téi dong chay bao thi ap luc ting, mat kia giam. Diém dat cua tong céc

bd \ N 14 . \ A y 7. - 2 /4 14
luc P nay gan vé phia song 14i va vudng gbdc véi mit phang banh lai:
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Tuong tu nhu khi chay t6i, dé hiéu rd anh hudng cua luc sinh ra khi bé
lai mot goc a, tai trong tam tau G dat cap luc RV Bz, thi 6 16n P, =P, =Py,

chiéu tac dung thi P: nguoc chiéu P,. R3 rang, cip ngau luc Py, P1 lam cho
mili tdu quay ngugc vé phia bé 1ai, luc P, lam tau dat ra ngoai vong quay tré

con Py 1am giam chuyén dong i cua tau [7, 12].

Dong nuwdc chay tir lai vé mii

——
14 \Y
4
P 4 P
Pl
.
a5 /
4
< « P

Dong nudc chay tir 1ai vé mai

Hinh 1.13. Luc xuét hién do bé lai va tac dung khi tau chay lui

Do diém dat cta ap luc P va luc thay dong khong cting nam trén mot mit
phang nim ngang, nén khi quay tro, tau thuy ngoai viéc chuyén dich ngang
con bi nghiéng va chui. Quy dao chuyén dong cua tau khi chay lui va bé lai
mot goc bat ky 1a mot dudng cong do trong tdm tau vach ra.
1.2.2. Chan vit tau thuy

Chén vit 12 bd phan cudi cing chuyén cong suit cia may chinh thanh
luc ddy cho tau thity chuyén dong t6i hodc chuyén dong 1ui. Hon nita, chan vit
anh huong truc tiép t6i tinh ning quay tré cua tau, ngudi diéu khién tau can
hiéu va str dung mit tich cuc ndy trong qua trinh diéu dong [7, 12].

Déi véi tau mot chan vit, thi chan vit thuong dit ngay sau tau va nam
trong mat phang truc doc cia tau & phia trude banh 14i. Khi chan vit quay
trong nuéc, dong nude sinh ra do thanh phan phéan luc ngang ludn bao quanh

banh lai.
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Chan vit cta tau c6 3 hodc 4 hay nhiéu canh. S6 luong canh nhiéu hay it
khong anh huong dén tinh ning quay tré cta tau. Diém khac nhau 16n nhat 1a
chan vit nhiéu canh gidm dg rung so vdi chan vit it cdnh khi hoat dong.

Mot khai niém ma ngudi diéu khién tau can quan tim 13 pha cta chan
vit hay con goi la budc cua chan vit, 1a khodng cach mot diém trén dau cua
canh chan vit tinh tién dugc khi chan vit d6 quay dugc mot vong. Thuc té
chan vit quay trong nudc s€ c6 do truot nhét dinh. Vi vay, gia tri thuc dung
cua budc chan vit dugce tinh theo cong thire (1.3) [7, 11, 12].

—_ SC ><VC
Te=75N,

(1.3)
Trong d6: S; - ap luc cia nude 1€n chan vit tau thuy;

V. - van toc chuyén dong cua chan vit;

N - cong suat hitu ich cia may.

Van dé lién quan dén tinh nang diéu dong tau d6 1a chiéu quay ctia chan
vit. Can ct chiéu quay thi chan vit ¢6 chan vit chiéu phai va chan vit chiéu
trai (hinh 1.14).

Chan vit chiéu phai: La khi tau chay t6i, ngudi quan sat ding sau lai
nhin vé phia miii thiy canh chan vit quay thuan chiéu kim dong hd. Nguoc
lai, khi ngudi quan sat quan sat tir phia 14i vé phia mi tau thay canh chén vit

quay theo chiéu ngugc kim dong ho khi tau chay toi.

Hinh 1.14. Chiéu quay chan vit: a) chan vit chiéu phai, b) chan vit chiéu trai
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Pé thay rd anh hudng chiéu quay chan vit téi tinh ning quay tro cia tau,
xét mdt chan vit chiéu phai 4 canh, vi tri cdc canh dugc danh s6 1an luot theo
chiéu kim dong hd 13 1, IL, IIL IV va cac phan luc ngang do cé&c canh sinh ra
dugc ky hiéu la Cq, C,, C3 va C, theo hinh 1.15 [7, 12].

Dy

()

Hinh 1.15. Thanh phan phan luc ngang C va phan lyc nude D sinh ra
v6i chan vit chiéu phai: a) khi tau chay t6i, b) khi tau chay Iui

Phan tich cac luc tic dong theo hinh 1.15a, nhan xét rang:

- Cac phan lyc ngang C; va C; khong gay anh huong dén quay tré' ma chi
c6 C, vd C, méi c6 tac dung. Hai lyc C, va C4 nguoc chiéu nhau va co
phuong vudng goc véi mat phéng truc doc cua tau. Canh II lam viéc theo
huéng sau hon canh IV nén luc C,> C,. Goi lyc tong hop 1a C, khi d6 C = C,
- C4. Nhu vy tong hop luc C cung chiéu véi C, 1am cho 14i tau dich chuyén
vé phia bén trai.

- Phan lyc nudc tac dung vao canh chan vit D, va D4 khong gay anh
huong gi dén quay tré ma chi c6 Dy va D3 mdi ¢6 tac dung. Hai luc ndy nguoc
chiéu nhau va c¢6 d6 16n khac nhau. Canh IIT 1am viéc siu hon canh I nén phan
luc D3 > D;. Khi d6, luc tong hop D = D3— D;. Nhu vay tong hop phan lyc D

cung chiéu véi Dz lam cho 1ai tau dich chuyén vé bén phai.
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Phan tich cac luc tic dong theo hinh 1.15b, nhan xét rang:

- Thanh phan C, > C, vi canh II quay khéi nudc hoan toan dap vao hong
tau man phai phia trén, con canh IV thi mot phan khdi nuée ludn qua i tau
sang bén phai, phan con lai dap vao héng tau man trai. Do vay tac dung cia
tong hop phan luc ngang C 1am mili tdu nga sang phai.

- Thanh phan D, chi ¢6 tac dung dim 14i tau xudng va Dy chi c¢6 tac dung
nang l4i tau 1én. Thanh phan D, 1am l4i tdu nga sang phai, D 1am l4i tau nga
sang tri. Vi Ds > Dy nén téng hop D = D; - Dy lam cho 14i tau nga sang trai
va miii tau ngd sang phai.

1.2.3. T6 hop chén vit - banh lai tau thiy

Trong khéi niém diéu dong tau da néu 1o [7, 12], d6 1a su thay doi
huéng di hay van toc dudi tac dung cua banh l4i, chan vit va cac thiét bi khac
nham tranh va an toan, tiép can muc tiéu, tha neo, budc tau, trong nhiéu hoan
canh va tinh huéng khac nhau,... Khi chan vit lam viéc s& tao ra céc lyc thuy
dong tac dong 1én than vo tau, dong thoi tic dong vao banh lai. Mat khac, ban
than v tau khi chuyén dong ciing tao ra dong nudc xudi va tac dong vao chan
vit. Do su tic dong twong hd d6, 1am xuat hién cac lyc ngang anh hudng dén
tinh nang diéu dong cta con tau.

Tinh diéu khién duoc: La tinh ning hang hai caa con tau, cho phép con
tau chuyén dong theo mot quy dao nhat dinh, nghia 13 ton tai hai tinh ning co
ban: Tinh 6n dinh trén hudng di va tinh quay tro [7, 11, 12].

Hai tinh ning nay c6 xu hudng d6i lap nhau, tau thay co tinh on dinh
trén huéng di tot, s& kho khan khi d6i huéng hoic quay trg, nghia 1a lam giam
tinh quay tro. Nguoc lai, khi tau c6 tinh nang quay tré qué muc, sé gay kho
khan dén kha ning giit hudng 6n dinh. Trong truong hop nay, banh lai phai
hoat dong lién tuc, dé dam bao giir hudng.

Nhu vy, chan vit va banh 14i tu thuy, cu thé 1a to hop chan vit - banh

14i déng vai tro then chét trong diéu khién hudng chuyén dong tau thay, dic
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biét khi tau bam theo quy dao cho trudc. Nghia 1a dua ra cac t6 hop chan vit
(twong wng voi s6 vong quay n) - banh lai (twong Gng véi goc bé 1ai «), hay
ky hiéu 12 t6 hop (i, a;), dam bao phl hop nhat, sao cho thoa man quy dao
chuyén dong that cua tau bam sat quy dao cho trudc, dic biét 1a khu vuc hang
hai kho khin, chat hep, néng can, trong ludng lach,...

Hinh 1.16 mé ta vi tri t6 hop chan chan vit - banh 14i cua tau M/V TAN
CANG FOUNDATION, ma nghién ctru sinh da khao sat thuc dia khi tau 1én
da stra chita dinh ky tai Nha may Ship Marine Sai Gon vao thang 5/2016 [41].

Hinh 1.16. Vi tri to hop chan vit - banh li cta tau
M/V TAN CANG FOUNDATION, khi tau 1én da thang 5/2016

M&i quan hé cua té hop chan vit - banh l4i chat ché va hiru co. Nam

trén mit phang truc doc cua tau, ngay phia dudi lai tau lap dat chan vit, thi
banh 14i, song 14i va ki d& 14i, s& tao thanh khung gia 14i, v&i khoang khong
gian dé 1ap chén vit vira du (hinh 1.16).

Hon nita, khi thiét ké tau thuy c6 bé tri chan vit, thi vi tri banh 14i phia
sau va ¢ gitta ludong nude do chéan vit day ra, dé lam ting hiéu qua lam viéc cta

banh lai.
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1.3. Co sé toan hoc vé chuyén déng tau thiy
Tau thay 1a ddi tuong hoat dong trén mat nude, moi trudng hoat dong
phtic tap, chiu tic dong cac yéu té ngau nhién, nhu: Song, gio, dong chayi...
bong luc hoc tau thuy dugc ap dung baoi dinh luat Newton, trong d6 coi
tau thiy nhu mot vat rin chuyén dong trong moi truong chat long va chuyén
dong cua tau thay cé 6 bac tu do DOF (Degress Of Freedom) [48, 49, 57].

Z

trnrot dimg (heave) I

{’: quay trd (yaw)

- _ lic ngang (roll)
/Co dinh trén tan (body-ﬁxeﬂ} ~ (/_\-u
£ '

| P A= X
b — - | o trirot doc (surge)
> g N - =
B, N, -
ldc doc (surge)) trrot ngang (sway) Z,

Y . ) )
. | Co dinh trén trai dat

. ieaﬁh-ﬁxed) Xo

Y,
Hinh 1.17. Thanh phan chuyén dong, tham s6 dong hoc ctia chuyén dong tau thay

Céac thanh phan chuyén dong theo cac bac tu do dugc mé ta hinh 1.18,
gom: Truot doc, truot ngang, truot dung, lac ngang, lac doc, léch hudng di,
Vi cac tham sé dong hoc dugc mo ta chi tiét theo bang 1.3 [48].

Bang 1.3. Thanh phan chuyén dong va tham s6 dong hoc cua tau thuy

, , Vi tri
Bac , Lwcva | Van toc tinh tién |
Chuyén dong chinh ) ; va goc
tu do MmO men | va van toc géc
Euler
Truot doc
1 , X u X
(chuyén dong theo truc x)
Truot ngan
2 . Sane Y v y
(chuyén dong theo truc y)
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Trugt ding

(chuyén dong theo truc z)

Lac ngang

4 K p )
(quay quanh truc X)
Lac doc

5 M q 0
(quay quanh truc y)
Quay tr¢

6 Y N r ]

(quay quanh truc z)

Trong d6: Hé toa d6 quéan tinh cb dinh trén Trai dat OX,YZo, 6 truc
Xo hudng theo phuong Bic, truc Y, hudng theo phuong Pong va truc Zg
hudng 1én trén.
Hé toa do co dinh trén vat thé (tau thuy) GXYZ, ¢6 truc X doc theo
chiéu doc cua tau thiy, truc Y vudng goc v6i mit phang ddi ximg va truc Z
hudng 1én trén.
Tur hai hé toa d6 theo hinh 1.18, c6 thé dinh nghia hai véc to theo (1.4)
va (1.5) [48, 57]:
n=[ned,g0,y] (1.4)
va: v=[u,v,e, p,q,r]T (1.5)
Trong d6: n,e,d - vi tri trong hé toa do ba chiéu c6 dinh trén Trai dat;
¢,0, - c&c goc Euler;
u,Vv,m, p,d,r - sau van tdc tinh tién va van toc gbc trong h¢ toa
do tau thuy GXYZ, goi 1a h¢ toa do b.
Tt dinh nghia hai véc to, khi xét dong hoc cua tau thuy, Fossen da dé
xuat phuong phap biéu dién véc to nhu sau [48, 49]:

Phuong trinh quy dao cua tau thuy trong h¢ toa do n:

=3 (n)v (L6)
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Phuong trinh toan mé ta chuyén dong tau thuy ¢ moi vi tri véi 6 bac tu

do trong hé toa do b, dugc thé hién theo
Mv+C(v)v+DW)v+g(v)=7+0,+W (1.7)

Trong d6: M - ma trdn quan tinh (gdm ca khdi lugng gia ting);

C(v) - ma tran ly tim Coriolis (gom ca khoi lugng gia ting), 1
thanh phan do anh hudng ctia chuyén dong cua Trai dat;

D(v) - ma tran giam lac;

g(v) - véc to cac luc va md men hip dan, lyc va mdé men ndi;

7 - véc to tin hiéu diéu khién (banh 14i, chan vit,...);

g, - véc to dung dé dan tau (diéu khién ballast);

W - véc to nhiéu do moi trudng (gio, song va dong chay).

Pbi véi tau thay chuyén dong trén mit nude, thuong dugce gidi han
trong 4 chuyén dong: Truot doc, truot ngang, quay trd (day 1a 3 chuyén dong
trong mit phang ndm ngang) va lic ngang. V&i gia thiét 1a tau d6i xtng qua
mat mat ph:fmg XGZ, géc toa d0 nam o trong tam tau va khéi luong cua tau
tap trung tai trong tAm, bon phuong trinh chuyén dong diéu dong cua tau dugc

biéu dién nhu sau [48, 49, 57]:

mu—mvr = X (1.8)
mv—mur =Y (1.9)
|_r=N (1.10)
I, $=K (1.11)

Trong d6: m - khoi lugng tau;

l,,, I, - MO men quan tinh quanh tryc z va tryc X;

2z
u, Vv - van tdc truot doc va truot ngang cua tau;
r - van tbc quay tro;

b - goc lac ngang;
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X,Y,N,K- thtr tu 1a lyc va mé men tac dung Ién tau (gém luc
va md men phat dong chan vit, luc va mé men thuy dong hoc tuong tac gitra
chan vit, banh 14i v6i vé tau, luc va mé men do banh 14i va cac ngoai luc).

Phuong trinh biéu dién quy dao chuyén dong cua tau thuy (trong tim

clia tau) trong mit phang ngang nhu sau [48, 49, 57]:
X ps =UCOSY —VSiny (1.12)
Y s =USiNy +Vvcosy (1.13)
Trong d¢ tai luan an, v6i gi6i han tau thay chuyén dong trong luong hang
hai, nén coi nhu chuyén dong cua tau thuy xét trong mit phang ngang (hinh
1.18), duogc dic trung bai cac thanh phan: Truot doc (u), truot ngang (v), quay
tré (y), coi thanh phan lac ngang, lic doc, trugt dung trong trudng hop nay

bang khong.

h

/ Roll

l¢'}

o

é -
Ay
Rudder Pitch
.-‘\ng]uﬁ%" 1'\_/"‘\“

Sway 4 H'LJ\‘L
(v Earth- lm:d

0 Ve
Hinh 1.18. Thanh phan chuyén dong, tham sb dong hoc
cua chuyén dong tau thity trong mat phang nam ngang
Do bo qua céc thanh phan lic ngang, lic doc, trugt dimg do d6 phuong
trinh (1.7) khi d¢ tr¢ thanh [48].
Mv+C(v)v+D)v =1 (1.14)
Khi tdi thiéu hoa cac thanh phan bac ty do khong xét téi trong mat phang
ngang, nhan dugc (1.15).
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cosp —sing 0
J(n)=|sing CoS @ 0 (1.15)
0 0 1
Do chi xét cac thanh phan chuyén dong trong mit phing ngang nén

momen quan tinh Iy, = 1y, = 0, vy ma trdn Mgg, Ma Va M tinh nhu sau [48]:

m 0 0 _Xu 0 0
M =[O m  mx |, M,= 0  -Y -V
0 mXx, I, 0 -Y.  —-N
m-X 0 0
M=Myg+M,=| 0 m-Y, mx, =Y. (1.16)
0 mx, =Y. l.-N.

Ma tran Coriolis khi xét trong mit phang ngang dugc tinh theo (1.17).

I 0 0 ~(m-Y Ju—(m, Y )r]
C(v)= 0 0 —(m=Y)u (1.17)
(m—Yv)v+(m—Y,)r —(m-=Y)u 0

Ma tran do dao dong lac khi xét trong mit phang ngang duoc tinh theo

(1.18).

~X, 0 0
D(v)=| 0 -y,  -Y. (1.18)
0 ~N, -N,

Thay cong thirc tir (1.15) dén (1.18) vao (1.14), nhan dugc phuong trinh
md ta chuyén dong tau thuy xét trong mit phang ngang nhu (1.19) [48, 49]:
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_m—Xu 0 0 |l
0 m—Yv me—Yr V+
0 MXg —Yr IZ—Nr r

X 0 (=Y v~ (i =Y ) gy 19
0u —Yv (m—Yu)u—Yr vi=|Y
(m—Yv)v+(m—Yf)r (m—Yu)u—NV -N, r

Nhéan xét rang: Viéc xay dyng mo hinh toan chuyén dong tau thuy xét
trong mit phang ngang thuan tién viéc dua ra bai toan khao sat chuyén dong
tau thuy theo hudng va quy dao cho trudc, hoan toan phu hop voi dbi tuong
va pham vi nghién ctru cua luan an.

1.4. Giéi han van dé nghién ciru ciia luin an

Nghién ctru sinh lya chon va str dung tau container M/V TAN CANG
FOUNDATION, trong tai 7040 MT, c6 01 chan vit chiéu phai, chay chuyén
tuyén Hai Phong - Sai Gon va nguogc lai, dé thuc hién nghién ctu thuc
nghiém trén thyc dia tuyén ludng Hai Phong. H6 so lién quan dén van dé
nghién ctru cia M/V TAN CANG FOUNDATION cho trong Phu Iyc 1 [35].

Theo Fossen mot vat thé chuyén dong trong méi truong chit 16ng,
phuong trinh tong quat véi sau bac tu do [48, 49, 57]. Do ddi twong tau M/V
TAN CANG FOUNDATION duogc nghién ctu sinh lya chon, tuong duong
v6i chuyén dong trén mat phang nam ngang c6 thé luge bot va xét véi ba bac
tu do. Pong thoi gidi han tau thuy chi tac dong cta dong chay (dong triéu,
dong do thily tridu gy ra) va khong xét dén anh hudng cia cac yéu t6 khac,
ch?mg han: Song, gi6, d0 sau lué)ng,...

- Hon nita, do dic diém cta tuyén ludng hang hai Hai Phong, cac doan
ludng dan tau vao cang chinh kha nong, han ché mén nudc, nén déi véi tau

thuy c6 trong tai twong duong khoang 7.000 MT, d& dang ra vao cap cau tai
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cang chinh Hai Phong. Vi vay, nghién cau sinh gigi han tap trung vao 4 khu
vuc ¢ nguy co tiém an mat an toan hang hai cao caa tuyén ludng.

Tom lai: Gi6i han cia dé tai luan 4n 1a nghién ctru véi dbi tuong tau
thuy, trong tai khoang 7.000 MT chuyén dong trén mit phang nam ngang (Voi
3 bac tu do), c6 01 chén vit, chiéu quay chan vit 1a chiéu phai, hanh trinh qua
cac khu vyc tiém an nhiéu nguy co mat an toan hang hai trén tuyén ludng Hai
Phong va tau chi chiu tac dong cua dong triéu.

1.5. Két luan chwong 1

Chuong 1 tap trung nghién ctru tong quan vé tuyén ludng hang hai Hai
Phong va co s& 1y luan t6 hop chan vit - banh 14i tau thay, dat duoc két qua co
ban sau:

- Hé théng héa co sé Iy luan vé tuyén ludng hang hai Hai Phong, da
phan tich va danh gia chi tiét vé dac diém tuyén ludng, hé thdng phao, tiéu
bao hiéu va hé théng hd tro an toan hang hai, dic diém hoat dong hang hai
trén tuyén ludng. Dac biét da khao sat, phan tich va danh gia dac diém cua 4
khu vyc tiém an nhiéu nguy co tai nan hang hai trén tuyén luong hang hai Hai
Phong. Véi két qua dat dugc nay, 1a co sé quan trong dé nghién ctu sinh tiép
tuc thuc hién muc dich nghién ctru trong cac chuong tiép theo;

- Heé thong hoa co sd 1y luan vé t6 hop twong tac chan vit - banh 14i tau
thuy, tap trung vao tac dong cua dong nudc sinh ra do chén vit hoat dong,
phan tich luc I&n chan vit, banh 14i va anh hudng ciia chan vit va banh 14i dén
diéu dong tau thuy;

- Hé théng hoa co sd toan hoc vé chuyén dong tau thay, tap trung doi
tuong 1a tau thuy chuyén dong trén mat phang nam ngang;

- Gi6i han cu thé van dé nghién ciu trong dé tai luan én.
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CHUONG 2. TINH TOAN MO PHONG PONG LUC HQC DONG
CHAY SAU CHAN VIT VA TUONG TAC BANH LAI TAU THUY

Dé giai quyét mot phan ciia muc dich nghién ctru ctia dé tai luén an,
chuong 2 nghién ctru sinh tip trung giai quyét cac van dé sau:

- Ly thuyét vé dong chay bao quanh chan vit va banh 14i tau thuy;

- Xay dung md hinh nghién ctru va co s¢ toan hoc;

- Xay dung quy trinh thyc hi¢n tinh toAn mo6 phong;

- Ung dung CFD tinh toan md phong, tir 6 phan tich, danh gia két qua.
2.1. Dong chay bao quanh chan vit va banh lai
2.1.1. Ly thuyét vé dong chdy [3, 6, 10]

Chét long chuyén dong 1a mot moi truong lién tuc, dugce tao bdi cac
phan ttr chat 1ong chuyén dong tao nén. Mdi phan tir chit 1ong duoc dic trung
boi1 cac dai lugng co ban cua su chuyén dong, goi la yéu tb chuyén dong, phu
thudc vao: Van tc (V), ap suat (P), khéi luong riéng (p),...

Do chét 16ng 1a mot mdi truong lién tuc, nén cac yéu té chuyén dong

déu 1a ham sb lién tuc trong hé toa d§ khong gian va thoi gian, cu thé:

V=V(,Y, z1);
P=P(x,vY,z1);
p=p(X Y, 21

Tuy nhién, tng dung dong luc hoc dong chdy trong khoa hoc hang hai,
thuong xét dén hai yéu t6 1a van toc va ap suat, con yéu t6 khdi luong riéng
coi nhu khong doi vi coi chéat long nhu khong nén duoc.

Khi coi chat long 1a 1y tudng, tic 1a khong cé tinh nhét, thi ap suat P
huéng theo phap tuyén ctiia mit tac dung. Ddi véi chat 1ong thue, tire 14 ton tai
tinh nhét hay d6 nhét, khi d6 4p suét P cling hudng vao mit tiép xtc, nhung
xién goc véi phuong phap tuyén, vi luc nay gi tri P 1a tong hop clia ing suat

phap tuyén va tng suét tiép tuyén do luc nhét giy ra.
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Tai mot vi tri nhat dinh trong long chét long chuyén dong, & mdt thoi
diém nhéat dinh, van tdc cua mot phﬁn ttr chat long do duoc goi 1a van tde tirc
thoi (ki hiéu V). Riéng d6i v6i dong chay rdi, van toc diém tirc thoi nay ludn
thay ddi vé hudng va tri s§, nén thuong thay bang gia tri trung binh trong mot

thoi gian T nhat dinh goi 14 van tdc trung binh thoi gian:

T

[V ()t (2.1)

0

1
Vi :?

Trang thai co ban ciia dong chay |a chay tang va chay réi:

- Dong chay tang: La khi chét long chay thanh ting tang 16p riéng biét;

- Dong chay roi: La khi chat long chay khong tuan theo mét trat tu nao,
vi thé viéc mo ta dong réi 1a rat phac tap.

Dé phan biét hai trang thai chay tang va chay réi, dya vao sé6 Raynon
(ky hiéu Rg), tinh theo cong thuc [3, 6, 29]:
V'l

e

R (2.2)

v
Trong d6:  Vy, - van téc trung binh dong chay (m/s);
L - chiéu dai dic trung (m);
v - hé s6 nhat dong hoc (m?/s);
Khi Re > Ryigi han thi duoc goi 12 trang thai chay rdi va thuc té phan I6n
cac dong chay khao sét la dong rbi.
2.1.2. Dong chdy sau chdn vit - banh lai
Luc tic dong 1én banh lai dé thay doi hudng di tau thuy (luc bé l4i),
duoc hinh thanh do sy chénh 4p suét gitta hai bé mat banh 14i tau thuy. Luc
nay phu thudc vao dién tich mat tiép xdc cua banh 14i, goc bé banh va van téc
dong chay bao quanh banh Iai.
Khi tau thay hoat dong, véi dién tich mat tiép xic cua banh 1ai 1a ¢b
dinh, 1Gc nay lec bé 1ai phu thudc vao hai théng sb 1a van téc dong chay bao
quanh béanh 14i va gdc bé lai. Van toc dong chay bao quanh banh lai chinh Ia

van téc dong sau chan vit, phu thudc chat ché vao sé vong quay chan vit (ky
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hiéu 1a n;). Néu goi goc beé lai 1a ; thi to hop (n;, ;) S& quyét dinh d6 16n caa
luc bé lai tau thuy (ky hiéu R). Hinh 2.1 mo ta dong chay bao quanh banh lai
tau thuy.

Hinh 2.1. M6 hinh dong chay bao quanh chan vit - banh lai tau thuy

Mat khéc, dong chay sau chén vit bao quanh banh lai va su hinh thanh
luc bé 14i & cac goc quay banh 1ai khac nhau, c6 thé thu gon vé bai toan dong
chay bao chan vit va banh lai, hay dong chay bao quanh profil canh ndi
chung, mo ta theo hinh 2.2 [13, 18, 23, 63, 65].

=

Us

Diéukién
_____ CE Kutta

Hinh 2.2. M6 hinh bai toan dong chay bao chén vit va banh lai tau thay
Trong d6: U, - van tdc dong tdi (van téc dong chay sau chan vit);

a - goc bé lai (do).
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Cac thdng s 1am viéc cua profil nhu hé sb &p suat, hé sé luc nang, hé

sb lyc can, ... duoc xac dinh theo cac cong thic sau [6, 8, 13, 16]:

A Az Ay 1-V?
HE so ap suat: C,= Tk (2.3)
A A ay . —_— F
H¢ so luc nang: C.= 1 (2.4)
“U.c
2
r.s \ A A A . L
VéiT laluusovantoc: I'=
pY,

Trong d6: L - lyc bé i hay luc nang (N/m?);

p - khdi lwgng riéng caa chat long (kg/m®):;
¢ - chiéu dai day cung (m).

Vi toan canh ¢6 dién tich lam viéc 1a S, khi @6 luc bé 1ai duoc xac

dinh theo cong thirc:
L =0,5.CL.p.U%.S (2.5)
bay duogc goi la bai toan nghich (bai todn nguoc), tic la khi da c6 bién
dang profil, can tim cac thong sb 1am viéc théa man. Hon nita, day chinh 1
dang bai toan dugc nghién ciu sinh quan tam, nghién ciu va st dung trong dé
tai luan an. Doi véi bai toan thuan la can thiét ké bién dang profil phu hop,
sao cho thoa man cac diéu kién 1am viéc dit ra.

Vé van dé ndy c6 nhiéu phuong phap ma cac tic gia di cong bd:
Phuong phap tuong ty hinh hoc (d6ng dang), phuong phap mot toa do,
phuong phap luc nédng, phuong phap phuong trinh tich phan cua
Voznheexenski - Pekin, phuong phap phan bo xody cua Lexokhin - Ximonov,
phuong phép cac diém Ky di ciia Lexokhin,.. .

2.2. Xay dwng mo hinh nghién ctru va co' sé' toan hoc
2.2.1. M6 hinh nghién ciru

Nghién ctru sinh thuc hién xay dung mo hinh nghién ctru, day la mo

hinh chung, phu hop tat ca tau thity va mo ta theo hinh 2.3 [8, 24, 50, 65].
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Piu vao bai todn 2

Chan vit

VWP

LI, W

Viung chuyén tiép

Piura bai todn 1

Hinh 2.3. M6 hinh nghién ctru “ving chuyén tiép” chan vit va banh lai

Phan tich m6 hinh nghién ctru theo hinh 2.3:

- Thyc chit caa van dé 1a thyc hién bai toan dong luc hoc dong chay
bao quanh chan vit tau thity, chu trong viéc xac dinh trudng phan bd cac dai
luong, nhu: Van tdc, ap Suét, cuong do roi,... dic biét tap trung nghién ctru va
quan tdm dén dai lugng trudng phan bd vén tdc & dau ra, goi 1a cac dai luong
dau ra (day 1a bai toan 1). Qua mat (hay ving) chuyén tiép tuong tac giita
chan vit va banh 14i tau thuy, cac dai luong dic trung dau ra (bai toan 1),
chinh 13 dau vao bai toan dong chdy bao quanh banh 1ai va anh huéng truc
tiép t6i hidu qua bién doi nang lugng cia dong chay thanh lyc bé lai (day
chinh la bai toan 2).

- Nghién ctru sinh sé& tip trung nghién ctru, tinh toan mo phong dé lam
rd cac dai lugng dic trung trong ving chuyén tiép, dic biét nghién ctu dai
lwong gia tri van tdc trung binh doc truc. Phan tich va danh gia sy anh hudng
ctia cac dai lugng nay. Trén co sé d6 dua ra cac khuyén cao ddi véi viée van

hanh t6 hop chén vit - banh l4i tau thuy.
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2.2.2. Co so todan hoc

Chét 1ong chuyén dong lién tuc, nghia 13 trong méi truong chat 1ong
chuyén dong khong hinh thanh nhitng ving khong gian tréng khong, khong
chtra chat long.

Tinh chat lién tuc ndy, cd thé biéu thi boi biéu thuc toan hoc goi la
phuong trinh lién tuc [3, 6, 10, 29], cu thé nhu sau:

Phuong trinh lién tuc, mé ta quy dao chuyén dong phan tir chat 1ong:

ou v ow_ (2.6)

—/ljgradp+vA\7 (2.7)

Trong d6:  Viu.v,w) - Véc to van toc tuyét d6i cua phan tir long khao sat;
E - luc khéi don vi (m/s?);
p - khdi lwong riéng cua chat 1ong (kg/m®):;
v - hé s6 nhét dong hoc (M?/s);
P - ap suit (N/m?);
A - toan tir Laplace.

Phuong trinh x4c dinh lyc day chan vit tau thay cé dang [13]:

_ 2 R4 V_pC n f p,—¢€ ’ 2.8
T=pn.D (nD pnD? ) | pn®D? (28)

Trong d6: D - dwong kinh chéan vit (m);

V, - van téc tién caa tau (knot, m/s);

n - s6 vong quay chan vit (vong/phat, rpm);
p - khdi luong riéng caa chat long;

i - hé sé nhét dong luc hoc;

(Po- €) - &p suit tinh trén truc chan vit (N/m?).
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Hinh 2.4. Luc va m6 men tac dong Ién chan vit tau thay
T

A A i \
H¢ so tien: J=—"1 (2.10)
n.D
’ 2
S6 Reynolds: R, =P (2.12)
n
S6 xam thuc: o, =P C (2.12)
1 22
—pn°D
A A oa : Q
Hé s6 md men quay: Ky :m (2.13)
Tir (2.9) + (2.12) két hop véi (2.8) va (2.13), nhan dugc:
Luc day c6 dang: T =K, pn’.D* (2.14)
MO men quay: Q=K,pn’D°
Cong suat can thiét dé quay chan vit: P = Q7—;’) = % Ko on°D® (2.15)
Hiéu suAt 1am viéc cua chan vit: p =K d (2.16)
K, 27

Q

bé thuc hién viéc tinh toan moé phong trong dé tai ludn an nghién ctru

sinh sir dung chuong trinh CFD véi phan mém chuyén dung Fluent - Ansys
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[8, 9, 64], dé tinh toan md phong.

Phuong phap sir dung 1 “thé tich hiru han” duoc thé hién qua cac budc
cu thé sau:

- St dung luéi chia mo hinh thanh cac thé tich hitu han, roi rac;

- Tich phan cac phuong trinh theo timg thé tich hitu han, dé xay dung
cac phuong trinh dai s6 cho cac bién doc 1ap nhu van tdc, ap suat, nhiét do
cling nhu cac dai lugng vo hudng khac;

- Tuyén tinh hoa cac phuong trinh rdi rac va giai hé phuong trinh tuyén
tinh.

Fluent - Ansys thyc hién tién hanh giai trén timg vong lap véi diéu kién
hoi tu dat trude. Tuy thude mé hinh bai todn voi1 d§ phure tap khac nhau, van
dé chia luéi dugc xir Iy ra sao va viéc dit diéu kién bién da bam sét diéu kién
thuc té hay khong, s& quyét dinh dén do chinh xac cia bai toan.

Fluent - Ansys c6 kha ning thich tmg kha rong, c6 thé chon nhiéu cach
giai quyét khac nhau, do d6 su ding dén cua bai toan cling can dugc kiém
nghiém.

2.3. Xay dung quy trinh va phwong an thuc hién tinh toAn mo phéng

Nghién ctru sinh tap trung xay dung quy trinh tinh todn mé phong,
thong qua viéc dua ra chi tiét cac budc tinh todan mé phong. Pong thoi dua ra
cac phuong an thuc hién tinh todn mé phong cho cac bai toan cu thé can phai
giai quyét.

2.3.1. Xdy dung quy trinh tinh toan mo phong
Quy trinh tinh todn mé phong, dugc nghién ctru sinh xay dung mé ta

theo hinh 2.5, vé&i 4 budc cu thé nhu sau:
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Bai toan thuc

Buéc 1

Xay dung mo hinh

bai toan nghién ctiu

Budc 2

V& mo hinh, chia ludi va

thuc hién dat diéu kién bién
S =
>
o S UBuéCB
o £
\:9 (&)
> T Tinh toan md phong cac gia tri:
«Q D
kST = i £ A A N
> S Ap suat, van toc trung binh
£ 9 .
= doc truc, 6 nhét réi,. ..
Budc 4

\

Phan tich két qua mé phong

(Hiéu chinh lai mé hinh néu can)

Hinh 2.5. So d6 quy trinh thyc hién tinh toan mé phong
Trén co so hinh 2.5, phan tich cu thé 4 bude thuc hién nhu sau:
Budce 1: Xdy dung mé hinh tinh toan
Str dung phan mém chuyén dung Solidwork dé xay dung mo hinh bai
toan nghién ctru. Py 1a phan thiét ké co khi 3D, chay trén hé diéu hanh
Windowns, ¢6 nhiing tinh mé va tinh twong thich cia minh. Phan mém

Solidworks cho phép nhiéu phan mém wng dung khéc chay truc tiép trén moi
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trrong cua nd, dang duoc cac nha nghién ciru, k¥ su, nha thiét ké, ché tao,...
tmg dung rong rai trén thé giéi.

Nghién ctru sinh lya chon sb liéu dong dang tr M/V TAN CANG
FOUNDATION, thuc hién xay dung ban v€ 3D chan vit M/V TAN CANG
FOUNDATION, bang phan mém Solidwork, véi ty sé ddng dang hinh hoc 1a
k = 10, két qua nhan duoc theo hinh 2.6.

Pau ra
(Mat chuyén tiép)

PAau vao

Baultru

Cénh

Hinh 2.6. Tinh toAn m6 phong ban v& 3D chan vit cua mo hinh tinh toan

Céac sb liéu can thiét lien quan dén viéc xay dung ban vé 3D chan vit
tau M/V TAN CANG FOUNDATION tham khao trong Phu luc 1.

Bue 2: VE mé hinh, chia ludi va dat diéu kién bién

Dé thyc hién chia ludi cho mé hinh tinh toan, nghién ctu sinh sir dung
va trién khai trén phan mém Workbench.

Dé trién khai thyc hién t6t, doi hoi phai c6 may tinh chuyén dung cong
nghiép v6i cdu hinh rat cao. Béi vi, ciu hinh mdy tinh str dung 1a yéu t6 quan
trong dé quyét dinh d0 min cua luédi cho phu hop. Mat khac, do chinh xac cua
bai todn phu thudc rat nhiéu vao van dé chia ludi, dic biét voi diéu kién bién

kha phtrc tap ctia bai toan. Trong mo hinh tinh toan nay, két qua nhan duoc va
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sir dung 1a 1,4 triéu 6 Iudi (hinh 2.7).
Phan mém st dung s& dam bao tinh ning chia 6 ludi dang tam giac va

tu dong t1 uu kich thudc theo bién dang hinh hoc cua mé hinh can tinh toan.

Hinh 2.7. Két qua chia ludi trén canh va bau chan vit cia mé hinh tinh toan

Diéu kién bién dugc dat ¢ day la:

- Pau vao: Gia tri van toc, di duoc tinh toan trude;

- Pau ra: Ap sut tinh (gia tr1 dugc tinh theo vi tri dit chan vit);

- Bau va canh: Puoc dit 1a tudng chuyén dong quay véi sb vong quay
theo cac trurong hop tinh toan mo phong.

Buée 3: Tinh todn mé phéng cac gia tri bang Fluent - Ansys, gom: Ap
suat, van téc trung binh doc truc, do nhét réi,...

K¥ thuat tinh toan mé phong duogc lua chon 1a (k - €) trong Fluent -
Ansys, cho khéi chit 1ong quay quanh mdt truc, voi cac sd vong quay khac
nhau, theo hinh 2.8.

Mot s6 cira sb chinh duogc st dung dé nap s6 liéu tinh toan theo trinh tu

Sau:
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r =
Viscous Model _ M

Model Model Constants
() Inviscid Cmu i
[ | Laminar | 0.09
() Spalart-Allmaras (1 egn)
G k-epsilon (2 eqn) C1-Epsilon
/: | k-omega (2 egn) Laa -
() Transition k-l-omega (3 egn) | ) 1

[ | Transition 55T (4 eqn) C2-Epsilon
() Reynolds Stress (7 eqn)

(") Scale-Adaptive Simulation (SAS) | 1.3z
(7 Detached Eddy Simulation (DES)

TKE Prandtl Number

%, (") Large Eddy Simulation (LES) | .

=

[&) k-epsilon Model e

o] @ Standard User-Defined Functions

_b. h | RMNG Turbulent Viscosity
("1 Realizable

B. ’none vl

%) \Qear—\ﬂfall Treatment Prandt Mumbers
@ Standard Wall Functions TKE Prandtl Number e
() Scalable Wall Functions ’ ]
(=) Non-Equilibrium Wall Functions nons h
) Enhanced Wall Treatment TDR Prandt Number
(7 User-Defined Wall Functions lnone vl i

Options

[~ curvature Correction —

[~ Production Kato-Launder
[~ Production Limiter

[ Ok ] [Canoel] [Help ]

e 1

Hinh 2.8. Cira s6 chinh phuong phap tinh toan bang Fluent - Ansys
Céac diéu kién bién dugc thé hién qua mot s6 cira sO sau:
Pau vao: La gia tri truong van tde, cac gia tri nay da dugc tinh toan trudc,

dua theo s6 liéu chan vit va s6 vong quay tinh todn va mo ta theo hinh 2.9.

i
Velocity Inlet =

Zone Name
o
.S |dauvao
>
’(g Momentum lThermaI] Radiation] Species] DPM ] Multiphasel ups l
= Velocity Spedification Method | magnitude, Normal to Boundary v
S’ Reference Frame [p.bsolute vl
(&)
“«® = Velodty Magnitude (m/s) ’consiant v]
d—
(%- Supersonic/Initial Gauge Pressure (pascal) [ ’consiant v]
< |
R Turbulence
= Specification Method
edfication Metho '
- pi [K and Epsilon 'l [
'(3 Turbulent Kinetic Energy (m2/52) [.52 ’consiant v]
Turbulent Dissipation Rate (m2/s3) [ ’consiant v] |
]

[ 0K ] [Cancel] [Help ]

S

Hinh 2.9. Ctra s6 thé hién dua gia tri van tde tai diu vao
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Ddu ra: La gia tri ap suat, phu thudc vao vi tri dat chan vit, theo so liéu

tinh toan va dugc mo ta theo hinh 2.10.

- -
Pressure Qutlet l&]

(49
-
35
.= Zone Name
Lo | daura
[ae])
+ Momentum ] Thermal ] Radiation ] Species ] DPM ] Multiphase ] ups I
)
\(m
S = Gauge Pressure (pascal) ﬁ [wnsiant ,l
ol !
% | Backflow Direction Specification Method [Normal to Boundary ,]
N
Sy [ Radial Equilibrium Pressure Distribution
+— D Average Pressure Spedification
\© [] Target Mass Flow Rate
() Turbulence

Spedification Method IK and Epsilon ,l

Backflow Turbulent Kinetic Energy (m2/s2) [ p2 ’consmnt v] ]
Backflow Turbulent Dissipation Rate (m2/s3) [ lmnsmnt v]
||

[ oK ] [Cancel] [Help ]

Hinh 2.10. Ctra s6 thé hién gid tri ap suat tai dau ra
S6 vong quay VA vdn téc: SO vong quay chan vit, cling nhu véan toc
duoc nap vao qua ctra sO theo hinh 2.11, can cht ¥ toi chiéu quay, don vi do,
nhu hé toa do sir dung dé v& mo hinh, khi dua gia tri sé vong quay va vén tdc.

= : 3 i - =z

Zone Name
| khoichationg
Material Name | yater-liquid - | [Edt...
- Frame Motion D Laminar Zone D Source Terms
';' [ Mesh Motion [ Fixed values
c I:l Porous Zone
Reference Frame | Mesh Motion | Porous Zone | Embedded LES | Reaction | Source Terms | Fixed Values | Multiphase
<
=
-
o Relative Specification UDF
) Rotation-Axis Origin Rotation-Axis Direction
o =
S | o I —
c
S| o —
> z(m) o constant - Z(p constant -
(]
~<Q . )
'} Rotational Velodity Translational Velocity
S o T e SIECE
[{ae ]
> Copy To Mesh oton Yo
Q.

Hinh 2.11. Ctra s6 thé hién gia tri van tdc vong quay chan vit
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Diéu kién héi tu cho cdc bién tinh todn: Puge dat 1a 10” va ghi lai dién

bién sai s6 trong sudt qua trinh tinh toan, theo hinh 2.12.

3 T — 7
et ontes o — D
Options Equations
Brint to Console Residual Monitor Check Convergence Absolute Criteria =
Plot continuity 0.00001
Window " IW 0.00001 3
] [ S
Iterations to Plot i oot i
1000 % 2velodity 0.00001

Residual Values Convergence Criterion

Iterations to Store [7] Mormalize
i 1000 & 2
G g =
| Scale
[7] Compute Local Scale

’ oK. ][ Flot ][Renormalize]’ Cancel ]’ Help ]

Hinh 2.12. it diéu kién hdi tu cho cac bién tinh toan
S6 vong Idp: Fluent - Ansys giai trén ting vong lip va bai toan s& hoi
tu, khi sai s6 cua tit ca bién dat dudi 10°, do d6 thong thudng cho sb vong lip

du 1on, theo hinh 2.13.

D Run Calculation
e
+ [ Check Case... | [Preview Mesh Motion...
c
<3
(&) Mumber of Iterations Reporting Interval
o
I3

_.I, 100000]

E S

KO0

o Profile Update Interval
= 1
{e] |
>
~<Q Data File Quanttes... Acoustc Signals...
A ]
o
-
zZ [ Calculate ]

Hinh 2.13. Dit s6 vong lip cho giai doan tinh toan
BuGc 4: Phan tich két qua tinh todn mé phong
Fluent - Ansys 1a phan mém ban thuc nghiém, do chinh xac cta bai

toan phu thudc rat nhiéu vao nguoi str dung. Pac bi¢t 1a mé hinh héa bai toan
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thuc va viéc dua vao gia tri cac héng s6 thuc nghié¢m.

Piéu nay doi hoi ngudi sir dung am hiéu phan mém, hiéu rd vé ban chat
bai toan, dé co thé phén tich va danh gia duogc tinh phu hop véi 1y thuyét cua
két qua tinh toan mé phong. Tir d6 dua ra cac phudéng an khac nhau nham
nang cao do chinh xac. Budc ndy néu can cd thé hiéu chinh lai mé hinh
nghién ciru.

2.3.2. Phwong dn thuc hién tinh toan mo phéng

Nghién ctru sinh di Iya chon mé hinh nghién ctu dugce dong dang vai
bai toan thuc theo tiéu chuan Froude (hay s6 Froude).

Theo tiéu chuan ndy, moé hinh nghién ctru va mé hinh thyc goi 1a dong
dang véi nhau khi c6 cung s6 Froude, thoa mén diéu kién [8, 25, 53, 65]:

V2

F ="
Lg

(2.17)

Trong d6: L - chiéu dai dic trung, gié tri bang dudng kinh chan vit D (m);
g - gia toc trong trudng, g = 9,8 m/s*;
V - gié tri vén téc (M/s).

2 2
Khi do: (;/pgt = (;/pI)Dm V6i Gt = gm = 0.

Vay cac dai luong cho m6 hinh dugc xac dinh:

- Van tbe (tién) ctia mé hinh la: v,) =) [P (2.18)

- $6 vong quay chan vit mé hinh 1a:  (n), = (n), |2 (2.19)

Str dung vé1 7 thong s6 van hanh cta chéan vit thuc té, theo hd so cla
M/V TAN CANG FOUNDATION la:
n,={90; 100; 110; 120; 130; 140; 150}, (rpm).
Tuong trng vdi1 van tde thuc, dugce xac dinh theo cong thtc:

(Vp)i=nth (2.20)
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Trong d6: P - budc cua chan vit, P =2,459 m;
h - budc tién that, h = 0,2P [13].

Khi d6, gia tri van toc thuc twong tng voi 7 théng sé vong quay 1a:
(Vp):={4,5;5,0;55;6,0; 6,5; 7,0; 7,5}, (m/s)

Pé 1am ndi bat van dé twong tac gitra chan vit va banh lai tau thay,
nghién ctru sinh tién hanh tinh todn moé phong theo moé hinh nghién ctu cia
muc 2.1, cu thé nhu sau:

Bai toan 1: M6 phong, phan tich va lam ro cac dai luong dac trung tai
mit chuyén tiép: Van tdc trung binh doc truc, cuong do rdi, ap suét,... cho
cac trudng hop tuong Gmg véi s6 vong quay chan vit va van toc thue sau:

n,={90; 100; 110; 120; 130; 140; 150}, (rpm).
(Vp)i = {4,5;5,0;55;6,0; 6,5; 7,0; 7,5}, (m/s)

Bai toan 2: Trén co s két qua nhan duoc cua bai toan 1, twong Gmg véi

s6 vong quay chan vit va van tdc thuc, voi goc bé 1ai o® & 8 vi tri khac nhau:
o = {0% 5% 10°% 15°% 20°% 25°% 30°; 35%

Nhu vy, co tit ca 56 trudng hop khac nhau.

Xac dinh luc bé 14i R; = f(n;, o;) theo cac trudng hop. Trén co sd két qua
thu duoc, phan tich va danh gida mdi quan hé giita van tdc va vong quay chan
vit dén luc bé 14i tau thay.

2.4. Phan tich va danh gia két qua tinh toan mé phéng

Ung dung CFD vé6i phan mém Fluent - Ansys [64], ¢ mo phong theo
cac trudng hop ctia bai toan 1. Cac két qua nhan duoc cu thé cua timg truong
hop clia bai toan, duwoc mé ta trong hinh 2.14 dén hinh 2.24 [8].

Hon nita, dé dam béo tinh logic va tranh nhic lai trong qué trinh phan
tich va danh gia cac trudng hop cu thé két qua nhan dugc, nghién ctru sinh
phan tich chi tiét két qua truong hop s6 vong quay chan vit n = 90 rpm.

Cac truong hop khac thuc hién phén tich va danh gia tuong tu.
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2.4.1. Két qua tinh todn mé phéng cdc dai liwong tai mat chuyén tiép theo
cdc truwong hop cua bai toan 1

Dbi v6i bai toan 1, tuong Gmg véi 7 trudng hop vong quay chan vit
khac nhau, thay d6i gia tri ttr 90 rpm =+ 150 rpm.
2.4.1.1. 86 vong quay chén vit la n, = 90 rpm

Két qua tinh todn md phéng nhan dugc mod ta theo hinh 2.14 va nhan
xét rang: Phan bd van tdc tap trung theo phuong doc truc cta dong chay qua
chan vit. Gia tri van tdc nhan duge hién thi bﬁng gia tri cu thé tuong g voi
cot mau bén canh. Pay 1a thanh phin quan trong quyét dinh dén qua trinh

chuyén d6i nang luong dong chay sau chan vit thanh lyc bé 14i tau thuy.

1: Contours of Axial Velodty

51%4HD
£.3e+D
-1 D3+D

. -3
EF
STeHD l ;
B4

-95%-H0

Hinh 2.14. Két qua tinh toan mé phong van téc doc truc khi n = 90 rpm
Tir két qua nhan duoc theo hinh 2.13, hoan toan tinh duoc gid tri van
tbc trung binh theo phuong doc truc tai mat chuyén tiép, v6i két qua cu thé
trong truong hop nay Vi, = 1,42 m/s.
Mit khac, dé mo ta rd hon anh hudéng ctia dong chay sau chan vit, ciing
nhu sy twong tac vai banh lai tau thuy, trong hinh 2.15 va hinh 2.16 dua ra
két qua tinh toan gia tri cuong d6 rdi (thong qua dong ning rdi va do nhot

rdi), danh gia mirc d6 dong chay dén chuyén doi ning luong trén banh li.
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1: Contours of Turbulent Visc

L

Contours of Turbulent Viscosity (kg/m-s) Mar 08, 2016
ANSYS Fluent 15.0 (3d, phns, ske)

Hinh 2.15. Két qua tinh toan mé phong

d6 nhot réi tai mat chuyén tiép khi n = 90 rpm

1: Contours of Turbulent Kine v

Contours of Turbulent Kinetic Energy (k) (m2is2) Mar 08, 2016
ANSYS Fluent 15.0 (3d, phns, ske)

Hinh 2.16. Két qua tinh toan mé phong
dong nang rdi tai mat chuyén tiép khi n =90 rpm
Hon nita, ngoai két qua nhan dugc la truong van tdc va cuong do 1o,
con nhan duoc két qua cu thé vé truong ap suit trong khong gian tinh toan,
dic biét 1a trén canh chan vit. Gia tri két qua ap suat nhan duoc trén mat day

va mat hat cta chan vit, theo 6 ¢dt mau bén trai ctia hinh 2.17 va hinh 2.18.
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Hinh 2.17. Két qua tinh todan mo phong

ap suat trén mit day chan vit khi n = 90 rpm

Hinh 2.18. Két qua tinh todan mo phong

ap suat trén mat hat chan vit khi n = 90 rpm
Két qua tinh toan mo phong cac truong hop tiép theo vai s vong quay
chan vit khac nhau, bang cach twong ti nghién ctru sinh hoan toan tinh toan
céc gia tri tai mat chuyén tiép nhu trudng hop ny = 90 rpm. Tuy nhién, nghién

ctru sinh tap trung gia tri van tdc trung binh doc truc tai mat chuyén tiép.
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2.4.1.2. S6 vong quay chan vit trong cdc trwong hop con lai

1: Contours of Axial Velodity

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

Hinh 2.19. Két qua tinh toan mé phong van téc doc truc khi n = 100 rpm
Tir két qua trong hinh 2.19, hoan toan tinh dugc gia tri van téc trung
binh doc truc tai mat chuyén tiép 12 Vi, = 1,64 m/s.

1: Contours of Axial Velocity v

Contours of Axial Velocity {(mifs) Mar 08, 2016
ANSYS Fluent 15.0 {3d, phns, ske)

Hinh 2.20. Két qua tinh toan md phong van téc doc truc khi n = 110 rpm
Tir két qua trong hinh 2.20, tinh duoc gia trj van téc trung binh doc truc

tai mat chuyén tiép 12 Vs = 1,72 m/s.
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1: Contours of Axial Velocity b

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

Hinh 2.21. Két qua tinh toan md phong van téc doc truc khi n = 120 rpm
Tir két qua trong hinh 2.21, tinh duoc gia trj van téc trung binh doc truc
tai mat chuyén tiép 12 Vips = 1,9 m/s.

1: Contours of Axial Velocity > |

7 7%e+m ‘ A
SATe+m

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

Hinh 2.22. Két qua tinh toan mé phong van toc doc truc khi n = 130 rpm
Tir két qua trong hinh 2.22, tinh duoc gi4 tri van tdc trung binh doc truc

tai mat chuyén tiép 12 Vs = 2,1 m/s.
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1: Contours of Axial Velodity

-+
-7.4%+m i A
-7 9te+m ‘

Contours of Axial Velocity {mis) Mar 08, 2016
ANSYS Fluent 15.0 (3d, pbns, ske)

Hinh 2.23. Két qua tinh toan md phong van téc doc truc khi n = 140 rpm
Tir két qua trong hinh 2.23, tinh duoc gi4 tri van tdc trung binh doc truc
tai mat chuyén tiép 12 Vs = 2,52 m/s.

7 D5e+m i :
7 75e4m v

-S.4%e+HI

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

Hinh 2.24. Két qua tinh toan mé phong van téc doc truc khi n = 150 rpm
Tir két qua trong hinh 2.24, tinh duoc gi4 tri van tdc trung binh doc truc

tai mat chuyén tiép 1a V7 = 2,7 m/s.
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2.4.2. Tinh todn gid tri vin téc doc truc tai mit chuyén tiép bao quanh banh
lai tau thuy

Moi truong hop tinh todn méd phong theo phin mém Fluent - Ansys,
tuong Gmg voi sb vong quay chén vit khac nhau, déu nhan dugc gia tri vén tdc
trung binh tai mat chuyén tiép tuong tng.

Hon nira, gia tri van tdc bao quanh banh lai dugc xac dinh theo cong
thirc [8]:

V=) + (), (2.21)

Trong d6:  (v,), - van toc thuc cua tau, twong tng véi s6 vong quay chan vit,
tinh toan theo cong thuc (2.20) va cé4c s6 lidu tir ho so tau thuc;
(V). - van toc trung binh tai mit chuyén tiép, twong tng Véi sb
vong quay chéan vit.
Két qua tinh toan gid tri van toc doc truc tai mit chuyén tiép, bao quanh
banh lai, dugc mo ta trong bang 2.1 [8].
Bang 2.1. Két qua tinh toan gia tri van téc doc truc

bao quanh banh lai theo Fluent - Ansys

] ] Van toc trung | Van toc doc
S0 vong quay Van toc
binh tai mat truc bao
TT chan vit thuc cua tau ., ]
chuyén tiep banh lai
(ny), (rpm) (Vo) (M/s)
(Vi) (M/5) (V). (m/s)
1 90 4,5 1,42 5,92
2 100 50 1,64 6,64
3 110 5,9 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
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Tur két qua bang 2.1, nghién ctu sinh xay dung dd thi md ta mdi quan
hé gitta vong quay cua chan vit vai gia tri van téc doc truc bao quanh banh lai
tau thay, theo hinh 2.25.

\'
11

150; 10,02

10 A

140;9,52

5 T T T T T 1 n
90 100 110 120 130 140 150

Hinh 2.25. D6 thi méi quan hé giira van toc vong quay chan vit
va van téc doc truc bao quanh banh lai tau thay

Tom lai: Bai toan 1 cho céc két qua tinh todn mo phong tai mat chuyén
tiép, gém: Gia trj van téc doc truc, ap Suét, cuong do 164, ...

Két qua phan bo 4p sut trong toan bd khong gian tinh toan va dic biét
trén canh chan vit tau thiy nhan duoc tir mo phong, tir d6 co thé xac dinh
duogc luc diy tuong tmg cua chan vit v6i cac sb vong quay khac nhau. Pong
thoi v6i gia tri cudng do rbéi nhan duoc it nhiéu ciing s& anh huong dén su
bién ddi ning lwong dong chay sau chan vit va tuong tac banh lai. Tuy nhién,
vl muc dich va gidi han nghién ctu cua luan an dat ra, nghién ctru sinh
khong tap trung nghién ciru van dé ndy, ma chi giéi thiéu mot sd két qua tinh
toan mo phong tai mat chuyén tiép.

Pic biét, voi gid tri van toc trung binh doc tryc tai mat chuyén tiép, bao
quanh banh 1ai trong bang 2.1 va hinh 2.25, day 1a gia tri quan trong tap trung

nghién ctru, dé xac dinh lyc bé i tau thuy R tuong tng.
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2.4.3. Két qua tinh todn mé phéng lwc bé ldi R theo cac trwong hop ciia bai
toan 2
Sau khi c6 cac két qua tinh toan mé phong chi tiét ctia bai toan 1, cu thé
nhan dugc dai luong quan trong 13 gid tri van tdc doc truc tai mat chuyén tiép
bao quanh banh lai (bang 2.1). Nghién ctu sinh tiép tuc thuc hién tinh todn
cho bai toan 2 (trc 1a truong hop dong chdy bao quanh banh lai tau thuy), tir
do6 xé4c dinh lyc bé 141 R tuong tng.
Str dung cong thire giai tich xac dinh Iyc bé lai R nhu sau [8, 52, 53]:
R=577AV’sina (2.22)
Trong d6: o - gia tri goc bé lai;
Ag - dién tich tham chiéu cta banh lai, c6 gia tri Ag = 12 m’ (lay
theo ho so tau M/V TAN CANG FOUNDATION);
V - van tbc dong chay bao quanh banh 14i theo phuwong doc truc.
Xét 7 phuong an khac nhau cua vong quay chan vitn; (i=1+7) va 8
phuong 4n khac nhau cia goc bé 1ai o; (j = 1 + 8), két hop cong thirc (2.22),
két qua trong bang 2.1, sir dung phan mém Exel tinh toan cu thé luc bé 14i R.
Két qua tinh toan chi tiét gia trj lyc bé li R, twong Gng voi gia tri van
tbc V theo tinh toan md phong bang Fluent - Ansys, cho trong bang 2.2 [8].
Bang 2.2. Két qua tinh toan luc bé 1ai R

v6i van toe V tinh theo Fluent - Ansys

Vong Gia tri goc bé 14i o;
quay | o g 10° 15° 20° 25° 30° 35°
chan

. Gia tri luc bé lai R

vit *

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
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 | 241515,8
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130 | 0 | 43067,22 | 85807 127894,4 | 169009,4 | 208839,5 | 247081,8 | 283445,5
140 | 0 | 49947,78 | 99515,8 | 148327,2 | 196010,9 | 242204,4 | 286556,4 | 328729,7
150 | 0 |57338,02 | 114240,1 | 170273,6 | 225012,6 | 278040,8 | 328955,1 | 377368,4

T két qua tinh toan trong bang 2.2, nghién ctru sinh thuc hién xay

dung d6 thi mo ta quan hé gitta luc bé 1ai R véi t6 hop chan vit - banh i,
theo hinh 2.26 va hinh 2.27.

R (N)
370000 =90 rpm
320000 == 100 rpm
270000 ==te=110 rpm
220000 == 120 rpm
170000 ==i=130 rpm
120000 =0—140 rpm
70000 150 rpm
20000 o
5 10 15 20 25 30 35

Hinh 2.26. D6 thi mé ta mbi quan hé giira lyc bé 1ai R

v6i goc bé 1ai, khi biét s vong quay chén vit khac nhau

R (N)
400000

350000

—— Goc bé lai =5

—O0— Go6c bé lai = 10|

300000

250000

100000

50000 W
O T T T T T

*&

—— G6c bé lai = 15

—— Goc bé lai = 20

—s— Goc bé lai = 25|

—o— Goc bé lai = 30

—o— Goc bé lai =35

90

100 110

120

130

140

n (v/p)

150

Hinh 2.27. D6 thi m6 ta méi quan hé giita lyc bé 1ai R

v6i vong quay chan vit, khi biét goc bé 1ai khac nhau
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Phan tich két qua tir bang 2.2, hinh 2.26 va hinh 2.27, nhan xét rang:

- D6 thi 1a dudng thiang va tuyén tinh. Gia tri lyc bé 1ai R ty 1é thuan
v6i t6 hop chan vit - banh 14i, nghia 13, khi ting gia tri goc bé lai hodc gia tri
vong quay chan vit, thi gid tri luc bé 1ai R cling tang theo;

- Cung gia tri vong quay chén vit, chang han n = 100 rpm, khi thay doi
goc bé 14i & goc khac nhau, thi luc bé 1ai R ciing thay doi va tang theo, cu thé:

Khi o® = 5°, gia trj luc bé 13i R ting va dat 25483,65 N;

Khi o® = 10°, gia tri Iyc bé 14i R ting va dat 50773,37 N;

Khi o® = 15°, gia trj Iyc bé 14i R ting va dat 75677,16 N;

Khi o’ = 20°, gia tri Iyc bé 1ai R ting va dat 100005,6 N;

Khi o® = 25°, gia tri Iyc bé 14i R ting va dat 123573,7 N;

Khi o® = 30°, gia tri lyc bé 14i R ting va dat 146202,2 N;

Khi o® = 350, gia tri lyc bé lai R tang 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 d6i va ting theo, cu thé:

Khi n =90 rpm, gia tri luc bé 1ai R ting va dat 41126,43 N;
Khi n =100 rpm, gia tri luc bé 1ai R tang va dat 50773,37 N;
Khi n =110 rpm, gia tri lyc bé 1ai 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 Iyc bé lai R tang va dat 85807,00 N;
Khi n =140 rpm, gia tri luc bé 1ai R tang va dat 99515,80 N;
Khi n =150 rpm, gia tri luc bé 1ai R tang va dat 114240,10 N.

- Cung mdt gia tri luc bé 1ai R, co thé co nhiéu t6 hop chan vit - banh
lai thoa man, chéng han:

Khi R =200.000 N, c6 t6i 5 t6 hop (n;, 0;) thoa man;

Khi R =250.000 N, ¢6 t6i 3 t6 hop (n;, 0;) thoa man.

Nhu vdy, c6 nhiéu to hop chan vit - banh 14i Iya chon phu hop, giup

thuyén trudng, hoa tiéu diéu dong tau, dac biét trong lué)ng, khu vuc chat hep.
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Mit khéc, tir cong thic (2.22) va cac két qua nhin duoc trong muc
2.4.1, nhan xét rang;

- Gi4 tr1 lyc bé 141 R phu thudc vao thanh ph?ln dién tich tham chiéu
banh 14i, gia tri van téc dong chdy bao quanh banh lai va goc bé lai. Nhu vay,
d6i voi mdi tau cy thé hoan toan biét dugc gia trj dién tich tham chiéu banh
141 va goc beé 1ai, dé tinh duoc R can phai biét gid tri van tbc dong chay bao
quanh bénh 14i tuong Ung.

- Viéc dé biét duoc gia tri van toc dong chay bao quanh banh lai tuong
g, c6 thé thuc hién theo cac phuong phéap khac nhau, cu thé:

+ Phuong phap 1: St dung tinh todan mo6 phong.

+ Phuong phép 2: St dung cong thirc thyc nghi¢ém.

+ Phuong phép 3: Po trén hé théng thi nghiém.

Trong muc 2.4 cua chuong 2, nghién ctru sinh thuc hién tinh toan gia
tri van téc dong chdy bao quanh banh 1ai theo phuong phap 1. P6i véi
phuong phéap 2 va 3 nghién ctru sinh sé& trinh bay cuy thé trong chuong 4.

RO rang, ban chit cua van dé 1a nghién ctru sinh s€ sir dung gia tri luc
bé 1ai R trong 3 phuong phap trén nhu 14 dai lugng trung gian dé so sanh gia
tri van tbc dong chay bao quanh banh 1ai twong tng trong 3 phwong phap trén
ma nghién ctru sinh s& thyc hién trong dé tai. Tir d6 danh gia mic d6 chénh
1éch hay murc d6 tin cdy cua gia tri van téc dong chay bao quanh banh 14i theo
3 phuong phap. Pay ciing chinh 1a mot phan ndi dung quan trong ma nghién
ctru sinh s¢€ thuc hién trong chuong 4.

2.5. Két luan chwong 2

Chuong 2 tip trung tinh toan md phdng dong luc hoc dong chay sau
chan vit va twong tac banh 14i tau thiry va dat duoc cac két qua co ban sau:

- Xay dyng mé hinh nghién ctru va co sé toan hoc lién quan dé tinh
toan mo phong su tuwong tac dong chay sau chan vit va banh lai tau thuy;

- Tinh todn m6 phong su tuong tac dong chay sau chan vit va banh 1ai
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tau thiy, bang cach tng dung cac phan mém chuyén dung, nhu: Fluent -
Ansys, Solidwork, Workbench,... Trén co s& d6, phan tich, danh gia két qua
tinh toan mé phéng nhan duogc chi tiét va lam 1o cac dai lugng dac trung tai
mat chuyén tiép, nhu: Van tbc trung binh doc truc, ap suit, cuong do roi, ...,
dic biét tap trung nghién ctru tinh toAn md phong gia tri van tc trung binh
doc truc tai mit chuyén tiép twong tng véi cac trudng hop sé vong quay chan
vit khac nhau.

- Tinh toan chi tiét lyc bé 1ai R theo gia tri goc bé 1ai va sb vong quay
chén vit theo cac phuong 4n khac nhau bang phuong phap mo phong. Tur két
qua nhan duoc, nghién ctru sinh phan tich va danh gid méi quan hé chat ché
giita gitra Iyc bé 14i R voi goc bé 1ai va sd vong quay chan vit. Tir d6, ¢6 co s
phan tich, danh gia va lya chon nhiéu t6 hop chan vit - banh 1ai phu hop, gitp
thuyén trudng, hoa ti€u diéu dong tau, dac biét trong luéng, khu vuc chat hep,
dam bao sao cho tau bam sat quy dao cho trudec.

Mat khac, trong ndi dung chuong 2 nghién ctru sinh da tinh toan gia tri
trung gian luc bé 1ai R theo gia tri van tbe trung binh doc truc tai mat chuyén
tiép bang phuong phap mo phong (ky hidu R phong), MA gid tri nay dugc tinh
toan bang cac phuong phap khac nhau. Cung véi két qua quan trong dat dugc
trong chuong nay, nghién ctru sinh tiép tuc thuc hién cac phuong phap st
dung cong thic thyc nghiém va phuwong phéap thi nghiém trén hé thong thi
nghiém trong chuong 4 ciia luan an. Tir d6 tong hop, so sanh va phan tich két
qua nhan dugc dé danh gia dg tin cdy cua két qua tinh toan mo6 phong véi cac

két qua nhan dugc bang cac phuong phap con lai.
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CHUONG 3. TINH TOAN MO PHONG TAC PONG CUA TO HQP
CHAN VIT - BANH LAI PEN PIEU KHIEN HUONG PI TAU THUY
TREN TUYEN LUONG HAI PHONG

3.1. M6 hinh luwé¢i dong

Chuong 1 tip trung nghién ctru khéo sat va phan tich dic diém 4 khu
vuc tiém an nhiéu nguy co tai nan hang hai trén tuyén luong hang hai Hai
Phong. Hon nita da thuc hién viéc giéi han nghién ctu cua dé tai luan an.

Chuong 2 tap trung nghién ctu tinh todn mé phong dong luc hoc dong
chay sau chan vit va tuong tic banh lai tau thuy. Thyuc chat I thuc hién giai
cac phuong trinh dong luc hoc dong chay bao quanh tau thiy bang phan mém
Fluent - Ansys, dé xac dinh cac théng sé khao sat nhu: Gia tri van toc doc truc
tai bé mat chuyén tiép, &p suat, cuong do rdi,. ..

Tuy nhién, diém khac biét co ban can nghién ctru dé thyc hién trong
chuong nay 1a sau mdi budc thoi gian vi tri caa tau thay d6i, thi lugi phai
duogc ty dong chia lai va céac thong sé dong luc hoc ciing thay doi theo. Piéu
nay gilp khao sat duoc quy dao chuyén dong cua tau thay véi cac diéu kién
bién bam sat thuc té va dam bao chinh xéac hon.

Lién quan dén viéc giai quyét bai toan mo hinh luéi dong (Dynamics
mesh), nhiéu tac gia trén thé giéi da dua ra cac phuong phap khac nhau.
Nhom tac gia Huazhong Tang, Tao Tang, da tap trung phét trién thuat toan
theo phuong phap Lagrange va Euler dé chia lai ludi sau mdi budc thoi gian.
Nhém tac gia J. Donea, Antonio Huerta va cac cong su da phan tich nhuoc
diém cua thuat toan theo phuong phap Lagrange va Euler dé tir d6 dé xuat

thuat toan két hop ca hai phuong phap nay.
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Hinh 3.1. Hinh anh luéi duoc chia lai sau mdi budc thoi gian thay doi

Trong d6: Ry - hinh anh luéi twong Gng véi vat thé ban dau (bén trai)
va khi bi bién dbi (bén phai), theo quy luat bién ddi .

Tuc 1a: (X, 1) = o(X, 1) = (%, 1)
Suy ra x=x(X,1);t=t

Str dyng thuat toan ludi dong thudc phan mém Fluent - Ansys, két hop
Véi viéc sir dung ngdn ngir lap trinh C++ dé thiét lap dic tinh cua vat thé, sau
d6 bién dich va dua vao thu vién cta phan mém dé trién khai tinh toan mo
phong.

Pé dat mot phan muc dich nghién ctu cua dé tai luan an, chuong 3 tap
trung vao gisi han pham vi 4 khu vyc tiém an nguy co tai nan hang hai thyc té
tuyén ludng Hai Phong va thuc hién cac van dé co ban sau:

- Xay dung mé hinh nghién ctu cho 4 khu vuc tiém an nguy co tai nan
hang hai thuc té tuyén lusng Hai Phong;

- Xay dung quy trinh tinh todn m6 phdéng cho tirng trudng hop gio1 han
nghién ciru, tmg véi to hop chéan vit va banh 1ai khac nhau;

- Tinh toan md phong tac dong cua td hop chan vit - banh 14 dén quy
dao chuyén dong tau thuy;

- Phén tich va danh gia két qua tinh toan moé phong. Tir d6 dé xuat
phuong an diéu dong, khuyén cao hoa tiéu va thuyén truéng dan tau bam theo
quy dao cho trudc, dam bao an toan qua 4 khu vuc tiém 4n nhiéu nguy co mat

an toan hang hai.
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3.2. Xdy dung mé hinh nghién citu cho bén khu v tiém an nguy co mét
an toan hang hai trén tuyén luong Hai Phong

Chuong 1 da gio1 han pham vi nghién ctru, gém 4 khu vuc 1a I, I, 111,
IV trén tuyén ludng Hai Phong c6 nguy co mat an toan hang hai cao, dong
thoi két hop so liéu thuc té cia M/V TAN CANG FOUDATION. Tong hop
c6 8 trudong hop, bai vi tau hanh trinh theo hai chiéu qua mdi khu vuc:

- Chiéu hanh trinh tir cang chinh Hai Phong (ky hiéu HPP) ra khu vuc
d6n tra hoa tiéu (ky hiéu PS), gom c4c truong hop 1, 3, 5, 7 theo bang 3.1;

- Chiéu nguoc lai, tir PS dén HPP, gdm cac trudng hop 2, 4, 6, 8 theo
bang 3.1.

Nhu vay, nghién ctru sinh s& xay dung mé hinh nghién ciru dong dang
v6i md hinh thuc té cho 8 truong hop trong bang 3.1.

Bang 3.1. Tong hop 8 truong hop cua 4 khu vuc trén tuyén ludng Hai Phong

Khu Cac truwong hop
vue 1 2 3 4 5 6 7 8
HPP1  PS1
| — —
PS1  HPP1
HPP2  PS2
11 — —
PS2  HPP2
HPP3  PS3
] — —
PS3  HPP3
HPP4 PS4
v — —
PS4  HPP4

Xay dyng md hinh nghién ctru cho bbn khu vyc tiém an nguy co mat an

toan hang hai trén tuyén ludng Hai Phong, cu thé nhu sau:
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3.2.1. Trwong hop 1, ap dung cho khu vwc I (HPP1 — PS1)

Bai toan thuc té

= K Y R Quy¥ dao mong muén

Xay dung mo hinh nghién cuu

PAu vao 2
(B6 sung)

DPau ra
PS1

Pauvao 1l
HPP1

Quy d¢ao mong mudn

Hinh 3.2. Xa&y dung mé hinh nghién ctu cho treong hop 1
Céc tham sd cu thé ctia mo hinh nghién ctru nhu sau:

- Pau vao 1 (HPP1): Xét téi anh hudng cua dong chay (hudng va van toc
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dong) trén tuyén ludng theo sd liéu khao sat da biét trude thoi diém hién tai.

- Pau vao 2 (b6 sung): Xét dén anh hudng cua dong chay tir nhanh séng
Rudt Lon.

- Pau ra (PS1): Tong hop gia tri chiéu va van toc dong chay phu thudc
vao dau vao 1 va dau vao 2.

- Quy dao mong mudn (quy dao cho trude) 1a ¢b dinh di biét trude theo
s6 liéu cua tuyén ludng.

Tuong tng voi mdi to hop chan vit - banh l4i tai vi tri dau vao 1, ma tau
thay c6 huéng chuyén dong va van tdc nhat dinh. Viéc tinh toan moé phong
cho biét vi tri va céc thong s6 dong luc hoc khac cua tau tai cac budc thoi
gian tiép theo.

Tai vi tri dau vao 1 nguoi khién tau co thé dua ra nhiéu sy lya chon td
hop sd vong quay chan vit - goc bé lai khac nhau. Vay tuong tmg v6i mdi su
lya chon do6 thi quy dao cua tau thuay s€ nhu thé nao? Két qua tinh todn mo
phong quy dao chuyén dong cua tau thiy s& chi ra to hop tdi uu sao cho gan
nhat v6i quy dao mong mudn.

3.2.2. Trwong hop 2, ap dung cho khu vuc I (PS1 — HPPI)

Xay dung mo6 hinh nghién ctru cho truong hop 2, thyc hién tuwong tu nhu
truong hop 1, bang cach d6i dau vao 1 12 PS1, vi tri tau hién tai cho dau ra 13
HPP1 va giir nguyén dau vao 2 (b6 sung).

Céc tham sd cu thé ctia md hinh nghién ctru nhu sau:

- Pau vao 1 (PS1): Xét téi anh hudng cua dong chay (huéng va van toc
dong) trén tuyén luéng theo s6 liéu khao sat da biét trude thoi diém hién tai;

- Pau vao 2 (b6 sung): Xét dén anh huéng ciia dong chay tir nhanh séng
Rudt Lon;

- Pau ra (HPP1): Gia tri chiéu va van téc dong chay phu thudc vao dau
vao 1 va dau vao 2;

- Quy dao mong mudn 13 ¢ dinh di biét trudc theo sb lidu tuyén ludng.

72



Bai toan thuc té

= ] RN AR Quy dao mong muén

Xay dung mo hinh nghién cuu

Pau vao 2
(b6 sung)

Piu vao 1

bau ra PS1

HPP1 Quy dao mong muén

Hinh 3.3. Xa&y dung mé hinh nghién ctu cho truong hop 2
Pdi véi 6 md hinh nghién ctru con lai, viéc tién hanh xay dung va phan
tich cac tham sb thuc hién tuong ty nhu truong hop 1 va 2, chi khac nhau céc
khu vuc tiém an nhiéu nguy co tai nan hang hai.

Két qua xay dung mé hinh dugc thé hién tir hinh 3.4 dén hinh 3.6.
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3.2.3. Trwong hop 3 (HPP2 — PS2) va trwong hop 4 (PS2 — HPP2), dap
dung cho khu vuc Il

Bai toan thuc té

i
g .

Xay dung mo hinh nghién cuu

Dau vao
HPP2

Qu¥ d¢ao mong mudn
Pau ra
PS2

Hinh 3.4. Xa&y dung mé hinh nghién ctru cho truong hop 3 va truong hop 4
Pbi v6i mo hinh nghién ciru cta truong hop 4, chu y rang: Pau vao va
vi tri ban dau cua tau thuy 1a PS2, dau ra 1a HPP2 va cac tham s ciing thay

d6i theo phu hop véi ting truong hop va thoi diém tau hanh trinh.
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3.2.4. Trwong hop 5 (HPP3 — PS3) va truwong hop 6 (PS3 — HPP3), ap
dung cho khu vuce I11

Bai toan thuc té

Piu vao 1 Xay dung md hinh nghién cuu
HPP3
Pau ra 2
(b6 sung)

Qu§ dao mong muén

Paural
PS3

DPau vao 2
(b6 sung)

Hinh 3.5. Xay dung md hinh nghién ctru cho truong hop 5 va truong hop 6
Trén hinh 3.5 thé hién trudng hop 5 (tau di ra khoi kénh Ha Nam). Déi

v61 md hinh nghién clru cua truong hop 6, thi tau hanh trinh nguoc lai.
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3.2.5. Trwong hop 7 (HPP4 — PS4) va trwong hop 8 (PS4 — HPP4), dp
dung cho khu vuc IV

Bai toan thuc té

|

\\\\
Ak SN
\»Me m\ A

Xay dung mo hinh nghién cuu

Paura?2

Pau vao
HPP4
Quy dao mong muon

Paural
PS4

Hinh 3.6. Xa&y dung mé hinh nghién ctru cho truong hop 7 va truong hop 8
Trén hinh 3.6 thé hién trudng hop 7 (tau hanh trinh roi khoi kénh Ha

Nam, dén diém giao cit mot hudng di vé phia Quang Ninh, mot huéng hanh
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trinh dén PS4). Péi véi trudng hop 8, dau vao va vi tri ban du cua tau 1a PS4

(bt dau tir diém giao cat dé vao kénh Ha Nam), dau ra 1a HPP4 va tham s6

thay d6i phu hop voi ting trudong hop va thoi diém tau hanh trinh.

3.3. Xy dung quy trinh tinh toan mé phéng tic djng ciia td hop chan vit

- banh lai dén quy dao chuyén dong tau thiy

Dé tudng minh va chi tiét viéc tinh toan md phong tac dong cua td hop

chan vit - banh 1ai dén diéu khién huéng chuyén dong tau thity cho bén khu

vuc tiém an nguy co mat an toan hang hai trén tuyén luong Hai Phong, nghién

ctru sinh thyc hién xay dung quy trinh theo so d6 khdi sau hinh 3.7 [8].

B toan thire

ll

Xay dung md hinh
bl todn nghign ciu

| VE&md hinh va chia hrai

|

Dt cac difu kién bién cho
mromg hop tinh todn

Lip trinh file dic tinh téu thuy
béng ngén ngir T

b

Eién dich va dra vae bd hru ik (thr
vién) cia chireng trinh CFD

Tinh todn mé phéng s tromg téc t& hop
chén vit - bénh 14 dén qui dzo chuyén déng
clia tén thuy trén tuvén lnbng héng ha

Thiy di poc b 1i vi wong quay chin vit

Phén tich két qua tinh teén mé phing

Hinh 3.7. So d6 khéi quy trinh tinh toan mé phong

Thuc hién va dua ra mot sO ctra sO thé hién viéc chon mo hinh tinh toan,

nap cac gia tri dau vao (van toc V tau va goc bé lai a), dau ra cung cac dicu

kién bién khac. Tuy nhién, trong so do khoi nay can cha y bo sung ctra so
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chinh khi trién khai theo mé hinh ludi dong dé tinh toan mé phong quy dao
chuyén dong tau thuy, theo hinh 3.8.

Dynamic Mesh

| Dymiamic Mesh

Mesh Methods Options
| Smoothing In-Cylinder
Layering V| 5ix DOF
+f| Remeshing Implicit Update
Settings... Contact Detection
Settings...
Ewvents...

Dynamic Mesh Zones
| votau - Rigid Body

File dac tinh vo tau duoc
bién dich va dua vao thu vén

[create/Edit... | [ Delete | [ Delete al

| Display Zone Motion... |

| Preview Mesh Motion... |

Help

Hinh 3.8. Cira s6 chinh mé hinh chia luéi dong

Hinh 3.8 cho phép luwa chon mo hinh phu hop k¥ thuat xtr 1y ludi. Nghia
13, st dung thuat toan lam tron ludi “Smoothing” va tu dong chia lai ludi sau
mdi budc thoi gian “Remeshing”, cung phuong trinh vi phan chil dao, duoc
stt dung phuong trinh sau bac tu do md ta chuyén dong cua tau thuy “six
DOF” trong truong hop tong quat va ba bac tu do khi tau thiy chuyén dong
trén mat phang nam ngang [48]. Pay la thoi diém can bién dich va dua file
md ta dic tinh vo tau duoc lap trinh bang ngdn ngir C++ vao thu vién phan
mém, n6 duoc hiéu 1a d6i tuong chuyén dong trong phuong trinh “six DOF”.
3.4. Tinh toan mé phéng tic dong ciia té hop chén vit - banh lai dén quy
dao chuyén dong tau thiy
3.4.1. Gi6i han mét sé diéu kién bién

Ban chat van d¢é 1a giai phuong trinh chuyén dong tau thuy theo phuong

mit phing ngang véi ba bac tu do, trong d6 xét téi anh hudng dong chay (tur
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nhanh sdng cua tuyén ludng Hai Phong), mot sd gi6i han cu thé nhu sau:

- Khong xét t6i anh hudng cia song, gid va do sau tuyén ludng;

- Gi4 tri dau vao 1a van tdc tau va luc bé 14i da thuc hién trong chuong
2, tir 46 Iya chon mot s6 cip t6 hop chan vit - banh 1ai cho mdi truong hop.

Trong 8 truong hop cua khu vuc I, II, III va IV da phan tich trong
chuong 1, thi khu vuc III (trudng hop 5 va 6), tinh chit nguy hiém va phirc
tap hon ca, 1a khu vuc ¢6 xac suét tiém an nguy co tai nan hang hai cao nht.

Vi vdy, nghién ctu sinh s€ tap trung phan tich, tinh todn moé phdng,
danh gia va lua chon to hop chan vit - banh 14i t6i wu cho truong hop 5 (goi 1a
truong hop mau), ddm bao quy dao chuyén dong tau thity bam sat voi quy dao
mong mudn. Tir d6 dé xuit phuong an diéu dong tau qua khu vuc nguy hiém
nay. Bay truong hgp con lai, quy trinh tinh todn mo6 phong, phan tich, danh
gia va lua chon t6 hop chan vit - banh lai t6i wu, duoc tién hanh twong tu
truong hop S.

- Lya chon van tdc tau (theo tiéu chuan dong dang) 1a V= 0,75 knots <
Vgn = 8 knots (van toc gi6i han cho phép ctia tau khi hanh trinh trén tuyén
ludng Hai Phong ), tuong duong véi sd vong quay chan vit n =~ 110 rpm (ho
so Harbour speed table cia M/V TAN CANG FOUNDATION), theo gia tri
van tdc tau thuc ngoai thyuc dia 1a 7,5 knots, khi tau ché ddy tai (khi tau khong
tai hay ntra tai, thi quy trinh thyuc hién tuong tu).

- Lwa chon goc bé 14i thay ddi: o = {- 5% - 10° - 15°, 0°, 5°, 10°, 15%},
v6i quy ude du (+, hodc khong dau) bé 1ai vé phai va dau (-) bé lai vé trai.

- C6 thé tién hanh thyc hién thém gia tri Vi khac dé so sanh.
3.4.2. Phan tich két qua tinh todin mé phéng va dé xudt phwong dn diéu
dong tau trong truwong hop 5 (khu vuce 111)
3.4.2.1. Phdn tich két qua tinh todn mé phéng

Trén co s& quy trinh tinh toan, img dung chuong trinh CFD dé trién
khai theo mo hinh luéi dong. Két qua tinh todan mo hinh va chia ludi dong

trong trurong hop nay dugce mo ta theo hinh 3.9.
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Hinh 3.9. Két qua tinh toan mé phong xay dung mé hinh va chia ludi dong

V6i muc tiéu tinh toan mé phong quy dao chuyén dong cua tau thuy, lwa
chon céc t6 hop chan vit - banh 1ai (n;, a;), dé dua ra phuong an diéu dong tau
t61 uu nhat. Nghia 13, quy dao chuyén dong ctia tau bam sat quy dao cho trudc
v6i s6 1an diéu dong phu hop nhat co thé. Trén co sd khao sat phan tich dic
diém cua khu vuc tuyén ludng, nghién ctru sinh chia thanh cac giai doan diéu
dong khac nhau, ky hiéu 1a BD; (i = 1 + n), dbi voi truong hop nay thi n = 3.

Giai doan diéu dpng tau DD,

Xét truong hop giit nguyén véan tdc tau V; = 0,75 knots (ttrc 1a khong
thay dbi vong quay chén vit), nhung gié tri goc bé 1ai o° thay doi.

Két qua mo phong tinh toan cu thé quy dao chuyén dong cua tau thuy (vi
tri thay d6i cua tau thiy) va cac thong sd dong luc hoc dong chay, theo cac
budc thoi gian khac nhau (tai cac thoi diém khac nhau t;, i = 1 + n), dugc md

ta tir hinh 3.10 dén hinh 3.16.
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c) d)
Hinh 3.10. Két qua tinh toan mé phong quy dao chuyén dong tau thuy va van
tbc dong chay tuong tac véi tau tai thoi diém khac nhau t; (i = 1 + 4), khi goc
bé lai o® = 0% a) t; = 0,5s; b) t, = 2,5s; ¢) t; = 6,5s; d) t, = 9,5s.
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) d)
Hinh 3.11. Két qua tinh to4n mé phong quy dao chuyén dong cua tau thay va
van tdc dong chay twong tac véi tau tai thoi diém khac nhau t; (i = 1 + 4), khi
goc bé 1ai a® = 5% a) t; = 0,5s; b) t, = 3,55; ¢) t; = 6,75s; d) t, = 9,5s.
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Hinh 3.12. Két qua tinh toan mé phong quy dao chuyén dong cua tau thay va

van tdc dong chay tuong tac véi tau tai thoi diém khac nhau t; (i = 1 + 4), khi
goc bé 1ai a® = -5% a) t; = 0,5s; b) t, = 2,55; ¢) t; = 5,75s; d) t, = 8,5s.

c)
Hinh 3.13. Két qua tinh toan mé phong quy dao chuyén dong cua tau thiry va
van téc dong chay tuong tac véi tau tai thoi diém khac nhau t; (i = 1 + 3), khi
goc be 1ai a® = 10% a) t, = 0,5s; b) t, = 2,5s; ) t; = 6,0s.

83



c)
Hinh 3.14. Két qua tinh to4n mod phong quy dao chuyén dong cua tau thay va
van téc dong chay tuong tac véi tau tai thoi diém khac nhau t; (i = 1 + 3), khi
goc bé 1ai o° = -10% a) t; = 0,5s; b) t, = 3,55; €) t3 = 5,0s.
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Hinh 3.15. Két qua tinh toan mé phong quy dao chuyén dong cua tau thay va
van téc dong chay tuong tac véi tau tai thoi diém khac nhau t; (i = 1 + 3), khi
goc bé 1ai o® = 15% a) t, = 0,5s; b) t, = 4,0s; ¢) t; = 6,0s.

a) b)
Hinh 3.16. Két qua tinh toan md phong quy dao chuyén dong cua tau thay va

van toc dong chay tuong tac véi tau tai thoi diém khac nhau t; (i = 1 + 2), khi
goc beé 1ai a® = -15% a) t, = 0,5s; b) t, = 3,5s.

Phén tich cac két qua tinh todn mé phong nhan dugc tir hinh 3.10 dén
hinh 3.16, nhan xét rang:

- Khi giir nguyén van tdc tau (gilt nguyén vong quay chan vit), nhung
thuc hién 7 1an thay dbi goc bé 1ai khac nhau: o = {- 5% - 10° - 15°, 0°, 5°,

10°, 15%, hinh anh quy dao cua tau theo tinh toan md phong s& chi rd cu thé
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truong hop nao bam sat quy dao cho trude nhit va tir d6 c6 thé lua chon.

Téng hop két qua tinh toan md phong cho trong bang 3.2 nhu sau.

Bang 3.2. Tong hop két qua tinh toan mé phong quy dao chuyén dong cua tau

Thay
ddi goc

bé 14i o’

Theo bwérc thoi gian t; (i =1 + n), (s)

Nhan xét quy dao
chuyén dong

cua tau thay

ol = -15°

t; =0,5s

t, = 3,55

Khong bam quy dao

ol =-10°

t; = 0,55

t, = 3,55

t; = 5,0s

Nhanh
khoi

trudc

chong  ro1

quy dao cho

t; = 0,55

t, = 2,55

t3 = 5,758

= 8,55

Quy dao chuyén
dong tau thuy bam
quy dao cho trudc,
nhung quan sét tir két
qua md phong cho
chu ky dao dong

khong déu.

t; = 0,5s

t, = 2,55

t; = 6,55

t, = 9,55

Quy dao chuyén
dong tau thuy bam
sat quy dao cho trudc
nhat. Pay 1a trudng
hop tdi wu duoc lya

chon.

tl = 0,53

tz = 3,53

t3 = 6,75s

t4 = 9,58

Twong tu nhu o = -
50

tl = 0,53

tz = 2,53

t3 = 6,0S

Nhanh
khoi

trudc

chéong  ro1

quy dao cho

t; =0,5s

t, =4,0s

t; = 6,0s

Nhanh
khoi

trudc

chong  roi

quy dao cho
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Phan tich két qua nhan dugc theo bang 3.2, nhan xét réng:

- Truong hop khi o = 0° 13 trudong hop tdi wu, duoc nghién ciru sinh
lwa chon. Tuy nhién, dén thoi diém t, quy dao chuyén dong cua tau thary 1éch
dang ké so voi quy dao cho trudce, nghia 14 vi tri tau tai thoi diém nay tién gan
phia mép ludng Hai Phong. Tir két qua tinh toan moé phong va tong hop theo
bang 3.2, nghién ctru sinh dé xuét phuong an diéu dong tau thuy giai doan tht

nhat (PD,), cia truong hop nay theo hinh 3.17.

t(s)

Quy dao cho trusc

t3

t

\ \alSo

bb;

t1

Hinh 3.17. Tong hop vi tri cia tau thity theo cac goc beé 14i tai BB,

- Van dé dit ra 13, dén thoi diém nao can diéu dong tau? Phuong an
diéu dong tau tiép theo nhu thé nao? dé quy dao chuyén dong cia tau bam sat
theo quy dao cho trude (quy dao mong mudn). Vi vay, tiép tuc tinh toan mo
phong quy dao chuyén dong cua tau thuy, thuc hién xay dung cac quy trinh
diéu dong tau tai cac giai doan tiép theo PP, va PP;, dé tim ra to hop chan
vit - banh 14i ti wu, ddm bao rang quy dao chuyén dong tau thuy bam sat quy

dao cho trudec.
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Giai doan diéu dpng tiu PP,

Bang cach thuc hién tinh todn moé phong twong tu truong hop PP, giir
nguyén van téc chuyén dong cia tau V, = 0,75 knots, thay doi gid tri goc bé
14i o’ Trong giai doan nay, can ctr vao thuc té quy dao cho trude, nghién cliru
sinh xét 2 truong hop o = -5° va a° = -10°. Két qua tinh toan mé phong dugc
mo ta cu thé theo hinh 3.18 va hinh 3.19.

Hinh 3.18. Két qua tinh toan mé phong quy dao chuyén dong cua tau thiry va

van téc dong chay tuong tac véi tau tai thoi diém khac nhau t; (i = 1 + 3), khi
goc be 1ai a® = -5% a) t, = 2,75s; b) t, = 4,758, €) t, = 6,75s.
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Hinh 3.19. Két qua tinh toan mé phong quy dao chuyén dong cua tau thay va
van toc dong chay tuong tac véi tau tai thoi diém khac nhau t; (i = 1 + 3), khi
goc bé 1ai o® =-10%a) t, = 3,5s; b) t, = 5,05, ¢) t, = 7,0s.

Phan tich két qua nhan duoc tir hinh 3.18 va hinh 3.19, nhin xét rang:

- So sanh hai truong hop goc bé 14i o = -5° va o = -10°, thi truong hop
o’ = -10° cho quy dao chuyén dong cua tau bam sat v6i quy dao cho trudc
nhit, do d6 nghién ctru sinh Iya chon trudng hop nay;

- Téng hop két qua quy dao chuyén dong tau thay mé ta theo hinh 3.20.
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Hinh 3.20. Tng hop vi tri cua tau theo cac goc bé lai tai PP,
Giai doan diéu dpng tau DD
Thyc hién tinh todn mé phong tuong tu truong hop BD; va bb,, gitr
nguyén van téc chuyén dong cua tau V, = 0,75 knots, thay ddi gia tri goc bé

141 o°. Trong giai doan ndy, cin ctr vao thuc t& quy dao cho trudce, nghién ctru

sinh xét 2 truong hop cua goc bé 14i o’ = 0° va o = 5°. Két qua dwoc mé ta cu

thé theo hinh 3.21 va hinh 3.22.

) b)
Hinh 3.21. Két qua tinh toan md phong quy dao chuyén dong cua tau thay va
van toc dong chay tuong tac véi tau tai thoi diém khac nhau t; (i = 1 + 2), khi
goc bé 141 o = 0% a) t; = 3,55; b) t, = 5,0s.
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Hinh 3.22. Két qua tinh to4n moé phong quy dao chuyén dong cua tau thay va
van téc dong chay tuong tac véi tau tai thoi diém khac nhau t; (i = 1 + 3), khi
goc bé 1ai o° = 5% a) t; = 3,5s; b) t, = 4,755, ¢) t, = 6,5s.

Phan tich két qua nhan duoc tir hinh 3.21 va hinh 3.22, nhin xét rang:

- So sanh hai truong hop goc bé 14i o = 0° va o = 5% thi truong hop
o’ = 0° cho quy dao chuyén dong cua tau bam sat véi quy dao cho trudce nhat,
do do nghién ctru sinh lya chon truong hop nay;

- Téng hop két qua quy dao chuyén dong tau thay mé ta theo hinh 3.23.
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o= 5" Db,

Hinh 3.23. Tong hop vi tri ciia tau theo cac gdc bé lai tai DD,

Tir két qua nhan dugc trong hinh 3.17, hinh 3.20 va hinh 3.23, nghién
ctru sinh tong hop két qua nhan dugc cho ba giai doan diéu dong tau 1a PPy,
PD, va PDs, cta truong hop 5 (khu vuc III - tiém an nhiéu nguy co mat an
toan hang hai), mo ta theo bang 3.3 va hinh 3.24,

Bang 3.3. Téng hop céc t6 hop chan vit - banh 14i t6i uu cta truong hop 5

Giai doan PD; | To hop t6i wu (n;, o) Két qua nhin dwoc
bb, (110 rpm - 0%) Quy dao chuyén dong cua tau
bb, (110 rpm - (-10%) thuy bam sat quy dao cho trudc
PP, (110 rpm - 0°%) nhat.

Qui dao mong muon

\ bb3

= I~

a=0Y o,

bbb,
y 4

Hinh 3.24. Tong hop vi tri tau theo quy dao mong muén tai BP,, PP, va DD,
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3.4.2.2. Dé xudt phwong dn diéu dong tau trong truong hop 5 (khu vuee I11)

Tir két qua nhan dugc theo hinh 3.24 va bang 3.3, dé quy dao chuyén
dong cua tau bam sat v6i quy dao mong mudn, gidi han nghién ctru voi tau c6
01 chan vit chiéu phai, co trong tai twong dwong véi tu M/V TAN CANG
FOUNDATION, ma nghién ctru sinh dang thuc hién.

Nghién ctru sinh dé xuat phuong an diéu dong tau tai khu vuc III, nhim
khuyén céo thuyén truéng va hoa tiéu dan tau qua khu vuc nay, gop phan dam
bdo an toan hang hai nhu sau:

Khi tau hanh trinh trén tuyén ludng hang hai Hai Phong, tir cang chinh
ra khu vyc dén tra hoa tiéu, qua khu vuc III - tiém an nhiéu nguy co mat an
toan hang hai (trudng hop mé hinh nghién ctru 5). Khuyén cédo phuong an
diéu dong tau cho hoa tiéu va thuyén trudng, tién hanh didu dong tau theo 3
giai doan sau:

- Tt vi tri hién tai cta tau thuy & BD; va thoi gian hién tai da biét t;, tau
chay voi van téc V; = 0,75 knots (n = 110 rpm), theo hudng di biét trude, dua
ra khau 1énh voi goc bé 1ai ban dau o = 0° va thuy thu 1ai giit 6n dinh trén
hudng di nay. Khi tau chay dugc véi khoang thoi gian At = 2 phut, tuong Gng
v6i quang duong S ~ 0,3 hai 1y, tau dén vi tai PD,.

- TUr vi tri hién tai cta tau & DD, gilt nguyén s6 vong quay chan vit,
dwa ra khiu 1énh v6i goc bé 1ai ban dau tiép theo o’ = -10°, thuy thu 1ai gii 6n
dinh trén hudng di nay. Khi tau chay dugc voi khoang thoi gian At = 1,5 phut
tuong g véi quang duong S ~ 0,25 hai 1y, dén vi tri tau tai DD

- Tt vi trf hién tai cta tau & DPDs, gilt nguyén sb vong quay chan vit,
dua ra khau 1énh voi goc bé 1ai ban dau tiép theo o’ = 0°. Tau tiép tuc chay
v6i hudng di da dinh va ra khoi khu vuc nay an toan, hanh trinh trén tuyén

ludng Hai Phong theo ké hoach.
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3.4.3. Phan tich két quad tinh todin mé phéng va dé xudt phwong dn diéu
dong tau qua cdc truwong hop cia khu vuc 1, 11 va IV

Viéc tinh toan mé phong, xay dung quy trinh nghién ctru, phan tich,
danh gia, bién luan, lya chon t6 hop chan vit - banh 1ai tdi wu va dé& xut
phuong an diéu dong tau thuy dam bao cho quy dao chuyén dong cua tau bam
sat quy dao mong mudn trén tuyén ludng hang hai Hai Phong, khi tau qua cac
khu vuc I, II, III, IV cho 7 trudng hop con lai dugc thuc hién tuong tu nhu
truong hop 5 cta khu vuc III. Riéng d6i véi truong hop 6 cung khu vuc 111,
ban chét thuc hién twong tu nhung tau hanh trinh theo chiéu nguoc lai.
3.3.3.1. Phdn tich két qua tinh todn mé phéng

Nghién ctru sinh di thuc hién qué trinh tinh toan md phong cu thé
chuyén dong tau thity theo budc thoi gian khac nhau va tinh toan moé phong
chia lu6i dong cua 7 truong hop theo 3 khu vuc I, IT va IV con lai.

Két qua tinh todn mo6 phéng cu thé cho trong Phu luc 2 cta luén an.
3.3.3.2. Tong hop két qua va dé xudt phwong dn diéu dong

Nghién ctru sinh téng hop két qua cudi cing vi tri tau bam theo quy dao
cho trude cua timg trudng con lai, mo ta tir hinh 3.25 dén hinh 3.28.

a) Poi voi khu vuee 1

Qui¥ dao mong mudn

=10 a=-3" 50
S PR N
bb, =100 ) =100
a)
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Quv dao mong muon

o=-5" o= 0°
e —— = _--H"?‘a,—ﬂ
_F_J__F.J-F;’F-_; ~ — — - = e
o=-10" a=_50
b)

Hinh 3.25. Tong hop vi tri tau bam theo quy dao mong muén tai PP, va BD,:
a) Truong hop 1 (HPP1 — PS1); b) Truong hop 2 (PS1 — HPP1)

b) Péi véi khu vue 11

Qu¥ dao mong muon
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Qu¥ dao mong muon

b)

Hinh 3.26. Tong hop vi tri tau bam theo quy dao mong muén tai PP, va BD,:
a) Truong hop 3 (HPP2 — PS2); b) Truong hop 4 (PS2 — HPP2)

¢) Poi voi khu vuee 111

— = o=-37
bb, =5 | PPy A ¥
a=-10¢
Db, iy
,//KH\,__
Qu¥ dao mong mudn /

a=0" \

Hinh 3.27. Tong hop vi tri tau bam theo quy dao mong mudn
tai DD,, DD, va DD; ciia trudng hop 6 (PS3 — HPP3)
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d) Poi véi khu vue IV

Qu¥ dao mong muon

Qu¥ dao mong mudn

b)

Hinh 3.28. Tong hop vi tri tau bam quy dao mong mudn tai BP,, PD,, PP,
va PP, a) Trudng hop 7 (HPP4 — PS4); b) Trudng hop 8 (PS4 — HPP4)
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Trén co s& két qua nhan dugc tir hinh 3.25 dén hinh 3.28, bang viéc
phan tich, danh gia va bién luan tuwong tu trudng hop 5 cta khu vuc I1I, ddi
v6i 7 trudong hop con lai két ludn rang:

- Pi chi 5 va lya chon duge t6 hop chan vit - banh lai tdi uu cho tung
truong hop;

- Tlr @6 hoan toan dé xuat dugc phuong an didu dong tau trong mdi giai
doan cua timg trudng hop dam bao tdi wu, sao cho quy dao chuyén dong that
cua tau bam sat véi quy dao cho trudce.

3.5. Két luan chwong 3

Chuong 3 tap trung nghién ctru tinh toan mo phong tac dong cta to hop
chan vit - banh 1ai dén quy dao chuyén dong tau thuy tai 4 khu vuc tiém an
nguy co mat an toan hang hai twong tng véi 8 truong hop khac nhau trén
tuyén ludng Hai Phong, véi cac két qua cu thé sau:

- Tir nghién ctru khao sat thyuc té, da xay dung mé hinh nghién cau thuc
té tai 4 khu vuc tiém an nguy co tai nan hang hai trén tuyén ludng Hai Phong;

- Xay dung quy trinh tinh todn mo phdéng cho ting truong hop gidi han
nghién ctru tng véi té hop chan vit va banh 1ai khac nhau bang CFD véi phan
mém Fluent - Ansys. Dic biét 13 tinh toan m6 phong mo hinh chia ludi dong
d6ng dang véi tau M/V TAN CANG FOUDATION theo budc thoi gian thuc
trong 8 truong hop ctia 4 khu vue trén tuyén ludng Hai Phong.

- Tinh toan md phong tac dong cua to hop chan vit - banh 14 dén quy
dao chuyén dong tau thay trong 8 trudng hop cua 4 khu vuc trén tuyén ludng
Hai Phong. Vi két qua tinh toan mo phong cu thé va tudong minh, tir d6
nghién ctru sinh phan tich, danh gia va lya chon t6 hop chan vit - banh 14i t6i
vu ddi véi timg truong hop.

- Tir cac tO hop chan vit - banh 1ai t6i wu ddi voi ting trudng hop duoc
lwa chon, nghién ctru sinh d3 dé xuat phuong an diéu dong tau qua cac khu
vuc nay phu hop nhat, dam bao quy dao chuyén dong that cia tau bam sat véi

quy dao cho trudc cia tuyén ludng hang hai Hai Phong.
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CHUONG 4. NGHIEN CUU THUC NGHIEM
PHAN TICH, SO SANH VA PANH GIA KET QUA

4.1. Tong quan mot s6 hé thong thi nghiém vé twong tac chén vit - banh
l4i tau thity trén thé gioi

Lién quan dén ndi dung va van dé nghién ctru thuc nghiém cua dé tai
luan an, nghién ctru sinh da chu dong nghién ctru, tim toi, phan tich va danh
gia mot s6 hé thong thi nghiém trén thé giéi.

Hau hét cac hé thong thi nghiém déu thyc hién nhiéu bai toan lién quan
khac nhau. Vi vay, cung mot hé thong thi nghiém co thé thuc hién duoc rat
nhiéu van dé nghién ciru, ching han: Sy twong tac chan vit - banh l4i tau thuay,
tac dong cua dong chay, tic dong cta gié dén 6n dinh tau, hién twong xam
thuc banh 1ai tau thuy,...

Trong gidi han nghién ctu cua luan an, nghién ctru sinh nghién ctu
thue nghiém 13 twong tac to hop chan vit - banh 14i tau thuy, cu thé nhu sau:
4.1.1. H¢ théng thi nghiém ciia Marintek (Na Uy).

Marintek 1a chi nhanh cua tap doan SINTEF thudc Na Uy. Hé théng thi

nghiém nay (hinh 4.1) c0 c4c chirc ndng co ban sau:

Hinh 4.1. Hinh anh hé thong thi nghiém cia Marintek
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- Po cac phan bd ap suit trén chan vit, banh lai tau thuiy;

- Po phan bé trudng van toe dong chay twrong tac banh 14i tau thuy;

- Quan sat hién tuong xam thuc, hién tuong an mon xam thuec;

-bo tiéng on;

- Po 6 thanh phan lyc.
4.1.2. H¢ théng thi nghiém ciia Trwong Dai hoc Ky thudt Cong nghé Sharif
(Céng hoa Héi gido Iran)

Hinh 4.2 mo ta hé théng thi nghiém cua Truong Pai hoc Ky thuat Cong
nghé Sharif.

Hinh 4.2. Hé thong thi nghiép tai Truong DPai hoc K thuit Cong nghé Sharif
Hé théng nay co thé thyc hién duoc nhiéu bai toan thi nghiém, trong
nhiéu diéu kién khac nhau, chang han: Xam thuc trén canh dan, banh lai, chan
vit tau thily, su twong tac chan vit - banh lai tau thays,. ..
4.1.3. H¢ théng thi nghiém cia hang Hyundai (Han Quéc)
Hinh 4.3 mé ta tong quan hé thong thi nghiém cta hing Samsung Han

Quoc, vo1 cac chue nang co ban la:
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Hinh 4.3. Hé thong thi nghiém cua hang Hyundai

- Po van tdc doc truc (van toc trung binh tai mat chuyén tiép);
- Su twong tac chan vit va banh lai tau thuy,

- Phan bd ap suat, van tc,...

- Quan sat xam thuc;

- PBo su dao dong ap suat;

- Kiém tra &n mon xam thue,...

4.1.4. H¢ théng thi nghi¢m ciia hdng CTO S.A (Céng hoa Ba Lan)

o
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Hinh 4.4. Hé thong thi nghiém cta hang STO S.A
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D3 c6 nhidu két qua dién hinh nghién ctru vé twong tac chan vit - banh

lai tau thay, xam thuc banh lai,... dugc thuc hién tir phong thi nghiém nay.

Hinh 4.5. Thi nghiém tuong tac chan vit - banh lai tau cua hang STO S.A
4.1.5. H¢ théong thi nghiém tai Potsdam Model Basin (Lién bang Piic)
Hinh anh hé théng va so do nguyén 1y dugc thé hién qua hinh 4.6.

Hinh 4.6. Hé thong thi nghiém tai Potsdam Model Basin

Céc chirc ning co ban cta hé thong:

- Kiém tra truong dong chan vit;

- Kiém tra trudng ap suat;

- Kiém tra xAm thuc, &n mon xam thuc;
- Po céac xung ap va tiéng on;

- Po van tdc bang éng Pitot va LDV;

- Bo xung luc va moémen ciling nhu lyc van trén tirng céanh,...
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Tom lai: Viéc nghién ctru tong hop nhiéu hé thdng thi nghiém vé tuong
tac to hop chan vit - banh 1ai tau thay, ciing nhu nhiéu van dé thi nghiém lién
quan khac, da duoc tién hanh trén cac truong dai hoc, vién nghién ctru 16n cua
nhiéu nuée trén thé gidi. Tir d6 c6 nhan xét rang:

- Céc phong thi nghiém dugc dau tu quy mo, céng suat 16n, trang thiét
bi kém theo hién dai;

- Két qué quan sat, do dac thé hién cu thé vé van dé nghién ctru;

- HE théng duge bb tri dang dong chay kin va tuan hoan, thuan tién cho
viéc tao dai 4p suat phuc vu qué trinh nghién ctru, chua ké dén van dé anh
huéng ciia mét thoang,...

Tai Viét Nam, hién nay chua c6 Truong dai hoc, co s& dao tao, vién
nghién ctru, tdp doan dong tau,... c6 phong thi nghiém dé nghién ctru thi
nghiém chuyén sau veé su tuong tac chan vit - banh 1ai tau thuy. RO rang, viéc
trién khai hé thong thi nghiém hoan toan giéng nhu trén s& gip nhiéu kho
khan vi nhiéu nguyén nhan khac nhau.

4.2. Muc tiéu va y twong thiét ké hé thong thi nghiém nghién ciru su
twong tac to hop chan vit - banh lai tau thiy
4.2.1. Muc tiéu dat ra

- Quan sat sy tuong tac to hop chan vit - banh 14i tau thuy;

- Po duoc van téc trung binh tai bé mit chuyén tiép giira chan vit va
banh lai tau thuy;

- Po lyc bé lai twong mg véi cac to hop chan vit - banh l4i cta hé
thdng thi nghiém;

- Chi1 dong va phu hop voi bai toan nghién ciru dat ra cua luan an, dong
thoi ¢6 thé mé rong cho nhiéu bai toan nghién ctru khéc sau nay;

- Géan két chit ché qua trinh nghién ctru, thue hién luan 4n tién si voi
van dé nghién ctru ctia dé tai khoa hoc cong nghé cap Bo Giao thong van tai;

- Phu hop v6i diéu kién tai chinh.
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4.2.2. Y twong thiét ké hé thong
Xuat phat tir muc tiéu dit ra, nghién ctru sinh cung nhém nghién ciru da
xay dung ¥ tuong thiét ké hé thong thi nghiém, duoc thé hién qua so dd bo tri

mot s thiét bi chinh theo hinh 4.7.

Cum thiét bi 2

Mit thoang

Cum thiét bi 1

| Budng quan sat l

Hinh 4.7. So 6 b tri hé théng thi nghiém

Hé théng bao gdm mot sd khéi chinh sau:

- Bé chira chat 1ong (chira nudc) hé va c6 thé tuan hoan;

- M6 hinh banh 14i, chan vit, thiét bi do, chup anh, quay phim;

- Cum thiét bi sb 1: Gom dong co, hé truc chan vit, hop s6 dé diéu
chinh dugc s6 vong quay chan vit n;;

- Cum thiét bj s6 2: Gom thiét bj diéu chinh goc bé lai cua banh lai;
thiét bi do luc bé 1ai trén banh lai;

- Budng quan sat dugc str dung bang vach kinh cudng luc dé bao do
clmg ving va c6 thé quan sat cac hién tuong vat Iy xung quanh chan chan vit-
banh lai.

TAt ca thiét bi nay dugc dat trén hé théng gia do viing chic, dam béo an

toan tai, chong rung va lac.
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4.3. Thiét ké va ché tao hé thong thir nghiém

Trén co s& muc dich va ¥ tuong thiét ké hé thong thi nghiém néu trén,
tap thé hudng din, nghién ctru sinh cling nhém tham gia nghién ctru da thuc
hién viéc thiét ké, ché tao va van hanh hé théng thi nghiém cu thé nhu sau.

Hb so thiét ké, ché tao va cac ban vé& chi tiét ctia cac thiét bi hé thong
cho trong Phu luc 3.

4.3.1. Nghién civu thiét ké va ché tao mot sé thiét bi chinh

- Thiét ké va ché tao bé chira nuée tuan hoan:

Bé chira nudc dugc ché tao bang thép day theo tiéu chuan [1], tong
dung tich chira khoang 2,7 m® nudc, bao gdm phan vé va phan dan dong.

- Thiét ké va ché tao phan dan dong trong bé:

Phan dan dong duoc dat gitra phan vo, dugc ché tao bang thép [1], dé
dan dong chay di vao chan vit cho xudén déu va huéng dong thoat quay lai,
nham dam bao luu luong nudc qua chan vit tau thay gip chan vit hoat dong
&m, 6n dinh va hiéu qua.

- Thiét ké va ché tao khung ndng hé thong va di chuyén:

Pay 1a bo phan d& toan bo hé thong va c6 kha niang di chuyén dé dang
dé dam bao co dong trong qua trinh khai thac va sira chira sau nay, thiét ké
dam bao céc tiéu chuan ki thuat. Toan bo khung nang dugc gan bang hé
théng banh xe chiu tai (ba banh), phia cang truéc gin mot banh, phia sau
duoc g:fm vO1 hai banh va hé théng dan huéng, hé truc va 6 d& dugce tinh toan
va lya chon dam bao tiéu chuan k§ thuat [4].

- Thiét ké va ché tao banh ldi tau thiy:

Banh 1ai duoc thiét ké va ché tao dong dang theo hd so thiét ké tau
M/V TAN CANG FOUNDATION. Trén béanh lai danh dau vi tri truc quay,
thiét bi d& trong luong banh 14i va khtr triét dé luc dich chuyén banh lai theo
phuong ngang, nham han ché sai s6 khi tién hanh thuc nghiém do luc bé l4i.

- Thiét ké va ché tao chan vit tau thuy:
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Chan vit dugc thiét ké va ché tao bﬁng déng, 14 chan vit chiéu phai,
duong kinh 0,35 m va dong dang theo ho so thiét ké chan vit tau M/V TAN
CANG FOUNDATION. Chan vit thong qua truc quay dugc két ndi bang
khép mém voi hé thong dan dong [4, 5, 14, 15].

- Thiét ké va ché tao budng quan sdt va thiét bi quang hoc:

La phan voé bé chira dugc cat bo ton thay bang kinh cuong luc, van c6
chtic ning gitr nudc trong bé, nhung cho phép trong sudt nhin xuyén qua dé
quan sat cac hién tuong vat ly xung quanh van dé xam thuc trén banh lai,
tuong tac chan vit vai banh lai tau thay va cac hién tuong khéac lién quan.

Cira quan sat dugc lam bang kinh cudng luc kich thude 520 x 420 mm,
lap v&i bé tuan hoan bang mit bich, co giodng cao su va duoc 1am kin dé ngin
nudc chay ra ngoai.

Ngoai ra can co cac thiét bi hd tro khac nhu: Pén chiéu sdng, camera
van tbc nhanh, may chup anh,...

4.3.2. H¢ thong do liwc bé ldi R

Pay 14 hé thong do luc bé 14i R dugc thiét ké kém theo ¥ tudng thiét ké
hé thong thi nghiém, gdm: 03 piston-xylanh SCA2-00-50B-350 ctia CKD
Nhat Ban; 03 dé)ng ho do ap suét; hé théng day dan dau thuy luc, khoa, bd
chia dong; gia d& hé théng; mit xac dinh gia tri goc bé 1ai.

Hé théng duogc thiét ké va ché tao st dung nguyén tic thuy luc dé xac
dinh lyc bé 14i, cu thé:

- Khi hé théng chua hoat dong, néu mé khoa dé thong duong dau thay
lyc trong hai xy lanh (s 1 va sé 2), Iic nay viéc diéu khién goc bé 14i dién ra
dé dang (luu ¥ chi diéu khién gdc bé l1ai vé mot husng), xy lanh s 3 (hoat
dong doc 1ap) duoc dit theo ray dan hudng va gin voi diém ti cua banh lai;

- Khi g6c bé 1ai duoc xac 14ap, can khoa duong dau va hai xy lanh (s 1
va sb 2) hoat dong doc lap, hai dong ho do ap suat hién thi tri so 4p suat dau

trong xy lanh;
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- Khi chén vit hoat dong tao dong chay bao quanh banh lai tau thuy,
trén banh lai s& dién ra qua trinh chuyén doi niang luong cta dong chay thanh
luc bé 14i R tac dong truc tiép 1én banh lai (theo hudng ép ba can piston), khi
d6 s& lam ap suat dau thuy luc trong hai xy lanh (1, 2 va 3) tang 1én.

Nhu vay, dua vao chi s6 3 4p ké hoan toan doc va xac dinh duoc luc bé
lai. Néu goi p; 1a chi sb ap ké 1 (N/m?), p, la chi sb ap ké 2 (N/m?), ps la chi
s6 ap ké 3 (N/m?), dién tich céc piston 13 nhu nhau S (m?), khi d6 lyc bé lai
R duogc xac dinh theo cbng thuc sau:

R=(p,+P,+P;)xS

Chu y rang: P9 chinh xéc cua thiét bi do dam bao thoa méan yéu cau (co
gidy x4c nhan ctia nha san xuat thiét bi).

4.3.3. Bé tri thiét bi do gid tri vin téc trung binh dong chdy tai mdt chuyén
tiép chdn vit va banh |ai tau thiy

Dung cu do ¢ day dugc st dung la thiét bi do van tdc dong chay dang
cam tay kiéu tua bin Model - FP 211 (hinh 4.8) cta hing san xuat Globalw
(Hoa Ky). Thiét bi dugc thiét ké va bé tri phii hop va dam bao tiéu chuén trén
hé théng thi nghiém [14, 15].

Hinh 4.8. Thiét bi do vén tdc trung binh tai mit chuyén tiép gin véi hé thong
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Tinh néng ky thudt ciia thiét bi do:

- Ly tudong cho do van tdc dong chay song, kénh ho, tuyén ludng, nudc
thai va nudc xir Iy cong nghiép;

- Man hinh LCD hién thi gia tri dang s6 m/s hodc ft/s;

- Tay caAm diéu khién c6 kha nang co dudi véi méot thude do muc nudc;

- Bo diéu khién k¥ thuat s6 chéng nudc mua khoang do: 0,3 - 19,9 FPS
(0,1-6,1 MPS);

- B§ chinh xac: 0,1 FPS;

- Kiéu sensor: Canh quat Tuabin véi thiét bi thu bién dién tu;

- Kha nang luu 30 bo dir licu;

- b6 dai tay cam diéu khién: 5,5 - 15,0 ft (1,7 - 4,6m);

- Vat liéu: PVC, nhom andt hoa, gia bang thép khong gi;

- Pin: Tich hop trong, tudi tho pin 5 nam sir dung;

- Nhiét d6 van hanh: Tt 20°C dén 70°C.
4.3.4. H¢ truc, chén vit, hop sé va dpng co din dpng

Pay 1a hé thong dan dong co khi phire tap, doi hoi tinh toan thiét ké va
ché tao dam bao d6 chinh xac dé khi lap dit vao hé théng dam bao yéu cau [4,
5, 14]. Céc chi tiét chinh bao gém:

- Pong co dan dong:

+ Str dung dong co di¢n Toshiba 3 pha cua Nhat Ban;

+ Cong suat 15KW, sb vong quay 1400 rpm;

+ Hiéu suat dién 1a 88%;

+ Dong dién khi toan tai 1a 30A va khi khong tai 1a 10A.

- Hé théng truyén dong co khi tir dong co sang hop so: St dung dai
thang va doan tryc dan.

- Hop s6: Str dung hop s6 6 t0, nhung d3 thay thé dudng kinh cip banh
rang an khdp sao cho sd vong quay 13 phi hop véi s6 liéu tau thuc va mé hinh

nghién ctru tinh todn mé phoéng ciing nhu nghién ctru thue nghiém, cu thé:
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S6 1: Tuong tmg 380 rpm;
S6 2: Tuong Gng 410 rpm;
S6 3: Tuong tmg 445 rpm;
S6 4: Tuong tng 475 rpm.

Do dong co dién st dung khong diéu chinh duoc sé vong quay, viéc
Iira chon thay dbi lai ty s truyén ctia hop sb 1a mot giai phap tinh thé va chi
dap ung 4 gia tri s6 vong quay phu hop. Vi vay két qua nghién ctu thuc
nghiém tir hé théng dugc gidi han tir 4 gia tri van tdc tuong tng.

- Hé truc dan dong chan vit:

Trong do ph@fm 6ng bao duoc thiét ké kém bac 16t truc va dugc boi tron
dung quy cach, phan truc dan chén vit s& ngp trong méi trudng nude cho nén
can duoc so chéng gi can than. Sau khi thiét ké, ché tao, bd tri va két ndi toan
bo chi tiét, hé théng dan dong.

4.3.5. H¢ thong thi nghiém sau khi dwoc thiét ké va ché tao

Nhu véy, sau khi lap ghép tong thé cac chi tiét, cac khau, ¢ hé thong

thi nghiém nhu hinh 4.9.

Huong quansat

Té hop dan déng chan vit

Buéng quan sét

Hinh 4.9. Téng thé hé théng thi nghiém duogc thiét ké va ché tao
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4.3.6. Pdanh gid chung vé hé thong thi nghiém
Hinh 4.10 mé ta két qua quan sat va chup lai sy twong tac chin vit va
banh 14i trong bé thtr, ¢6 thé ghi lai hinh anh qua budng quan sat hodc quay

tryc tiép tu trén xudng.

Hinh 4.10. Hinh anh dong chay trén mat thoang hé thong thi nghiém:

a) phia bd tri chan vit; b) dong tudn hoan vé mit hut cta chan vit

Hon nita, tir két qua ghi lai dugc trén hinh 4.10 da ching to hé théng
dan dong hoat dong dam bao cac thong $6 ky thuat, dac biét viéc tao vach nin
dong tuan hoan 13 phi hop. Nghia 1a di thanh cong tao dong hat quanh chan
vit xudn déu.

Pdnh gid mét s6 wu diém:

- Tao hé thong dan dong on dinh twong tGng 4 gi tri sd vong quay voi
gia thanh ré hon nhiéu so v6i mua dong co va bién tan. Hon nita, d3 tao ra
duoc hé truc véi sai sd do 1éch tim chép nhan duogc (boi 1€ dé co thé can bﬁng
dong theo tiéu chudn cong nghiép sé rat phirc tap va ton kém);

- Bé chira ho tudn hoan cho phép dong chay quay lai ctra hit caa chan

vit v6i hudng xudn déu da tao diéu kién hoat dong tot nhat cho chan vit. Boi
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thue té khi chan vit quay thi tau s& tién vé phia trudc tao ra dong chay qua
chan vit phtt hop. Hon nita 14 bé hd do d6 duong nhién yéu t6 mit thoang da
dugc ké dén khi khao sat bai todn;

- Chu dong toan phﬁn veé ky thuat (thiét ké, ché tao, van hanh va bao
dudng stra chita néu c6), cho phép cai tién, hoan cai theo thyc tién trién khai
nghién ctru thuc nghiém.

Danh gid mot s6 nhuwge diém:

- Dai lam viéc cua hé thong dan dong méi dap tng dugc 4 trudng hop
van toc dit ra, so voi viée tinh toan mo phong va st dung cong thire thuc
nghiém 13 7 truong hop van toc;

- Viéc quan sét twong tac chan vit - banh 1ai twong d6i kho nhat do thiét
bi quang hoc chua du hién dai;

- M&i khi thay d6i cac trudng hop van toc thi nghiém, thi phai ngat
nguén dién dong co. Nghia l1a chua tao duogc bd tu dong diéu khién dé diéu
chinh thich nghi cho cac truong hop.

4.4. Quy trinh van hanh hé thong thi nghiém
4.4.1. Céng tic chudn bi

- V& sinh bé chira, kiém tra va 1am kin 13 thoat day;

- Bom nudc vao bé chira téi muc nude tinh toan;

- Kiém tra ngudn dién 3 pha cip cho dong co dan dong;

- Kiém tra vi tri s trén hop giam toc (dé sd 1);

- Kiém tra goc bé 14i, thiét bi do, cac thiét bi quay phim, chup anh;

- Chuén bi ngué)n nhén lyc dam bao cac vi tri duge trién khai déng loat;

- Thong nhat cic phuong an thyc nghiém véi ca nhom dé trién khai
theo trinh ty va dam bao céac sd liéu, hinh anh duoc ghi lai theo kich ban.
4.4.2. Céc buwéc chinh khi vin hanh hé thong thi nghiém

Buée I: Péng nha cau dao dién 3 pha dé kiém tra xem chiéu quay cia

dong co da dung véi quy trinh thiét ké cua chan vit chua, néu chua dung co
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thé d4u lai bang cach chuyén hai pha cho nhau.

Burée 2: Tién hanh 14y s6 liéu cho t6 hop sd vong quay chan vit va goc
bé 1ai (ni, a;), cac sd liéu can ghi lai 1a tri s6 2 4p ké va hinh anh dong chay
bao quanh banh 1ai theo thoi gian.

Burée 3: Gitt nguyén sb vong quay, thay d6i goc bé 1ai va lip lai budc 2.

Buéc 4: Tat dong co, chuyén sb trén hop sb dé co duoc sb vong quay
khac, thuc hién quy trinh 1ap lai budc 2 va budc 3.

Bude 5: Khi hoan tt léy sb liéu, thuc hién tit dong co, xa hét nude
trong bé chira, vé sinh va lau kho cac thiét bi, bao dudng thiét bi can thiét.

4.5. Phan tich, so sanh va danh gia két qua nghién ctru thue nghiém
4.5.1. Pt vin dé vé nghién ciru thwe nghiém

Véi muc tiéu nghién ctru cia dé tai 13 tac dong cua t6 hop chén vit -
banh 14i dén diéu khién hudéng chuyén dong tau thuy trén tuyén ludng hang
hai Hai Phong. Dé giai quyét tron ven van dé nghién ctru cua dé tai, chuong 4
nghién ctru sinh thuc hién nghién ctru thuc nghiém, nhdm minh chimg cho
mot s6 két qua tinh toan di trién khai cua luan an.

Cac s6 liéu dau vao duogc quy ddi theo tiéu chuan dong dang Froude.
Theo tiéu chuin nay, mo hinh nghién ctru va moé hinh thyc dugce goi la déng
dang v&i nhau khi c6 cung sé Froude, van dé ndy nghién ctru sinh d3 dé cap
trong muc 2.3 cua luan an.

Luc tadc dong lén banh lai tau thuy:

Fo= kX Fny (4.1)
Trong do: k - hé $6 déng dang hinh hoc, véi k = 10.

Str dung v6i 7 thong sé van hanh cta vong quay chan vit thuc, theo hd

so M/V TAN CANG FOUNDATION la:
n,={90; 100; 110; 120; 130; 140; 150}, (rpm).
Gia trj van toc thuc twong tmg voi 7 thong s6 vong quay la:

(Vp):~ {4,5; 5,0; 5,5; 6,0; 6,5; 7,0; 7,5}, (m/s).
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Véi duong kinh chan vit thuc 1a Dy = 3,5 m va dudng kinh chan vit mé
hinh Dy, = 0,35m, gi4 tri dau vao cho mé hinh tinh toan mé phong ciing nhu
nghién ctru thuc nghiém theo bang 4.1.

Bang 4.1. Quy ddi tir gia tri thuc sang gia tri cho md hinh dong dang

Ny 90 100 110 120 130 140 150

N 2844 | 316,0 | 347,6 | 379,2 | 410,8 | 4424 | 4740
(Vo) 4,5 50 55 6,0 6,5 7,0 7,5
(Mo)m 1,44 1,60 1,76 1,92 2,08 2,24 2,40

1,3.(Vp)m | 187 2.08 2.88 249 27 291 3,12

Trong nghién ctru thuc nghiém, nghién ctru sinh thyc hién hai phuong
phap, d6 1a: Nghién ciru trén hé thong thi nghiém va nghién ctu thuc dia trén
tuyén ludng hang hai Hai Phong, chi tiét cu thé dudi day.

4.5.2. Phén tich, dinh gid va so sanh két qud nghién civu trén hé thong thi
nghiém

Hé thong thi nghiém “Pdnh gid tic dong cua té hop chan vit - banh l4i
tau thiy” néu trén 1a mot dang san pham khoa hoc ctia Dé tai khoa hoc cong
nghé cap B Giao théng vén tai: “Nghién cizu thiét ké va ché tao thi nghiém
hé thong ddanh gid tdc déng cua té hop chan vit - bdnh ldi dén ddic tinh diéu
khién hwong chuyén dong tau thiy”, ma sé6: DT174003, nam 2017, do PGS.
TS. TTr. Pham Ky Quang lam chu nhiém dé tai va NCS. Bui Van Cuong 1a
thanh vién tham gia chinh, cing mot s6 thanh vién tham gia khac.

Hé thdng duoc Hoi dong Khoa hoc chuyén nganh danh gia theo Quyét
dinh $61482/QD-DPHHHVN-KHCN, ngay 11/8/2017 cua Hiéu trudng Trudng
Pai hoc Hang hai Viét Nam, kém theo Bién ban hop Ho6i déng ngay
17/8/2017. Két qua danh gia dap ung cac yéu cau ky thuat va tinh ning dit ra
va dam bao do tin cay. Pong thoi, duoc Hoi dong KHCN cap Bo Giao thong
van tai danh gia nghiém thu ngay 07/11/2017 kem theo Bién ban nghiém thu,
theo Quyét dinh s6 2890/QD-BGTVT cua Bo truong Bo Giao thdng van tai
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véi két qua xép loai A (xuat sic).

Dic biét, mot phan két qua nghién cau chinh caa hé théng thi nghiém
nay duoc nghién ctu sinh cling nhém nghién ciu cdng b trén Ky yéu Hoi
nghi Khoa hoc Quédc té chuy@n nganh thang 11/2017. Két qua dat giai Nhat
theo tiéu chuin cao nhét cia mot cong trinh khoa hoc xuét sic, tai Dién dan
Ho1 nghi khoa hoc Quéc té céac truong Pai hoc Hang hai va Nghé c4 Chau A
(AMFUF), nam 2017. Déng thoi dugec Chu tich AMFUF vinh danh tai Hoi
nghi va trao gidy chirg nhan.

Cac Quyét dinh, bién ban va giay chitng nhan mé ta trong Phu luc 4.

Viéc nghién clru thi nghiém thuc hién nhu sau:

- Chuong 2 tap trung nghién ctu tinh todn moé phong dong luc hoc
dong chay sau chan vit va twong tac banh lai tau thuy. Pac biét da tinh toan
mo phong dai lugng dac trung gia tri van tbe doc truc trung binh tai mat
chuyén tiép, tir d6 tinh toan cu thé dai luong trung gian 1a Iyc bé 1i tau thay,
g01 12 Ry phong:

- Thuc hién do dac truc tiép trén hé théng thi nghiém thanh phﬁn van
tdc trung binh tai bé mat chuyén tiép va hoan toan tinh duoc gia tri trung gian
luc bé lai theo hé théng thi nghiém (goi 1a Rini nghiem). TUr céc gid tri do dac
thuc té trén hé théng thi nghiém thuc hién phén tich, danh gia va so sanh véi
cac gia tri luc beé 141 Ring phong V& Rihye nghiem-

- Ngoai ra, nghién ctu sinh str dung cong thire thuc nghiém duoc qubc
té thira nhan Ve nghiem = 1,3(Vp): (4p dung dbi véi tau c6 01 chan vit dit
thang goc voi truc banh 1ai trong mit phang truc doc tau) tinh duoc gia tri
trung gian lyc be 1ai theo cong thirc thye nghiém (01 1a Rynye ngiem)-

Tu do, phan tich, so sanh va danh gia ba gia tri luc bé lai trung gian
R o phongs Rihue nghiem V& Rihue nghiem-

a) Xdc dinh gid tri trung gian R, yueng theo tinh todn moé phong

Muc 2.4 ctiia chuong 2 d3 dua ra két qua tinh todn mo phong gia tri van
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tdc doc truc tai mat chuyén tiép. Béng tho1 da phan tich, danh gid va bién luan
cu thé gia trj trung gian lyc bé 14i R theo tinh toAn mo6 phong (R phong) thONg
qua gia tri tri van tde doc truc tai mat chuyén tiép.

b) Xac dinh gia tri trung gian Ry ngniom theo cong thirc thuc nghiém

Déi voi cac tau thuy duogc thiét ké mot chan vit dat thang voi truc banh
lai n61 chung, trong do6 c6 tau M/V TAN CANG FOUNDATION noi riéng,
gia tri van tbc dong chay bao quanh banh 1ai theo phuong doc truc (con goi 1a
van toc doc truc vao banh 14i) c6 thé 4p dung theo cong thirc thye nghiém sau:

V thye nghiem = 193(Vp)t (4.2)

Két hop cong thirc thuc nghiém (4.2), hoan toan tinh toan dugc gia tri
gia tri van téc thuc nghiém trung binh dong chay bao quanh banh 14i theo
phuong doc truc, dugc mo ta theo bang 4.2.

Bang 4.2. Két qua tinh toan gié tri van tdc

thuc nghiém trung binh doc truc bao quanh banh lai

P oz Vin toc trung binh
S0 vong quay Van toc thuc
A N doc truc bao quanh
TT chan vit cua tau
banh lai
(ng), (rpm) (Vo) (M/s)
(Vthuc nghiém); (m/S)
1 90 4,5 5,85
2 100 5,0 6,50
3 110 5,5 7,15
4 120 6,0 7,80
5 130 6,5 8,45
6 140 7,0 9,10
7 150 7,5 9,75

Tir gia tri van toc trung binh thyc nghiém dong chay bao quanh banh 14i
theo phuong doc truc trong bang 4.2 két hop véi cong thic (2.22) tinh toan

gia tr1 lyc bé 141 Ryyye ngniem theo bang 4.3.
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Bang 4.3. Két qua tinh toan luc bé 1ai thuc nghiém Rihye nghiem t€0 Vihye nghiem

Gia tri goc bé l4i a;

\Vong
quay | 0° 50 10° 15° 20° 25° 30° 35°
chan

vit Gia tri Iyrc bé 1ai Rnye nghiem

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

C) Xac dinh gia tri trung gian Ry, ugniem theo hé thong thi nghiém

Dé xac dinh Ry nghiem can xac dinh gia tri van toc thi nghiém trung binh
dong chay bao quanh banh lai theo phuong doc truc trén h¢ théng (V thi nghiém)-

- St dung thiét bi do van téc dong chay Model - FP 211 gin trén hé
thng thi nghiém, tién hanh do vén tdc trén bé mit chuyén tiép. Vi mdi phép
do chi xac dinh duge luu toc tai mot vi tri nhat dinh. Dé xac dinh gia tri van
tdc trung binh trén toan mat chuyén tiép, can tién hanh xac dinh vi tri do sao

cho phan bd dong déu.

Mt chuyén tiép

Hinh 4.11. Po gia tri van tc trén mat chuyén tiép tir hé thong thi nghiém
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Nghién ctru sinh thuc hién do 9 vi tri trén mit chuyén tiép cho mdi
truong hop 1am viéc cua t6 hop chan vit - banh 1ai va phan bb nhu hinh 4.12.

Do hé thdng thi nghiém chi c6 4 sb (twong tng voi s6 vong quay chan
Vit quy ddi theo bang 4.2). Nghién ctru sinh da thuc hién do 4 1an, mdi 1an do

tai 9 diém cua mat chuyén tiép, doc gia tri do trén mat so cua thiét bi do.

Hinh 4.12. Lira chon céc diém can do van tdc trén mat chuyén tiép
Tir d6 tinh toan gia tri van téc trung binh mdi 1an do. Két qua cu thé mo
ta theo bang 4.4.
Bang 4.4. Két qua do va tinh toan gié tri van toc

thi nghiém trung binh doc truc bao quanh banh 141

Twong tng . Van toc do Van tdc trung
A Van toc :
s0 vOong quay trung binh tai | binh doc truc
TT A thwe cia tau ; : :
chan vit mat chuyén bao banh lai
(Vo) (M/s) |,

(ny), (rpm) tiep (Vi) (M/S) | (Vini nghiem ), (M/S)
1 120 (s6 1) 6,0 1,74 7,74
2 130 (6 2) 6,5 1,89 8,39
3 140 (s6 3) 7,0 2,03 9,03
4 150 (s6 4) 75 2,15 9,65

Tir gi4 tri van toc trung binh thi nghiém dong chay bao quanh banh lai
theo bang 4.4 két hop véi cong thirc (2.22) tinh toan gia tri trung gian luc bé

lai Repi nghiem thONG qua Vi ngniem va dugc mo ta chi tiét trong bang 4.5.
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Bang 4.5. Két qua tinh toan luc bé 1ai thi nghiém R nghiem th€0 Vini ngniem

Vong Gia tri goc bé l4i o;
quay 1o 5 10° 15° 20° 25" 30° 35°
chan
vit Gi4 tri lye bé 14i Reni nghiem
120 0 36152,20 | 72029,23 | 112514,6 | 141870,0 | 175302,1 | 207400,1 | 237919,5
130 | O 42479,24 | 84635,15 | 132205,9 | 166698,9 | 205982,0 | 243697,5 | 279558,0
140 | O 49207,17 | 98039,78 | 153144,8 | 193100,9 | 238605,7 | 282294,6 | 323834,8
150 0 56196,27 | 111964,8 | 174896,6 | 220527,8 | 272495,9 | 322390,1 | 369830,4

Téng hop, phan tich, danh gia va so sanh cac gia tri luc beé 141 Ry phong,

Rihue nghiem VA Rini nghiem-

Tir két qua nhan duoc theo bang 2.2 (chuong 2), bang 4.3 va bang 4.5,

nghién ctru sinh thyc hién x4y dung cac do thi so sanh cac gia tri trung gian

luc beé 141 Ry phongs Rinye nghiem V& Rini ngniem trong timg truong hop. Két qua cu

thé d6 thi danh gia va so sanh gia tri cac luc bé 1ai mé ta theo cac hinh 4.13

dén hinh 4.16.
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Vi cac goc be 1ai khac nhau, khi s6 vong quay chan vit 1a n = 120 rpm.
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véi cac goc beé 1ai khac nhau, khi s6 vong quay chéan vit 1a n = 140 rpm.
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Hinh 4.16. D6 thi danh gia, s0 Sanh gia tri Rug phongs Ritye nghiem V& Rin nghiem
Vvéi cac goc bé 1ai khac nhau, khi s6 vong quay chan vit 1a n = 150 rpm.

Phén tich, danh gia va so sanh két qua trong bang 2.2, bang 4.4, bang
4.6 va hinh 4.13 dén hinh 4.16, nhan xét rang:

Pé thuan loi danh gia tong quat, xét trudng hop dic trung nhat khi sb
vong quay chan vit 16n nhat, tirc 1a n = 150 rpm va gia tri goc bé 1ai 16n nhat
o’ = 35° Khi d6 d6 thi biéu dién cac gid tri luc bé 1ai Rins phongs Rinue nghiom VA
Rihi ngniem trong truong hop nay mo ta theo hinh 4.16.

Dbi v6i cac truong hop con lai hoan toan phan tich, danh gia va so sanh
tuong tu.

- D6 thi mo ta gi tri luc bé 1ai theo hinh 4.16 dang duong thang va ty
1 thuan véi gia tri goc bé 14i. DO thi gia tri Ry nghiem NAM phia trén do thi mo
ta gia trj luc bé 141 Ruyg phong» cudi cting 12 d6 thi Ry nghiem;

- Ba dudng d6 thi ndy bam sat nhau. Khi goc bé i tang dan (bat dau tur
o’ = 20° tro 18n), thi xuét hién rd su chénh 1éch, nhung rd rang su chénh 1éch
nay khong nhiéu;

Chang han Xét truong hop cu thé: Cung gia tri vong quay chan vit

n = 150 rpm, cuing gid tri goc bé l4i o° = 35°, thi gi4 tri R chénh léch nhau I
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So sanh két quda ciia Riniee nghiom V& Ring phong-
R= Rthuc nghiém ~ Rm6 phong — 387818,6 N - 377368,4 N = 10450,2 N.
So sanh ty 1¢ chénh léch phan trim giira Rihye nghiem V& R phong 18

~10450,2 N
387818,6 N

R%

x100% = 2,69%

So sanh két qua cia Ry nghiom V& Reni nghiom-
R= Rthuc nghiém ~ Rthi nghiém — 387818,6 N - 369830,4 N = 17988,2 N.
So sanh ty 1¢ chénh Iéch phén tram gitta Riwye nghiem V& Rini nghiem 12

179882 N
387818,6 N

R%

x100% = 4,64%

So sanh két qua ciia R, phong V@ Runi nghiom-
R = Rmé phong ~ Rthi nghiém — 377368,4 N - 369830,4 N = 7538,0 N.
So sanh ty 1& chénh léch phan trim gitta Ry phong VA Rini nghiem 12:

_ 179882 N
387818,6 N

R%

x100% ~ 2%

Két luan rang:

- V6i ty 16 chénh 1éch bién thién tir 2% + 4,64% theo ba phuong phap
khac nhau, thi viéc nghién ctru thuc nghiém dam bao d6 tin cay cao;

- Pong thoi kiém chtng két qua tinh todn md phong trong chuong 2
cua luan an cling khéng dinh dam bao d¢ tin cay.
4.5.3. Phén tich, dinh gid va so sinh két qud nghién civu trén thuc dia
tuyén luéng hang hai Hii Phong

Chuong 3 tap trung nghién ctru tinh toan md phong tac dong cua to hop
chan vit - banh l4i dén qu§ dao chuyén dong tau thiy trén tuyén ludng hang
hai Hai Phong, véi mdt trong nhiing két qua ndi bat dat duoc cu thé 1a:

Trén co sd tinh toan md phong quy dao chuyén dong tau thuy tai 8
truong hop khac nhau (tie 1a 4 khu vyc I, 11, II, IV tiém an nhiéu nguy co mat

an toan hang hai cao nhit trén tuyén ludng hang hai Hai Phong). Tur d6, da
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phan tich, danh gi4 va lga chon cac td hop chan vit - banh lai tdi wu, sao cho
quy dao chuyén dong tau thuy bam sat quy dao cho trudc, twong ung véi timg
truong hop trén tuyén ludng hang hai Hai Phong.

Vi vdy, viéc nghién ctru thuc dia trén tuyén ludng hang hai Hai Phong
duoc thuc hién nhu sau:

- Nghién ctru sinh cing nhém nghién ctru d truc tiép nghién ctru thuc
dia trén tuyén ludng Hai Phong vao 3 thoi diém khac nhau (thang 12/2015,
thang 5/2016 va thang 7/2017). Ho so lién quan gom Giay gidi thiéu, gidy
chtng nhén va cac gidy to khac dén nghién ciru thuc dia trén tuyén ludng Hai
Phong cho trong Phu luc 5 ctia luan 4n. Nhom nghién ciru truc tiép di trén tau
container M/V TAN CANG FOUNDATION, trong tai 7040 MT, khi tau hanh
trinh trén tuyén ludng hang hai Hai Phong.

- Nghién ctru sinh thyc hién phan tich, danh gid va so sanh quy dao
chuyén dong cho trudc voi quy dao chuyén dong that cua tau, tai cac khu vuc
tiém 4n Nguy co mat an toan hang hai trén tuyén ludng.

- Ngoai ra, nghién ciru sinh cung mdt s6 thanh vién tham gia da nghién
ctru thuc dia khi tau M/V TAN CANG FOUNDATION Ién da, sua chira 16n
dinh ky & Nha may Pong tau SAl GON SHIP MARINE vao thang 5/2016 tai
thanh phé H6 Chi Minh (Gidy gidi thiéu va gidy chtng nhan trong Phuy lyc 5),
dé quan sat, phan tich, danh gid k¥ hon va thuc té hon vé t6 hop chan vit -
banh l4i cua tau ma nghién ctu sinh lya chon dé tién hanh thuc nghiém tai
thuc dia tuyén luéng hang hai Hai Phong.

Khi nghién ctru thuc nghiém di thuc té tai thuc dia trén tau hanh trinh
trong tuyén luong hang hai Hai Phong, nghién ciru sinh va nhom tac gia da
chia thanh 02 nhom thuc hién déng bd, nhu sau:

- Nhom 1 & trén budng lai cta tau dé thuc hién viéce ghi lai day du theo
nhat ky diéu dong cua tau trén tuyén ludng va ghi thoi gian, huéng chuyén

dong, toa do diém chuyén huong,...
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- Nhém 2 sir dung ca nd van téc cao, dung camera ghi hinh anh quy dao
chuyén dong that cua tau,... trong sudt hanh trinh ra vao tuyén ludng Hai
Phong (tir cang chinh Hai Phong dén khu dén tra hoa tiéu Hon Dau).

Dé 1am rd quy trinh nghién ctru thuc dia, nghién ctru sinh sé& trinh bay

cu thé trudng hop sé 5 (khu vuc I1I) nhu sau:

S
G?‘Q'

.y Vi tri két thac

Vi tri bt dau

s

= i
F

\If
g "

Hinh 4.17. Khu vyc I11 - khao sat quy dao chuyén dong that cua tau
Hinh 4.18 m6 ta hinh anh tau thuc hién viéc khao sat M/V TAN CANG
FOUNDATION va vi tri ca nd quan sat (nhom thtr 2 thyc hién) khi tau bat

.

dau roi cang chinh Hai Phong.
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Nhom 1 thuc hién)

M/V TAN CANG FOUNDATION
(Tau thuc hién viéc khao sat -

A

CA NO VAN TOC CAO
(Nhom 2 thyc hi¢n)

Hinh 4.18. M/V TAN CANG FOUNDATION va ca nd khao sat thuc dia

Hinh 4.19. M/V TAN CANG FOUDATION chuén bi
hanh trinh vao khu vuec 111 trén tuyén ludng hang hai Hai Phong

Hinh 4.19 md ta tau chuén bj hanh trinh vao khu vuc 111, ttrc 1a khu vuc
Bach Ping, giao nhau cua cac tuyén ludng Song Cam, Nam Triéu, Cai Trap

va kénh Ha Nam.
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Hinh 4.20. Mot phan vét chuyén dong that cua
M/V TAN CANG FOUDATION duoc ghi lai tai khu vye III
Hinh 4.20 mo ta vét chuyén dong that cua tau M/V TAN CANG
FOUDATION duoc nhom 2 ghi lai tai mot khu vuc 111, cit nhau ctia Kénh Ha

Nam, kénh Cai Trap, Séng CAm.

Nhu vay, dua vao vét chuyén dong that cua tau dé lai qua céc khu vuc
khao sat trén tuyén ludng, két hop véi vi tri phao, tiéu hang hai, tir d6 gi6i han
cho phép xay dung dugc quy dao thuc cua tau.

Poéng thoi nghién ciru sinh cing thanh vién nhom 1 ghi lai 1énh diéu
dong trén tau do hoa tiéu dua ra voi khoang thoi gian qua mot phan nguy
hiém nhat ctia khu vyc nay tir 12 gio 45 phat dén 12 gio 50 phat ngay 15
thang 7 nam 2017, theo bang 4.6.
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Bang 4.6. Tong hop cac 1énh diéu dong ghi lai ctia nhom 1 trén budng 14i

Huwéng Vong , Van
Thoi Vi tri tau tau quay Goc the Ghi chi
gian hién tai chan bé lai .
chay Vit tau
12h45 | Gita  cip Goe be lai Thuy thu lai
hao 27 - 32| 140° 110 data=0 va gitr on dmh
E,m 5 rpom | Dao dong| 7,8 |trén hudng di
12h46 BBg) v quanh gia dat goc bé lai
! tri o = 0° nay
Thuy thu lai
Chinh ngang thay doi
phao dan vao 110 | Thuc hién huong di mai,
12h47 | kénh Céai| 120° fom bé lai| 7,5 |dong thoi gitr
Trap (ing voi P a=10° (P) on dinh trén
bb,) hudong di maoi
nay
Thuy thu lai tir
Dao dong tir giam vé 5°
Giita cap 0 110 | quanh gia (P) va giit on
12h48 phao 25 - 30 110 rpm | tri o = 10° 76 dinh trén
(P) huéng di méi
nay
o g Thuy thu lai tir
Gitra cap 2 N A 0
phao  HN7- o | 110 |Chweén tr giam ve 0
12h49 LN (im 082 fom gbc bé lai | 7,5 | va gilr on dinh
. & P a=0° trén hudng di
véi BD3)

nay

Tu két qua theo bang 4.6, thuc hi¢n so sanh voi két qua nhan dugc

trong bang 3.3 va muyc 3.4.2.2 ctia chwong 3, nhan xét rang:

- Két qua khao sat, nghién ctu thuc dia gan véi két qua tinh todn mo

phong tir d6 lwa chon t6 hop chan vit - banh l4i tau thity trong chuong 3;

- Két qua nghién ctru thuc nghiém nay cling théa man véi dé xuat

phuong 4n diéu dong tau qua khu vuc tiém 4n nhiéu nguy co mat an toan

hang hai trong chuong 3;

truong hop 5 cua khu vuc 111
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Nhu vay, téng hop cac qua trinh nghién ctru thuc dia tai khu vuc, xay

dung quy dao chuyén dong that cua tau, dugc mo ta theo hinh 4.21.

_\'“"_‘—\—\.__\__L e
HT____—":_:_E_M_H “ .
H"ﬁ:'..:\_?\'\.
S, ", 7 .
ey S, s H - - . -
u¥ dao chuvén dong that cua tau
M& ,:: . Qu¥ d3 3 ong tha

i
I

Qu¥ dao chuyén cho trde
(dwong nét lién)
A

Hinh 4.21. Panh gi4, so sanh quy dao chuyén dong that cua tau (nét dut) va

quy dao cho trudc (nét lién) cua khu vuc khao sat

Tir két qua dat duoc rat ra két luan rang:

- Két qua nghién ctru thuc nghiém cho quy dao chuyén dong that cua
tau ludn bam sat quy dao cho trudc va phu hop voi két qua tinh toan mo
phong trong chuong 3;

- Viéc nghién ctru thue nghiém da kiém ching duoc két qua nghién ciu
dit ra va minh ching rd hon y nghia thyc tién cia van dé nghién ciu. Tuy
nhién, s& ton tai han ché nhat dinh trong viéc danh gia sai s quy dao theo tinh
toan md phong va quy dao chuyén dong that cua tau thuy. Boi vi, co sy gidi
han diéu kién bién, dan dén viéc chua hoan toan tuwong thich diéu kién bién

trong tinh toan mo phong va diéu kién thue nghiém thuc té cua tuyén ludng.

127



4.6. Két luan chuwong 4

Chuong 4 di tap trung nghién ctru thuc nghiém dé kiém chimg két qua
chinh dat dugc trong chuong 2 va chuong 3 cia luan an. Viéc nghién ctru
thuc nghiém duoc tién hanh: Trén hé théng thi nghi¢m va nghién ctru thuc dia
trén tuyén ludng hang hai Hai Phong.

Két qua co ban dat dugc ctuia chuong 4 cu thé nhu sau:

- Hé théng hoa hé thi nghiém vé twong tac chan vit - banh lai tau thay
trén thé gidi lién quan dén van dé nghién ctru cua dé tai luan an;

- Nghién ciru thiét ké va ché tao thanh cong hé thong danh gia tac dong
ctia t6 hop chan vit - banh l4i tu thay. Phan tich danh gia uu va nhuoc diém
cua hé théng thi nghiém. Sau do, tién hanh thi nghiém gia tri van tdc doc truc
tai mat chuyén tiép thong qua dai luong trung gian luc bé lai R, két qua thi
nghiém duoc so sanh, phan tich va danh gia véi két qua tinh toan moé phong
thuc hién trong chuong 2, két qua tinh toan theo cong thirc thuc nghiém. Tur
d6 rut ra rang, cac két qua tinh toan mé phong ma nghién ciru sinh thuc hién
trong chuong 2 ddm bdo do tin cay.

- Thuc hién nghién ctru thuc dia trén tuyén ludng hang hai Hai Phong
(03 14n), trén tau container M/V TAN CANG FOUNDATION, dé kiém
chtng két qua chinh dat duoc trong chuong 3. Tir két qua dat duoc khi nghién
ctru thuc dia trén tuyén ludng hang hai Hai Phong, gi6i han tai cac khu vuc
tiém an nhiéu nguy co tai nan hang hai, da phan tich, d4nh gia va so sanh véi
két qua chinh dat duoc trong chuong 3. Rut ra két luan rang: Céc t6 hop chan
vit - banh 14i t6i uvu duoc lya chon cho timg trudng hop va phuong an dé xuat
diéu dong tau bam theo quy dao cho trudc hoan toan phu hop va thoa man véi

két qua nghién ctru thuc dia.
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KET LUAN VA KIEN NGHI

1. KET LUAN

Bang cac phuong phap nghién ctru d thuc hién, dé tai luan an da dat
duoc muc dich nghién ctru dt ra, véi cac két qua cy thé nhu sau:

1.1. Hé thdng hoa co so ly luan vé tuyén ludng Hai Phong va té hop
tuong tac chan vit - banh lai tau thuay. Bac biét da khao sat, phan tich va danh
gia dac diém cua 4 khu vyc (1, 11, 11, 1V) tiém an nhiéu nguy co tai nan hang
hai trén tuyén luong hang hai Hai Phong. Tur két qua nay, da xay dung mo
hinh nghién cau thyc té tai 4 khu vuc néu trén.

1.2. Xay dung quy trinh nghién ctu, tng dung CFD dé tinh toan mo
phong su tuong tac dong chay sau chan vit vai banh lai tau thuy ndi chung va
ap dung cho ddi twong nghién cau cu thé, nhan duogc cac dai luong dic trung
tai mat chuyén tiép, dic biét tap trung nghién ctru tinh toAn moé phong gia tri
véan tdc trung binh doc truc tai mat chuyén tiép voi cac to hop (nj, o;) khac
nhau. Phan tich va danh gia mdi quan hé chit ché gitra gia trj trung gian luc
bé 14i R theo t6 hop (n;, o) twong tng bang phuwong md phong.

1.3. Xay dung mé hinh ludi dong ddi véi vat thé chuyén dong trong chét
I6ng ndi chung va ap dung cho tau M/V TAN CANG FOUNDATION. Tinh
to4n md phong su tuong tac to hop chan vit - banh 1ai dén diéu khién huong
di tau thay trén tuyén luong Hai Phong cho 8 trudong hop cua 4 khu vuc tiém
an nhiéu nguy co tai nan hang hai. Tir 46 lya chon téi wu to hop tuong tac
chan vit - banh l4i cua timg truong hop. Trén co sd ndy, dé xuat phuong an
diéu dong tau ti wu, khuyén cao hoa tiéu, thuyén truang chu dong, tu tin dan
tau bam theo quy dao cho trudc, khi hanh trinh qua cac khu vuc néu trén.

1.4. Thiét ké, ché tao thir nghiém va xay dung quy trinh van hanh hé théng
thi nghiém, dé kiém chang cu thé két qua tinh toAn mé phong su tuong tac to

hop chan vit - banh lai tau thuy. Hé thdng thi nghiém khéng chi giai quyét van
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dé nghién ctu cua luan 4n, ma con cé thé mé rong cho van dé& nghién ctu
khac lién quan dén linh vuc hang hai.

Hon nira, dé 1am noi bat va phong phd két qua caa luan &n, mot phan két
qua nghién ctru co ban trong luan an tién si da dugc nghién ctu sinh két hop
chat ché véi van dé nghién ctu cia dé tai KHCN cap Bo Giao thong van tai,
ma nghién ciu sinh la mot trong nhitng thanh vién chinh tham gia thuc hién.

1.5. Xay dung quy trinh nghién ctu thuc nghiém, kiém ching két qua dat
duoc cua luan &n, cu thé: Tién hanh thi nghiém trén hé thong thi nghiém va
nghién ctu thuc dia tuyén ludong Hai Phong, trén tau M/V TAN CANG
FOUNDATION. Tur két qua nhan dugc theo thyc nghi¢ém, thuc hi¢n so sanh,
phan tich va danh gia voi két qua tinh toan mo phong thuc hién trong cac
chuong 2 va chuong 3 ctia luan an va rat ra két luan rang:

- Céac két qua tinh todn mod phong ma nghién ctru sinh thuc hién trong
chuong 2 da dugc kiém ching va dam bao d6 tin cay;

- Céc t6 hop (n;, a;) duoc lwa chon ti wu cho timg truong hop va phuong
an dé xuat diéu dong tau bam theo quy dao cho trude tai 4 khu vyc tiém an
nguy co mat an toan hang hai, hoan toan phu hop va thoa man.

2. KIEN NGHI

Kién nghi cta luan an ciing chinh 13 nhiing van dé can quan tim trong
hudng nghién ctru tiép theo, cu thé:

2.1. Trong luan an da xay dung co sé khoa hoc va quy trinh tinh toan
chung 4p dung cho tuyén luéng Hai Phong, nhung viéc tinh toan mé phéng va
nghién ctru thyc nghiém gio1 han tai 4 khu vuc tiém an nhiéu nguy co mat an
toan hang hai, ma chua thé hién chi tiét toan bo tuyén ludong Hai Phong. Vi
vay, trong diéu kién cho phép va c6 thé trong cac nghién ctru tiép theo, nghién
cuu sinh s€ tiép tuc thuc hién trén cac khu vuc con lai cua tuyén luéng.

2.2. Mac du tung bd phan, tung thiét bi trong hé¢ théng thi nghiém duoc

thiét ké va ché tao da c6 chimg nhan vé do chinh xac thiét bi cua nha san xuat,
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hon nita, hé théng duoc Hoi ddng Khoa hoc chuyén nganh danh gia va Hoi
d6ng KHCN cap Bo Giao théng van tai nghiém thu danh gia loai A (Xuat sic),
nhung ca hé thong chua dugce danh gia vé do chinh xac. Tuy nhién, két qua
nghién ctru thi nghiém trén hé thong khéng anh huéng, boi vi luan an sir dung
phuong phap tiép can 1a phan tich, danh gia va so sanh két qua tinh toan mo
phong, két qua theo cong thic thuc nghiém véi két qua nghién ctu thi
nghiém, tir 46 rat ra két luan vé sy chénh 1éch két qua theo ba cach khac nhau.

2.3. Trong diéu kién cho phép, nghién ciru sinh ciing nhom tac gia tiép
tuc nghién ctru timg budc cai thién mot sé han ché ctia hé théng thiét ké va
ché tao, ddng thdi md rong cho nhiéu bai toan nghién ctru thyc nghiém khac

ctia chuyén nganh trén hé théng thi nghiém nay.
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PHU LUC 4

CAC QUYET PINH THANH LAP, BIEN BAN HOP
HOI PONG KHOA HQC VA GIAY XAC NHAN

. Quyét dinh sé 3486/QD-BGTVT, ngay 07/11/2016 vé viéc phé duyét
danh muc dé tai, co quan cha tri va c& nhan chu nhiém dé tai khoa hoc
cong nghé cap Bo nam 2017

Quyét dinh s6 2804/QDP-PHHHVN-KHCN, ngay 28/12/2016 vé viéc
giao nhiém vu khoa hoc céng nghé nam 2017 cua Hiéu truong Truong
Pai hoc Hang hai Viét Nam.

Quyét dinh s61482/Qb-DPHHHVN-KHCN, ngay 11/8/2017 cua Hiéu
truong Truong Pai hoc Hang hai Viét Nam vé viéc thanh 1ap Hoi dong
Khoa hoc chuyén nganh danh gia san pham khoa hoc “Hé thong danh gia
tac dong cua té hop chan vit - banh 1ai tau thuy”.

Bién ban hop ciia Hoi dong Khoa hoc chuyén nganh, ngay 11/8/2017, xac
nhan cua Truong Pai hoc Hang hai Viét Nam.

Quyét dinh sb 2890/QD-BGTVT ngay 12/10/2017 cua Bo trusng Bo
Giao thong van tai vé viéc Thanh lap Hoi dong khoa hoc cong nghé cap
Bo dé danh gia nghiém thu dé tai khoa hoc va céng nghé “Nghién citu
thiét ké va ché tgo thiz nghiém hé thong danh gid tic déng cua té hop
chan vit - bdnh ldi dén dic tinh diéu khién hwong chuyén déng tau thuy”,
ma s6: DT 174003.

Bién ban hop cua Hoi dong nghiém thu Khoa hoc cong nghé cap Bo
GTVT ngay 07/11/2017 cta Bo Giao thdng van tai.

Gidy ching nhan giai Nhit theo tiéu chuan cao nhit ciia mot cong trinh
khoa hoc xuét séc, ctia Chu tich Dién dan Hoi nghi khoa hoc Quéc té cac

Truong Pai hoc Hang hai va Nghé c4 Chau A (AMFUF), thang11/ 2017.
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PHU LUC5
GIAY TO LIEN QUAN PEN NGHIEN CUU

THU'C PIA TUYEN LUONG HANG HAI HAI PHONG

5.1.

5.2.

5.3.

5.4.

5.5.

5.6.

S5.7.

VA TAI NHA MAY SHIP MARINE SAI GON

Gidy gigi thiéu sd 68/GGT ngay 06/12/2015 cua Hiéu truong Truong
DPai hoc Hang hai Viét Nam gui Ban chi huy tau M/V TAN CANG
FOUNDATION.

Gidy xac nhan khao sét thuc dia cua Thuyén truong tau M/V TAN
CANG FOUNDATION, ngay 08/12/2015 khi tau nim tai cang.

Gidy xéac nhan nghién cau thuc dia, di tryc tiép trén tau khi hanh trinh
trén tuyén ludng hang hai Hai Phong cua Thuyén truéng tau M/V
TAN CANG FOUNDATION, ngay 18/12/2015.

Gidy gioi thiéu sb 74/GGT ngay 25/4/2016 cua Hiéu truong Trudng
bai hoc Hang hai Viét Nam gui Ban chi huy tau M/V TAN CANG
FOUNDATION.

Gidy xac nhan khao sat thuc té cua Thuyén truéng tau M/V TAN
CANG FOUNDATION, ngay 06/5/2016, khi tau 1én da stra chira dinh
ky tai Nha may Ship Marine Sai Gon.

Gidy gioi thiéu sb 89/GGT ngay 05/7/2017 cua Hiéu trudong Trudng
bai hoc Hang hai Viét Nam gui Ban chi huy tau M/V TAN CANG
FOUNDATION.

Gidy xac nhan nghién ctu thuc dia trén tuyén ludng hang hai Hai
Phong, dé kiém ching két qua nghién cau cia dé tai luan an va cac
van dé nghién cau lién quan doThuyén truong tau M/V TAN CANG
FOUNDATION ky ngay 15/7/2017.
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