MO DAU

1. Tinh cép thiét caa luan an

Banh 14i 1a déi twong diéu khién, nham thay d6i huéng chuyén dong
cua tau thay. Banh lai duwoc dat ngay sau chan vit tau thuy, dé chuyén doi
ning luong cua dong chay thanh luc bé 14i. Vi vay cd thé noi cac hién tuong
vat ly xung quanh van dé trao doi ning lwong giita dong chay va banh l4i anh
huong rat Ion dén luc bé 14 tau thay.

Mot trong nhitng hién tuong pho bién va quan trong d6 1a xam thuc
banh 14i, c6 dién bién kha phirc tap va anh huong rd nét dén luc bé lai, dac
biét khi tau thuy lién tuc thay doi ché do l1am viéc, khi diéu dong tau, hoaic tau
chay véi toc do cao,... Vay co sé khoa hoc nao 1am rd van dé xam thyc trén
banh 1ai, cling nhu phan tich anh huong ciia chung dén lyc bé 1ai cua tau thuy;
tir d6 dua ra dugc giai phap nham giam thiéu tac hai ma xam thuc banh lai
gy ra. Hon nita, khi giai quyét duoc van dé nay s& gilp cho cac chuyén gia
vé linh vuc hang hai co duoc thuat giai vé diéu khién tau thiy da thong minh
dé han ché anh hudng ctia xam thyuc béanh 14i, gop phan nang cao an toan hang
hai. Xuat phat tir co sé Iy luan trén, nghién ctu sinh (NCS) di lva chon va
nghién ctu dé tai luan an tién si: “Nghién cizu anh hwong xam thyc banh lai
aen luc bé 14i tau thay”.

Viéc tinh todn mé phong va nghién cau thuc nghiém duoc trién khai tai
Truong Dai hoc Hang hai Viét Nam, riéng nghién ctru thuc dia thuc hién trén
tuyén ludng hang hai Hai Phong va khi tau 1én da sitra chita dinh ky tai nha
may Ship Marine Sai Gon. Hon nita, nghién ctru sinh d két hop chit ché van
dé nghién ctu trong dé tai luan &n tién si véi van dé nghién cau thuc hién
trong hai dé tai khoa hoc cdng nghé cap Bo Giao thdng van tai, ma nghién

ctu sinh 1a cha nghiém dé tai va thanh vién tham gia. Cu thé, nghién ctu sinh



da nghién cau va st dung mot phan két qua nghién cau cua hai dé tai Khoa
hoc Cong nghé cap Bo Giao théng van tai nim 2017 1a [23, 30]:

- “Xay dung chuong trinh tinh todn mé phong va thir nghiém mét sé
nguyén nhdn co ban dan dén tai ngn hang hdi trén tuyén luong Sai Gon phuc
Vu cong tde dao tao va hudn luyén thuyén vién”, ma sé: DT 174030 do nghién
ctu sinh lam chi nhiém dé tai, PGS. TS. Pham Ky Quang, TS. Vii Van Duy
la céc thanh vién tham gia chinh cuing mét sb thanh vién khac;

- “Nghién cizu thiét ké va ché tgo thiz nghiém hé théng danh gid tic déng
cia té hop chan vit - banh 1di dén dic tinh diéu khién hwéng chuyén dong tau
thiy”, ma s6: DT 174003 do PGS. TS. Pham Ky Quang lam chu nhiém dé tai,
nghién cau sinh 1a thanh vién tham gia chinh, ciing mét sb thanh vién khac.

2. Muc dich nghién ctru cia luan an

Nghién ciru anh huéng ciia XAm thyuc banh 1ai dén luc bé i tau thay.
3. Péi twong va pham vi nghién ciu ciaa luan an

Poi twong nghién ciu:

Hién tuong xam thyuc banh lai tau thay va tac dong cua xam thuc banh
1ai @én luc bé l4i tau thay.

Pham vi nghién citu ciia dé tai:

- Lam 15 co s& khoa hoc vé hién tugng vat Iy xam thuc banh 14i, nghién
ctru tinh toan va mé phong so hién twong nay, ciing nhu kiém ching mot s6
két qua nghién ctu bang thuc nghiém. Tir d6 phén tich nhitng anh huéng ma
hién twong xam thuc banh 1ai dén luc bé lai.

- Lwa chon va su dung tau container M/V TAN CANG
FOUNDATION, trong tai 7040 MT, c6 chan vit chiéu phai dé tién hanh
nghién ctu thyc nghiém.

4. Phwong phap nghién ctru caa luan an
Phuong phap nghién ciru ly thuyét két hop nghién ciu thuc nghiém, dé

lam noi bat tinh khoa hoc va tinh thuc tién cua van dé can giai quyét, cu thé:



Nghién cizu ly thuyét:

- Nghién ctiu co so 1y luan vé xam thuc ndi chung va xam thyc béanh lai
tau thuay noi riéng;

- Nghién ctru co so toan hoc trén nén tang tinh toan dong luc hoc dong
chay CFD (Computational Fluid Dynamics) dé tinh toan mé phong ving
xam thyuc. Tir 6 ap dung tinh todn md phong chi tiét cho banh l4i cua tau
M/V TAN CANG FOUNDATION khi bi xam thuc;

- Nghién ctu xay dung mé hinh nghién ctu bang phuong phép so va
quy trinh tinh todn mé phong anh hudéng xam thuc cuc bo tai mép vao banh
lai va xam thuc mép thoét t6i luc bé 14i tau thay, twong Gng véi mdi té hop
dau vao (n;, o) khi xuat hién xam thuc cuc bd. Tir d6 ap dung tinh todn mo
phong chi tiét cho dbi twong cu thé 1a banh lai cua tau M/V TAN CANG
FOUNDATION khi bi xam thuec.

Trén co so cac két qua dat duoc thuc hién danh gia anh huong xam
thuc banh 1ai dén luc bé 14i tau thay.

Nghién cuu theec nghiém:

Nghién ciu thuc nghiém trén hé théng thi nghiém (4p dung bénh lai
theo tiéu chuan dong dang Froude vai banh 14i cia tau M/V TAN CANG
FOUNDATION) va khao séat thuc dia dbi véi tau M/V TAN CANG
FOUNDATION, nham minh chiing cho mét s6 két qua tinh toan mé phong vé
xam thuc trén banh lai cling nhu anh hudng xam thuc téi luc bé lai tau thay.
5. Y nghia khoa hoc va thuc tién ciia luin én

Ynghfa khoa hoc cua luan an:

- Hé thdng hoa co s& 1y luan vé hién tuong xam thuc banh lai tau thay
nham dua ra md hinh nghién ctru. Voi két qua nghién ciu dat dugc da gop
phan hoan thién mot phan co so Iy luan lién quan dén van dé nghién cau va

c6 nhitng dong gdp nhét dinh cho khoa hoc chuy@n nganh hang hai;



- Pua ra phuong phép luan vé xay dung quy trinh tinh todn mé phong
anh huong xam thuc banh 1ai dén luc bé 14i tau thuy néi chung. Trén co s d6
ap dung cho d6i twong va pham vi nghién ciu cu thé caa luan an. Tir d6 danh
gia su tac dong cua xam thuc toi luc bé 1ai tau thuy cling nhu nhirng giai phap
giam thiéu tac hai tuong Gng ciing nhu dwa ra trang thai xam thuc banh lai tau
thuy theo tham sé van hanh.

Y nghia thuc tien cua ludn an:

- Két hop chit ché co sd khoa hoc 1y thuyét dic thu lién quan dén khoa
hoc chuyén nganh hang hai véi thuc tién hang hai. Hon nita, xay dung co s&
khoa hoc cho céc chuyén gia trong linh vuc hang hai khi trién khai cac thuat
toan diéu khién tau thity co tinh dén anh huong xam thyc banh lai.

- Pong gop nhét dinh vao khoa hoc chuyén nganh: Xay dung mot phan
hé théng thi nghiém phuc vu nghién ctru thyc nghiém vé xdm thuc banh 14i
tau thiy. Chit dong danh gia va c6 giai phap phd hop vé anh huang cua xam
thue banh 14i dén luc bé 14i tau thuy dac biét trong ché do diéu dong tau.

6. Nhirng diém déng gép méi caa luan an

6.1. Xay dung giai thuat mo phong sé d6i voi bai toan 2D va bai toan
3D cho mo hinh dong chay xam thyc bao quanh banh 1ai tau thuy. Tt do tinh
toan mo phong chi tiét cho banh 1ai cua tau M/V TAN CANG
FOUNDATION bing phuong phap BEM, xau chudi 2D va tmg dung CFD
cing phan mém Fluent-Ansys;

6.2. Pua ra dac tinh xam thyc banh 141, anh huong to1 luc bé 1ai ¢ cac
trang thai van hanh voi cac to hop dau vao (n;, o). Pong thoi xay dung mo
hinh nghién ctru bang phwong phap sd va quy trinh tinh toan mé phong anh
huong xam thuc cuc b tai mép vao banh lai td1 luc bé 1ai, twong ting to hop
(ni, ) khi xuét hién xam thuc cuc b, cu thé nhu sau:

- Chu ky (T) va tan sd dao dong (f) cua luc bé 1ai dbi véi tau M/V
TAN CANG FOUNDATION la: T=0,091s va f = 11Hz;



- Bién d6 dao dong (A) cua luc bé 14i trong giai doan banh 1ai xuét hién
xam thuc cuc bd phu thudc vao tdc do dong chay va goc bé 1ai. Pa xay dung

dugc cong thic xac dinh bién d§ dao dong luc bé 14i cia tau M/V TAN
CANG FOUNDATION la: A=2%Rm;

- Du bao quy lut vé luc tac dong trén banh 1ai tau thuy va dé xuét
khuyén c4o han ché anh hudng ctua xam thuc. Pua ra quy luat bién thién luc
bé lai theo thoi gian R(t) khi bi anh hudng xam thuc cuc bd tai mép vao banh
1ai. Két qua tinh toan mo phong 4p dung cu thé cho banh lai tu M/V TAN
CANG FOUNDATION, khi goc bé l4i oo = 35° va van toc tau V = 7,5 m/s.

6.3. Phan tich, danh gia va so sanh két qua nghién ciu thuc nghiém véi
cac phuong an khac lién quan. Hon nira, nghién ctu khao sét thuc dia ddi véi
tau M/V TAN CANG FOUNDATION, nham minh ching cho mot sé két qua
tinh toan md phong vé xam thyc trén banh lai cling nhu anh hudng cia xam
thuc téi luc bé lai tau thuy.

7. Két cau ciia ludn 4n

Két cAu cua dé tai luan &n gdm cac phan thi tu sau:

- Phan m¢ dau;

- Phan noi dung (dwoc chia thanh 4 chuwong);

- Phan két luan va kién nghi:

- Danh muc céc cdng trinh khoa hoc da cong bé lién quan dén luan an;

- Tai liéu tham khao;

- Phan phu luc (gom 6 phy luc).

Trong phan noi dung cuaa luan an duoc chia thanh 4 chwong nhu sau:

Chuong 1. Tong quan anh hudng xam thuc banh 1ai dén lyc bé i tau
thuy.

Chuong 2. Tinh toan m6 phong xam thyc banh lai tau thay.

Chuong 3. Panh gia anh hudng cua xam thuc banh 1ai dén luc bé lai
tau thuy.

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



CHUONG 1. TONG QUAN ANH HUONG XAM THUC BANH LAI
PEN LUC BE LAI TAU THUY

1.1. Tong quan vé van dé nghién ciru ciia luin an

Nghién ctru sinh d3 nghién ctru, tim toi tai liéu va phén tich cu thé linh
vuc nghién ctru ca ludn 4n véi cac cong trinh di cong bd lién quan & trong
nudc va nudc ngoai, cd thé ké dén mot sd cong trinh sau:

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

Trén thé gidi da cong bd vé xam thyc tir nhitng nim 1980 cua thé ky 20,
cac nghién ctru chu yéu 1a do dac thuc nghiém, nhung cic két qua di minh
chung kha rd nét 1y thuyét vé van dé xam thyc trén canh dan ndi chung va
banh 14i tau thiy noi riéng, co thé ké dén:

- Nam 1985, cac tac gia J. Pierre Franc va J. Marie. Michel [67, 71, 74],
d3 cong bd va phan biét cac loai xam thyc, diéu kién xuat hién cac loai xam
thuc nay theo s6 xam thuc va goc dit canh. Voi mot mau profil dac thu khéc,
nam 1986 tai Phap tac gia Nguyén Thé Mich [72] da nghién ctiu thuc nghiém
dé do dac duoc kich thude tai hoi xam thuc cuc bg, toc dé dong chay nguoc

va dac biét 1a chu ky hinh thanh, phét trién va mat di cua chdng theo hinh 1.1,
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Hinh 1.1. Bang dinh dang chiéu dai viing xam thyc véi V = 10 m/s



Nhitng nim gan day, v&i su phat trién cua khoa hoc cdng nghé, dac biét
la cdng nghé thdng tin va&i cau hinh may tinh ting cao, dap ung tét cong viéc
tinh toan bai toan khéi lugng I6n, thi md phong dong chay (hai luu) 1a lya
chon téi vu khi nghién ctru vé xam thyc. Nhiéu tac gia da khai thac kha sau
cac thuat toan khac nhau va dua ra cac két qua cu thé hon.

- Nam 2001, cong trinh khoa hoc cua nhom nghién cau A. V.
Pustoshny, S. V. Kaprantsev [43], thuoc Vién nghién ctu tau thay Krylov tai
St. Petersburg, Lién bang Nga, d3 nghién ctu vé dong luc hoc chan vit, cac
yéu t6 anh huong téi dong luc hoc chan vit tau thuy. Cong trinh da thiét lap
cac mo hinh toan, tinh toan va phan tich tdc dong cua dong luc hoc chan vit,
cling nhu cac yéu té co ban anh hudng dén dong luc hoc chan vit, co xét dén
hién tugng xam thuc trong mot sé ché do diéu dong tau thay.

- Nam 2003 coOng trinh nghién cau cuaa nhdém tac gia O. Coutier
Delgosha va J. F. Devillers [62] vé thuc nghiém va md phong sé dong xam
thuc bao quanh hydrofoil. Cac tac gia da xay dung bai toan trén mé hinh 3D
cua may thuy lyc canh dan nhu: chan vit tau thuy, bom canh dan,... dé xac
dinh viing xam thuc trén canh dan ciing nhu sy thay doi cua ching ¢ cac ché
do van hanh khac nhau.

- Nam 2003 cé&c tac gia Yoshinori Saito, Ichiro Nakamori va Toshiaki
Ikohagi (Nhat Ban) [63], da tinh toan m6 phong dong xam thuc canh 2D, dua
ra chu ky cua tdi hoi cling nhu hé s6 &p suat, hé sb luc nang. Két qua tinh toan
md ta cu thé theo hinh 1.2.
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Hinh 1.2. Chu ky cta tai hoi xdm thuc, hé s6 luc nang

va hé sb ap suat tai cac s6 xam thuc khac nhau

- Nam 2003 cac tac gia Masashi Fukaya, Tomoyoshi Okamura,

Yoshiaki Tamura va Yoichiro Matsumoto tai Nhat Ban [64], di dua ra mot s6

két qua quan trong vé xam thuc trén profil canh, dugc md ta theo hinh 1.3 va

hinh 1.4.



M6 phong

Hinh 1.4. Chu ky ctia xam thuc cuc b gitra thuc nghiém va mo phong

Thuc nghiém



- Nam 2009 céac tac gia Thomas Licke, Heinrich Streckwall, thuoc
Hamburgische Schiffbau-Versuchsanstalt GmbH (HSVA), Hamburg, Lién

bang Puc [70, 74], da cong bd nhitng nghién ciu thyc nghiém va tinh toan

m6 phong sé vé xam thuc trén banh 1ai “semi spade”, vai két qua cu thé duoc
mo ta theo hinh 1.5 va hinh 1.6.

T, LB. buc
Cac két qua nghién cau vé xam thyc da chi rd viéc xuat hién xam thuc
cuc bo tai mép vao banh lai ciing nhu ving xam thuc tai mép thoét tai mot s6

ché d¢ diéu dong tau khéc nhau.

Hinh 1.6. Hinh anh xa&m thuc cuc b tai mép vao banh lai
Tinh hinh nghién cizu trong miede lién quan dén lugn an:
Do van dé nghién ciu vé xam thuc doi hoi sy cong phu va kha ton
kém, nén trong nudc cling chi budc dau nghién ctu tai mot vai truong dai

hoc, vién nghién ctu trong diém.
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- C4c cong trinh khoa hoc, tai liéu vé thuy luc cua céc tac gia nhu: GS.
TS. Nguyén Thé Mich, GS. TS. Lé Danh Lién, PGS. TS. V6 S§ Huynh, PGS.
TS. Nguyén Thé buc, PGS. TS. Nguyén Thi Xuan Thu, PGS. TS. Nguyén
Van Bay, PGS. TS. Truong Viét Anh, TS. L& Xuan Hoa [18, 19, 20, 21, 22,
24, 25, 26, 27, 35, 75],... da dua ra duogc co ché hinh thanh xam thuyc, tac hai,
cling nhu cac bién phéap khic phuc thuong dung va dién hinh cho céc loai may
thay lyc canh dan nhu bom ly tim, bom canh dan huéng truc, tua bin nuéc,...

- Nam 2013 tac gia L€ Thi Thai tai Truong Pai hoc Bach khoa Ha Noi
[38], trong cOng trinh nghién ctu hién tugng xam thuc bao quanh chan vit tau
thuy, str dung cac phuong phép tinh toan s img dung cho bai toan dong qua
chan vit tau thity khi c6 xam thuc va khong xam thuc. Dong thoi st dung céac
phuong phap RANS, LES dé giai quyét van dé nghién ciru.

- Tai Trung tim Bom, Vién khoa hoc Thuy loi, di tién hanh kha nhiéu
thi nghiém vé bom va xam thyc trong bom, ciing duoc phat hién va xtr Iy theo
huéng ting kha ning chéng xam thuc cua canh bom. Céc két qua nay dugc
thé hién rd trong cac cong trinh cia nhom tac gia do GS. TS. Nguyén Thé
Mich, TS. Pham Van Thu, TS. Vii Van Duy va cac cong tac thuc hién [28].

- TS. Vi Van Duy cung nhém nghién ctru, thudc Truong Pai hoc Hang
hai Viét Nam [36, 37, 39], da cong bd mot s6 két qua vé dong luc hoc dong
chay bao, xdm thuc canh dan, tinh toan mod phong dong chay bao quanh tau
thay, tng dung chuong trinh CFD dé tinh toan md phong, ...

- Tai Vién Khoa hoc va Cong nghé tau thuy, Truong Pai hoc Hang hai
Viét Nam, di xay dung bé thir mé hinh va budce dau tiép can téi cac bai toan
xam thuec.

Hon nita, cOn mot sé cac cdng trinh cua céc tac gia [55, 56, 57, 66, 74],
da thuc hién cac nghién ctu vé xam thuc trén canh dan tai cac trung tam
nghién ctu, co so dao tao tai nudc ngoai va cac két qua nay dang dan trién

khai & diéu kién trong nudc,. ..
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T cac két qua cdng bd cua cac cdng trinh, nhan xét rang:

- Trong nuéc, cac két qua nghién cau vé xam thyc trén canh dan cua
may thay luc d3 duoc nhiéu tac gia cong bb. Tuy nhién, viéc nghién ciu dé
1am 16 co sé khoa hoc vé xam thuc trén banh lai tau thiy va phan tich, danh
gia anh huong cua ching dén luc bé 1ai va dic tinh diéu khién hudng chuyén
dong cua tau thuy 12 van dé khoa hoc ma trong nuéc chua ¢ cong trinh hoic
tac gia cong bé.

- Trén thé gioi, nhitng nam gan da tap trung nghién ctu kha sau vé van
dé xam thyc trén céac profil canh 2D va 3D ciing nhu trén banh cong tac cua
may thuy luc canh dan nhu: bom canh dan, trong tua bin, chan vit tau thay,.. .
nhung phan 16n céc cong trinh nghién cau dua trén su hd tro quan trong cua
cac trang thiét bi do dac, tinh toan rat hién dai va dit tién. Vi diéu kién trong
nuéc hién nay thi didu nay kho co thé thuc hién duoc. Mat khéc, két qua
nghién cau dung lai & viéc nghién cau ting phan, nghién cau ly thuyét,
nghién ciru md phong sé, tng dung CFD dé tinh todn md phong xam thuc
canh dan,... Bic biét cac két qua phan tich chuyén sau vé xam thuc banh lai
dén luc bé 1ai va dic tinh diéu khién hudng chuyén dong tau thay van con
mang tinh ban quyén cua hang san xuat, trung tdm nghién ctu vé khoa hoc
hang hai, chua duoc tac gia hodc nhom tac gia cong bé.

Nhu vay, véi pham vi va dbi twgng nghién cau cu thé caa luan an, van
dé nghién ctiu caa nghién cau sinh ludn mang tinh thoi sy, cé y nghia khoa
hoc va thyc tién chuyén nganh hang hai va khéng triing lap véi cac cong trinh
d3 cong bd trude do.

1.2. Xam thuc banh lai tau thay
1.2.1. Khai ni¢m xam thuc

Hién tuong xam thuc xuat hién khi &p suat caa chat long tai noi nao do

bao quanh cénh dan nho hon hodc bang 4p suit hoi bdo hoa, khi d6 nhiing

phan tir chét 1ong & sat thanh va 1an can s& tach ra tao thanh cac dam bot goi
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13 tai hoi xdm thyc. Ung v6i mdi ché do van hanh khac nhau céc tii hoi nay
s& ¢ dic diém riéng, tir 46 c6 cac tén goi khéac nhau [2, 3, 7, 10, 71].

Hinh 1.7 md ta hién tugng xam thuc trén banh lai cua tau M/V TAN
CANG FOUNDATION, dugc nghién ctu sinh khao sat thuc dia khi tau 1én
da sura chira tai nha may Ship Marine Sai Gon, thang 5/2016 [41, 42].

thuc trén banh lai

PN

twong Xam

Hién

d .
Hinh 1.7. Xam thuc trén banh lai tau M/V TAN CANG FOUNDATION

Bang nghién cau thuc nghiém, cac tac gia J. Pierre Franc va J. Marie.

Michel [67, 71], da dua ra bang phan loai xam thyc trén canh dan theo cac
goc dat canh va sb xam thuc khac nhau, cling nhu phan tich dac diém chinh
cia moi loai xam thyuc theo hinh 1.8, @3 mo ta ranh gidi cac loai xam thuc.
Tuy nhién hinh anh thyc nghiém trén mau canh NACA 16012 véi R, = 10°
nén sb liéu goc dit canh va sb xam thue ¢ ddy mang tinh chat tham khao.

Khi s6 xam thuc 1a nhé (o <0,33), nhan théy vung xam thuc kéo dai
vuot khéi day cung cia canh va dugce goi 1a “siéu xam thuc”. Nhung vo1 cac
goc dit canh khac nhau, chung ciing c6 dic diém riéng:

- Goc dit canh tir 0° + 3°, thdy nhitng diém dau tach thanh c6 dang

duong thang va ¢ gan phia mép sau canh.
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- Goc dit canh tir 0° + 5, thi nhitng diém tach thanh nay phan b khong
thang hang va kéo dan 1én mép trén canh.
- G6c dat canh 16n hon 5°, lac nay cac diém tach thanh dau tién phan bd

doc theo mép trén ctia canh.

Hinh 1.8. Hinh anh xam thyc trén canh NACA16012 khi s6 R, = 10°

Khi s6 xam thuc o > 0,33 va gbc dat canh tur 5% = 12° tGi hoi xam thuc
cling tach thanh doc theo mép trén canh, nhung ving déng tii hoi nam ngay
trén lung canh, nén loai xdm thuc ndy goi 1a “xam thuc cuc bd”. Pic diém
xam thyc nay 1a khong 6n dinh (néu kich thude tii hoi phu hop), chiing hinh
thanh, phat trién va mat di theo chu ky nhat dinh.

Khi s6 xam thuc o > 0,33 va goc dit canh 16n hon 12° tdn tai ving “xam

thuc 2 pha”.

Vung ung voi s6 xam thuc o > 1,2 va gbc dat canh 1on, s€ c6 dang “xam

thuc vét”, loai xam thuc nay hinh thanh va nd véi chu ky rat ngén.
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Ngoai ra con mot loai xam thuc 1a “xam thuc xody” c¢6 dac diém 1a xuét
hién trong may thuy luc canh dan, dam bot xam thuyc tir canh thoat ra va tao
thanh vét xody trong khong gian.

1.2.2. Diéu kign xudt hign xam theec

Xét dong chay bao profil ngam trong nudc nhu hinh 1.9 [37].

]

Hinh 1.9. Hinh anh dong chay bao profil bat ky
Trong d6: V.., P.. - VAn toc va ap suat cua dong ngoai Vi;
1, 2 - hai diém nam trén clng mét duong dong.

Ap dung phuong trinh Becnulli cho hai diém 1 va diém 2 [2, 3, 4, 7, 10,

2 2
W b VYV, P (1.1)

14, 17, 37], nhan dugc: Y2
29 y 29 vy

Suy ra. P, =D _%(sz _V12)
Dé bat dau xuat hién xam thuc diéu kién 1a: p, < pon
Trong d6: pyy, - 4p Suat hoi bdo hoa ctia chat long cong tac, nghia la:

P, =P _é(\/zz _Vlz)g Pon

2
Suy ra: Pz Pon (Y2} 4 (1.2)
iy\/z \A
29" *
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Dit s6 xam thuc: o = % (1.3)
- 2
297

2
S A A (s . \Y
va hé so loang la: K:(V—Zj -1

1
Khi d6, diéu kién d€ xuét hién xam thuc Ia:
c<K (1.4)

1.2.3. M4t sé loai xam thac trén banh lai tau thaiy

Trén béanh 14 tau thay co thé ton tai chil yéu hai loai xam thuc 12 xam
thuc cuc bd tai mép vao va xam thuc tai mép thoat banh 1ai. Hai loai xam thuc
nay c6 dac tinh khac nhau va anh hudng t6i luc bé 1ai ciing khac nhau. Ngoai
ra con xuat hién loai xAm thyc banh 1ai “cudng birc” tir chan vit tau thay.

Xdm thuc cuc bo tai mép vao banh lai

C6 dang tai hoi bam sat canh véi diém tach thanh 14 gn mép vao mit
hut ctia banh 1ai va ving dong nam trén canh. Pay 14 loai xam thyc xuat hién
cuc bd chu yéu trén banh 14i, anh huong dang ké dén luc bé 1ai tau thuy. Hinh

1.10 mo6 ta xam thyuc cuc bd tai mép vao trén mot profil banh lai tau thuy.

Xam thyc tai mép thoat profil banh lai

Xam thuec cuc bo tai mép vao profil banh lai

Hinh 1.10. Hinh anh tai hoi xam thuc cuc bd tai mép vao profil banh lai
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Néu kich thuée tai hoi pht hop, chung s& hinh thanh, phat trién va mét
di mang tinh chu ky dan t&i anh huong dén luc bé 1ai tau thay. Ngoai ra cau
tric bot & phia sau tai hoi khi “nd” gdy an mon bé mit banh 14i. Tir c4c tai
liéu thuc nghiém [37, 67, 71], c6 thé phan chu ky ctia loai xAm thuc nay thanh
6 giai doan theo hinh 1.11.

C e
=%_ C"—_——\
=2
¢ ("—\
=27 e
T 800900
=%T m
e

-:T

Hinh 1.11. Cac giai doan trong mot chu ky ctuia xam thuc cuc bd mép thoat

Vay tai sao tii hoi phat trién t&i mot kich thude nao dé thi lai bi cudn

di theo dong chay? Diéu nay duoc giai thich 1a do xuat hién dong chay ngugc:

Ba1i 1€, khi hinh thanh tGi hoi thi dong chay sé tram qua né hay bién dang

canh lac nay nhu dugc dip thém phan tai hoi. Vay chinh hinh dang va kich

thude tii hoi dan t6i sy xuat hién dong chay nguoc ndy. Dé hiéu rd co ché
chung ta xét van dé vat Iy mo ta theo hinh 1.12 [37].

Gol V1 1a van toc ban dau ctia dong chay ¢ ngoai tdi ti€p can thanh ran
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v6i goc nghiéng a, khi tiép xac voi thanh rin ching phan chia thanh 2 thanh
phan 1 V, xudi theo dong va V; quay nguogc tré lai. Nhu vy toc do cia dong

chay ngudc Vs phu thudc vao van tdc ban dau V, va goc nghiéng o.

Vi
\Y
3 €— —> /)
/ /

Hinh 1.12. Hinh anh dong chay tiép can véi thanh ran
V&1 xam thyc cuc bo thi goc a dugce dinh dang béi hinh dang tai hoi, vi
vay phai dat dén gia tri oo nhat dinh thi dong chay ngugc méi du ning luong
dé boc tai hoi ra khoi thanh va cudn theo dong chay. Pay 1a nguyén nhan tao
ra tinh chu ky ctia xam thuc cuc bg va anh huong téi luc bé 14i trén banh 1ai.
Xdam thyce tai mép thoat banh lai
Trén hinh 1.10, vé phia mép thoat c¢6 hién twong dong chay tir hai phia
banh 14i tau thuy giao nhau va tao thanh ving xoay. O day toc do dong chay
tang nhanh va 4p sudt giam xudng, nghia 13 khi 4p suat tai day giam xudng
dudi ap suat hoi bdo hoa cua chat long, s xudt hién vung xam thyc va duoc
goi 1a xam thyc mép thoat va ciing anh huéng dén lyc bé 14i tau thuy.
Xam thyc banh ldai “cudng burc” tir chdn vit tau thiy
Xam thyc banh 1ai “cudng bic” hay goi la “thy dong” [74, 75], tir chan
vit tau thuy 1a hién tuong banh 1ai bi ddm bot xam thyc tir chan vit thdi ra (tu
bau va dinh canh chan vit), d3 bam trén bé mit banh l4i tu thiy lam anh
huong t6i ca tri s6 va tinh 6n dinh cta lyc bé 14i tau thay (hinh 1.13).
Trong trudng hop nay viéc xuét hién xam thyc trén banh 1ai tau thiry phu
thudc vao ché d6 lam viéc caa chan vit, ma hau nhu khong phu thudc vao goc

bé lai. Vi vay, trong gidi han nghién clru cta d¢ tai luan an, nghién ctru sinh
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khong nghién ctru hién tuong xam thuc nay.

Hinh 1.13. Hinh anh banh 1ai bi xam thuc cudng birc tir chan vit tau thuy

1.2.4. Mét s6 phwong trinh chii dgo

Cung voi thoi gian, da hinh thanh nhiéu phuong phéap va k¥ thuat tinh
toan md phong vé xam thuc. Cac phuong phap giai 13 khac nhau, nhung déu
xoay quanh viéc giai quyét cac phwong trinh vi phan chu dao dudi day.
Truong hop nay xét chat long khong nén duge va truong van toc 1a truong
thé, cu thé [2, 3, 4, 7, 10, 14, 17]:

- Phuong trinh lién tuc:

M N Wy (1.5)
ox oy oz

- Phuong trinh chuyén dong Euler:

Vv _g 1 gradp (1.6)

dt P

- Phuong trinh Navier-Stokes (ky hiéu NS) véi dong chét long nhot
khong nén dugc:

v _ If—lgradp+vA\7 (1.7)
dt P

- Phuong trinh Becnulli:
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2

PV 7 —c=constant (1.8)
7y 29

- Phuong trinh Laplace:
v 24=0 (1.9)

1.2.5. Mt s6 yéu t6 anh hwéng dén xam thgec banh 14ai tau thay

Anh hweéng cia dé nhét:

Dong chay néi chung ton tai hai trang thai chay 1a chay tang va chay rdi
(phu thudc vao s Ray non Re). Do chét long co6 do nhét nén nhitng phan tir
long ¢ sat thanh rin nhu dinh vao thanh, hay c6 van téc bang khdng va ching
16i kéo cac phan tir tiép theo tao thanh 16p sat thanh c6 van tc bién thién va
goi la 16p bién. Bé day cua Iop bién ciing nhu dic trung cua no 1 rat phic
tap, phu thudc chu yéu vao hinh dang hinh hoc cua thanh ran.

Pé phan tich r6 hon dic diém caa dong chay bao profil canh, co thé xét

mo hinh nhu hinh 1.14 [16, 74, 75].

dudng ngoai
cua 1op bién

diém r&i cla ldp bién

diém roi cla
10p bién

Hinh 1.14. Bic diém dong chay bao profil canh
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- Vung (1): La dong chay & phia ngoai I6p bién, goi la dong ngoai vi;

- Ving (2): La ving biéu dién Iop bién, bién thién van toc trong 1op
bién duoc thé hién doc theo vecto phap tuyén tai mdi vi trf trén thanh ran;

- Vung (3): La ving chay réi sau canh.

Tir hinh 1.14 nhan xét rang: Vi tri quan trong nhét cua 16p bién chinh 14
diém r0i, thay doi theo goc tan khac nhau cua profil canh. Khi goc tan 16n
hon, thi vi tri cta diém roi da dich chuyén dan vé phia mép vao cia profil
canh.

Nhung van dé quan tdm & ddy 1a viing nao sé& c6 nguy co bi xam thuc, co
ché hinh thanh va dic diém cua chlng ra sao, voi mdi dic diém khac nhau caa
dong ciing nhu bién dang cua profil ma cac loai xam thuc khac nhau duogc
hinh thanh.

Hinh 1.15. Sy dich chuyén diém rodi va ving c6 ap suét thap
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Tir nhimg 1y luan trén vé dong chay bao profil canh, c6 thé hinh thanh
mo hinh chung vé xam thuc trong chdy bao profil canh (hinh 1.16), con co s&

toan hoc dé tinh todn mo phong s€ phu thudc vao ting loai xam thuec.

U. Vung xam thic
—

Hinh 1.16. M6 hinh xam thyc trong chay bao profil canh

Anh hiréng cua chdt lieong nwéc:

Do & diéu kién thuong mot luong khi nhét dinh da dugc hoa tan trong
nuéc, chinh nhitng phan tir khi nay 14 tac nhan gay xuét hién cac mam xam
thue khi gap diéu kién thuan loi. Vi vay, chat luong nuéc can duoc xac dinh
qua phan tram thé tich khi trong nuéc.

T nhitng nam 1949, di c6 nhitng khao sat lién quan dén van dé nay va
tré thanh yéu t6 khong thé thiéu khi nghién ctu vé xam thyuc va cé nhiing
nghién ctu bang thyc nghiém. Luong khi hoa tan trong mot don vi thé tich

chat 16ng phu thudc vao chat long khéc nhau va ap suat caa méi truong [2, 7].

Vi P,
Tk kP2 1.10
v o (1.10)

Trong d6:  p1, P2 - &p Suat ciia nude trude va sau khi hoa tan.

Anh hwong cua nhiét do:

Nhiét d6 nudc 1a yéu té anh huong rat 16n toi van dé xam thyc, do &p
suat bdo hoa cua chat long phu thudc vao nhiét do caa chat long. Mot céch
tong quét, xam thuc xuat hién khi &p suat caa ching tai nhiét 6 T nho hon

hoic bang &p suat bdo hoa tai nhiét do do.
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Cac ving khac nhau (thé ran, thé long, thé hoi va vang xam thuc) cua
nudc theo quan hé gitra 4p suat va nhiét &6 duogc thé hién trén hinh 1.17, lién
quan dén van dé nay duoc céc tac gia J. Pierre Franc, J. Marie. Michel [67,

71, 74] va céc tac gia khac da cong bd.

PA

the long C

the ho

[he rin

p._.[Tf] E— Ki[ﬂ th]_.l'l:

T Ty T
Hinh 1.17. Céc thé va ving xam thuc cia nudc theo &p suat va nhiét o
Dé thay rd tinh chat vat ly caa ving xam thuc, xét khéi luong riéng cua
nudc theo céc gia tri 4p suat khac nhau tai cling gia tri nhiét do khao sat, duoc
mo ta chi tiét theo hinh 1.18.
(kg/m3)
1200 -

1000 1
800 1

Hl’]-

I_p,”]
[] T L ]:|'II T+ T T T T 1

0 001 002 00} 004 005 006 007 008
(har)

Hinh 1.18. Quan h¢é giita khéi luong riéng va 4p suit cua nude & 20°C
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1.2.6. Mt sé profil banh 14i tau thiy va co cdu diéu khién thwong dung
Hinh 1.19 md ta mot s loai profil banh 1ai thuong dung hién nay. Tuy
nhién, banh 14i tau thay c6 dang profil d6i xtmg dé dam bao khi goc bé lai
o’ = 0° thi khdng c6 luc bé 14i va tau s& chuyén dong thang.
Hién nay, hau hét tau hang cta Viét Nam thi profil banh lai duoc lya
chon theo mau caa NACA [11, 37, 52, 68, 69, 74, 75].

i

Flap Twisted Schilling Naca Kort Nozzle

Hinh 1.19. M6t s6 loai profil banh lai thuong ding
Trén hinh 1.20 mé ta mot s6 co cau diéu khién két hop vai loai banh 4
tau thay cé profil theo mau NACA thudng duoc sir dung cho tau hang hién

nay.

N\

\ ; ' ™ .",
/ )/
lJZJ (:%[
I NG

1)\

P —

Full spade KSR HERUS Semi spade

Hinh 1.20. Mét s6 loai co cdu diéu khién banh I4i tau thay
Mot s kich thude co ban theo tiéu chuan trong truong hop nay, mé ta
theo hinh 1.21.
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Hinh 1.21. Mot s6 kich thudc theo tiéu chuan khi thiét ké banh I
Trong do:
a>0,2 r (r 1a ban kinh chan vit)

b > (0,7 - 0,042)r (Z la s6 canh chan vit) (1.11)

c > (0,48 - 0,022)r
Nhu vay, bai toan xam thyc banh lai chinh la bai todn dong chay bao

quanh c&nh dan véi dau vao 1a trudng van téc sau chan vit, chiéu su banh lai
va goc bé I4i.
Ung véi mdi t6 hop sb vong quay chan vit va goc bé lai, két hop voi do
sau dat banh lai dan tai banh 1ai ¢ bi xam thuc hay khong.
Thong thuong trong cac ché do diéu dong tau thi banh 1ai roi vao trang
thai bi xam thuec.
1.2.7. Luc bé lai tau thay trong giai doan xam thgc banh lai tau thay
Luc bé ai tau thay (ky hiéu R) xuét hién khi géc bé lai khac 0° (goc bé
lai trong khoang 35° trai dén 35° phai). Trong giai doan banh 14i bi xam thyuc

thi luc bé 14i bi anh hudng nhu thé nao?
Mot cach tong quat, tiy thudc vao loai xam thuc xuat hién trén banh lai

tau thuy, do diéu kién van hanh khac nhau, s& quyét dinh dén muac do anh

huong dén luc beé lai.
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Giai doan khdng ¢ xam thuc, c6 thé xac dinh luc bé lai theo cong thuc
giai tich thuc nghiém nhu sau [8, 47, 48]:
R=577AV?sina (1.12)
Trong d6: o - gia tri goc bé 1ai (dd);

Ag - dién tich tham chiéu cua banh 1ai (m%), ddi véi mdi tau cu
thé thi gia tri nay ludn biét, cho trong hd so tau hodc ¢ thé do truc tiép, ching
han d6i v6i tau M/V TAN CANG FOUNDATION, thi Ag = 12m? [42].

V - van tbc dong chay bao banh 14i theo phuwong doc truc (m/s).

Tir cong thic (1.12), nhan xét rang: Boi véi mbi tau cu thé, khi banh 14
tau thiy duoc san xuat, ¢ nghia 1a dién tich 1a cé dinh, cho nén lyc bé 1ai R
chi phu thudc vao géc bé 14i va van téc dong chay bao quanh banh I4i.

Pic biét 1a truong phan b van toc bao quanh béanh 14i, chinh 1a van toc
dong chay sau chan vit. Viéc xac dinh gia tri van toc V trong cong thic (1.12)
c6 thé thyc hién bang nhiéu phuong phap khéac nhau, cu thé:

- Sur dung cbng thuc thuc nghiém [8, 47, 48]:

Xac dinh theo cong thuc V = 1,3V, ddi voi tau cd mot chan vit va banh
lai dat thang goc ngay sau chan vit, phi hop véi tau M/V TAN CANG
FOUNDATION.

Xac dinh theo cong thuc V = 1,2V, dbi vai tau co hai chan vit va banh
lai dat gitra hai chan vit.

- Hoic bing phuong phéap tinh toan mé phong vai viéc sir dung phan
mém thuong mai chuyén dung Fluent - Ansys [73].

- Hoac c6 thé tién hanh do gia tri trén hé théng thi nghiém.

Déi v6i giai doan béanh lai bi xam thyc thi sai s6 caa cong thic (1.12)
kha lon, dac biét gia tri luc bé lai cO hién tuwong dao dong trong khi git
nguyén goc bé lai va van tdc tau. Trong truong hop nay tinh luc bé lai theo hé

s6 luc nang Cy, viéc xac dinh C_ & ché d6 banh 1ai bi xam thyc [7, 8, 49, 50].

R =%chARv2 (1.13)
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Trong d6: C,- hé s luc nang; p - khéi luong riéng chat long (kg/m®).

Chinh vi vay, viéc xac dinh luc bé lai truc tiép bang phuong an tinh toan
mo phong so, thong qua viéc tinh toan md phong trudng phan bd ap suat giira
hai mat banh 14i theo thoi gian s& 1am rd van dé nay.

Trén hinh 1.22 va hinh 1.23 [33] thé hién mot dang két qua tinh toan mo
phong phan b ap suat & hai mat cua banh 1ai tau thay tai goc bé 1ai tuong tng
a=0%vaa=30"

Tri s6 &p suat thé hién & cot chi thi mau twong (g, tir 46 ¢d thé xac dinh

duoc luc bé 14i theo cac budc thoi gian tai cac ché do diéu dong khéac nhau.

11 Static Pressure [

40003
-6.00e+03

-B.00e+03
05 04 03 02 01 0 00 02 03 04

Postion )

Hinh 1.22. Phan b 4p suét trén banh l4i tau thay khi géc bé lai o = 0°

11 Static Pressure ~

“1ATesld
<} MaeDd
-1 3w=0
-1 el
-8 TRl
<5 Te [l
<8 TR0t

B 1l
T el

el éU 5
500804

-1.00e+04
05 04 03 02 0 0 01 02 03

Poston (1)

Hinh 1.23. Phan b ap suét trén banh l4i tau thay khi gc bé 14i o = 30°
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1.3. Pham vi nghién cau cia luan an

Tt viéc nghién ciu tong quan vé anh huong cua xam thyuc banh 14i dén
luc bé 14i tau thuy, cd thé dua ra gidi han pham vi nghién ctu cua luan an tap
trung vao cac van dé sau:

- Co s6 ly thuyét lién quan chit ché dén hién twong xam thuc va xam
thuc trén banh lai tau thuy;

- Xay dung co so todn hoc va tng dung CFD dé tinh toan mé phong xam
thuc banh lai;

- Nghién ctru anh huéng xam thyc banh 1ai dén luc bé l4i tau thay, xét
Véi 2 trueong hop la xam thuc cuc bo tai mép vao banh lai va xam thuc tai mép
thoat banh I4i. Tuy nhién, luan an tap trung chii yéu danh gia anh huéng cua
xam thuc cuc bo tai mép vao trén banh 1ai dén lyc bé lai tau thay.

- Nghién ctru thuc nghiém trén hé théng thi nghiém tai Truong Pai hoc
Hang hai Viét Nam va két hop véi nghién ctu tai thye dia nham minh chang
mot sb két qua chinh.

Nghién cau sinh lya chon va sir dung mé hinh theo tiéu chuan dong
dang Froude véi tau M/V TAN CANG FOUNDATION dé tién hanh nghién
ctu thuc nghiém. Pay 1a tau container chay chuyén tuyén Hai Phong - Sai
Gon va nguoc lai, trong tai 7040 MT, thiét ké 01 chén vit voi chan vit chiéu
phai va thuan loi, chi dong nghién ctru thuc nghiém.

Theo Fossen mot vat thé chuyén dong trong moi trudong chat long,
phuong trinh tong quat véi sau bac tu do [45, 46]. Do dbi tugng tau M/V
TAN CANG FOUNDATION dugc nghién ctru sinh lga chon, chuyén dong
trén mit nudc, tuong dwong véi chuyén dong trén mit phang nam ngang co
thé luge bét va xét véi ba bac tu do [45, 46].

Hb so lién quan dén van dé nghién ctu cia tu M/V TAN CANG
FOUNDATION cho trong Phu luc 1 [42].
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1.4. Két luan chwong 1

Trong chuong 1, luan 4n da tap trung nghién ctru tong quan vé anh
hudéng xam thuc banh lai dén lyc bé 14i tau thuy, dat duoc két qua co ban sau:

- Phan tich va danh gia chi tiét tong quan vé tinh hinh nghién cau ¢
trong nudc va ngoai nudc cua cic cong trinh lién quan dén luan an ma nghién
ctu sinh thuc hién. Tur d6 rat ra két luan van dé nghién ctu cua luan &n mang
tinh cap thiét, dam bao y nghia khoa hoc va déng goép thuc tién khoa hoc
chuyén nganh hang hai va khong trung lap véi cac cong trinh nghién ctru da
cong bo;

- Hé thdng hoa co so ly luan vé hién tuong xam thuc, phan loai xam
thuc, cac loai xam thuc xuat hién trén banh lai tau thay, cac yéu té anh huong
dén xam thuc noi chung va déi véi banh 14i tau thay ndi riéng,... Bong thoi
dua ra co so Iy luan vé luc bé l4i tau thuy trong giai doan xam thuc banh lai
tau thay;

- Gigi han cy thé pham vi nghién cuu trong luan an.

Trén co s& cac két qua dat duoc trong chuong 1, chuong 2 sé dua ra co
s toan hoc va noi dung phuong phéap sé dé tinh toan moé phong xam thuc

banh lai.
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CHUONG 2. TINH TOAN MO PHONG XAM THUC
BANH LAI TAU THUY

2.1. Xay dung m6 hinh nghién ciru va co sé toan hoc
2.1.1. Xay deng mo hinh nghién cizu

Pé thuan loi cho cac nghién cau tiép theo, nghién ctu sinh thuc hién xay
dung md hinh nghién ctu trén co so cac s6 ligu banh lai dé tinh toan mo
phong dugc ddng dang theo tiéu chuan Froude véi banh lai caa tau M/V TAN
CANG FOUNDATION [42]. Hé s6 d¢ong dang hinh hoc & day 1a 10, cac dai
lwong khéc tuan tha qui luat dong dang Froude [2, 7, 10]. O day co ciu diéu
khién dang “Semi spade” va profil banh 14i theo mau caa NACA.

Thuc hién md phong dang 3D cuaa banh lai theo phan mém Solidwork
dugc mo ta theo hinh 2.1 [8, 44, 53, 54].

a) b)

Hinh 2.1. Hinh anh banh lai tau thuy:
a) banh lai M/V TAN CANG FOUNDATION; b) banh lai mé phong 3D

2.1.2. Co 5o t0&n hoc
2.1.2.1. Sir dung phirong phéap phan ti bién (BEM)
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Dua trén phuong phép phan tir bién, nghién ctru sinh dd nghién cuu,
tham khdo va dua ra thuat toan, 1ap trinh tinh toan cho bai todn x4c dinh vung

xam thuc cuc bo trén profil canh véi ndi dung chinh nhu sau [9, 49, 55]:

&
YT
Al
__q e
T
sff& — n
U::n //— _;_— L \L\
; £ )
/4 PR X

Hinh 2.2. M6 hinh nghién ctru theo phuong phap phan tir bién
O day chi xét ddi v6i chat long khong nén duoc va lién tuc.
Trong d6: U, - van tc dong vao (m/s);
o - goc bé lai (do);
D - diém bat dau cua vang xam thuc;
L - diém cubi trén profil canh.
- Trong ving xam thuc ap suét (p.) bang ap suat hoi bdo hoa cua chét
long (pph), nghia la:
Pc = Poh (2.1)

- biéu kién bién dong luc hoc trén ving xam thuc, thoa man:

S6 xam thuyc: o=Pi P (2.2)
1 \.2
2,0 1

Van toc trong viing xam thuc: v =u_J1+o (2.3)

- Van tdc tai ving chuyén doi Al, tinh theo cong thuc:

V, ~U_VTr o 1, (2.4)
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véi ham f(sf) duoc dinh nghia nhu sau [37, 58, 59, 60, 61]:

0 khi s; < st

£(s,)= A{sf -5, j (2.5)
SL—S khist<s; <s_

Trong d6:  s; - chiéu dai day cung cua canh, (m);

cac gia tri st, s mé ta theo hinh 2.2, tinh tir mép vao cua canh;
A (0 < A <1) va v (v>0) la nhitng hang sé tuy .

- Piéu kién dong cia tai hoi trén canh:

h(s.) =0 (2.6)

Nghia 13, chiéu cao tdi hoi tai diém dong trén canh L phai bang 0.

TOm lgi: Xuat phat tir mo hinh bai toan, cac diéu kién trén bién dang
canh va trong vung xam thuc, hoan toan tinh toan dwoc kich thudc tii hoi
theo trinh tu sau:

- Chia bién dang canh thanh N panel voi:

N=N_+N,
Trong d6: N, - s6 panel trong ving xam thuec;
Ny - s6 panel viing con lai.

- Chon p 1a diém gdc, theo dinh Iy Green, nhan dugc [60]:
9, j( olnr Z¢ In rjds _[A¢ @ds (2.7)

Trong d6: ¢y, - thé xao tron tai diém géc p;
r - khoang canh tir p t6i bé mat cac phan tur ds doc theo
bién dang canh trong vung xam thyuc va khéng xam thuyc;
Ady, - budc nhay thé & mép sau canh;

S. - chiéu dai day cung viing xam thuc (xem hinh 2.2).

- x 0 .08
Khi do: asi +2on V- 15, )] (2.8)

c

va thé trén viing xam thuc duoc xac dinh nhu sau:
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4(5.) = $(0)- @, (5.)+ @, (0)+V, [ (s, s (2.9)

- Tir d6 thuc hién vong lip dé dam bao diéu kién déng trén canh. Nghia
1a, thay d6i chiéu dai ti hoi 1 va d cao tai hoi h, voi cac sé xam thuc cho
trude dé dat diéu kién dong 1a:

1°%¢ 0
h(sL):\TC_ﬂU n+a¢}ds—0 (2.10)
Trong d6: sq - tong chiéu dai day cung ctua bé mat ving xam thuc.

Hoic xac dinh theo biéu thuc sau:

Sjl_% dSC (2.11)
0anl—fsf anl fsf

Véi mdi s6 xam thuc (hozc chiéu dai ving xam thuc) cho trudc va mot
goc dit canh twong (ng, can an dinh thém vi tri diém tach thanh lp/c, tir d6
thuc hién cac vong lap dé xac dinh diém déng L va hinh dang tai hoi theo k¥
thuat sau:

+ Goi d6 cao tai hoi tai vi tri bat ky 12 8, phu thuoc vao | va o (chiéu

dai profil va s6 xam thuc):

_ _1°%[od, og] ds,
5(I,a)_hc(scL)_VC ﬂ - +8n}1—f(sf) (2.12)
0.157
0
-0.15;
-0.1 0 0.4 1
xX/c

Hinh 2.3. Hinh anh khi l3p tim bién dang tai hoi va diém dong L
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+ Thuc hién c4c vong lap, sao cho thoa man diéu kién dong trén bién
dang cénh 12 8(l,6) = 0. O déy an dinh s6 xam thuc o, thuc hién k¥ thuat lap
theo phuong phap “secant” cia Newton - Raphson [37, 60].

+ Bai toan hoi tu s& cho vi tri diém dong trén bién dang canh L va hinh
dang tai hoi. Tir d6 tiép tuc xac dinh cac dic tinh nhu Cp, CL, Cr. ..

- Chay chuong trinh duoc 1ap trinh bang ngdn ngir Fortran voi cac
profil, goc bé 1ai va s6 xam thyuc khéc nhau, s& cho hinh dang tai hoi xam thuc
va biéu do phan bd &p suat trén bién dang canh twong ung.
2.1.2.2. Sir dung phirong phdp xau chudi

Pé 1ap trinh tinh todn md phong xam thuc cho bai toan 3D banh 14i tau
thity c6 khdi lugng tinh toan rat 16n, cho nén nghién ctru sinh dé xuat theo
“phuong phéap xau chudi”. Nghia 13, dua trén viéc tinh toan cho nhiéu bai toan
2D g véi cac profil banh 1ai ¢ vi tri khac nhau, doc theo chiéu dai sai canh.

Sau khi c¢6 két qua ving xam thuc cia timg bai toan 2D, tién hanh xau
chudi céc profil, kém theo ving xam thuc tuwong tng, s& cho bién dang 3D

cua banh lai cung vung xam thuc 3D can xac dinh.

o~
\
—
\

Hinh 2.4. Hinh anh xau chudi 06 profil kém ving xam thyc
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Tur hinh 2.4 nhan xét rang:

Tién hanh tinh toan doc 1ap cho nhiéu profil thtri (i = 1 + m) véi m 1a
tong sé profil khao séat. Sau khi c6 két qua ving xam thuc cua ting bai toan
2D, tién hanh xau chudi céac profil, kém theo ving xam thuc tuong Gng, s&
cho bién dang 3D cua banh l4i cuing ving xam thuc 3D céan xac dinh.
2.1.2.3. Sur dung chwrong trinh Fluent - Ansys

Phan mém Fluent - Ansys 1a phan mém manh trong linh vuc CFD, la
phan mém pho bién trong linh vuc khoa hoc chuyén nganh, dugc nhiéu nha
khoa hoc trong nude va ngoai nude thuong xuyén st dung [8, 37, 73].

Co so thuat todn trong tam ¢ day duoc sir dung theo “k-e¢ model” két hop
véi “Cavitation model”. Noi dung ciia phuong phap dugc thé hién nhu sau:

- Roi rac khong gian tinh toan bang cach chia ludi;

- Giai cac phuong trinh vi phan chu dao nhu phuong trinh Navier -
Stokes, dong luong, lién tuc va phuong trinh ning luong dé xac dinh cac dai
luong co ban nhu van tc, &p suat, khbi luong riéng, .. .;

- Pua vao phuong trinh chuyén pha dé xac dinh ty I& khéi luong pha

5, o, 0 of,, 2.13
a(p. fvap)+a—xj(p. fvap.uvap])zaj[y_ 8ij}+ R —R (2.13)

Trong d6: Re, R - phu thudc vao gid tri cua ap suat tinh p va ap sut hoi

bdo hoa pyap:

- Néu p < pvap: R =C Ven 2.0 2( pvap — p) (1_ f ) (214)
e e o 1/~ vap 3,0| vap

NEUP> Pyt R g Ve [2LPPuo) (2.15)
c c o 1/~ 3p| vap

Trong do: Ve, - van tdc dic trung;
Ce, C. - cac hiang sb thuc nghiém (lay C, = 0.02; C.= 0,01).
Nhu vay, két qua tinh toan cho phép xac dinh dugc ty 1& % pha hoi trong
toan bo khong gian tinh toan.
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2.2. Xay dwng quy trinh tinh toAn mé phéng
2.2.1. Xay dung quy trinh tinh toAn mé pheng cho bai toan 2D

Nghién cuiu sinh thuc hién xay dung quy trinh tinh todn mé phong cho
bai toan 2D bang phuong phap phan tir bién, dugc md ta theo hinh 2.5 véi cac
buéc cu thé nhu sau [8, 23].

Nhap file dit liéu profil canh
(theo dang toa do)

Buodc 1

Nhap théng s6 dau vao khéc
(s6 xam thuc)

Budc 2

Chay chuong trinh tinh toan
(1ap trinh bang ngdn ngit Fortran)

Budc 3

Két qua tinh toan mo phong
(dang file.data)

Hinh 2.5. So dd quy trinh tinh todn cho bai toan 2D bang phuong phap BEM
Thuc hién thong qua cac budc sau:
- Nhap file dix liéu profil canh (theo dang toa do);

- Nhap thong sb dau vao khac 1a sé xam thuc;
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- Tién hanh chay chuong trinh tinh toan dugc 1ap trinh bang ngén ngi
Fortran [37, 65]. Chuong trinh chinh tinh toan m6 phong xam thuc cuc bo
trén profil banh l4i bang phuong phap BEM mé ta chi tiét trong Phu luc 2.

- Két qua tinh to4n md phong 14 file.data, do d6 c6 thé biéu dién hinh
dang viing xam thuc bang nhiéu cong cu khéac nhau.

2.2.2. Xay dung quy trinh tinh toAn mé phéng cho bai toan 3D
Tuong tu, nghién ctu sinh thuc hién xay dung quy trinh tinh toan m6
phong cho bai toan 3D bang phuong phap xau chudi, duoc md ta theo hinh

2.6 Voi cac budc cu thé nhu sau [8, 23].

Thuc hién chia banh lai

tau thay thanh nhiéu profil

Bué6c 1

Tinh toan m6 phong theo
bai toan 2D cho mdi profil

Buadc 2

Xau chudi dé dung lai

bién dang banh lai bai toan 3D

Budc 3

Phan tich két qua
tinh toan mo phong

Hinh 2.6. So d6 quy trinh tinh toan cho bai toan 3D
theo phuong phap xau chudi
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Thuc hién theo cac budc sau:

- Thyc hién viéc chia banh 14i tau thay thanh nhiéu profil khac nhau va
luu dir liéu thanh cac file;

- Tién hanh céc budc tinh todn cho mdi profil (xem hinh 2.5);

- Sir dung két qua tinh toan trén nhiéu profil, sau d6 xau chudi dé dung
lai bién dang banh lai 3D kém theo ca hinh dang vung xam thuec.
2.2.3. Sir dung phan mém Fluent - Ansys

Nghién ctu sinh tng dung CFD c6 chira ndi dung chuong trinh phan
mém Fluent - Ansys dé thuc hién viéc tinh toan mé phong [8, 73, 74, 75].

Tuy nhién, phan mém Fluent - Ansys 1a phan mém mo véi nhiéu hé sé
thuc nghiém, vi vay mdi bai toan cu thé doi hoi ngudi sir dung can nghién ctu
va c6 thé tham khao cua céc tac gia di cong bd trude d6 (néu cb), ciing nhu
tinh toan so b cac hé sb can thiét trudce khi dwa vao hop thoai.

Khi sir dung phan mém Fluent - Ansys, xuat hién cac cira s6 chinh dé
tién hanh, dugc mod ta tir hinh 2.7 d&én hinh 2.14, véi muc dich dua gia trj dau

vao va lya chon k¥ thuat giai cho phu hop bai toan thuc hién.

B Multiphase Model [

Model Mumber of Eulerian Phases
e
- Off 2 -
cg' Volume of Fluid
S =@ Mixture
= Eulerian
n Wet Steam

Mixture Parameters

Slip Velodty

Body Force Formulation

Implicit Body Force

| (0] | |Canr_el| |HEI|:| |

L e 1

Hinh 2.7. Lua chon Model “Mixture” v&i s6 pha 13 2
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Su lva chon

Nap gia tri pha nu6c

-

Viscous Model O —

S|

Model Model Constants
£ Laminar C2-Epsilon i
~) Spalart-Allmaras {1 egn) | 19
! k-epsilon (2 eqgn) '
k-omega (2 egn) TKE Prandt Mumber
Transition k-4d-omega (3 egn) 1
Transition SS5T {4 egn) |
Reynolds Stress (7 eqn) TDR. Prandt Mumber
) Scale-Adaptive Simulation (SAS) 12
(7) Detached Eddy Simulation (DES) | )
(7} Large Eddy Simulation (LES)
k-epsilon Model
") Standard -
) RMG User-Defined Functions
"3 Realizable Turbulent Viscosity
ar-Wall Treatment L =
@ Standard Wall Functions
() scalable wall Functions
() Mon-Equilibrium Wall Functions
() Enhanced wall Treatment
() User-Defined Wall Functions
Options
|:| Curvature Correction
[~] Production Limiter
[ Ok ] [Can::el ] [ Help ] N

[

Primary Phase

Hinh 2.8. Cira s6 lua chon k¥ thuat giai “k-epsilon” trong Model

Mame

| phase-1

Phase Material [water—liquid

~ | [Edit...

[ Ok ] [Can::el] [Help ]

Edit Material

Properties of wateriguid

Memeakog (feryimci) [mnsiﬁnt

| »

v] Edit. ..

| 1000

Viscosity (kg/m-=) [r.:onsiant

v] Edit. ..

|u.001003

m

[Change] [Close ] [ Help ]

— '

Hinh 2.9. Lua chon ctra s6 nap gia tri pha 1 (pha nudc)
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-

Secondary Phase l 2 J

Name
| phase-2
Phase Material | = ter vapor v] Edit...

[ ok | [cancel| [ Hep |
L Edit Material S

Properties of water-vapor

Nap gia tri pha hoi

Density (0/M3) (onstant =|[ Edit.. | [
|0.02553
Viscosity (kg/m-s) [constant > || Edit.. |

| 1.26e-06

.1

[Change | [ Close | [ Help |
- )

Hinh 2.10. Lua chon cira s6 nap gia tri pha 2 (pha hoi)

il

Drag | Lift |Wall Lubrimﬁonl TurbulentDispersionl Turbulence Interacﬁonl Collisionsl Slip | Heat Mass |Reacﬁons| SurfaceTensionl Discreﬁzaﬁonl Interfacial Areal

Mumber of Mass Transfer Mechanisms ’1_ %

Mass Transfer
From To *
Phase Phase Mechanism

phase-2 v

tavitation v

’1= phse-1 -

EOCRETY

— i

Hinh 2.11. Cira s6 thé hién dic tinh chuyén pha cta bai toan xam thuc

40



Solution Methods

Pressure-Velocity Coupling

Scheme
SIMPLE -

Spatial Discretization

Gradient p—

Green-Gauss Cell Based -
Pressure

PRESTO! = ([
Momentum 3

First Qrder Lpwind -
Volume Fraction

First Order Upwind | ||
Turbulent Kinetic Energy

First Order Upwind - -1

Transient Formulation

First Order Implicit - |
Mon-Iterative Time Advancement
Frozen Flux Formulation

[~ | High Order Term Relaxation
Default

Hinh 2.12. Ctra s6 lwa chon phuong phap tinh toan

SYpeeaTe——. e

Options Equations
Print to Consola Fesidual Manitor Check Convergence Absolute Criteria -

[¥]Plot continuity 108
P — - x-velocity 0.0001
! = [Eur'ues...][ ANES... ] —

=
<

y-velodty 7 7 0.0001
Iterations to Plot
1000 = z-velocity 0.0001
A
Residual Values Convergence Criterion
Iterations to Store [ Mormalize Tterations [absolute v]
1000 ] S
= ° =

Scale
[T compute Local Scale

[ QK ] [ Flot ] [R.enormalize] [ Cancel ] [ Help ]

E =1 -

Hinh 2.13. Cira s6 lua chon do chinh xé4c cho cac bién tinh toan
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Fun Calculation

| Check Case... | Prewview Mesh Motion
Time Stepping Method Time Step Size (5]
| Fixed - | | 12-05 —
settings... Mumber of Time Steps -
| 10000 (]
v
Options

Extrapolate Variables
Data Sampling for Time Statistics

ol

Max [terations/Time Step __ Reporting Interval
| 20 - | 1
v

A|[¥]

Profile Update Interval
| 1 (o]
v

| Data File Quantities. ..

| Calculate |

(Aeo)
Hinh 2.14. Pua gia tri budc thoi gian, s6 bude va s6 vong lip/1budc
Ung dung CFD véi phan mém Fluent - Ansys dé tinh toan mé phong
bai todn cu thé vai tham sé dau vao theo bang 2.1 c6 tinh dén tac dong cua
dong chay, cac két qua nhan dugc thé hién chi tiét trong bang 2.1.

Bang 2.1. Gié tri dau vao va két qua tinh toan mé phong

Gia tri tham sé dau vao Két qua tinh toan mo phéng

- Bién dang banh lai (duoc vé& theo ho so | - Phan bo ap suat trén banh lai
tau M/V TAN CANG FOUNDATION va | va khéng gian bao xung quanh

ty 1& d6ng dang hinh hoc 1a 1/10); banh lai tau thuy;

- Gia tri van toc tau V (m/s) va gia tri goc | - Phan tram pha hoi ton tai trén
bé lai (o), cu thé: banh 14 va trong khong gian
V={45;5,0;55;6,0;6,5; 7,0; 7,5} tinh toan xung quanh banh lai;
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o = {0° 57 10° 15° 20° 25° 30°, 35°} |- Céac théng s6 lam viéc cua

- M6 hinh tinh toan la Mixture; banh 14 nhu: Hé sé luc nang

- Bac tinh pha nudce va pha hoi. C_, hé sd lyc can Cp,...

2.3. Phan tich két qua tinh toan mé phéng
2.3.1. Két qud tinh toan mé phéng cho bai toan 2D
Véi bai toan 2D, duoc tinh todn mé phong bang hai phuong phép 1a: St
dung phan mém Fluent - Ansys va lap trinh theo phwong phap phan tir bién.
Mt khac, dé thuan tién so sanh véi cac két qua da duge cong bé trude,
nhu chuong trinh PCPAN, PCJET [37, 60], nghién ctu sinh tién hanh tinh
toan cho mau profil NACA 66 (MOD) (hinh 2.15) véi cac thong sé dau vao
cu thé nhu sau:
-Cacgiatria=0.8,t/c=0.09, f/c =0.02;
- Gi4 tri dau vao véi sé xam thuc o = 1.10998;

- Goc bé lai of = 4°,

05
04 f
03 f

03 f

yic

01 F

C ooy ]
12y 0.25 05 075 1

we
Hinh 2.15. Hinh 4nh mau profil NACA 66 (MOD)
Tir d6, két qua tinh todn md phong nhan dugc va so sanh véi két qua tinh
toan trudc cia chuong trinh PCPAN, PCJET thé hién chi tiét tai bang 2.2.
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Bang 2.2. Két qua tinh todn md phong va so séanh vi PCPAN, PCJET

Chwong | S6 xdm | Ty sb chiéu dai viing xam thuc | va Hé s6
trinh | thuc (o) | chiéu dai day cung c trén profil (I/c) | luc nang (C.)

Tinh toan | 1.10998 0.36250 0.69387
Fluent | 1.10998 0.36000 0.67000
PCPAN | 1.10998 0.35976 0.78551
PCJET | 1.10998 0.36024 0.75817

Két qua tinh todn md phong cho mau profil NACA 66 (MOD) véi cac

thong s6 dau vao khac nhau dugc mo ta theo hinh 2.16 va hinh 2.17.
_V6i profil NACA 66 MOD, khi o = 3° va s§ xam thuc o = 0.7; 0.8: 0.9,

=z =
l o
o4 |
03
o
03
an i
i | - 1 i ] i 1
A5 T 6T F7E i 5y ¥
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0B - 0%
os | o4
od f 03
3 02
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+ i

04 F

+ 03 F

2 f

+ 01 F
4 D@

+ a1 F

N2 F

+ 03 F
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I ! ! ] + 053. | ! | ]
0 025 05 075 1 ] 025 05 075 1

¥ ¥c

Hinh 2.16. Két qua tinh toan mo phong phan bo ap suat va kich thude tai hoi
cua profil NACA 66 MOD, khi géc bé lai a. = 3° véi s6 xam thuc lan luot:
)5 =0.7,b)c=0.8,¢)5=0.9

- Vi profil NACA 66 MOD, khi o = 5° va s6 xam thuc ¢ = 0.9; 1.0; 1.1

J- ':5:
04 F
w3

L1k

o E

Ui. I

o E

Cp

—_ — n2E
iy

o4 f

_|..'.JI.|..'II'.]JI..'.JI.I..J| -':i""l"'."';."'.l

Wi we
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Hinh 2.17. Két qua tinh todn mé phong phan bé ap suat va kich thude tai hoi
cua profil NACA 66 MOD, khi goc bé lai o = 5° v&i s6 xam thuc lan luot:
a)c=09,b)oc=10,0)c=1.1

Phan tich két qua nhan duoc tir bang 2.2, hinh 2.16 va hinh 2.17, nhan
Xét rang:

Véi mot profil nhat dinh, thi chiéu dai tai hoi xam thuc I/c (doan nim
ngang trén do thi - C,, tai day 4p suat bang nhau va bang ap suat hoi bio hoa
cua chét 1ong), phu thudc chat ché vao géc bé lai o° va sé xam thuc o. Hinh

2.18 md ta mdi quan hé giita o va l/c, khi biét gia tri goc bé lai o = 4°.

08 A » +« NACABE MOD
o = NACATE006
06 4 NACAIG012

04

Hinh 2.18. D6 thi quan hé gitta o va l/c tai goc bé lai o = 4°
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Két qua tinh todan md phong cho profil NACA 66MOD vé bién thién cua

I/c theo o tai cac gia tri goc tin o khac nhau:

1.2
1 -
.
58
0.8 by
(9] 0‘.=30
DS = 05:40
o=50
0.4 +
0.2 4
O L T T L 1
0 0.2 0.4 0.6 0.8 1

l'e

Hinh 2.19. D6 thi m6 ta quan hé gitta l/c va o
tai cac gia tri o khac nhau cua profil NACA 66MOD

Can nhan manh rang: Do Fluent - Ansys 1a phan mém thuong mai rat
manh vé CFD, két qua tinh todn mé phong rd rang, twong minh hon céc
phuong an khac. Vi vay, két qua tinh todn mé phong véi cac tham sé dau vao
theo bang 2.1 cho profil banh lai tau thuy dugc nghién cau sinh lya chon st
dung Fluent - Ansys.

Duéi déy 1a két qua tinh todn mé phong bang Fluent - Ansys:

- Xét truong hop goc bé ldi a = 35° va gid tri vdn toc V = 7,5 m/s.

Két qua tinh toan md phong véi cac gié tri nhan duoc, hién thi tuong tng
véi cot mau bén trai mdi hinh, cu thé 1a: Phan b phan traim pha hoi; hé s6 ap
suat va trudng phan b ap suat, dugc mo ta chi tiét theo cac hinh 2.20, hinh
2.21 va hinh 2.22.
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Phan tich két qua nhan duoc tir hinh 2.20 dén hinh 2.22, nhan xét rang:

- Pay 1a truong hop s& ¢6 hién twong xam thuc rd nét nhat, boi vi, trong
truong hop nay, véi thdng sé dau vao 1a van téc dong chay bao va goc beé lai
déu co gia tri 16n nhat;

- Trén hinh 2.20, thay 13 kich thudc tii hoi xam thyc, dat 100% pha
hoi, né xuat phat tir mép vao profil va dong kin trén profil, véi chiéu dai ving
xam thuc trén profil 14 0,175 m. Theo phan loai vé xam thuc trén canh dan, thi
day la loai xam thuc cuc bo.

- Trén hinh 2.21 va hinh 2.22, thé hién hé sb ap suat va phan bé &p suat
tinh trén profil. Ving xam thuc s& c6 gié tri 4p suat tinh bang ap suat hoi bio
hoa cua nudc 1a 3540 N/m?, dan téi hé sb &p suit trong mién nay c6 dang nam
ngang (goi 1a chiéu dai xam thyc 1). Ung véi mbi gid tri van téc dau vao khac
nhau, nhan thay | s& thay doi, mién xam thuc tai mép thoét cuia profil ciing
thay doi theo.

- Mit khéc, phia mép thoat cua profil ciing ton tai ving xam thuc va
duoc mo ta chi tiét theo hinh 2.23.

Hién thi viing xam thuc & mép thoét

Hinh 2.23. M6 phong vung xam thuc & mép thoat cua profil
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Thuc hién tuong tu, xét cac truong hop véi gia tri van toc dau vao khac
nhau. Két qua tinh toan mé phong cu thé cho trong bang 2.3.

Bang 2.3. Két qua tinh toan chiéu dai viing xam thuc, khi goc bé lai o = 35°

Van toc dau vao | Chiéu dai xam thuc | |  Phan tich két qua tinh toan

(m/s) (m) mo6 phéng nhan dwoc
4,5 0,015

5,0 0,025

5,5 0,035 .

Ton tai xam thuc
6,0 0,045 o ) _ ]
tai mép thoat profil khao sat

6,5 0,097

7,0 0,125

7,5 0,175

Phan tich két qua nhan duoc tir bang 2.3, nhan xét rang:

Cung gia tri goc bé lai nhu nhau (cu thé o° = 35°%), nhung @ng Véi gia tri
tham sé van téc dau vao giam dan, thi chiéu dai viing xam thuc trén profil tai
mép vao cling giam dan, dong thoi kich thudc ving xam thuc tai mép thoat
cling nho theo.

- Xét truong hop goc bé ldi a = 30° va gia tri vdn toc V = 7,5 mis.

Bang viéc thuc hién tuong tu, két qua tinh toan md phong trong trudng
hop ndy Vi cac gia tri nhan duoc, md ta chi tiét thir tu theo hinh 2.24,
hinh 2.25 va hinh 2.26.
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Tong hop cac két qua tinh toan md phong trong trudng hop nay cho
trong bang 2.4.

Bang 2.4. Két qua tinh toan chiéu dai viing xam thuc, khi goc bé lai o = 30°

Van toc dau vao | Chiéu dai xam thuc | |  Phan tich két qua tinh toan

(m/s) (m) mo6 phéng nhan dwoc
4,5 0,012
5,0 0,015
5,5 0,025 .
Van ton tai xam thuc

6,0 0,045 o , _ ,

tai mép thoat profil khao sat
6,5 0,050
7,0 0,070
7,5 0,085

- Xét trurong hop goc bé ldi o = 0° va gia tri vdn téc V = 7,5 mis.

Tuong tu, két qua tinh todn md phong véi cac gié tri nhan dugc trong
truong hop ndy, md ta chi tiét thi tu theo hinh 2.27, hinh 2.28 va hinh 2.29.

Phan tich két qua nhan duoc trong trudng hop ndy, nhan xét nhu sau:

- Phan bé ap suét tai hai phia cua profil 12 gan nhu hoan toan di xung,
nghia 1a khong ton tai luc bé lai.

- Tuy nhién, van xuat hién noi c6 phan trim (%) pha hoi khac khong, cu
thé, theo hinh 2.27, s6 phan tram pha hoi 16n nhat 13 16,3%.

Do khéi lwong tinh toan cho cac truong hop khéc nhau rat nhiéu, cho nén

thé hién két qua trong bang tong hop.
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Téng hop céc két qua tinh toan trén profil, nhan xét rang:

Véi mot sb gia tri dau vao khong ton tai ving xam thuc. Nhitng gié tri
dau vao ma xuat hién xam thyc trén profil, cd thé dugc chia lam hai loai la:
Chi xam thyc tai mép thoat va vira xam thuc tai mép thoat vira xuat hién xam
thuc cuc bo tai mép vao. Két qua hién thi cu thé cho trong bang 2.5.

Bang 2.5. Téng hop két qua tinh toan mé phong

Gia tri van toc dau vao (m/s)
45 |50 | 55]160 65|70 |75

Gi4 tri goc bé lai (a°)

00
50
10°
15°
20°
25°
30°
35°

Khong xuat hién xam thuc

Chi xam thuc tai mép thoat
- Xam thuc mép thoat + xam thuc cuc bo tai mép vao

2.3.2. Két qud tinh toan mé phéng cho bai toan 3D
Lién quan dén van dé thuc hién chia luéi cho khong gian tinh toén,
nhan dugc két qua cu thé sau: tong sb nat ludi (nodes) 12 95246, phan tir ludi
(elements) bang 530222 va loai ludi chia 1a Tetrahedra.
Tinh to4n md phong bai todn xam thuc trén béanh 14 cho mot sb truong

hop géc bé lai bang phin mém Fluent - Ansys, cu thé: Khi o’ = 0° va khi
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o’ = 30° véi van tdc dong chay bao quanh banh 1ai V = 7,5 m/s, vi tri dat

banh 14i theo hé so tau luc day tai.

Két qua tinh toan md phong theo hinh 2.30.

Hinh 2.30. Két qua tinh toan md phong phan tram pha hoi:
a) o® = 0% b) o = 30°
Phan tich két qua nhan duoc theo hinh 2.30, nhan xét rang:

- Khi géc bé 14i o = 0° thdy ring phan trim pha hoi trén banh lai tau
thuy va khéng gian xung quanh gan bang 0;

- Khi géc bé 14i o = 30°, thi phan trim pha hoi kha 16n. Cu thé, tai bién
dang banh 1ai & mép vao va mép thoat c6 phan trim pha hoi dat gi4 tri gan
bang 100% va giam dan ra khéng gian xung quanh.

2.3.3. Sir dung phwong phdp xdu chudi tir cac profil
Phuong phép xau chudi cac profil, kém tai hoi cho phép giam thiéu khdi
lugng tinh toan va c6 thé xac dinh bang chuong trinh theo muc 2.1 hoic tinh

toan bang Fluent - Ansys.
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Pé tién hanh xau chudi céac profil theo bai toan 2D, kém theo kich thudc
viing xam thuc nham hinh thanh banh 1ai 3D va ving xam thuc. O day banh

14i dugc chia déu thanh 06 profil, md ta theo hinh 2.31.
Profil 1

..ot Profil i

Profil 6

Hinh 2.31. Hinh anh chia banh lai tau thuay thanh 6 profil

Thuc hién tinh to4n md phong truong hop géc bé 1ai o = 30°, tham sb
van tdc dau vao V = 7,5 m/s, véi do sau dat profil so véi mit thoang duoc tinh
theo thuc té.

Viéc tinh toan theo muc 2.1, chi cho phép xac dinh dugc vung xam thuc
cuc bd, nghia 1a c6 diém xuat phat tir mép vao va diém déng tai profil banh
lai. Con ving xam thuc phia mép thoat can tinh toan mé phong bang phan
mém Fluent - Ansys.

Két qua tinh toan mé phong cu thé dugc mé ta theo hinh 2.32.

Phuong phap xau chudi tuy khdng thé hién hét nhitng ving xam thuc,
nhung chuong trinh tinh toan mdé phong thuc hién cho ting profil theo bai
toan 2D, nén khéi lugng tinh toan it va toc do rat nhanh so véi viéc tinh toan
truc tiép cho ca banh I4i bang Fluent - Ansys.

Hon nita, viéc tinh toan tryuc tiép cho bai 3D khéi lugng tinh toan rat 16n,

doi hoi cau hinh may tinh rat 16n, tham chi thoi gian thuc hién chay chuong
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trinh mat vai ngay,... Vi vay, tly vao muc dich nghién ctu dé lya chon

phuong an tinh toan moé phong cho phu hop.

Kich thudc tai hoi vung xam thuc trén 6 proffil banh lai

Hinh 2.32. Két qua xau chudi 6 profil kém ving xam thuc banh lai
2.4. Két luan chwong 2

Trong chuong 2, nghién ctru sinh tap trung tinh toan moé phong xam thuc
banh 14i tau thuy va da dat duoc cac két qua co ban sau:

- Xay dyng md hinh nghién cau trén co sé cac sb lieu banh lai duoc
ddng dang theo tiéu chuan Froude voi banh 14 cua tau M/V TAN CANG
FOUNDATION va co sé toan hoc trén nén tang CFD vai phan mém chuyén
dung Fluent - Ansys phuc vu viéc tinh toan mé phong vung xam thuc trén
banh 14i tau thay.

- Xay dung quy trinh tinh todn md phong chung cho bai toan 2D bang
phuong phap phan tir bién va Fluent - Ansys va bai toan 3D bang phuong

phap xau chudi va Fluent - Ansys. Tur @6, thuc hién tinh toan mé phong cho
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d6i tuong cu thé 1a banh 14i cua tau M/V TAN CANG FOUNDATION trong
cac trudng hop gdc beé 14i va van téc tau khac nhau.

- Tur cac két qua tinh toan mé phong chi tiét, cu thé va tudng minh trong
cac trudng hop vé phan trim pha hoi, phan bb hé sb ap suat, phan b ap suit,
nghién ctru sinh da tong hop két qua gia tri dau vao ma banh lai tau thay noi
chung, tau M/V TAN CANG FOUNDATION noi riéng, bi xam thuc cuc bo
tai mép vao va xam thuc tai mép thoat banh lai.

Véi nhitng két qua dat dugc trong chuong 2, 1a co s quan trong dé
nghién ctu sinh tap trung dénh gia anh huong caa xam thuc banh 14i dén luc

bé lai tau thuy trong chuong 3.
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CHUONG 3. PANH GIA ANH HUONG CUA XAM THUC BANH LAI
PEN LUC BE LAI TAU THUY

Tir két qua tinh toan md phong dat dugc trong chuong 2, trong chuong 3
nghién ctru sinh sé& tiép tuc phan tich va danh gia anh huéng ctia xam thuc
banh 1ai d&én luc bé 1ai bang phuong phap sb, nhung tip trung vao xam thuc
cuc bd tai mép vao va mép thoat trén banh 1ai. Hon nita, mot s két qua lién
quan dén van dé nay da dugc nghién ctru sinh cong bo [8, 29, 31, 32, 51].

3.1. Xay dung quy trinh nghién ciru

3.1.1. So do quy trinh ddnh gid tic dong ciia xdm thwe cuc bé t6i liwc bé ldi
Nghién ctru sinh thyuc hién viéc xay dung quy trinh nghién ctru tadc dong

ctia xam thuc cuc bd tai mép vao caa banh 1ai dén lyc bé 1ai tau thuy. Quy

trinh nghién ctru dugc thuc hién thong qua cac bude theo hinh 3.1.

(1)

¥

Bai toan thire Xay dung md hinh nghién ciru

(2)

¥

* Wé md hinh va chia Iwai

(3)

¥

————* Bt didu kign bién cho bai toan

Vi

(4

¥

(7)

A1 WA

L

Tinh toin mé phong cing Fluent-Ansys da

1

Lic ¢

(6) mac dinh cac thing s6 ddng Iyc hoc cia dong

Thay ddi goc bé lai oy

chiv bao banh 1 nhw phin bd p suit, vin

01 van

.

toc, % pha hoi, hé s6 Iwe ning, lrc can, ..

Thay d

(3)

¥

Phin tich két qui (danh gia tic déng cua

am thire dén lec bé lai, cuthé 1a T, fva A)

Hinh 3.1. Quy trinh danh gia tac dong cua xam thuc cuc bo téi luc bé lai
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3.1.2. Phan tich cdac budc thuc hién trong quy trinh

Bucce 1: Day la gial doan xay dung mo hinh nghién ctru, nghia 1a da mo
hinh héa bai toan thuc sao cho bam sat nhat vai thue tién vé diéu kién bién.
M6 hinh banh l4i duge xay dung dong dang v6i banh 14i tau thuc, duge minh
hoa nhu hinh 3.2.

[
: s
Pauvao 1 G
(&)
E.
=}
«O
w
(o]
o
Pau vao 2

Hinh 3.2. M6 hinh nghién ctu

Nhu vay, md hinh nghién ciu ngoai viéc xay dung d6i twong nghién
ctru 13 banh 14i mé hinh dong dang véi banh l4i tau thuc, hon nira cac dic
diém chinh cua bai toan thuc ciing dwoc md hinh hda gan vai thyc té nhu:

- Thé hién duoc mit thoang;

- Thé hién duogc do sau bé tri chan vit va banh 14i (diéu nay lién quan dén
gia tri &p suat tinh tai mdi profil khao sat);

- Bau vao la téc do caa dong chay bao banh 14i duoc chia 1am hai phan:

Pau vao 1: Thé hién dong chay bao quanh banh I4i chinh 1a van téc tién
cua tau;

Dau vao 2: Thé hién téc d6 16n hon do dong chay sau chan vit (dugc lay
theo cbng thurc thuc nghiém la V, = 1,3V,).

Ngoai ra, khéng gian bao quanh banh lai dugc gigi han béi cac tuong
tinh c6 khoang cach so véi banh lai, dam bao khdng anh huong dén bai toan

dong luc hoc dong chay bao quanh banh lai tau thay.
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Buéc 2: Sau khi xay dung md hinh nghién ciu, tién hanh st dung mot

s6 phan mém chuyén dung dé vé nhu Solidwork, Inventor, Gambit,... & day
nghién ctu sinh st dung Solidwork dé vé md hinh nghién ctu.
Viéc chia luéi cho md hinh 12 vin dé quan trong, quyét dinh rat 16n dén sai sé
tinh toan md phong, khéi luong tinh toan ciing nhu téc d6 tinh toan. Co thé
lap trinh chia lué6i, st dung cac phan chuyén dung Gambit, Workbench,...
Trong luan &n nghién ctru sinh da st dung Workbench dé thuc hién chia luéi.

Buéc 3: Tién hanh dat cac thudc tinh cho bai toan, nhu: Pau vao 1, dau
vao 2, dau ra 1, dau ra 2, twong bao giéi han hai bén, twong bao gigi han
day,... Sau d6 xuat sang "file.msh” dé mg bang phan mém Fluent - Ansys va
dat diéu kién bién chi tiét hon nhu:

- Van dbc dau vao 1;

- Van toc dau vao 2;

- Ap suét tinh dau vao va dau ra (thé hién do sau cua banh lai tau thay
S0 v4i mat thoang);

- Tuong bao dugc dinh nghia 1a tudong tinh.

Buéc 4: Doi hoi kién thirc chuyén sau vé phuong phap so, k§ ning st
dung phan mém dé lya chon duoc cac md hinh tinh toan mé phong phu hop.
Ghi lai nhitng bién quan tam theo mdi budc thoi gian nhu trudng van toc, ap
suat, phan b pha,... dé phuc vu viéc phan tich va danh gia két qua.

Buéc 5: Két qua tinh toan mé phong céc gia tri nhan dugc: Van tbc, ap
suat, hé s6 ap suat, phan traim (%) pha hoi,... tai nat ludi theo cac budc thoi
gian khac nhau. Nhung thé hién chiing nhu thé ndo, nham danh gia su phu
hop vai ly thuyét va thuc té, tir 46 1a co sé phan tich anh huong caa xam thuc
banh 14i dén tinh bat 6n dinh caa luc bé 1ai theo mot sb khia canh cu thé nhu:

- Chu ky dao d@ong T;

- Tan s dao dong f;

- Bién d6 dao dong A.
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Buéc 6: Néu gitt nguyén goc bé 1ai ma chi thay d6i thong sé van téc
dau vao, thuc hién quay lai budc 3 dé dit lai gia tri va tiép tuc cho cac budc
tiép theo.

Buéc 7: Néu mudn thay ddi goc bé lai, phai quay lai budc 2 dé vé lai
mo hinh va chia lai lugi (chang han khi banh 14i thay d6i véi goc bé 1ai khac
nhau) va tiép tuc cho cac budc tiép theo.

Vai tai nguyén may tinh hién co, nghién ctru sinh chia Iudi cho mé hinh
bai toan 1a hon 2 triéu nut ludi. Viéc tinh todn cho mot bd sd liéu dau vao mat
khoang 3 ngay lién tuc (do vay can chl y nguon dién va nhiét do phong ph
hop dé han ché 15i vé ki thuat may tinh).

3.2. Panh gia anh hwéng ciia xim thue cuc bd mép vao dén hre bé lai

Tur két qua trong chuong 2, nghién ctiu sinh thuc hién viéc tinh toan mo
phong vai cac thong sé gia tri diu vao ma banh lai tau thay xuat hién xam
thuc cuc bo tai mép vao.

3.2.1. Két qud tinh toan mé phéng kich thwéc tii hoi xdm thuc cuc bé trong
mgt chu ky

Trwong hop goc bé ldi la o = 20° va van toc tau V = 7,5 mis.

Két qua tinh toan md phong hinh anh va kich thuéc tii hoi xam thyuc
cuc bo tai meép vao tuong tng 6 giai doan trong mot chu ky, mé ta hinh 3.3.

st
S9%-01
-]
45ie-01

437e-01
1001
3701
35501
IZ-M
30%e-01
27301
24501
21%-01
191e-01
15401
1.37e-01

10201
S22
S.dGe-m2
27%-m
0m:-+Hm

Contours of Volume fraction (phase-2) (Time=4.6000e-03) Apr 26, 2016
ANSYS Fluent 15.0 (2d, pbns, mixture, rke, transient)

a)
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Contours of Volume fraction (phase-2) (Time=1.5800e-02) Apr 26, 2016
ANSYS Fluent 15.0 (2d, pbns, mixture, rke, transient)

b)

Contours of WVolume fraction (phaze-2) (Time=5.6400e-02) Aprzg, 2016
ANSYS Fluent 15.0 (24, dp, pbns, mixture, e, tranzient)

c)

Contours of Volume fraction (phase-2) (Time=7.5400.-02) Apr2s, 2016
ANSYS Fluent 15.0 (2d, dp, pbns, mixture, ke, transient)

d)
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12501
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2702
0m:+m

Contours of Yolume fraction (phase-2) (Time=8.3000e-02) May 04, 2016
ANSYS Fluent 15.0 (2d, pbns, mixture, rke, transient)

e)

10202
550:-1
1M
6.3

SO0
3310
256-m
127e-
0me+Hm

Contours of Volume fraction {phase-2) (Time=9.5600e-02) May 04, 2016
ANSYS Fluent 15.0 (2d, pbns, mixture, rke, transient)

9)

Hinh 3.3. Két qua tinh toAn md phong phan trim pha hoi theo cac budc thoi
gian khac nhau: a) t = 0,0046s, b) t = 0,0158s, c) t = 0,0664s, d) t = 0,0754,
e) t =0,083s, g) t = 0,0956s.
3.2.2. Phdn tich va ddnh gid két qud tinh toan mé phéng

T hinh 3.3 phan tich cu thé két qua nhan dugc va nhan xét rang:

a - hinh anh tai hoi xdm thuc cuc bo bat dau hinh thanh tai mép vao cua
profil banh lai tau thuy;

b - hinh anh tai hoi tir tir phat trién 16n dan;

¢ - hinh anh tai hoi phat trién téi kich thuéc 16n nhat, tai day bat dau
xuat hién dong chay nguoc, két qua nhan thiy rd nét va tuong minh theo hinh
3.4. Pay la nguyén nhan khién tai hoi bi bdc ra khoi banh 14i tau thay.
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Hinh 3.4. M0 phong hinh anh dong chay nguoc
d, e - hinh anh tai hoi xdm thuc cuc b mép vao bi tach dan ra khéng
gian. Tai day ap suét chat long I6n hon do d6 bot khi bi xep “nd”, lic nay ap
suat va nhiét d6 tang vot va 1a nguyén nhan gay rd bé mat banh 14i;
g - hinh anh bat dau hinh thanh chu ky méi cua ti hoi xAm thuc cuc bo
tai mép vao cua banh lai tau thuy.
Mt khac, tir cac két qua trén, nhan dugc:

- Chu ky cua loai xam thuc cuc bo d6i véi profil banh 1ai trong trudng

hop nay la:
T =0,0956s - 0,0046s = 0,091s, (3.1)
hay tan s6 dao dong f la:
1o iHz (3.2)
T 0,091

Hon nita, T ciing 1a chu ky dao dong cua hé sé luc nang C,, luc can Cp
hay chinh la chu ky dao dong cua luc bé lai tau thuy. Nghia la, khi banh lai
xuat hién xam thuc cuc bd, mac di khong thay doi toe do tién cua tau va git
nguyén gia tri goc bé lai, nhung luc bé lai lai dao dong vai mot chu ky nhu
tinh toan, diéu nay it nhiéu gay khé khin cho viéc diéu khién hudng chuyén
dong tau thuy.

Viy bién d6 dao dong bang bao nhiéu? Pay ciing 1a théng sb quan trong

dé danh mirc 46 anh huong cua xam thuc cuc bo, dic biét trong cac chuong
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trinh diéu khién tu dong thi viéc xac dinh duoc cac yéu t nhidu anh huong
t6i qui dao chuyén dong cua tau thay 1a hét stc quan trong.

Véi profil banh 14 c6 dang d6i xang, ton tai gia tri hé s6 C, chi phu
thudc vao gdc bé l4i, khi goc bé 1ai nho (khi d6 sin o =~ o) va c6 thé tinh toan
bang cong thic giai tich.

C. = 2o (V6i o tinh bang rad) (3.3)

Nhung trong giai doan c6 xam thuc, hé sé C, 1a bién thién va Iic nay
viéc tinh todn xuat phét tir viéc xac dinh cac théng sé dong luc hoc dong chay
bao quanh banh I4i, cu thé Ia:

- X4c dinh phan bé &p suét trén bién dang banh Iai:;
- Tr d6, xac dinh duogc ap luc cua chat long tac dong Ién béanh lai;
- Ghi gid tri C_ twong wrng véi chu ky dao dong cua chung, duoc chu ky

dao dong va bién do dao dong twong ung theo hinh 3.5.

A N\

V v Y CL min = DD
III'IE 'II'I3 I]ll I:I‘E.i DIE

[ime (3)

ﬂq N Cpmax =015
Cpopmin =00
0 l.'lj1 I:I.i" I:Il3 I:IIEI

CLmax = 0,95

0.00 ¢

0.4 0.5
Time (5)

0

Hinh 3.5. Két qua tinh toan gia tri C, va Cp tai a = 20% V = 7,5 m/s
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3.2.3. Tinh toan luc bé lai trung binh khi co dnh hwong xam thuc cuc bé tai
mép vao banh lai
Luc bé 1ai duge xac dinh theo cong thirc (1.13), nghia la théa méan:

R:%,OCLARV2

Tir cong thic (1.13), nhan xét rang:

- Chu ky dao dong cua C, ciing la chu ky dao dong cua luc bé lai tinh
trén profil thu i (R;);

- Bién d6 dao dong cua R; tinh theo:

1 1
ECL minIOARV2 - ECL maprRV2 (34)

Pé xac dinh tong hop bién d6 cua luc bé lai trén toan banh I4i, can tinh

phan tram theo chiéu cao banh lai xuat hién xam thuc cuc bo.

Ving ton tai xdm thwe cuc bd

Hinh 3.6. Minh hoa vung xam thuc cuc bd mép vao banh lai
Trong d6: L - chiéu cao banh lai (m);
k - doan xuat hién xam thuc cuc b (m).
Tur day nghién cuiru sinh hoan toan xac dinh dugc bién dd dao dong cua
lyc bé 1ai R. Cu thé minh hoa chu ky va bién do dao dong cua luc bé lai R

trong giai doan banh lai xuat hién xam thuc cuc b nhu hinh 3.7.
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n R()
R
/ Ry
2(L)Ry FZ-- -&-74"}?7; _______
(I-KL)Ry,
J
0 *
i T -

Hinh 3.7. B6 thi mé ta luc bé i bién thién theo thoi gian
Vi luc bé lai trung binh Ry, dugc xac dinh nhu sau:

%(CLmin_'_CLmax)pARV2 (35)

Rtb =

Cdc trirong hep xudt hién xam thyc cuc bg khac:

Tir két qua tong hop theo bang 2.5 cta chuong 2, nhan duoc:

- V6i goc bé 1ai 1a o = 25° trén bang 2.5, cho thay gia trj van téc dong
chay sau chan vit tuong tng la VvV =7,0 va 7,5 m/s;

- V6i goc bé lai 1a o = 30° trén bang 2.5, cho thay gi4 tri van téc dong
chay sau chan vit tuong tng la V = 6,0; 6,5; 7,0 va 7,5 m/s;

- Vi goc beé 1ai 1a o = 35° trén bang 2.5, cho thay gié trji van téc dong
chay sau chan vit tuong tng la V = 6,0; 6,5; 7,0 va 7,5 m/s.

Tir d6, tong hop két qua cu thé nhu sau:

- Chu ky dao dong 1a nhu nhau T ~ 0,091 s.

- Bién d6 dao dong cua C, thé hién chi tiét qua bang 3.1.

Bang 3.1. Mot sb két qua tong hop tinh toan gia tri C,

TT Goc bé 14i o Hé s6 lec nang C,.
1 20° 0+ 0,950
2 257 0+ 1,643
3 30° 0+2,191
4 35° 0+ 2,298
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T hinh 3.6 va hinh 3.7, phan tich va nhan xét rang:

Anh huéng cta xam thuc cuc bo t6i luc bé 14i thé hién dudi hai théng sb
la chu ky dao dong (T) va bién d6 dao dong (A) cua luc bé lai (trong giai doan
banh 14i xuat hién xam thuc cuc bo).

- Chu ky dao dong va tan sb dao dong (f) khong phu thudc vao tbc do
cling nhu géc bé 1ai ma phu thude vao loai profil sir dung lam banh 1ai. Nhu
trén da tinh toan vé&i profil banh lai cua tau M/V TAN CANG
FOUNDATION ¢c6 T =0,091s va f = 11Hz;

- Bién d6 dao dong phu thudc vao tdc d6 dong chay va goc bé 14i, cu thé:
k
A= ZE Ry

Trong d6: Ry, dugc xac dinh theo cong thirc (3.5);

L - chiéu cao banh 14i (m), dugc tinh theo phan banh l4i c6 dong
chay bao quanh,;

k - doan banh 14i xut hién xam thuc cuc bd (M), phu thudc vao
loai profil, goc bé 14, tdc d6 dong chay bao,...

Mit khac, dé xac dinh dugc gia tri k cho béanh lai cua tau M/V TAN
CANG FOUNDATION tuong tng véi toc do dong chay bao va tai gia tri goc
bé 1ai khac nhau, nghién ciru sinh tién hanh tinh toan mé phong cho bai toan
3D bang phan mém Fluent - Ansys cho cac trudng hop nay. Két qua tinh toan
md phong duogc thé hién qua phan bd phan tram pha hoi cho trong hinh 3.8 va
hinh 3.9.

Phan tich két qua nhan dugc theo hinh 3.8, nhan xét réng: VEt bot xam
thuc c6 phan trim pha hoi 16n nhat dat 62% (cho ¢ 6 cot mau bén trai cta
hinh) va c6 dién tich kha nho (chua hinh thanh 16 loai xam thuc cuc bg), trong
truong hop nay nhan dugc k = 0, nghia 1a lyc bé 1ai khong bi anh hudng boi

xam thuc cuc bo.
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Phan tram pha hoi
I6n nhat 1a 62%

Contours of Yolume fraction {phase-2) (Time=1.9500e-01) Jul13, 2017
ANSYS FLUENT 14.0 (3d, phns, mixture, rke, transient)

Hinh 3.8. Két qua tinh toan mo phong phan trim pha hoi trén
banh 14i M/V TAN CANG FOUNDATION khi a. = 15°vaV = 7,5 m/s

Phan trim pha hoi
I6n nhat 1a 99%
— L
|
k

2.47e-01 |

15301

1.43-01

95012 j Y

4 SSe 12 X

0:-HO

Contours of Yolume fraction (phase-2) (Time=1.9100e-01) Jul13, 2017

ANSYS FLUENT 14.0 (3d, pbns, mixture, rke, transient)
Hinh 3.9. Két qua tinh toan mo phong phan trim pha hoi trén
banh 14i M/V TAN CANG FOUNDATION khi a.=35°vaV =7,5m/s
Phan tich két qua nhan dugc theo hinh 3.9, nhan xét rang: Gia tri phan
tram pha hoi 16n nhét dat 99% va hinh thanh tGi hoi xAm thuc cuc bo tai mep

vao banh 14i, ty 1€ chiéu dai k so véi chiéu dai toan banh lai la:
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K =0,187
L

Vay hoan toan c6 thé tinh toan cu thé luc bé 1ai ké dén anh huong cua
xam thuc cuc b trong truong hop nay nhu sau:

- Chu ky dao dong l1a nhu nhau T =~ 0,091 s

- Bién d6 dao dong cua C thé hién qua bang 3.1 1a: 0 + 2,298

- Lyc bé lai trung binh theo (3.5) bang:

+(Con i) PAV? = 367818,6 N

(v6i banh 14i thau M/V TAN CANG FOUNDATION c6 gia tri Ag= 12 m?)

Ry =

- Bién do dao dong cua luc bé lai: A= 2% R, = 145044,1564 N.
- G1a tr1 luc bé 141 thudc ph?ln banh 1ai khong bi xam thuc (R,):
R = [1—8 R, =(1-0,187)x 387818, 6 = 315296,5218 N.

- Gia tri luc bé 141 theo thot gian dugc thé hién nhu hinh 3.10.

\ R(1)
R 4
/ R=387818.6
145044,1564N 7 | X _____ - __}Y_ _______
N 7

315296,5218N

0 :
1=0,091s

i -

Hinh 3.10. B4 thi m6 ta gia tri luc bé 1ai cta tau
M/V TAN CANG FOUNDATION khi oo = 35° va V = 7,5 m/s
3.3. Panh gia anh huéng ciia xAm thwe mép thoat dén luc bé lai
3.3.1. Xdy dung m0 hinh va quy trinh nghién ciru
Trong két qua chuong 1 va chuong 2 d3 chi ra cu thé khai niém va két
qua tinh todn md phong xam thuc tai mép thoat banh lai tau thuy. Trong thuc
tién cac nha thiét ké banh lai tau thiy da dwa ra giai phap lam giam thiéu hién
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tuong nay. Tu nhimg ndam 2000, cac tac gia Pyo. S va Suh. J [68] da dua ra
mo hinh banh 14i ¢6 doan udn cong, goi la goc “flap” tai mép thoat dé han ché

hién tugng nay va dugc mo ta theo hinh 3.11.

Hinh 3.11. M6 hinh banh lai ¢6 goc “flap”
Trong d6: V - van tdc phuong doc truc sau chan vit va bao béanh 1ai (m/s);
o - g6c bé 14i (d0);
Chot - Chiéu dai day cung (m);
X; - chiéu dai day cung tinh téi diém udn (m);
Ofiap - OC UGN phia mép thoat (d9);
R - luc nang (N);
D - lyc can (N).

Tuy nhién, (g voi ché do diéu dong cua nhiéu ching loai tau khéac nhau
thi X¢/Cpor va asap phéi dugc tinh toan thiét ké cho phu hop. Thuc té tinh toan
goc vay tuong tng véi ché do diéu dong tau, sao cho hiéu qua cai thién dac
tinh dong luc hoc va cu thé 12 luc bé 14i 1a tot nhat. Bidu nay dem lai hiéu qua
cao hon cho cac truong hop ché do lai tau tu dong, gilp giam bét yéu tb
nhiéu, anh huong ti diéu khién tau thuy theo qui dao cho trudc.

Mot han ché ddi véi giai phap tao goc “flap” phia mép thoat 1a co cau
diéu khién béanh 1ai c6 két cAu phuc tap hon, phai tich hop cing viéc diéu
khién goc bé l1ai cho phi hop, dan téi gia thanh va doi hoi ki thuat khai thac,

bao dudng, stra chira cao hon nhiéu.
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Trong giGi han cua luan &n, ap dung cu thé dbi tuong 1a banh 14i cua tau
M/V TAN CANG FOUNDATION, khong cé goc “flap”. Do dd, nghién cuu
sinh dya trén nén tang Iy thuyét va phuong phap sé dé tinh toan mé phong
nham chitng minh hiéu qua caa giai phap. Diéu quan trong hon 13 dua ra duoc
cac khuyén céo cho loai tau c6 ché do diéu khién tu dong, khi ma bat ky yéu
t6 nhidu nao ciing s& anh hudng dang ké t6i qui dao chuyén dong cua tau thay
sau mot khoang thai gian nhat dinh. Luc d6 xam thuc tai mép thoat can dugc
tinh dén va khac phuc.

Vé xay dung quy trinh nghién ctu, thuc hién tuong tu quy trinh nhu hinh
3.1, trong d6 budc 5 (phan tich két qua) duoc tap trung danh gia anh huong
cua xam thuc mep thoat téi luc bé lai tau thay.

3.3.2. Phan tich va ddnh gid két qud tinh toan mé phéng

Nghién ctru sinh xét hai truong hop vai cung profil banh 1ai tau thay,
trong d6 mot truong hop tao goc “flap” 1a 15°, diém ubn & vi tri c6 gia tri
Xi/Crot = 0,75, dau vao 1a goc bé 1ai o = 10°, van téc dong téi V = 7,5 m/s tai
cung budc thoi gian 1a 2839 budc va thuc hién cac ky thuat tinh toan va mo

phong nhu nhau. Cu thé hinh anh profil tinh toan md ta theo hinh 3.12.

a) b)
Hinh 3.12. Hinh anh profil banh lai tau thay tinh toan:
a) khdng co goc flap, b) goc flap 15°
Thuc hién tinh toan mé phong hai truong hop hinh 3.12, nhan duoc
mot s6 két qua tinh todn md phong vé phan bd &p suét tinh, hé sé &p suit,

phan bé van téc va phan bd phan trim pha hoi tir hinh 3.13 dén hinh 3.16.
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1.36e+H1S
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& e+
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-AT3e-HI

b)

Hinh 3.13. Két qua tinh toan mé phong phan bé ap suit tinh:
a) khong c6 géc flap, b) khi géc flap 15°
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b)
Hinh 3.14. Két qua tinh toan md phong phan bé van téc:

a) khong c6 géc flap, b) khi goc flap 15°

Phan tich két qua tir hinh 3.13 va hinh 3.14, nhan xét rang:

Viéc tao goc flap & phia mép thoat da cai tién dugc dang ké dic tinh
dong luc hoc dong chay bao quanh profil banh l4i. Ban chat cia van dé ¢ day
la tao ra bién dang hinh hoc phia mép thoat, sao cho giam thiéu duoc su
chénh 1&ch nang lugng cua dong chay tur hai phia profil truéc khi ching hoa
tron thanh mot dong ¢ sau mép thoat banh lai.

T i
a)
Hinh 3.15. Két qua tinh toan mé phong phan b phan trim pha hoi:

a) khong c6 géc flap, b) khi géc flap 15°
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Phan tich két qua tir hinh 3.15, nhan xét rang: R3 rang ving xam thuc
mép thoat khi khong cé goc flap thé hién rd mau do véi 100% la pha hoi,
nhung trong trudng hop khi ¢ goc flap (goc flap = 15°%) thi gan nhu da dap
duoc vung xam thuec.

Pé thiy rd hon nghién ctru sinh da thuc hién tinh toan va thé hién két

qua cu thé theo hé sé &p suat trong hinh 3.16 [31].

Y
-x'“l';,l._l
0.5 TN
| .'/.._ o ~ .i'.
- .. -Cp | . I
—— Khong co goc flap | - .l| /
e Y
Cé gbc flap 15° 001~ . !
/
| "I
|I|I
05 | \

0,75 1T XiC

Hinh 3.16. Két qua tinh toan moé phong hé sé &p suat: a) dudng cong mau den
- khéng c6 goc flap, b) duong cong mau dé - khi goc flap 15°

Tir két qua nhan duoc theo hinh 3.16, dd minh chung tinh hiéu qua khi
su dung goc flap tai mép thoat, khdng nhitng dap duoc xam thuc tai day va
con tang duoc do chénh &p suat giira hai bén banh lai. Tuy nhién véi chiéu bé
14i nguoc lai thi goc uén agg, ciing dugce do chiéu cho phl hop, diéu nay dan
dén can co ciu diéu khién goc flap nay. Trong truong hop tau di thang, goc
flap duoc diéu chinh vé bang khéng.
3.4. Két luan chwong 3

Chuong 3 cua luan &n, nghién ctru sinh tap trung nghién ctru danh gia
anh huong ctia xam thyuc banh 1ai dén luc bé 14i tau thiy bang phuong phap sb
va dat duoc cac két qua cu thé sau:

- Xay dung duoc moé hinh nghién ctru bang phuong phéap sb va xay

dung quy trinh tinh toan mo6 phong dnh hudng ctia xam thuc cuc b tai mép
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vao banh i t6i lyc bé 1ai twong Gmg voi mdi to hop dau vao (n;, o) khi ton tai
xam thuc cuc bd. Tur do, thuc hién tinh toan moé phong cho banh lai cta tau
M/V TAN CANG FOUNDATION, véi két qua cu thé nhu sau:

+ Chu ky va tan s dao dong cua luc bé 1ai phu thudc vao loai profil su
dung lam banh 1ai, v4i banh lai cua tau M/V TAN CANG FOUNDATION
cho két qua la:

Chu ky dao dong cua luc bé lai 1a T = 0,091s;

Tan s6 dao dong cia luc bé 14i 1a £ = 11Hz.

+ Bién do dao dong cua luc bé 1ai trong giai doan banh lai xuét hién xam

thuc cuc bd phu thude vao téc d6 dong chay va goc bé 1ai:
k
A= ZE Ry

Trong d6: Ry, duoc x4c dinh theo cong thire 3.5 va bang 3.1.

Gia tri k cho banh lai cta tau M/V TAN CANG FOUNDATION tuong
g véi te 46 dong chay bao va tai gia tri goc bé 1ai khac nhau, nghién ctru
sinh tién hanh tinh toan mé phong cho bai toan 3D bang phan mém Fluent -
Ansys cho céc truong hop nay. Két qua tinh toan mé phong duoc thé hién qua
phan b phan trim pha hoi mot cach chi tiét va tudng minh.

Nhu vay, bién thién lyc bé 1ai theo thoi gian R(t) khi ké dén anh hudng
cua xam thuc cuc bd tai mép vao banh lai dugc thé hién theo hinh 3.7.

- Xay dyng md hinh nghién ctru biang phuong sé va quy trinh tinh toan
mod phéng anh hudng cua xdm thyc mép thoat. Trén co s& do thuc hién so
sanh v&i giai phap co goc flap tai mép thoat, voi cac két qua tinh toan mo
phong cu thé, tudng minh thong qua cac gia tri: Phan bd phan trim pha hoi,
phan bd ap suat, phan bd van tdc, phan bd hé sé ap suat. Tir d6 phan tich,
danh gia, minh chimg va dwa ra duoc giai phap khuyén céo cho trudng hop

diéu khién tau ty dong nham giam thiéu anh huong cua hién tugng nay.
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CHUONG 4. NGHIEN CUU THUC NGHIEM:
PHAN TiCH, SO SANH VA PANH GIA KET QUA

4.1. Téong quan vé nghién ceu thuc nghiém xam thuc banh lai tau thiay

NGi chung, hién nay dang ton tai hai phuong 4n nghién cttu thuc nghiém
vé xam thuc banh l4i, c6 thé tém tit nhu sau:

Phwong dn 1: Nghién ctu trén hé théng tuan hoan kin, dat trong céc
phong thi nghiém véi day du cac hé théng thiét bi do, thiét bi quan séat hién
dai. C4 thé ké dén mot sé phong thi nghiém trén thé gidi nhu sau [74, 75]:

- Hé thong thi nghiém ctia Marintek (Na Uy);

- H¢ théng thi nghiém cuia Truong Pai hoc Ky thuat Cong nghé Sharif
(Cong hoa Hoi gido Iran);

- Hé thong thi nghiém cta hing Hyundai (Han Qudc);

- Hé thong thi nghiém cta hiing CTO S.A (Cong hoa Ba Lan);

Hé théng thi nghi¢m tai Potsdam Model Basin (Lién bang Dtc).

Chu y: Céc chuc niang co ban va thong sé cu thé cua cac hé thong thi
nghiém nay dugc md ta chi tiét trong Phu luc 3.

T viéc nghién ctu, tim toi va phan tich, c6 thé danh gia dic diém chung
cua céac hé thong thi nghiém theo phuong an nay la:

- C6 cac nhom thiét bi dién hinh nhu: Hé théng din dong va két ciu bé
chtra tao dong chay tuan hoan khép kin; budng quan sat, noi bd tri banh lai,
thuong duoc cau tao bang kinh cuong luc vira dam bao do bén viing, kin va
thuan tién cho viéc quan sét, hé thong thiét bi do, phan tich dix liéu:;

- Trang thiét bi dong bo, hién dai, thuong gan véi cac trung thm nghién
ctu 16n trén thé gioi;

- Han ché Ion nhét la khdng nghién ctru duoc anh huong ciia mat thoang

dén cac két qua nghién cuu.
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Phuong dn 2: St dung bé tht, day 1a phuong an doi hoi chi phi rat 16n
va kho khian, do sb lwong bé thir it, van hanh phic tap va doi hoi ngudn nhan
luc phu hop. Hon nita, khdng phai lGc ndo cing phu hop véi van dé nghién
ctru. Truong Pai hoc Hang hai Viét Nam duoc trang bi bé thir md hinh tau,
tuy nhién hién tai cling chwa du diéu kién dé trién khai cac bai toan lién quan
dén xam thuc banh lai tau thuay.

Mt khéc, voi diéu kién trong nudc hién nay, viéc trién khai hé théng thi
nghiém giéng nhu trén 1a rat khé khian. Hon nita, van dé ma nghién ctu sinh
dat ra ¢ day 1a nghién ctru thuc nghiém anh hudéng cua xam thuc banh lai téi
luc bé 14 tau thuy. Nghia 14, mubn chiing minh ton tai xam thuc trén banh lai
tau thay & mot sb ché do diéu dong va do dac duoc luc bé 14i tai giai doan ma
banh lai tau thay bi xam thyc.

Chinh vi vay, nghién ctu sinh lya chon giai phap cung nhom nghién ctu
tham gia xay dung hé théng thi nghiém va sir dung hé théng thi nghiém dé
phuc vu nghién ctru thuc nghiém nhiam minh chimg cho mot sé két qua chinh
cua luan an.

Lién quan dén van dé nghién cau thyc nghiém nay, nghién ciu sinh da
két hop chat ché van dé nghién cuu trong dé tai luan an tién si véi van dé
nghién cau thyuc hién trong hai dé tai khoa hoc cong nghé cap Bo Giao thong
van tai, ma nghién ctu sinh 1a chu nghiém mot dé tai va Ia thanh vién tham
gia chinh mét dé tai. Hon nita, ca hai dé tai khoa hoc cong nghé cap Bo nay
déu c6 phan noi dung quan trong lién quan dén xam thyc trén banh lai tau
thay va nghién cau thi nghiém lién quan dén xam thyuc béanh l4i tau thay.

Mt khac, nghién ctru sinh ciing da gianh nhiéu thoi gian dé thyuc hién
nghién ctu thuc dia cing véi nhém nghién ctu trén dbi twong tau that
M/V TAN CANG FOUNDATION, khi tau nam tai cau chinh cang Hai
Phong, khi tau hanh trinh trén tuyén ludng hang hai Hai Phong va khi tau I1én

da sura chira dinh Ky tai Nha may stra chira tau Ship Marine Sai Gon.
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Ho so lién quan dén qué trinh nghién ciru thue dia, gom: Gidy gigi thiéu,
gidy chiing nhan,... cho trong Phu luc 5 cua luan an.
4.2. Thiét ké va ché tao hé théng phuc va nghién ciru thuc nghiém
4.2.1. Gidi thigu h¢ théng nghién cieu theec nghiém

Véi giéi han vin dé dat ra theo pham vi nghién cau cua luan an I3
“Nghién ctu anh hudng cua xam thuc banh 1ai dén luc bé 1ai tau thuy”, dva
theo diéu kién thyc tién tai Viét Nam, mong muén 1am cha quy trinh thiét ké,
ché tao, van hanh, bao dudng, sira chita va cha dong nang cdp maé rong pham
vi nghién ciru lién quan, ... nghién ctu sinh ciing nhdém nghién ciu da dé xuat
¥ tuong thiét ké hé théng phuc vu nghién ctu thyc nghiém nhu sau [1, 5, 6,
12, 13, 15].

Trén hinh 4.1 thé hién so @ b tri cac cum thiét bi chinh nhu: Hé thdng
dan dong chan vit véi cac sé vong quay khac nhau n;, bé chtra nudc va vach
nan dong tao dong chay tuan hoan, huéng quan sat banh lai.

Véch nan dong

dong (tao s6 vong quay n;)

an

X

Hé théng d

T hop chan vit-banh lai

Huéng quan sat

Hinh 4.1. So @6 b tri cac cum thiét bj chinh cua hé thdng thi nghiém
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V6i hudng quan sat di dinh sé& thiét ké budng quan séat pht hop, bao gébm
két cau lap rap céc thiét bi chinh (banh I14i, thiét bi diéu chinh goc bé lai o,
cac thiét bi do), cira s6 quan sét bang kinh cuong luc (dam bao bén viing, kin

nudc, trong sudt).

Budng quan sat

Hinh 4.2. Y tudng thiét ké budng quan sat phuc vu nghién ctu
Kich thuéc budng quan sat duoc thiét ké phu hop voi bé chira nuée va
kich thudc béanh l4i thi nghiém theo mé hinh déng dang véi tau M/V TAN
CANG FOUNDATION.
Hinh anh thiét ké va ché tao phan lién quan dén nghién ctu thuc nghiém
xam thuc banh 14i trén hé théng thi nghiém sau khi hoan thién, md ta theo
hinh 4.3.

T6 hop dan dong chan vit (n)

VIETNAM MARITIME UNIVERSITY

Hinh 4.3. Hinh anh hé théng thi nghiém hoan thién
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Chu y: Céc ban v& thiét ké mot s6 chi tiét chinh lién quan dén hé thng
thi nghiém cho trong Phu luc 4.

4.2.2. Muc tiéu thi nghiém va phwong dn gidi quyét

Muc tiéu thi nghiém:

- Quan sat duoc hién tuong xam thyuc banh lai tau thuy;

- Po duoc luc bé 1ai trong giai doan banh lai bi xam thuec.

Phwong én gidi quyét:

- Pé quan sat duoc hién tuong xam thyuc banh 14i, truéc tién can phai
tao diéu kién lam viéc tuwong ung voi cac té hop sé vong quay chan vit (dic
trung boi gia tri van toc tau) va goc bé 1ai twong ung, ky hiéu (n;, o) ma banh
lai xuat hién xam thuc (theo bang 2.5). Hon nita, ciing véi su hd tro caa thiét
bi quang hoc, nhu: Dén chiéu sang, may chup hinh, camera téc d6 nhanh,...
Tir véach cira s6 bang kinh cuong luc trong sudt cho phép quan sat duoc hién
tuwgng xam thuc trén banh 1ai va ghi lai hién tuong.

Tuy nhién, do cira s6 quan sat chi bé tri mot phia banh 1ai cho nén goc

bé 14i cling chi quay sang phia cira sé dé thuan tién cho viéc quan sat.

Hinh 4.4. Thiét ké va b tri hé thong thay luc do luc bé 1ai R
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- Dé do duoc luc bé 14i (hinh 4.4), nghién ctiu sinh dé xuit y tuéng sir
dung hé théng thuy luc bao gdm 3 piston- xylanh, 3 &p ké (hoic 3 cam bién
&p suat), 1 van dong ma, duong dng dan, dau ndi va dau thay luc.

Vé mit nguyén ly hé théng dugc b tri nhu sau:

Nguyén ly chung c6 thé dwroc mo td nhu sau:

- Khi hé théng chua hoat dong, néu mé khoa dé thong duong dau thay
lyc trong hai xy lanh (1 va 2), lGc nay viéc diéu khién goc beé 1ai dugc dién ra
dé dang (luu y chi diéu khién goc bé 1ai vé mot hudéng), xy lanh 3 (hoat dong
doc 1ap) duoc dit theo ray dan huéng va gan véi diém ti caa banh 14i;

- Khi gdc bé 14i duoc xac 1ap, can khoa dudng dau va hai xy lanh (1 va
2) hoat dong doc lap, hai dong ho do ap suat hién thi tri sé ap suat dau trong
Xy lanh;

- Khi chéan 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 1ai R tac dong truc tiép 18n béanh lai (theo hudng ép ba can piston), khi
d6 s& lam &p suat dau thay luc trong hai xy lanh (1,2 va 3) ting lén.

Nhu vay, dua vao chi s6 3 ap ké hoan toan doc va xac dinh duoc luc bé
lai. Néu goi p; 1a chi sé ap ké 1 (N/m?), p, 1a chi s &p ké 2 (N/m?), ps 1a chi
s6 ap ké 3 (N/m?), dién tich céac piston 1a nhu nhau S (m?), khi d6 lyc bé lai

R duogc xac dinh nhu sau (xem cdng thac 4.1 va hinh vé 4.5):

R=(p,+P,+P;)xS (4.1)
RitR,
RQZ ngS -
R
Rs3
—

R3: p3XS

Hinh 4.5. Nguyén ly xac dinh gia tri lyc bé lai R
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Trong qua trinh do dac, c6 thé thay thé ap ké bang cac cam bién ap suat
(vé mit nguyén 1y khong c6 gi thay doi).
4.2.3. Céc thong sé ky thudt va ddnh gid wu nhwoc diém cia hé thong
Cac thong s6 ky thuat caa hé thdng thi nghiém duoc thé hién trong
bang 4.1.
Bang 4.1. Cac thong s6 k§ thuat cua hé théng thi nghiém

- Kich thuéc bé chira nude tuan hoan: 5m x 2m x 1,5m
Thong sé | - Kich thuéc budng quan sat: 1,5m x 1m

chung - Cong suat dong co: 15 KW
- Hop s6: 4 sd tuong g sd vong quay quy doi 1a: 380 rpm,

410 rpm, 445 rpm va 475 rpm

Cho phép nghién ctru thuc nghi€ém cac bai toan:
- Tuong tac chan vit - banh lai, anh hudng cua mat thoang va
chiéu quay chan vit dén luc bé 14i;
Tinh ndng | - Xam thuc chan vit, banh la;

k¥ thuat - Anh hudng cua dong chay dén luc cing diy budc va lin
neo tau thuay;
- Anh huodng cua bién dang dudi tau, mit thoang dén dong

luc hoc chan vit.

Pdnh gid mét s6 wu diém:

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

- Bé chira hé tuan hoan cho phép dong chay quay lai cira hut ciia chan
vit vo1 hudng suén déu da tao diéu kién hoat dong tot nhat cho chan vit va
banh l4i. Boi thuc té khi chan vit quay thi tau sé tién vé phia trudc tao ra dong

chay qua chan vit pht hop. Hon nita 1a bé ho do d6 dwong nhién yéu t6 mat
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thoang da duoc ké dén khi khao sat bai toan;

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

Danh gid mot s6 nhuwge diém:

- Dai lam viéc cua hé thdng din dong méi dap tng duge 4 trudng hop
tbc do dit ra, so voi viée tinh toan mo phong 12 7 trudng hop toc do;

- Thiét bi do chua dong bo va hién dai dé khao sat hién tuong xam
thuc, dac biét 1a chu ky dao dong caa luc bé l1ai. Thuc té chiang minh gia tri &p
ké hién tai dao dong lién tuc (manh hon luc banh lai khdng bi xam thuc),
nhung d6 nhay khong dap tmg duoc theo thoi gian thuc cua gia tri bé lai, vi
thé khong du kha ning dé xac dinh chu ky dao dong cua cua luc bé 14i khi
banh lai bi xam thuc.

- Cura SO quan sat & mot phia dan dén goc bé lai chi thay do6i vé phia
ctra s6 va dic biét viéc quan sat hién tuong xam thuc & mép thoét s& kho khin
hon.

- Mdi khi thay dbi téc do thi nghiém, thi phai ngat nguodn dién dong co.
Nghia la chua tao dugc bd tu dong diéu khién dé diéu chinh thich nghi cho
cac truong hop.

4.2.4. Quy trinh vdn hanh hé thong thi nghiém

Céng tac chudn b

- V& sinh bé chtra, kiém tra va 1am kin 15 thoat day;

- Bom nudc vao bé chira t6i muc nude tinh toan;

- Kiém tra nguon dién 3 pha cap cho dong co dan dong;

- Kiém tra vi tri s6 trén hop giam toc (dé s6 1);

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

- Chuén bi nguén nhan luc dam bao cac vi tri duge trién khai déng loat;

- Théng nhét cac phuong an thuc nghiém véi ca nhom dé trién khai
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theo trinh ty va dam bao céc sd liéu, hinh anh duoc ghi lai theo kich ban.

Cac buoc chinh khi van hanh hé tho”'ng thi nghiem:

Buéc I: Péng nha cau dao dién 3 pha dé kiém tra xem chiéu quay cta
dong co da dung véi quy trinh thiét ké cua chan vit chua, néu chua dung co
thé d4u lai bang cach chuyén hai pha cho nhau.

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

Burée 3: Gitt nguyén s6 vong quay, thay doi goc bé 1ai va lap lai bude 2.

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

Buwée 5: Khi hoan tat 14y sb liéu, thuc hién tit dong co, xa hét nudc
trong bé chira, vé sinh va lau kho céc thiét bi, bao dudng thiét bi can thiét.

4.3. Phan tich, so sanh va danh gia két qua
4.3.1. Quy doi thong sé dau vao va phwong dn nghién ciru thuc nghiém
Quy doi gia tri dau vao theo tiéu chudn dong dang Froude:
Cac so lidu dau vao duoc quy doi theo tiéu chuan dong dang Froude.
Theo tiéu chuan nay, mé hinh nghién ctu va mé hinh thuc dugc goi 1a dong
dang vai nhau khi c6 cling s6 Froude, nghia 14 thoéa méan diéu kién [2, 7, 10].

V2

F,=—,
Lg

(4.2)

Trong d6: L - chiéu dai dic trung, & day 1a duong kinh chan vit D (m);
g - gia toc trong truong, g = 9,8 m/s? :
V - gié tri van toc (ms).
Khi do:
(V). (%)
=2 VO =Om=0. 4.3
oD, gD, O 9mTS (43)

Vay cac dai lugng cho mo hinh dugc xac dinh:
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- Van téc (tién) caa md hinh Ia:;

D
V), =) 2 (4.4)
- Sb vong quay chan vit md hinh Ia:
D
_ et 8 4,
(=002 “5)
Trong d6: n; - s6 vong quay thuc caa chan vit;

Nm - $6 vONg quay cta chan vit md hinh.
- Luc tac dong Ién banh lai:
F =k’xF, (4.6)
(Trong d6 k 13 hé s6 dong dang hinh hoc, k = 10)
Str dyng véi 7 thong sé van hanh caa vong quay chan vit thuc, theo hd
so M/V TAN CANG FOUNDATION la:
n.= {90; 100; 110; 120; 130; 140; 150} (rpm).
Tuong Gng véi van toc thue, duoc xac dinh theo cong thic:
(Vp)i=nih 4.7)
Trong d6: P - budc caa chan vit, P = 2,459 m;
h - buéc tién that, h = 0,2P.
Khi d6, gia tri van toc thuc twong ang véi 7 thong sé vong quay 1a:
(Vp)={4,5;5,0; 55; 6,0; 6,5; 7,0; 7,5} (m/s)
Vi duong kinh chan vit tau thuc la D; = 3,5 m va duong kinh chén vit
mo hinh D,,= 0,35m, gia tri diu vao cho mé hinh tinh todn md phong ciing

nhu nghién ciru thuc nghiém theo bang 4.2.
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Bang 4.2. Quy d6i tir gi tri thuc sang gia tri cho mé hinh dong dang

Vong quay chéan vit

Ny 90 100 110 120 130 140 150
CA4c gia tri quy doi twong wng
Nm 284,4 | 316,0 | 347,6 | 379,2 | 410,8 | 4424 | 474,0
Vi 4,5 50 5,5 6,0 6,5 7,0 7,5
Vm 1,44 1,60 1,76 1,92 2,08 2,24 2,40
1,3.V, 1,87 2,08 2,88 2,49 2,7 2,91 3,12

Phwrong an nghién cuu thuc nghiém:

Véi hé thong thi nghiém hién tai c6 4 s6 vong quay khéac nhau tuong tng

Vi s6 trén hop sb cua hé théng din dong:

- S6 1 tuong tng 380 rpm;

- S6 2 tuong tng 410 rpm;

- S6 3 tuong Gng 445 rpm;

- S6 4 tuong ttng 475 rpm.

Goc bé 1ai duoc chia thanh 8 truong hop la:
o’ = {0° 5°, 10°, 15°, 20°, 25°, 30°, 35°}:

Nhu vay, s& ¢6 32 truong hop tién hanh thi nghiém, tuy nhién myc tiéu

la nghién ctru anh hudng cua xam thuc banh 1ai d¢én luc bé 1ai, do d6 nghién

ctru sinh quan sat dong chay bao quanh banh 1ai dé xac dinh truong hop ton

tai xam thuc trén banh 14i va chi lay s6 liéu cho nhitng trudong hop nay.

Két hop vai két qua tinh toan mé phong, ¢ thé tong hop cac phuong an

nghién ctru thuc nghiém nhu bang 4.3.
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Bang 4.3. Tong hop gié tri dau vao xuat hién xam thuc trén banh lai

Gia tri Gia tri van toc dau vao (m/s)

gécbélai (@) | 45 | 50 | 55

6,0

6,5

7,0

7,5

15° Khoéng nghién cau

20° thuc nghiém

Khong xuét hién xam thuc

- Xam thuc mép thoat + xam thuc cuc b tai mép vao

Dua vao diéu kién thuc tidn cua hé théng thi nhiém phuc vu nghién ctu
thuc nghiém, két hop véi nhitng két qua da duoc tinh toan mé phong trong
chuong 2 va chuong 3 di gidi han dau vao nghién ctiru (nhu bang 4.3).

4.3.2. Phan tich, so sdnh va ddnh gid két qud thi nghiém
4.3.2.1. Xam thuee va kich thiréc vung xam thyc trén banh lai tau thuy

Hinh anh viing x&m thuc trén banh lai va kich thudc chiéu dai tai hoi tai
profil thang tam chan vit theo hinh 4.6. Pay la truong hop duoc tinh toan mo
phong & chuong 2. Bé thuan tién cho viéc so sanh chiéu dai tai hoi xam thuc,

nghién ctu sinh tién hanh danh dau profil khao sat va ty & phan trim tuong

g vé chiéu dai.
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Profil thang tdm chan vit

Hinh 4.6. Vi tri profil banh lai khao sat

Trén profil thang tdm chan vit tién hanh ké vach theo % chiéu dai day
cung dé khao sat kich thudc tai hoi xam thuc néu co.

Do luong bot khi phan bé xung quanh banh 1ai kha nhiéu di it nhiéu gay
han ché viéc quan sat viing xam thuc trén banh 14i, diéu nay cang kho dé xac
dinh chiéu dai tai hoi tai mdi profil khao sat. Trong kha niang cho phép nghién
ctu sinh xin dua ra so sanh mot cach twong ddi dai lwong nay dé khang dinh
viéc lam chu bai toan.

- Vi goc bé 1ai o = 35° va s6 vong quay chan vit (s6 4) 1a 475 rpm.

Ioa-a

Hinh 4.7. Chiéu dai tai hoi xdm thuc cuc bo tai profil thang tdm chan vit
Viéc tng dung CFD khao sat bai toan hai pha cho banh lai 3D ¢
chuong 2 da chi ra phan trim pha hoi trong khong gian tinh toan (dong chay
bao quanh banh 14i). Két hop véi nghién ciu thuc nghiém cho hinh anh ving

xam thyc kha tuong dong.
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Tuy nhién viéc khao sat dugc thyuc hién trong bé h (nghia 13 ton tai mit
thoang), do d6 hién tuong xdi khi xudng dudi 1am can tré viéc quan sét va
chup anh ving xam thuc trén banh 14i. Truong hop goc bé lai o = 35° va sb
vong quay chan vit mé hinh 12 475 rpm cho hinh anh tét nhat, cac truong hop
khac bot khi che phii kha nhiéu dan toi khdng phan biét duoc viing xam thuc

trén banh lai va ¢ ngoai khdng gian bao quanh.

Phan trim phahoi
phis banh lai co ap suat thap

ANSYS
e

Hinh 4.8. So sanh két qua viing xam thuc trén banh 14i:
a) theo tinh toan md phong bang CFD; b) theo thuc nghiém trén hé théng
Nhu vay, voi hé théng thi nghiém sé& cho biét nhiing diém lam viéc nao

xuat hién xam thuc cuc bo tai mép vao trén banh lai, con xam thuc tai mép
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thoat va xac dinh kich thuéc ving xam thuc can dwgc cai tién thém cua so
quan sét va thiét bi quang hoc hién dai hon.

Tir cac diém 1am viéc ¢6 xam thuc cuc bo tai mép vao banh lai két hop
véi két qua tinh todn md phong trong chuong 2 va chuong 3, nghién cru sinh

tong hop theo hinh 4.9 nhu sau.

Gia tri Gia tri van toc dau vao (m/s)

géc bé lai 45 5.0 556.0] 6.5 7.0 7.5
00
50 Khéng cé xim thue
100
150
200
25° Xam thue mép thoat
300 7/ Xam thic
350 _ e

CFD
— = = = Thuc Nghi¢m

Hinh 4.9. Téng hop két qua tinh toan xam thuc banh lai

Phan tich két qua trén hinh 4.9, nhan xét rang:

- Viéc ung dung CFD vai phan mém Fluent - Ansys dé tinh toan md
phong xuat hién xam thuc cuc bo ¢ diém 1am viéc ciing goc bé 1ai nhung van
tdc nho hon so v&i nghién ciu thuc nghiém.

- Nguoc lai viéc sir dung CFD cho két qua c6 xam thuc cuc bo & cling
van téc V = 7,5 m/s nhung goc bé lai 16n hon 1a a > 25° va a > 20° dbi voi

nghién ctiu thuc nghiém.
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4.3.2.2. So sanh gia tri trung binh cua luc bé lai

Nghién ctru sinh da thuc hién tinh toan cu thé gia tri luc bé lai trung
binh, cu thé:

- Theo cong thuc thuc nghiém (1.12).

- Theo tinh toan mo phong trong chuong 3;

- Do dac trén hé thdng thi nghiém, thé hién thong qua gia tri 4p suit cua
d6ng ho do 1, 2, két hop cac cong thic (4.1) va (4.6).

Nghién ctu sinh thé hién cac két qua theo cac phuong phap trén, dé
cuing thé hién trong bang 4.4.

Bang 4.4. Bang tong hop so sanh gia tri trung binh luc bé lai

Vong Géc bé 14i ()
quay ForT 5 10° 15° 20° 257 30° 35
(rpm) — -
Luwc bé lai trung binh Ry,
0 | 36696,33 | 73113,66 | 1089751 | 144008,1 | 177946,1 | 210531,3 | 2415158
380 | O | 37166,79 | 74051,01 | 110372,22 | 145854,36 | 180227,46 | 213230,42 | 244612,2
0 | 32742,34 | 65154,87 | 94909,91 | 126882,97 | 154985,21 | 189755,78 | 215248,55
0 | 43067,22 | 85807 127894,4 | 169009,4 | 2088305 | 2470818 | 2834455
410 | 0 | 43831,72 | 873302 | 130164,7 | 172009,56 | 212546,7 | 251467,86 | 2884771
0 |38122,96 | 75102,7 | 110629,3 | 151357,01 | 189155,93 | 216251,61 | 250964,98
0 | 49947,78 | 995158 | 148327,2 | 1960100 | 2422044 | 286556,4 | 328729,7
445 | 0 | 52253,06 | 104108,8 | 155173,07 | 205057,56 | 253383,06 | 299782,08 | 3439018
0 | 45072,63 | 92646,11 | 131887,04 | 180440,15 | 220433,2 | 257879,91 | 292305,84
0 | 57338,02 | 114240,1 | 170273,6 | 225012,6 | 278040,8 | 328955,1 | 377368 4
475 | 0 | 58925,84 | 117403,67 | 174988,87 | 231243,72 | 285740,39 | 338064,6 | 387818,6
0 | 51254,74 | 103304,63 | 148729,7 | 2011714 | 24572631 | 290725,03 | 341269,83

CAc gi4 tri trong bang 4.4, twong ng véi mdi sé vong quay va goc bé 1ai

khac nhau sé& c6 3 b gia trj tuong tng lan luot tir trén xudng, gom:

- Két qua tinh toan gia tri luc bé lai trung binh Ry, theo cong thic thuc
nghiém (1.12);
- Két qua tinh toan gia tri Iyc bé 1ai trung binh Ry, theo tinh todn mo

phong bang CFD véi phan mém Fluent - Ansys;
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- Két qua tinh toan gié trj lyc bé lai trung binh Ry, theo nghién ciu thuc
nghiém trén hé thdng thi nghiém.
Tur két qua trong bang 4.4, dé so sanh rd két qua nhan duogc gitra cac
phuong phap, xay dung trén cung d6 thi (hinh 4.10) két qua trong trudong hop
s6 vong quay chan vit mo hinh 1 475 rpm, day 1a truong hop dic trung nhat.

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

Luc bé lai
400000

350000 52
300000 =
250000 Z
200000 g
150000 4
100000
50000 Pl
0 #Z Géc bé I

0 5 10 15 20 25 30 35
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Hinh 4.10. Tong hop va so sanh két qua luc bé lai vai s6 vong quay 475 rpm

Phan tich két qua nhan dugc theo hinh 4.10, nhan xét réng:

- P thi mo ta gid tri luc bé lai trung binh theo hinh 4.10 dang dudng
thang va ty 1¢ thuan véi gia tri goc bé 14i. DO thi gid tri Ry nghiem NAM phia
trén do thi mo ta gia tri luc bé 14i Ry phong, cudi ciing 12 d6 thi Ry nghiem;

- Ba duong dd thi nay gan nhau. Khi gdc bé lai ting dan (bét dau tir o
= 20° trd 18n), thi xuat hién rd sy chénh 1éch, nhung su chénh 1éch khong qué
16n. Cu thé, tir gid tri trong bang 4.4 va hinh 4.10, xét truong hop khi goc bé
lai 16n nhat (a° = 35°) va vong quay chan vit 16n nhat (n = 475 rpm), day la
truong hop tén tai mac dé chénh léch gia tri luc bé lai trung binh theo céc

phuong phap 1a 16n nhit véi két qua so sanh chi tiét nhu sau:
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So sanh ty 1& chénh léch phan trim giira Rihye nghiem V& Rins phong:

387818,6 —377368,4

x100% ~ 2,69%
387818,6

R% =

So sanh ty 1& chénh léch phan trim gitta Ry nghiem VA Rini nghiem:

_ 377368,4—-341269,83
377368,4

R%

x100% =~ 9,56%

So sanh ty 1€ chénh 1éch phén tram gitra Ry phong V@ Rini nghiem:

387818,6 —341269,83
387818,6

Két luan: Ty 1é chénh 1éch bién thién tir 2,69% + 12% theo ba phuong

R% = x100% =~ 12%

phap khéc nhau, thi két qua tinh toan theo cac phuong phap dam bao tin cay.
4.4. Mot sb két qua khao sat thuc dia

Trong thoi gian hoc tap, nghién ctu va thuc hién luan an, nghién ctu
sinh cling thay hudng dan va céc thanh vién khac da nghién ctiu khao séat thuc
dia trén tau M/V TAN CANG FOUNDATION, khi tau cap cang va khi tau
hanh trinh trén tuyén ludng Hai Phong vao thang 12/2015 va thang 7/2017.

Mbt s6 hinh anh béanh 14i bi in mon do xam thuc gay ra

Hinh 4.11. Banh lai M/V TAN CANG FOUNDATION va van dé xam thuc
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Céc gidy to lién quan dén nghién ctu thuc dia cho trong Phu luc 5.

Tuy nhién, tly theo muc dich dé tai luan an, ddi tuong va pham vi
nghién ctu khac nhau ma nghién ciu sinh cung nhém nghién cau da co
nhitng két qua nghién ciru thuc dia cu thé dé phuc vu dé tai luan an caa minh.

Mat khac, thang 5/2016 tau M/V TAN CANG FOUNDATION da 1én da
stra chira dinh ky tai Nha may stra chira tau Ship Marine Sai Gon, nghién ctu
sinh da khao sat va nghién cau cu thé, cho mot sé két qua nhu sau:

Ngoai ra, khi nghién cau hd so céc lan 1én da trude, quan sat ki banh 14i
va trao doi kién nguoi phu trach ky thuat caa Cong ty, da chi ra mot sb vi tri
han dap bao dudng truéc do, vi tri trén banh li thé hién day chinh Ia ving
dubi tai hoi xam thuc cuc bd ban chét 1a do hién tugng Xep bot xam thuc.

Khao sat thuc dia cho thay:

Hinh 4.12. Phan tich thuc dia hinh anh an mon banh lai do xam thuc
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4.5. Két luan chwong 4

Trén co so két qua dat duoc cua chuong 2 va chuong 3, trong chuong 4
luan an tap trung vao nghién cau thuc nghiém, da thuc hién phan tich, so sanh
va danh gia nham minh ching cho mét sb két qua chinh dat duoc trong luan
an, cu thé:

- Hé théng hoa hé thi nghiém vé xam thuc béanh 14i tau thuy trén thé
gidi lién quan dén van dé nghién ctru cua dé tai ludn an;

- Thiét ké va ché tao mot phan nghién ctu thuc nghiém lién quan dén
xam thuc banh 14i tau thay trén hé thong thi nghiém phi hop voi muc dich
nghién ctu caa luan &n. Toan bd hé théng thi nghiém nay mét dang san pham
khoa hoc cua dé tai KHCN cap Bo [30], dugc Hoi dong Khoa hoc chuyén
nganh danh gia, duoc thanh 1ap theo Quyét dinh s61482/QD-DHHHVN, ngay
11/8/2017 cta Hiéu trudng Truong Dai hoc Hang hai Viét Nam. Mat khéac, hé
théng nay duoc Hoi dong KHCN cap Bo Giao thong van tai danh gia nghiém
thu ngay 07/11/2017 theo Quyét dinh s6 2890/QD-BGTVT ngay 12/10/2017
cua Bo truong Bo Giao thong van tai véi két qua xép loai A (Xuat sac).

Hon nira, mot phan két qua nghién ctu chinh cua hé thong thi nghiém
nay dugc nghién ctu sinh cung nhom nghién ctru bdo céo tai Hoi nghi va
cong b két qua chinh trén Ky yéu Hoi nghi Khoa hoc Quéc té chuyén nganh
thang 11/2017. Két qua dat giai Nhat theo tiéu chudn cao nhat cia mot cong
trinh khoa hoc xuat séic, tai Dién dan Hoi nghi khoa hoc Qubc té cac truong
Pai hoc Hang hai va Nghé ca Chau A (AMFUF), nim 2017. Pong thoi
nghién ctru sinh cung nhém nghién ctru duge Cha tich AMFUF vinh danh tai
Hoi nghi va trao gidy ching nhan.

Cac Quyét dinh, bién ban va giay chitng nhan mé ta trong Phu luc 6.

Sau d0, tién hanh thi nghi¢m anh hudng cia xam thyc banh lai dén luc
bé 14i R trén hé thong thi nghiém. Két qua thi nghiém dugc so sanh, phan tich

va danh gia voi két qua tinh toan mo phong va két qua tinh toan theo cong
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thire thue nghiém. Tir d6, minh ching cho mot sé két qua tinh toan mé phong
vé xam thuc trén banh lai ciing nhu anh huéng cua nd t6i luc bé 14i twong tng
Vi t6 hop tdc d6 dong chay bao quanh banh 14i va goc bé 1ai khac nhau. Trén
co sO nay rut ra rang, cac két qua tinh toan theo cac phuong phap dam bao do
tin cdy.

- Nghién cuau khao sat thuc dia ddi vsi tiu M/V TAN CANG
FOUNDATION, trong cac trudng hop cu thé, dé 1am rd hon y nghia thyc tién

cua luan an.
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KET LUAN VA KIEN NGHI

1. KET LUAN

Bang cac phuong phap nghién ctru da thuc hién trong luan &n “Nghién
CitU danh hwong xam thue bdnh 1di dén lyc bé lai tau thay”, luan an da dat
duoc muc dich nghién ctru dt ra, véi cac két qua cy thé nhu sau:

1.1. Hé théng hoa co so Iy luan vé hién twong xam thuc néi chung va
xam thuc béanh 14i tau thay noi riéng. Hon nita, da xay dung co s 1y luan vé
luc bé lai tau thuy trong giai doan xam thyc banh lai tau thay.

1.2. Xay dung md hinh nghién ciu va co s toan hoc trén nén tang
CFD dé tinh toan mé phong viing xam thuc, cu thé:

- Xay dung md hinh nghién ciu trén co s¢ so liéu banh lai dugc dong
dang theo tiéu chuan Froude vé&i banh lai cua tau M/V TAN CANG
FOUNDATION;

- Xay dung quy trinh tinh toan md phong chung cho bai toan 2D bang
phuong phap phan tir bién va Fluent - Ansys va bai toan 3D biang phuong
phap xau chudi va Fluent - Ansys. Ttr do, thuc hién tinh toan mé phong cho
dbi twong cu thé 1a banh 1ai cua tau M/V TAN CANG FOUNDATION trong
cac truong hop goc beé 1ai va tde do tau khéac nhau. Tur céc két qua tinh toén
mb phong chi tiét va tudng minh trong cac trudng hop, di tong hop két qua
gia tri ddu vao ma banh lai tau thay noi chung, tau M/V TAN CANG
FOUNDATION noi riéng, bi xam thuc cuc bo tai mép vao va xam thuc tai
mép thoat banh lai.

1.3. Xay dyng md hinh nghién ctu bang phuong phap sé va quy trinh
tinh toan md phong anh huong cua xam thuc cuc bo tai mép vao va cta xam
thuc mép thoat banh 14i toi luc bé 14i tau thuy, twong Gng voi mdi to hop dau
vao (n, o;) khi ton tai xdm thuc. T d6, thuc hién tinh todn mé phong cho
banh l4i cua tau M/V TAN CANG FOUNDATION, véi két qua cu thé nhu

Sau:
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- Chu ky va tan sb dao dong cua luc bé lai phu thudc vao loai profil sir
dung lam banh lai, véi banh lai caa tau M/V TAN CANG FOUNDATION
cho két qua la:

+ Chu ky dao dong cua luc bé lai la T = 0,091s;

+ Tén sb dao dong cua lyc bé lai la f=11Hz.

- Bién d dao dong cua luc bé 141 trong giai doan banh lai xuét hién xam

thuc cuc bo phu thude vao van tdc dong chay va gbc bé lai:
k
A=27R,

Trong d6: Ry, duoc xac dinh theo cong thure 3.5 va bang 3.1.

Gia tri k cho banh lai cta tau M/V TAN CANG FOUNDATION tuong
tmg voi toc 6 dong chay bao va tai gid tri goc bé 1ai khac nhau, dugc tinh
toan md phong cho bai toan 3D bang phan mém Fluent - Ansys véi CAC
truong hop nay. Két qua tinh toan mo phong dugc thé hién qua phan bd phan
tram pha hoi mot cach chi tiét va tudng minh.

- Xay dung quy luat bién thién luc bé lai theo thoi gian R(t) khi ké dén
anh hudng cia xam thyuc cuc bo tai mép vao banh lai dugce thé hién theo hinh
3.7 cua chuong 3. Tu do, tinh toan mo6 phong cho banh lai cta tau M/V TAN
CANG FOUNDATION, véi truong hop dic trung 1a goc bé 14i 1a o = 35° va

van tbc V = 7,5 m/s, cho két qua cu thé nhu hinh vé:

r 4 R(t)

Riv=387818.6
145044’1564N"'/"-\-i\-"yl"hx-j _______
315296,5218 N

0 4
C T=0,091s

- Thyc hién so sanh véi giai phap co goc flap tai mép thoat, voi cac két
qua tinh toan md phong cu thé, tudng minh thong qua cac gia tri: Phan bd

phan trim pha hoi, phan bd 4p suat, phan bd véan toc, phan bd hé sd ap suat.
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Tir d6 phan tich, danh gia va dua ra duoc giai phap khuyén cdo cho truong
hop diéu khién tau ty dong nham giam thiéu anh hudng cta hién twong Xam
thuc tai mép thoat banh lai tau thuy.

1.4. Thiét ké va ché tao phan nghién ctu thuc nghiém lién quan dén
xam thuc banh 14 tu thay trén hé thong thi nghiém. Phan tich danh gia wu va
nhuge diém cua hé théng thi nghi¢m.

1.5. Thuc hién nghién ctru thuc nghiém dé kiém chimg mot sd két qua
chinh dat dugc trong luan an, cu thé:

- Thi nghiém anh huong ctia xAm thuc banh 1ai dén luc bé 14i R trén hé
thong thi nghiém. Phan tich, so sanh va danh gia chi tiét két qua nhan duogc
theo cac phuong phap. Tur d6, minh chitng cho mot sé két qua tinh toan md
phong vé xam thuc trén banh lai ciing nhu anh huéng cua né téi luc bé lai
twong @ng Véi t6 hop van téc dong chay bao quanh banh 14i va goc bé 14ai khac
nhau. Trén co sd nay rat ra rang, cac két qua tinh toan theo cac phuong phap
dam bao do tin cay.

- Khao sét thuc dia dbi voi tau M/V TAN CANG FOUNDATION,
trong cac trudng hop cu thé, dé 1am rd hon ¥ nghia thyc tién caa luan an.

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. Tung bo phan, timg thiét bi trong hé thong thi nghiém duoc thiét
ké va ché tao da co chtirng nhan vé dod chinh xac thiét bj cua nha san xuét,
nhung ca hé thong chua dugc danh gia vé do chinh xac. Tuy nhién, két qua
nghién ciru thi nghiém trén hé thong khong anh huéng nhiéu, boi vi nghién
ctru sinh str dung phuong phap tiép can 1a phan tich, danh gia va so sanh két
qua tinh toan theo cac phuong phap.

2.2. Trong diéu kién cho phép, nghién ciru sinh cing nhém tac gia tiép

tuc nghién ctru tung budc cai thién mdt s6 han ché cuia h¢ thong thiét ké va
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ché tao, nhu: Trang bi hé théng din dong c6 dai dau vao rong hon, thiét bi
quang hoc hién dai hon, cam bién 4p suat co6 do nhay va kha nang luu trix dix
liéu theo thoi gian tdt hon,... nham giai quyét vin dé nghién ctu c6 d6 chinh
xac hon.

2.3. Tung budc mé rong cho nhiéu bai toan nghién ciru thuc nghiém
khac cua chuyén nganh khoa hoc hang hai hay chuyén nganh gan c6 lién

quan, trén hé théng thi nghiém nay.
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PHAN PHU LUC

(Gom 6 phu luc kém theo)

PHU LUC 1: HO SO LIEN QUAN TAU M/V TAN CANG FOUNDATION

PHU LUC 2:

PHU LUC 3:

PHU LUC 4:

PHU LUC 5:

PHU LUC 6:

CHUONG TRINH TINH TOAN MO PHONG XAM THUC
CUC BO TREN PROFIL BANH LAl BANG PHUONG
PHAP PHAN TU BIEN

CAC CHUC NANG CO BAN VA THONG SO CUA MOT
SO HE THONG THi NGHIEM VE XAM THUC TREN THE
GIOl

HO SO THIET KE, CHE TAO VA BAN VE LIEN QUAN
CUA HE THONG THI NGHIEM

GIAY TO LIEN QUAN DEN NGHIEN CUU THUC DIA
TREN TUYEN LUONG HANG HAI HAI PHONG VA TAI
NHA MAY SHIP MARINE SAI GON

QUYET PINH THANH LAP HOI PONG VA BIEN BAN

HOP HOI PONG KHOA HOC CHUYEN NGANH DBE
DANH GIA HE THONG THI NGHIEM CUA CAC CAP
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PHU LUC 1

HO SO LIEN QUAN TAU M/V TAN CANG
FOUNDATION

Ho so gom:

1.1. Particular of M/V TAN CANG FOUNDATION
(Céac thong sb chinh cua tau)

1.2. Ho so lién quan dén hé théng banh lai cua tau
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PHU LUC 2

CHUONG TRINH TiNH TOAN MO PHONG
XAM THUC CUC BQ TREN PROFIL BANH LAI
BANG PHUONG PHAP PHAN TU BIEN
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CHUONG TRINH TiNH TOAN MO PHONG XAM THUC CUC BO
TREN PROFIL BANH LAI BANG PHUONG PHAP PHAN TU BIEN

M6 dun chwong trinh chinh

program bim

implicit none

C low order boundary element method
c base on Constant-Potential Panel Approach
C element lifting airfoil in 2-d

C incompressible flow

integer ista,iend
real Ista,Icav,lamda,qc,abig,nuy,sl,st,fsf
common /cav/ ista,iend,Ista,Icav,lamda,qc,abig,nuy,sl,st,fsf(300)
real pi,pi2inv
common /num/ pi,pi2inv
real cosalf,sinalf
common /alf/cosalf,sinalf
real alpha
real xx
real ff

EXTERNAL func2
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real func2

real tol

real sigma

real x1,x2,rtbis

tol=1.0e-05

Ista=99

lamda=0.1

abig=0.5

nuy=1.0
pi=3.1415926585

pi2inv=.5/pi

OPEN(7,FILE="pcpan_out.txt")
write(*,*) ' input Ista (starting point of cavity)'
read(*,*)Ista
write(*,*) ' input alpha in degrees'
read(*,*)alpha

write(*,*) ' input sigma (cavitation number)'

read(*,*)sigma

write(*,*)"Ista =", Ista
write(*,*)"alpha=",alpha

gc=sqrt(1.0+sigma)
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write(*,*)"sigma=",sigma,"~qc=",qc
pause

if (alpha.gt.90) go to 200

cosalf=cos(alpha*pi/180.)
sinalf=sin(alpha*pi/180.)
pause
call input_body pcpan2
x1=0.1
x2=0.9
xx=rtbis(func2,x1,x2,0.001)
write(*,*)"xx=",xx
pause'call func2'
ff=func2(xx)
write(*,*) "xx=",xx," ff="ff
pause "Update Sc2"
call update_sc2
pause 'Begin tinh_phisc'
call tinh_phisc
call veldis_pcpan
call fandm
200 stop

end
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PHU LUC 3

CAC CHUC NANG CO BAN VA THONG SO CUA
MOQT SO HE THONG THI NGHIEM VE XAM THUC
TREN THE GIO|
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CAC CHUC NANG CO BAN VA THONG SO CUA MOT SO
HE THONG THi NGHIEM VE XAM THUC TREN THE GIOlI

1. H¢ thong thi nghiém ciia Marintek (Na Uy)
Marintek I chi nhanh cua tap doan SINTEF thudc Na Uy. Hé thong thi

nghiém mo ta theo hinh 1.

Hinh 1. Hinh anh hé thong thi nghiém cta Marintek

Hé théng thi nghiém c6 céc théng sb chinh nhu sau:
- Chiéu cao giira duong tam 12 10 (m);

- Do rong gitra duong tam la 22,22 (m);

- Ty 1€ khu vyc thu nh¢ la 6,25;

- Buong kinh khu vuc hoat dong la 1,2 (m);

- Chiéu dai khu vuc hoat dong la 2,08 (m);

- Kiéu hoat dong 1a dong kin trong pham vi hep;

- Van téc cyc dai cua dong chay 1a 18 (m/s);

- S vong quay cuc dai caa banh cong tac 12 3000 (v/ph);
- COng suat cia dong co 1a 50 (KW);

- Ap suat hoat dong cuc dai 1a 6 (atm);

- Ap suét hoat dong cuc tiéu 12 0,1 - 0,2 (atm);
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- Cong suat dong co banh cong tac 1a 1150 (KW).
Heé théng thi nghiém 6 c4c chirc ning co ban sau:

- Do cac phan bd ap sudt trén chan vit, banh l4i tau thuiy;

- Do phén b trudng van tc dong chay tuong tac banh lai tau thiy;

- Quan sat hién tugng xam thyc, hi¢n tugng an mon xam thuc;
- Po tiéng 0n;

- Po 6 thanh phan lyc.

Cavitation Tunnel

Hinh 2. So d6 hé thdng thi nghiém xam thyuc caa Marintek

2. Hé thong thi nghiém ciia Truong Pai hoc K§ thuat Cong nghé Sharif

(Cong hoa Hbi gido Iran)

Hinh 3 mo ta hé thong thi nghiém cua Trudong Pai hoc K§¥ thuat Cong

nghé Sharif.
Céc thong s chinh cua hé thdng thi nghiém:
- Kich thudc cua khoang kiém tra:
Chiéu dai 1a 3200 (mm);
Chiéu rong 1a 650 (mm);
Chiéu sau 12 350 (mm).
- Ty sb co 12 2.54:1;
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- Van tc 16n nhat qua khoang kiém tra la 3.6 (m/s);
- Dai &p suat sir dung 1a 200-2000 (Pa), (theo &p suat tuyét dbi):
- Khoang canh gitra hai duong tam theo phuong ngang 1a 1482 (mm);

- Khoang canh gitra hai duong tam theo phuong ding la 4890 (mm).

-

Hinh 3. Hé thng thi nghiém nghién ctru xam thuc
tai Truong Pai hoc Ky thuat Cong ngh¢ Sharif

H¢ théng nay co cac chtrc nang: Thuc hi¢n nhiéu bai toan thi nghi¢m,
trong nhiéu diéu kién khac nhau, chang han: Xam thyc trén canh dan, banh
lai, chan vit tau thiy, su twong tac chan vit - banh lai tau thuys,...
3. H¢ thong thi nghiém ciia hang Hyundai (Han Qudc)

Hinh 4 mo ta tong quan hé thong thi nghiém cuia hang Hyundai Han
Quéc, voi cac théng sb co ban md ta theo bang 1.

Bang 1. Cac thong sb co ban cuia hé théng thi nghiém

Thong so co ban Budng 1 Budng 2
Kich thuéc budng kiém tra (m) 6x1,2x1,2 12x3x14
Van toc 16n nhat (m/s) 28 12
buong kinh chan vit (mm) 200-350 150-350
Téc do quay chan vit (rpm) 65 65
S6 xam thuc nho nhét 0.04 0.04
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Hinh 4. H¢ thong thi nghiém nghién ctru xam thyc cta hing Hyundai

Chtrc ning co ban cta hé thong:

- o van tdc doc tryc (van tdc trung binh tai mat chuyén tiép);
- Su twong tac chan vit va banh 141 tau thay,

- Phan bd ap suét, van tc,...

- Quan sat xam thuc;

- Po su dao dong ap suat;

- Kiém tra an mon xam thuec,. ..

Nguyén tic hoat dong cua hé thong nay dugc mé ta theo hinh 5.

% 25,5m

l.’

i ‘
[f- ‘ — s
M

Hinh 5. So b nguyén ly hoat dong hé théng thi nghiém cua hing Hyundai
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Mot s6 két qua nghién ctu thuc nghiém chinh vé hién tugng xam thuc

cta hé théng md ta theo hinh 6.

Hinh 6. Mot s6 két qua véi hé thdng thi nghiém xam thuc caa Hyundai
4. Hé thong thi nghiém ciia hing CTO S.A (Cong hoa Ba Lan)

Céc thdng s chinh cua hé thdng nay Ia:

- Kich thuéc budng lam viéc 14 3 x 0,8 x 0,8;

- Van téc 16n nhat 1a 20 (m/s);

- Dai &p suat 1a 3 - 400 (kPa).

¥

K-

= “| ‘1,

o »
‘;’- p ) v | » e
“\ ' W :
oy i Ve

Hinh 7. Hé thong thi nghiém cua hing STO S.A

D3 ¢ 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.
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Hinh 8. Két qua dién hinh ghi lai hinh anh xam thuc trén canh chan vit

5. Hé thong thi nghiém tai Potsdam Model Basin (Lién bang Piic)
Hinh anh hé thdng va so d6 nguyén 1y duoc thé hién qua hinh 9.
Céc thdng s chinh cua hé thong:

- Loai: K15AC (Kempf & Remmers, Hamburg);

- Banh c6ng tac: 100kW; 360 min™; Di = 1078 mm;
- Kich thuéc budng thu:

test 1 1a 600 x 600 mm; test 2 1a 850 x 850 mm;

- Van tdc 16n nhat 13 12 m/s;

- Ap suét tir -0,93 bar dén 1,2 bar (theo &p suét du).
Cac chirc nang co ban cua hé théng:

- Kiém tra truong dong chan vit;

- Kiém tra xam thuc, &n mon xam thuc;

- Po céac xung ap va tiéng on;

- Po van téc bang éng Pitot va LDV;

- Po xung luc va moémen cling nhu lyc van trén tieng canh,...
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Hinh 9. Hé thong thi nghiém tai Potsdam Model Basin

Céc chirc niang co ban ctia 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 6ng Pitot va LDV;

- Po xung lyc va momen ciing nhu lyc van trén tirng canh,...
6. Hé thong thi nghiém cia hang Carderock Division

Pay 1a hé thong thi nghiém khép kin c6 cac dic diém nhu: Gia tri van
téc, ap suat dugc diéu chinh, c6 thé thay d6i hinh dang cua ving kiém tra va
su dung bom hudng truc 4 canh (hinh 10).

Céc thdng s chinh cua hé thong la:

- C6ng suat tong 1a 2610 (kW) ;

- Van toc 1on nhat 14 25,7 (m/s) ;

- Ap suét I6n nhat 1a 414 (kPa) ;

- Ap suat nho nhat |a 14 (kPa) ;

- S xam thyuc nho nhét 14 0.034.

Chtic ning chinh cta hé théng: Hé théng nay c6 thé thuc hién thuc

nghiém, kiém tra do dac xam thuc va tham sb khac, c6 thé ké dén: M6 mem
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can; Do doc cua dong; Bat dau xam thuc; Luc day; Tiéng dn; Truong phan b

dong chay; An mon; Luc doc truc 6 bi; Phan bd ap suit,...

Hinh 10. Hé thng thi nghiém xam thuc cua hang Carderock Division

So db nguyén ly ciu tao cua hé thdng md ta theo hinh 11.
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Hinh 11. So d6 hé thong thi nghiém xam thuc caa hang Carderock Division
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Tom lai: Viéc nghién ctru tong hop nhiéu hé thdng thi nghiém vé xam
thuc noi chung va xam thyc trén banh 141, chan vit tau thuy noéi riéng, cling
nhu nhiéu van dé thi nghi¢ém lién quan khac, da duoc tién hanh trén céc
truong dai hoc, vién nghién ctru 16n cua nhiéu nudc trén thé gigl. Tu do cod
nhan xét rang;

- Cac phong thi nghiém dugc dau tu quy mé, cong sudt 10n, trang thiét
bi kém theo hién dai;

- Két qua quan sat, do dac thé hién cu thé vé van dé nghién curu;

- HE théng dugc bd tri dang dong chay kin va tuan hoan, thuan tién cho
vigc tao dai ap suét phuc vu qua trinh nghién ctru, chua ké dén van dé anh
huong cua mat thoang,...

Tai Viét Nam, hién nay nghién ctru sinh chua tim thay c6 Truong dai
hoc, co s& dao tao, vién nghién ctu, tdp doan dong tau,... ¢ phong thi
nghiém chuyén nganh dé nghién ctru thi nghiém chuyén sau vé xam thuc.

RO rang, ¢ trong nudc viéc trién khai hé thong thi nghiém chuyén sau
hoan toan giong nhu trén con gip nhiéu khé khin vi mot s6 nguyén nhan khac

nhau.
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PHU LUC 4

HO SO THIET KE, CHE TAO VA BAN VE CO BAN
LIEN QUAN CUA HE THONG THI NGHIEM

Ho so' gom:

1. So do nguyén ly hoat dong cua hé thong thi nghiém

2. Ban vé thiét ké bé thir ciia hé théng thi nghiém

3. Ban vé thiét ké phan dan dong caa hé thdng thi nghiém
4. Ban vé thiét ké t6 hop gia d& caa hé théng thi nghiém

5. Ban v& thiét ké banh 1ai cua hé thong thi nghiém (thiét ké va ché tao theo
tiéu chuan déng dang véi tau M/V TAN CANG FOUNDATION)

6. Ban vé thiét ké chan vit cua hé thong thi nghiém (thiét ké va ché tao theo
tiéu chuan déng dang véi tau M/V TAN CANG FOUNDATION)

Cha y: Céc thiét bi, t6 hop thiét bi khac duoc thiét ké, ché tao va bb tri trén he

théng duwoc md ta trong luan an.
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PHU LUC 5

GIAY TO LIEN QUAN PEN NGHIEN CUU
THU'C PIA TUYEN LUONG HANG HAI HAI PHONG
VA TAI NHA MAY SHIP MARINE SAI GON

1. Giay gioi thiéu sé6 68/GGT ngay 06/12/2015 cua Hiéu truéng Trudng
Dbai hoc Hang hai Viét Nam gui Ban chi huy tau M/V TAN CANG
FOUNDATION.

2. Giay xac nhan khao sét thuc dia cua Thuyén truong tau M/V TAN
CANG FOUNDATION, ngay 08/12/2015 khi tau nam tai cang.

3. Giay xac nhan nghién cau thyc dia, di truc tiép trén tau khi hanh trinh
trén tuyén ludng hang hai Hai Phong caa Thuyén truong tau M/V TAN
CANG FOUNDATION, ngay 18/12/2015.

4. Giay gioi thiéu s6 74/GGT ngay 25/4/2016 cua Hiéu trudong Truong
Pai hoc Hang hai Viét Nam gui Ban chi huy tau M/V TAN CANG
FOUNDATION.

5. Giay xac nhan khao sat thuc té cua Thuyén truong 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.

6. Gidy gi6i thiéu s6 89/GGT ngay 05/7/2017 cua Hiéu truéng Trudng
Pai hoc Hang hai Viét Nam gui Ban chi huy tau M/V TAN CANG
FOUNDATION.

7. Gidy xac nhan nghién cau thuc dia trén tuyén ludng hang hai Hai
Phong, dé kiém chang két qua nghién ctu cua dé tai luan an va cac van
dé nghién ctu lién quan doThuyén truong tu M/V TAN CANG
FOUNDATION ky ngay 15/7/2017.
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PHU LUC 6

QUYET PINH THANH LAP HOI PONG VA BIEN BAN HQP
HOI PONG KHOA HQC CHUYEN NGANH PE PANH GIA
HE THONG THI NGHIEM CUA CAC CAP

1. Quyét dinh s6 3468/QD-BGTVT ngay 07/11/2016 cua Bo truong Bo
Giao thong van tai vé viéc phé duyét danh muc dé tai, co quan chu tri va
ca nhan cha nhiém dé tai KHCN cap Bo nam 2017, trong do:

- Pé tai: “Nghién cizu thiét ké va ché tqo thir nghiém hé thong danh gid
tdc déng cua té hop chan vit - bdnh ldi dén ddc tinh diéu khién hudng
chuyén dgng tau thay”, ma s6: DT 174003;

- Pé tai: “Xay dung chwong trinh tinh todn mé phong va thir nghiém mét
S6 nguyén nhdn co ban ddn dén tai ngn hang hdi trén tuyén luéng Sai
GOn phuc vu céng tdc dao tao va hudn luyén thuyén vién”, DT 174030.

2. Quyét dinh s61482/QD-DHHHVN-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 thdng danh gia
tac dong cua té hop chan vit - banh lai tau thuy”.

3. Bién ban hop cua Hoi dong Khoa hoc chuyén nganh, ngay 17/8/2017, xac
nhan cua Truong Pai hoc Hang hai Viét Nam.

4. Céac Quyét dinh cua Bo truong Bo Giao thong van tai vé viéc Thanh lap
Hoi ddng Khoa hoc Cong nghé cap Bo GTVT dé danh gia nghiém thu
cac dé tai khoa hoc va cong nghé néu trén.

5. Bién ban hop caa Hoi ddng nghiém thu khoa hoc cdng nghé cap Bo cua
02 dé tai néu trén.

6. Giay chung nhan giai Nhat theo tiéu chuan cao nhat 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 ca Chau A (AMFUF), nam 2017,
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