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Chuong 1

TAU NHIEU THAN

Thudng gip trong thuc té tau hai than c6 tén goi catamaran va tau ba than, trimaran. Hinh anh
d& nhan biét tau nhiéu than trinh bay tai hinh 1.1. Tau hai than c6 kich thudc trai trong pham vi rong.
Tau c& nho chiéu dai chi khoang 5 m, tu c& 16n dai hon trim mét. Tau 3 than thong thuong co kich
thudc 16n hon, tiy thudc cong dung. Thuyén thé thao 3 than, cac than dai gan nhu nhau, dit cich nhau
khau d6 du 16n. Tau 3 than, anh phia phai hang dudi hinh 1.1 véi phan than giita dai, rong, hai than
con lai chidu dai ngén hon chimg 50% chiéu dai than giira, chiéu rong nho hon.

Hinh 1.1 Tau 2 than (dong trén) va 3 than (dong
duwoi)



Hinh 1.2 Tau catamaran thé thao, du lich

Tau hai than va tau ba than da s dung c6 két qua tir rat lau. Thoi xa xua xudng hai than ma
ngay nay chung ta goi catamaran da dugce dung phd bién tai cac dao trén Thai Binh Duong va An Do
Duong. Tho dan cac dao An Do Duong goi day 1a Katu Maram, con trong ngdén ngtt Ma Lai thuyén
dang nay dugc goi Kattamaram. Kiéu thuyén ndy co tir trude cong nguyén. Phuong tién van tai nay
phat trién sang chau Au tir thé ky XVII - XIX. Tau hai than hién dai bat ngudn tir chau Au, khoang dau
nhirmg nim sau muoi. Tau vo hop kim nhom dai 35 mm d3 ra doi trong nhitng ndm d6. Tau hai than thé
hé méi v6i nhimng cai bién nhat dinh ra doi tir nhitng nim bay muoi ciing tir chau Au.

Pac tinh ndi troi tau hai than 1a strc can séng nho hon so véi véi tau mot than cung luong chiém
nuac, tinh 6n dinh tau “cai thién” nhiéu hon so v4i tau mot than nho chiéu rong toan tau rét 16n. Uu
viét tiép theo dé tau kiéu nay duoc chuéng la tinh ém cua tau trong rat nhiéu truong hop. tot hon tau
mdt than. Nhing vu diém dang néu thé hién trong nhiing trudng hop cu thé, diéu kién cuy thé.

Tir nhitng ndm bay muoi nhiéu nude chau Au di phat trién dang méi tau catamaran c6 tén goi
wave-piercing catamaran. Dic tinh ndi troi tau kiéu moi 1a than tau c6 kha ning cét song, hay néi cach
khac 13 cho phép han ché song phat sinh tir than tau luc chay. Nhin tir bén ngoai, tau nhom nay thay
d6i hinh dang va két cau hai than, dic biét 1a phan trudc than tau. Mii tau, trong truong hop nay 2 mili
tau, nhu nhitng thiét bi cit séng nho hin vé trudc. Thiét bj nay co chirc ning giam viée tao song quanh
tau lac chay, han ché bién d6 song va qua trinh lan toa song doc than tau. Trong mét nghia géan véi ly
thuyét tau day 1a dang “waveless form” duoc cac nha nghién ctru tré dé xuét trong nhirng nam cudi thé
ky XX. Nh¢ dic tinh nay stc can song tau hai than doi méi giam déng ké, van toc cac tau thé hé nay
tang cao. Cudi thé ky XX di c6 nhimng tau hai than chd khach dai trén 100 m, sttc chd dén 1300 - 1400
nguoi, khai thac ¢ van tbe xép xi 45 Hl/h.

Nhitng tau thudc nhém wae-piercing trinh bay tai cac hinh tiép theo



Hinh 1.3 Tau nhom wave-piercing catamaran Hinh 1.4 Sea-Cat

Dé ¥ rang hinh dang tau wave-piercing rat da dang. Rat nhiéu tau duogc thiét ké gan gidng tau
ba than, déi Xung qua mat cit doc giit tau. Phan than gitra kich thudce 16n, thuong thuge duong hinh
deep V, rit giong day tau planning. Day tau phan nay nam cao trén mit nudc tinh. Hai phao c6 dang
thoat nudc. Két ciu dang nay tao diéu kién cho tau chay nhanh nhd giam strc can song, tinh ém thoa
min yéu cau sir dung. Nhom tau chay nhanh cta Hai quan USA dang thiét ké theo kiéu nay.

Hinh 1.5 Tau HSV hai quan USA



Tiép sau nhom wave-piercing nhitng nha thiét ké dé xuat catamaran véi hinh dang phan chim
cai tién nham gidm bién do ca cuong dd song, lam cho tau catamaran than thién voi méi truong. Tau
v6i dic tinh ndy thude nhom low-wash hay con goi low-wave catamaran.

Tau SWATH viét tit tir Small Water-Plane Area Twin Hull c6 gbc tir tau hai than, dién tich
duodng nudc nhé duge quan tam phat trién thoi gian gan. So voi tau hai than kiéu kinh dién

F — "

lf,’ ———rre——— ﬂlﬁu_ 5
| ‘J,"_ '

CHR ) |

Catamaran SWATH

Tau hai than trén canh duoc phat rién tir nhitmg nim tim muoi. Ngay nay tau dugc thiét ké va
ché tao dudi hai dang: hydrofoil catamaran va foil-assisted catamaran. Ching ta sé ban vé nhom nay
chuong sau cua sach.

Hinh 1.7 Tau hai than trén cdanh, thiét ké Nam Phi



Nhitng tng dung cua tau nhiéu than tém tit nhu sau:

Tau du lich: tau catamaran du lich thudng c6 strc chd tir vai chuc ngudi dén vai trim nguoi. Tau
du lich hai than ngay nay co strc chd 1500 khach dang hoat dong c6 hiéu qua. Nhing tau nay khai
thac & van toc khé 1on, thong thuong 25 — 30 Hl/h. Mot s6 trong d6 da dat van toc 45 — 50 Hl/h.

Hinh 1.8 Tdu du lich kiéu catamaran
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Hinh 1.9 Catamaran du lich “Povl Anker”

Hinh 1.10 Tdu cao téc HSS
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Tau thudc seri HSS Discovery thudc Stena Line xuét xt tir Finland. Kich thuéc chinh cta tau
cho khac — du lich dang qui nay: LxBxd = 126,6 x 40 x 4,8 (m). Stc ch¢ cua catamaran: 1500 khach,
375 xe. Dung tich dang ky: GT/NT la 19638/5891. Cong suat cac may 78.000 kW. Van toc khai théac
40 Hl/h.

Tau cho khach: Tau catamaran chd khach mot thoi dugc wa chudng tai nhiéu nude. SO khach
trén tau nhom nay thay doi giéi han rong. Nhimg tau ¢& nho chd chi khoang 10 khach, tau ¢& 16n da
chd dén 700 khach. Thuc té khai thac tau hai than chd khach dudng séng trong nhitng nim bay muoi
tai Nga cho thiy rang, tau lam viéc on dinh, tinh ém cua tiu thoa man nhimng yéu cau sir dung, léc
ngang cua tau khong qua 4 — 5 dg. Khi tau c6 strc chd khach nhu nhau, so véi tau mét than truyén
thong tau hai than co6 luong chiém nuoc chi khoang 55- 60%, theo do cong suat may can thiét cho tau
cd 4y giam 30% néu so véi tau truyén théng cing van tc. Theo sach bao cua Nga, wu viét tau khach
hai than con thé hién ¢ nhiing khia canh khac: mén nudc tau giam nhd luong chiém nude giam dang
ké, tinh quay tro t6t vv. ..
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Hinh 1.11 Tau khach “Omowvix”

_ Hinh 1.6 trinh bay tau ch¢ khach “Omowbix” mot thoi noi tiéng & Nga. B6 tri ciia tau nhu sau: 1
— budng may, 2 — phong khéach 183 nguoi, 3 — phong ngoan canh, 4 — phong khach 69 nguoi, 5 — phong
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khach 68 ngu,:(‘yi, 6,7 - khu vuc giai tri cua khach, 8 — buéng accun}ulators, 9— buéng Rhét thanh, 10 —
kios, 11 — budng thuyén vién, 12 — thang may, 13 — bar, 14 —nha bép, 15 — kho thyc pham.

Hinh 1.13 Tau khdch kiéu catamaran

j— i

12



Hinh 1.15 Tau khdch hai than chay tuyén Bé Son — Cat Ba

Can néu thém tau khach hai than vo hop kim nhom ky hiéu ST180, thiét ké va ché tao thanh
cong my man trong nudc, theo nhu gidi thiéu cua ngudi thiét ké va nha ché tao. Theo thong bao chinh
thirc nha san xuat tau dai 33,3 m; rong 9,3 m; mon nude 1,4 m; strc cho 236 nguoi; cong suat may
2x2366HP; van toc 32 HI/h, cudi nam 2004 di dugc dua vao st dung trén tuyén duong bién Rach Gia
— Phu Quéc. Chu tau dit tén “Hai Au” cho tau, xem anh dudi ddy. Luc nay nhimg nguoi co trach
nhiém diéu chinh van toc tau con 28 Hl/h. Chi khai thac thoi gian ngan, vi chi phi khai thac tau 16n, kha
ning hoa vo6n khong thiy nén chii tau da phai rao ban. Theo tuong thuat cac bao, “Hai Au tirc 1a
ST180” luc quyét toan 50 ty dong, khi rao ban chu tau ra gia 42 ty. Mirc gia mot khach hang tra chi
dimg & mucl6 ty dong.

Hinh 1.15 Catamaran vé hop kim nhém ST180 - tau khach “Hai Au”
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Tau tuan tra: Tau hai than 1am chirc ning tau tudn tra xuat hién mudn hon so véi cac tmg dung
khac. Tau tudn tra thiét ké véi van toc trén 30 Hl/h. Kiéu tau dugc chudng ngay nay 1a tau hai than trén
canh (hydrofoil catamaran). Mot trong nhimng tau do hing Boeing san xuét “Jetfoil” dai 27,4m, rong 9,5
m, c6 van tbc khai thac 42 HI/h.. Tau hai than trén canh phd bién trong tng dung quén sy va déan sy 1a
“Foilcat” dai 35 m, rong 12 m, phat huy van tdc 45 Hl/h.

Fa" it ewille = Ware Flerclagy Ealamaias

Hinh 1.16 Boeing JetFoil

Tau déanh cd hai than, 1am tir thép dong tau da ra doi va trai qua thtr nghiém thyc té. Tinh 6n
dinh tau dau tién duoc coi la rat ddm bdo. Tinh ém phu hop diéu ki¢n lam viéc cua doan thuy tha. San
cong tac cua tau rat rong, tién cho khai thac, bao quan san pham. Tuy tinh nang k¥ thuat dugc dé cao
song sO lugng tau kiéu nay khong cao.
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Hinh 1.18 Tau ca hai than “Experiment”
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Hinh 1.19 B6 tri chung tau “Experiment”

1 — xudng ché bién c4, 2 — budng may, 3 — may kéo toi, 4 — budng didu khién tau, 5 — phong an, 6 — phong may, 7
— budng may 14i, 8 - 1am mat, 9 — budng may tau, 10 — phong may phuy, 11 - budng lanh, 12 — ham c4, 13 — may moc co
khi, 14 — kho son, 15 —kho san phim chéng hong, 16 — d9ie62u2 khién trung tim, 17 - phong cac thiét bi do thuy am, 18
— thruster, 19 — him cép dong , 20 — lab, 21 —lab, 23 — diéu hoa trung tam, 24 — nha bép

16



Hinh 1.20 Tadu cd kiéu catamaran

Tau dich vu dau khi

Tau hai than tham gia vao dich vu dau khi béng cé’c kiéu té}u: tau cung L'rng dich vu, xem hinh
phia phai dong trén hinh 1.21. Tau supply trong anh thict ké cho ché d¢ khai thac dén 30 Hl/h.

[ ] E = ¥
L] 5 -

Hinh 1.21 Tau dich vu dau khi

Dong thtr hai cta hinh 1.21 gidi thiéu gian khoan di dong catamaran tuong tu gian semi-
submersible.

17



Can cdu ning
Can cau Svanen sirc nang 8700t do Netherlands san xuét.
Loa=102,8m; B=71,8m; b=244m;D=6m; d=4,5m.

| I
- 'H-"_I' I S

Hinh 1.23 Can cau kiéu catamaran “Ispolin”
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Can ciu ndi dang catamaran san xuét tai Lién X6 trudc day.

Loa=148,7 m; Lw.= 130 m; B=50m; D =12 m; d = 4,35 m. Deadweight 3900 t.
Téu ty hanh, van toc 11 Hl/h.

Strc nang cau: 2 x 6000 kN.

19



Chuong 2

THIET KE TAU NHIEU THAN

2.1. Thiét ké tau catamaran

Tau hai than kiéu kinh dién gom hai than manh, dat cach nhau khoang cach thich hop. Duong
hinh than tau thudc dang “vo dua” hodc tau day phang gap chir V.

Kich thudc chinh catamaran hiéu nhu sau ddy, hinh 2.1.
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Hinh 2.1 Kich thuéc tai mdt cdt ngang tau 2 than

Chiéu dai tau ky hiéu L, gdbm L,, — chiéu dai toan bg, Ly, — chiéu dai gitra 2 tru, Ly — chiéu dai
duong nudc thiét ke.

Ky hiéu ghi tai hinh 2.1 hiéu 1a: B — chiéu rong tau, b — chiéu rong than tau, St — khoang cach
gitrta hai vach trong cua tau (clear distance between inside hull surfaces), Sc — khoang cach gitra hai
than (hull separation). Hg - chiéu cao cau, Hr — chiéu cao tir duong nudc thiét ké dén day cta cau tau.

DPuong hinh ¢o thé ding thiét ké tau hai than, dang than ddi xtng tim thay tai tai liéu “Thiét ké
tau cd nho chay nhanh”, NXB Dai hoc qudc gia thanh pho H6 Chi Minh.

Pudng hinh v6 tau co thé ddi xting qua mit cét doc giira tau hodc khong d6i xtimg. Thén tau co
thé thudc mdt trong cac dang néu tai hinh

mm

i|l

Hinh 2.2 Duong hinh tau nhiéu than

20



Nhitng dudng hinh c6 mit trén cac tau thuc t& ¢ thé nhu sau:

Hinh 2.3 DPwong hinh d0a85c¢ trung tau hai than
Chon kich thuéc chinh catamaran theo dd thi tai cac hinh 2.4 dén 2.5

21
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Hinh 2.5¢
Chon ty 1& b/T hop 1y nham giam stic can vo tau.
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Hinh 2.6
Chiéu chim T ctia tau can ctr vao yéu cau bo tri chan vit tau dé xac dinh.

Ty 18 b/T c6 anh huong nhét dinh dén sirc can vo tau, can can nhic trude khi xac dinh gia tri
chinh thirc.
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Hé sb béo than tau nim trong pham vi 0,45 dén 0,55.

Goc 1& nude tai dudng nudc thiét ké cb ging cang nho cang c6 loi khi tinh stc can tau. Tau
chay nhanh van toc dén 40 Hl/h, kich c& 16n nén chon goc ré nudc khoang 3° dén 5°. Tau c¢d nho, van
toc khong 16m nén chon goc nay trong pham vi 10° dén 12°.

Nhiing tau c6 thé tham khao khi thiét ké tau kiéu kinh dién:

Théng sé chinh Austal InCat Westmaran Delphin
Chiéu dai, m 40 70,4 42,23 82,3
Chiéu rong, m 11,5 19,5 10, 23
Chiéu chim, m 1,4 2,15 1,6 2,5
Chiéu cao, m 5,65 6,5
Cong sudt may, kW 4000 21240 4000 24000
Luong chiém nuéc, t 650 1100
Van toc, Hl/h 32 45 35 37,5
Khach, nguoi 338 294 230 600

Xe 53 175

B6 tri chung tau catamaran ché khach

T

Hinh 2.7 Catamaran “Villum Clausen” anh chup nam 2004
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Catamaran “Villum Clausen” ha thuy tor nam 2000. Tau c6 kha nang cho 1055 khach. Van tdc khai
thac xap xi 48 Hl/h.

cHES TEETE AN T AT ANNE T

SO g JC_JC_J

Hinh 2.8 Bé tri chung “Villum Clausen”
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Hinh 2.9 B6 tri chung tau du lich hai théan sir dung waterjet
Tau kiéu weave-piercing

Tau nhom nay thiét ké dé lam viéc & mién van tc cao. Tlia gdm hai than manh va dai, chiéu
cao man kho thap & mtrc gidi han. Luc n6i phan miii tdu phdi nho. Mii tau c6 hinh dang thich hgp
vi€c cat song va han ché song lan téa quanh than. Véi tinh nang d6 strc can tau c6 thé giam, lac doc tau
nhe nhang hon, gia toc lac nhé hon so véi tau ki€u kinh dién. Tau nhoém nay phat trién tr dau nhiing
nam tdm muoi, ngay nay dang tiép tuc phat trien.

Nhiing tau tiéu biéu nhu sau:

Thong sd InCat AMD 1500 Gold Coast
Chiéu dai, m 77,5 99,87 31,7

Chiéu rong, m 26 20 9,8

Chiéu chim, m 3.4 3,10 1,35

Chiéu cao, m 7,2 12,6

Cong suat may, kW 17280 18960 2600
Luong chiém nudc, t 785 2200 61,1

Van téc, Hl/h 35 30 35

Khach, nguoi 600 460 35

Xe 150 94

26



Hinh 2.10 Wave-piercing catamaran ho INCAT

Thiét ké tau hai than dang it song

Nhom tau than thién hon véi méi truong, gay song nhé dugc goi bang thuat ngit méi hinh thanh
low-wash, con hicu la low-wave. Tau véi duong hinh tao séng nho dugc dung phd bien trong van tai
khach duong song hodc tuyén duong ven bién gan va kin. Puong hinh tau nhom nay thudc kiu “vo
dua”. Than tau dai, ty 1¢ L/B 16n hon céc tau khac nhom. Song tao ra doc tau c6 bién do nho.

Nhitng nghién ciru 1y thuyét tau vawe-piercing dua lai nhiing két qua sau:

TP YW
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Hinh 2.11 M6 hinh tau nghién ciru
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Hinh 2.12 Két qud nghién ciru cdt séng, giam séng cua tau low-wash

27



Nhitng tau tiéu biéu nhu sau:

Thong sd FBM Transcat NQEA
Chiéu dai, m 23 44 35
Chiéu rong, m 5,7 11,8 10,5
Chiéu chim, m 0,75 1,4 1,35
Cong suat may, kW 500 1900 750
Van téc, Hl/h 25 25 24
Khach, ngudi 62 496 200

Hinh 2.13 Low-Wash Catamaran chay song

Hinh 2.14 Low-Was Cat “Bermuda”

Phan tiép giéi thiéu tau hai than ¢& nho 16p low wash.

Chiéu dai toan bd Loa 252m
Chiéu dai duong nudc thiét ké Lw. 248m
Chiéurong B 8,0 m
Chiéu chim d 1,0 m

May chinh : 2 x Yanmar 6LY2ASTP 440 HP
Hop giam toc: 2 x ZF IRM350

Chan vit: 5 canh, duong kinh D = 28”

Van téc toi da 24 Hl/h; Van toc khai thac 21 Hl/h

28



Hinh 2.15a Tau low-wash dai 25 m

Hinh 2.15b Low wash catamaran chay song dai 24 m

29



2.2 Thiét ké tau hai than dwong nwéc nhé SWATH

Nhom tau duong nude nho chia 1a hai phan nhém, tiu SWATH (viét tit tir cum tir small
waterplane area twin hull) ding nghia va tau nira SWATH (semi-SWATH). Dién tich duong nudc tau
nho la bién phap han ché anh huong mat thoang vung nude dén chuyén dong tau. Nho' giam bot dién
tich mat cdt than tau véi mat thoang ching ta c6 thé han ché bién d9, gia toc chong chanh tau, giam

surc can soOng cua tau.

i

Jpo [T

I

f SEMI-SWATH

o

Hinh 2.16 Tau kieu SWATH va semi-SWATH
Tau SWATH dung rong rii trong van chuyén hanh khéch va trong cac muc dich quan sy

Thong sd SSC 40 | Atlantic Navatek Cloud Diamond

Chiéu dai, m 44 37 44 37 115,8

Chiéu rong, m 16 13 16 18 32

Chiéu chim, m 3,5 2,7 2,5 3,4 8,0

Cong sudt may, kW | 8000 4100 2000 5700 11300

Luong chiém nudc, t 180 340

Van toc, Hl/h 30,6 31,7 18 30 12,5

Khach, nguoi 410 400 440 365 354

Xe

Thong sb Kotozang | Kayo Suave Uno | Halcyon | Tagos-19

Nam ché tao 12/1980 | 10/1984 1981 4/1981 9/1991

Chiéu dai toan bo, m | 27,0 61,5 19,2 18,3 71,5

Chiéu dai thiét ké, m | 25,0 53,0 16,8

Chiéu rong, m 12,5 28,0 9,1 9,2 28,5

Chiéu chim, m 3,2 6,3 2,13 2,3 7,6

Cong suat may, PS 2x1900 | 4x1360 2x425 4x1000
kW kW

Luong chiém nudc, t | 236 3500 53 57 3396
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Van tée, Hl/h 20,5 13,2 14 22 16
. . 29crew+ 40 20+3crew 22crew+5
KhaCh, ngHOI nha nghlén nha nghlén
ciu ciru

Hinh 2.17 Ché tao tau SWATH

Tau semi-SWATH c6 déc tinh pha tron: nura tau phén mii la tau SWATH, nura sau la tau catamaran
kleu kinh dién. Su két hop nay mang lai nhiing uu diém dugc thyc té kiém nghiém 1a tinh ém ciia tau
gidng tau SWATH con tinh di chuyen tlrc strc can va cong suat may doi hoi khong cao. Thong thuong
cac tau nay s dung hé thong thiét bi diy may phut nudc (waterjet).

Nhiing tiu semi-SWATH tiéu biéu nhu sau:

Thong 5O HSS1500 Sten HS 900 Sealet 250
Chiéu dai, m 124 88 76
Chiéu rong, m 40 28 23
Chiéu chim, m 4,5 3,7 3,4
Chiéu cao, m 13 12,6 8,05
Cong suit may, kW 70000 34000 30000
Luong chiém nudc, t 4000 1650 890
Van téc, Hl/h 44 40 44
Khach, ngudi 1500 900 450
Xe 375 212 120
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Hinh 2.18
Nhing thiét ké tau SWATH tham khao
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Hinh 2.20

Hinh 2.21
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2.3 Tau hai than trén canh (hydrofoil catamaran)

So voi tau n01 tau trén canh gitp nguoi thlet ké giam 30% dén 40% sirc can than tau nho giam
thiéu dién tich mat tlep nuée. Dé 1am didu nay can thiét bd tri canh cho tau hai than. Hién ¢ 2 cach b
tri canh: (1) chi bd tri mot canh, hinh phia phai va (2) bd tri 2 canh, hinh phia trai. Chon profil canh,
b tri canh thich hop cho tau theo phwong an ldp 2 canh dé nghj ban doc xem chudng “tau trén canh”
trong sach “Thiét ké tau ¢& nho chay nhanh”, NXB DPHQG Tp HCM.

'.I:-III-I
.l'--r

ook B o

!

Hinh 2.22 B6 tri canh ngam cho catamaran

Tau lip chi 1 canh tao nhiéu kho khin cho ngudi thiét ké luc xac dinh vi tri dit canh. Can tinh
toan va can nhat, tich lliy kinh nghiém thiét ké dé chon dung vi tri dat canh trong quan h¢ véi vi tri tdm
ndi tau, trong tam tau.

Nhiing tau tiéu biéu nhu sau:

Thong sd RHS FoilCat
Chiéu dai, m 31,2 35
Chiéu rong, m 6,7 12
Chiéu chim, m 3,76 4,7
Cong suit may, kW 2800 8950
Van téc, Hl/h 34,5 45
Khéch, nguoi 240 400

Tau hydrofoil-assisted catamaran

Tau kiéu nay hoat dong theo nguyén ly, canh ngam tao luc nang du do tir 25% dén 90% trong luong
tau lc 1am viéc, phan con lai trong doi vao luc n6i than tau. Co thé hinh dung, khi chay voi
voa65nto61c cao toan bo phan trudc than tiu ndi han trén mit nudc nhd lyc nang ciia canh ngam, phan
lai tau chim trong nudc, xem cac anh dudi day. Co ché nay cho phép nguoi thiét ké b tri thiét bi day
tau tai phan than tau ludn nam trong nude.
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Thong sb H148 SF40

Chiéu dai, m 32 41

Chiéu rong, m 8,6 12,4

Chiéu chim, m 1,0 1,2

Cong suit may, kW 4x735 4x1740

May day Waterjet 450DD=DB  Waterjet 550DD=DB
Van téc, Hl/h 45 55

Khach, nguoi 200 330

Mot trong nhiing tau ¢& 16n ciia nhom, tau Patrico dai 72m thiét ké cho vén tdc tir 45 dén 57 H/h.

f—

Hinh 2.23 Hydrofoil-assisted catamaran
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Hinh 2.24 Tau SF40 dai 41m, siec cho 330 khach tai xuong

e,
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2.4 Tau ba than — trimaran

Tau 3 than thiét ké theo mé hinh déd qua thu nghiém. Than gitra ¢6 hinh dang gan voi tau mot
than, ty 1¢ giita chiéu dai va chiéu rong rat 16n. Hai than hai bén chiéu dai ngan. Ty 1¢ giita cac kich
thuoc than gitra va than bén canh tham khao tai bang sau:

Tén goi Than gitra Than bén
Chiéu dai duong nudc Ly, m | 150,0 60,0
Chiéu rong than, m 10,80 1,80
Chiéu chim, m 5,50 2,80
Lugng chiém nudc, t 4289 198, chiém 4,2% D toan bo
Hé s6 Cy 0,803
Hé s Cp 0,581
Kich thude chinh cua tau:
Chiéu dai toan bd Loa, m 160,0
Chiéu rong toan by , m 25,0
Chiéu cao , m 11,70
Luong chiém nudc 4685 t
Nhing tau ba than da duoc nghién ciru, thiét ké nhu sau:
ASW | OPV | carrier | Fast Ferry | Canada
Lugng chiém nudc, t 4200 | 514 | 16657 | 11300 1350
Loa ,m 154,7 | 78,8 |231,6 |105,0 120,0
B, m 27,5 | 13,7 |43.0 19,2 25,0
D, m 102 |85 23,6 8,5 8,0
Than chinh
LwL, m 148,7 | 76,8 ]220,0 99,0 115,0
Bwr, m 104 |42 14,5 6,8 6,5
d, m 52 34 |60 3.4 3.2
Than bén canh
LwL, m 36,0 28,0 |[820 35,0 30,0
Bwi, m 3,0 07 |40 1,5 2,0
d, m 3.6 2,1 6,5 2,0 1,5
Cong suat may chinh, MW | 24 4 70 20 20
Van toc 16n nhat, H/h 28 25 27 38 36
Thiét ké tham khéo

38




3 \
-3 Ay o ey
L™ G B BN % ‘
o ey B = B8R .00 B2
J=L _ ; g hﬁ 2
£y s = H H — i

SN
/
|
ﬂ/ [
i/
E \
t\)(‘ ]
ot
NS
5
7\
[N
K\
|

Hinh 2.26 Tau trimaran “Triton”
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Hinh 2.27 Tau trimaran trong thuc té
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Hinh 2.28 Ha thuy trimaran



2.5 Két cAu than tau

Than tau catamaran gdm cac phan chinh: (1) than tau (gdm 2 than, ddi xung qua mat cit doc
gilta tau) dam bao do bén dchung, tinh ndi tau va mang hé théng dong lyc cung thiét bi day tau, (2) cau
nbi dam bao d6 bén ngang than tau, (3) thuong tang, trong d6 bd tri toan bd ngudi di tau, doan thiy
tha.

Hinh 2.29 Mt cdt ngang tau hai thin
Trong luong tau khong ctia catamaran xac dinh so bd theo d6 thi hinh .
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Hinh 2.30 Xdc dinh trong lwong tau khong theo Lw,

Vat liéu lam tau
Vit lidu lam tau cao toc phai 1a vat liéu nhe. Két cAu tau 1am tir hop kim nhom trinh bay tiép

Thép dong tau

Thép 14 vat liéu thong dung lam tau. Trong ddi tau c¢& nho, chay nhanh thép van c6 chd dimg
tuy khong phai la vat liéu phé bién nhat. Thép dugc dung lam vo thudc nhom theép cac bon thong
thuodng, dé han. Theo phéan loai cua cac bang kiém, thép dong tau duoc phan thanh ndm cap (grade)
mang ky hiéu A, B, C, D va E. Ca nam cap déu c6 gidi han bén, do kéo dai twong ddi gan nhu nhau.
Thép cip D va E ngoai thir udn nhu cac cip khac con phai chiu thir va dap.

Do bén kéo cua thép dong tau vao khoang 400 — 500 MPa, gidi han chay khoang 220 — 250
MPa.
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Thép can dung déng tau chay nhanh phai thoa man cic yéu ciu sau ddy, theo qui dinh cta
nguoi Nhat va chiing ta dugc phép sur dung tai li€u do.

Cép thép Thir kéo
Gidi han chay Do bén kéo (N/mm?)
(N/mmz)
ABDE 235 400 — 490
A32 D32 E32 F32 315 440 — 590
A36 D36 E 36 F36 355 490 — 620
A 40 D40 E 40 F40 390 510 — 650

Thép d6 bén cao it duge st dung trong tau ¢& nho.

Holp kim nhém

Vit liéu truyén thong 1am tau c& nho, chay nhanh la hop kim nhom. Trén thi truong qudc té gia
vat ligu tir hop kim nhém cao hon 10 lan thép cung trong lugng. Trong lugng riéng cua nhém thyc ra
chi bang 35% trong luong riéng cua thép, do vay gla thanh tinh cho don vi thé tich vat liéu, gia hop
kim nhom chi cao hon thép 4 lan. Dleu ¢6 thé ndi, néu coi gi6i han bén cia hop kim nhém khong
cach xa nhiéu so véi thép thuong, ve mat ly thuyét co th@ tiét kiém 65% trong lugng vat liéu néu thay
thép bang nhoém. Trong thyc t& gidi han bén cua nhom thap hon thép do vay murc giam trong lugng toi
da khi thay thép bang nhdm chi khong dén 50%.

Hop kim nhém dung déng vo tau thuong chira mangan nhu chat bd sung chinh. Hop kim nay
chiu dugc tac dong cua nudc bién, trong khi d6 d6 bén ciia né kha cao. Theo phan loai dung tai UK
hop kim nhdm dung trong dong vo tau (marine aluminium alloys) dugc phan thanh 5 nhém chinh, ky
hiéu N4, N5, N6, N8 va H30, twong ung cach phan loai cua ISO la AIMg2, Al Mg3-5, Al Mg5, Al
Mg4-5 Mn va AlSiMgMn.

Pac tinh‘ co hoc hgp kim nhdm vira néu nhu sau: module dan hdi E = 69 GPa, module cit G =
25 GPa. Bo bén kéo nhom N4: 160 — 225 MPa, nhom NS8: 125 — 270 MPa, va cua H30: 120 — 240
MPa.

Theo cach phan loai cia Nga, hop kim nhém — mangan duoc ché tao theo cic ma AMg2, AMg3,
AMg6, AMg61 va cac ma khac'. Pic tinh co hoc cac tAim can tur hop kim nhom san xuét tai Nga dugc
xac dinh theo tiéu chuan nha nudc TOCT 261631, (GOST 261631). Theo tiéu chuan nay hop kim
AMg2 c6 cac tinh chat: 46 bén kéo oy = 176,4 MPa, Gidi han chay oy = 147 MPa, gian dai twong
ddi a="7%. Hop kim AMg3 ¢6 cac tinh chét: d6 bén kéo oy = 186,2 MPa, Gi6i han chay oy= 78 -
196MPa, gian dai tvong d6i a = 12 - 15%. Hop kim AMg4 c6 cac tinh chit: d6 bén kéo oy = 235
MPa, Gidi han chay oy = 98 MPa, gidn dai twong dbi a = 12%.

~ Theo qui dinh ghi trong qui pham dong tau v6 hop kim mnhom cua DNV déc tinh co hoc tbi
thiéu ap dung cho vat liéu lam vo tau phai la.

' Theo ky hiéu ghi trong tiéu chu&n nha nuéc Nga, mac vit liéu phiila AMr2, AMr3, AMré6, AMrol.
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Vit liéu Do bén kéo, | Gidi han chay,
MPa MPa
AlMg3Mn 240 110
AlMg4 250 110
AlMg4,5Mn 270 145
AIMsSil 170 115

Thanh phan hoa hoc cc hop kim ndy phdi ndm trong pham vi sau.

Vat liéu Tiéu chuan tuwong | Thanh phan hoa hoc, %

duong

1SO? AA® | Si Mg Mn Chét khac
AlMg4 AlMg4 5086 max0,5 3,5-4,6 max0,8 Cu: 0,1
AlMg3Mn | AIMg3Mn 5454 | max0,5 2,4-3,4 |0,3-1,0 Fe:0,5
AlMg4,5Mn | AIMg4,5Mn | 5083 | max0,5 4,0-49 10,3-1,0 Cr:0,35
AlMgSil AlMgsSil max0,5 0,4-1,0 Zn:0,20

Ti:0,20

Cép va co tinh hop kim nhom cén ding 1am vo tau chay nhanh ghi trong TCVN5968-3:1997
duoc trich dan tai bang dudi day. Luu y ban doc, ma hiéu duoc co quan co tham quyén Viét nam dung
cho hop kim nh6ém phai dugc hiéu theo hoan canh cu thé. Trong bang sau, néu khong giai thich thém

ky hiéu bing s6 khong khac ky hiéu duogc to chic AA str dung. Ky hiéu chir di sau s6 phai dugc ddi

chi€u véi giai thich do co quan c¢6 tham quyén néu.

Ung suat trong bang tinh bang MPa.

Hop kim nhdm Thu kéo
Nhom Cap Chiéu day t, Vit liéu co ban Lién két han
mm Ulng sudt | Do bénkéo | Do bén kéo
thir
Nhom 5052 | 5052P-O <75 65 min 175 ~ 215 175min
5052P-H32 | <12 155min 215~265
5052P-H34 | <12 175min 235~285
5052S-0 <130 70min 175~245
5052S-H112 | <130 70min 175min
Nhom 5083 | 5053P-O <40 125~195 275~355 275min
5053P-H132 | <12 215~295 305~380
5053P-H321 | <40 215~295 305~385

% The Inernational Organization for Standardization
* The Aluminium Association
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5053S-0 <38 120min 275~355

5053S-H112 | <130 110min 275min
Nhom 5086 | 5086P-H112 | <6,5 125min 255min 245min
6,5<t< 13 245min

13<t< 25 110min

25<t< 50 110min
5086S-HI112 | <130 95min 240min 240min

Ca hai loai vat liéu truyén thong nay khi lam v6 tau doi hoi qui trinh bao dudng rat nghiém
ngit. Tau phai duge cao ha son luon thudng xuyén, bé mit vo tau phai dam bao nhin gan voi mirc
khi xudt xuong dé tau co thé phat huy tdc d6 tinh toan. Thuc té cho thay , vo tau thép c6 stc hip dan
v6i cac sinh vat bién trong méi trudng nhiét déi va diéu nay lam cho bé mat vo tau bi nham rat nhanh .
D3 c6 truong hop tau cao tde vo thép ¢ van tdc thiét ké 28 HL/h, chi sau thoi gian du tai bén ba tuan
dd bi ha bam 1am ting stic can vo tau dén muc khi chay lai van tdc tau khong vuot qua duge 15HL/h.

Go6

Go dung trong dong tau rat da dang. Tinh chit co hoc cta vat liéu nay khac nhau rat nhleu gitra
cac nhom go. Dir liéu néu tiép day duoc tinh theo gia tri trung binh. Trong luong riéng cua g thay
dbi tir gd nhe, vi du thong: 600 — 650 kg/m’> dén 900 kg/m’® cho gb cimg. P bén kéo doc thé vao
khoang 50 — 60 MPa.

Vat liéu composite

Vit lieu composite FRP da dung co6 két qua lau nay gdbm nhua polyester khong no va soi thiy
tinh. Vat li¢u nay thuong dugce viét tat tir tiéng Anh kiéu My la FRP hodc theo cach viét clia ngudi Anh
1a GRP. Nhiing thong tin vé vét liéu do cac hang san xuat nudc ngoai cung cip, thong tin vé cong nghé
lam vat liéu composite dugc cac truong dai hoc Anh, My va t6 chuc néng luong thé gidi FAO tai
Rome, cting chi nhanh cua to chtc nay tai ASEAN cung cap. Cac mau tau chay nhanh théng dung
lam tir vat liéu composite duoc cac nha may lam tau chuyén dung cua hang Transfield (Uc), t6 hop
cong nghiép qudc phong Hunting (Vuong qudc Anh), Robert Allan (Canada), Simonneau (Phap),
Cong ty ciing nha may Kan Nam (Nam Triéu tién), to hop cong nghiép déng tau Singapore gidi thiéu.
Nhiing thong tin lién quan tai Viét nam chung t6i sir dung tai li€u ndi bd cung thong tin ctuia cac co so
1am vat liéu composite tai thanh phé H6 Chi Minh, Nha trang, Kién giang.

Mot s6 tinh niang ky thuat cia vat liéu FRP nhu sau:

(1) Vat liéu composite lam v6 tau thay gém nhua polyester khong no, ti 18 trong luong nhuwa
trong thanh ph'?ln vat liéu tir 70% dén 50%, va soi thuy tinh, chiém ti 18 trong luong 30% dén 50%. Vat
liéu nay thudc nhom nhiét héa (thermoset), moi phan tmg xay ra trong moi trudng tu nhién, & nhiét do
binh thuong ( tir chuyén mén con goi nhiét do trong phong). Thoi gian dong cing vat liéu sau khi trat
c6 thé tir 5 phat, mot gid hodc 1au hon tiy thudc yéu cau ngudi ché tao. Khac cac vat ligu nhya 1am

d6 dung gia dung, FRP khong bi 180 héa nhu nhia nhom gia dung. Nhiing tAm vat liéu composite FRP
hon 40 tudi tho van gitt dugc nhitng dac tinh co hoc tot xap xi lac méi duc.

bdc trung chinh va co tinh cac vat li¢u tham gia vao composite FRP nhu sau:

(a) Vat liéu soi thuy tinh.

44



Trong thuc té san xudt vat liéu composite, & nudc ngoai ngudi ta dang str dung 6 nhom thuy
tinh dung trong céng nghiép vat liéu composite. Thity tinh nhém E duoc ding rong rdi nhat, ap dung
cho nhiéu linh vuc, gia khong cao. Thuy tinh nhém A (alkali ), nhom C (chiu hoa chat), dic tinh co
hoc  khac thuy tinh E khong nhleu song gia cao hon. Thuy tinh nhom S va R ap dung vao nhing
truong hop doi hoi vé stiic bén rat cao nhu may bay siéu tdc, tau vii tru , d3 duoc san xudt va dua vao
st dung song gia thanh con qué cao.

Thuy tinh nhom E duoc kéo thanh soi hét sttc manh, duong kinh tinh bing don vi micron (ky
hiéu p bang 1:1.000.000m). Vi du mdi soi thily tinh dé 1am tdm v6 hudng c6 dudng kinh chi bang 8 -
15 um. Nhiéu soi thity tinh dugc bén lai thanh bo va cling mang tén goi soi thay tinh. Nhitng bé nho
nhat gdbm 60 dén 120 soi manh.

bac tinh co hoc cua thuy tinh nhom E: ti trong 2,56; Gidi han bén khi kéo 3,4x 10° N/m?. Modul
dan hoi 72x10° N/m?.

Soi thuy tinh dugc bo thanh cudn, dugc ép thanh tam hodc dét thanh tAm. Trong nganh tau thiy
chung ta dang st dung cac dang ban thanh pham tir soi thity tinh nhu sau: tim soi v6 hudng , viét tat
CSM (chopped strand mat), s¢i (rovings) do nhiéu bo soi két hop lai dudi dang bd 16n hon, cudn X04n
vv.. Tir soi ngudi ta dét thanh tim vai thuy tinh, viét tit ctia cum tir ndy 12 WR (woven roving), c6
chiéu dézy vai, trong luong tAdm trén mot don vi dién tich thay ddi, vi du vai loai 3OOg/rn2 hodc 600 hay
800 g/m”.

Trong thanh phan vo6 tau luon c6 mat CSM va WR. Phan bd 16p, chon chiéu day cac 16p vai, va
cach trat 16p tuy thudc tinh nang vé tau, tuy thudc thiét ké va cong nghé che tao.

Ngoai s¢i thuy tinh, khi lam vat liéu composite nguoi ta con dung s¢i aramid hay con goi 1a soi
Kevlar, nhe hon soi thily tinh song d6 bén cao hon. Loai soi thi ba, soi carbon khi ra doi chi phuc vu
nganh hang khong, vii tru song ngay nay dé tim thdy chd  Umg dung trong vo tau thuy vi gia vat liéu da
giam nhiéu 1an so véi ngay dau. Mot s tau nho, chu yéu cho qudc phong da dugc lam bang Kevlar
hodc soi cacbon. Sei cacbon va soi thach anh dugc cac nha khoa hoc Nga téng hop, ap dung trong
cong nghi¢p quéc phong c6 két qua, va hién nay vt liéu nay dang thdm nhap vao ca cac nganh khong
phai qudc phong nhd ha gia san xuét.

Trong diéu kién cua nudc ta, soi thiy tinh nhom E di duoc dung phd bién lam vat lidu
composite. Sgi nhém nay cho dén cubi nim 1996 déu dugc nhép tir nwdc ngoai, chu yéu tir Dai loan,
Nam Triéu tién, Nhat, Utic va Trung qudc. Gia vat lidu nay di lién tuc ha thdp trong nhitng nim qua.
Tir 1991 don gia soi thuy tinh xap xi 3USD/kg, nim 1993 chi con 2,5-2,6 USD/kg. Ngoai trir trudng
hop sau 1an dot bién giau nam 1995, khi d6 gia vat liéu ting lai theo gia ban dau, tir 1996 gia vat liéu
xudng dan. Cudi ndm 1996 gia vat liéu nay da tién dén mirc binh thuong, trén dudi 2USD/kg. Thang
12/1996 xuit hién don chao hang soi thuy tinh tir nudc ngoai véi gia CIF cang Tp HO Chi Minh 1,5-
1,6 USD/kg. Mit khac kha ning san xuét soi thily tinh trong nudc, ding nguyén liéu 13 cat tring trong
nude, theo cong nghé nhap tir ngoai da 1a mot thuc té. Ngudn nguyén lidu soi thiy tinh c6 thé duoc
danh gia 1a kha 6n dinh trong diéu kién hién nay.

Nhuwea Polyester khong no.

Dé san xuét vo tau composite, ngoai s¢i thily tinh con can nhya cao phan tir. Trude ddy tai Viét
nam nhiéu ngudi da st dung epoxy, chi yéu do Lién x6 (cii) cung cip, 1am vat liéu lién két va lam thir
vat liéu composite. Do gia thanh nhwra epoxy con cao, con gia nhua polyester thip nén polyester duogc
str dung nhiéu hon trong coéng nghiép san xuat vat liéu composite.
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Dic tinh co hoc ctia nhua polyester thay doi tuy thudc ding cép nhua dang dung. Tinh chat co
hoc chung cho cd nhom polyester nhu sau: ti trong 1,38; Gidi han bén 1,0x10° N/m?; Modul dan hdi
11x10° N/m”.

Hién nay trén thi truong dang c6 chimg 25 dén 30 chung loai nhya mang tén goi polyester ding
lam vat li¢u composite. Nhitng ma hi€éu nhya quen thudc trén thi truong Viét nam, tr quan sat co thé
théy, co nguén tr Bic Au (Pan mach, Nauy), tur Uc, Nam Triéu tién, Nhat ban va Trung quéc. Nhya
polyester khéng no dung cho nganh déng tau déu phai dugc cac co quan Pang kiém tau qudc té thu
nghiém va cap chimg chi cong nhan chit lugng dam bao cho viéc lam vo tau. Theo cach phén loai cua
co quan Dang kiém, nhua polyester khong no duogc chia ra ciac nhém: nhya dung vao nhiéu muc dich,
nhua dé “dac” vo tau, nhya lam 16p phu vo tau, tir chuyén mén goi la 16p a0 ngoai bé mat (gelcoat),
nhya cham chay lam xudng ciru sinh chiu lira, nhua chiu tac dong cta hod chét, nhya chiu dau, nhya
1am két, nhya lam bon dyng nudc, dung dau.

Trong san xuét thuc té chung ta da st dung gan hét chung loai nhya d3 duoc biang kiém cép
chtmg chi. Mdi chung loai phu hop véi cong viée da duoc chi dinh. Tuy thudc nude san xudt, mi hang
hod thuong mai cua nhya khac nhau song chat luong nhua ctia mdi nhom phai dam bao nhing yéu cau
tdi thiéu. Theo cach phan loai dang thinh hanh & chau Au mai hiéu nhya dugc ky hi¢u bang 80, vi du
nhya 837E la nhya da muc dich, c6 kha nang dong cirng nhanh (chung 15 phut), nhya 876E la nhya
chuyén lam vo tau hodc cong trinh trong moi truong nudce bién, nhwra 849 c6 kha ning chiu lira, nhya
844 chiu dugc tac dong cua acid. Ciing lam tung ay nhiém vy, cling ¢6 kha nang chiu lira, chiu acid
song ma hiéu nhwa san xuat tai Nam Triéu tién dwoc md hoa nhu sau: G-613(BT), G-774(T.S,Y.P),
RF-2000SE, S-650 vv..

Tuy thude kha nang st dung, va diéu nay c6 lién quan dén ma hiéu nhua, gia nhua khong hoan toan

nhu nhau. Chénh léch gia giita nhya chat lugng cao va polyester chat lwong thap hon co khi dén
50%. Mot didu dang quan tim cho nhimng ngudi 1am tau vo composite 14 gia nhwa polyester trén thé
gidi ngay cang giam. Néu nam 1995 don gia nhwa dung 1am vo tau da dat dén gia tri dang ngai la

trén 2,5USD/kg, thi thang 12/1996 gia CIF cang Hai phong khong dén 1,5USD/kg.

Nho sy ha gida mua nguyén liéu gdm soi thiy tinh va nhya polyester, gia vat tu lam vo tau giam
theo. Trong phan tiép theo s& néu rd, don gia mot vo tau hoan chinh lam bang vat liéu composite trudc
day cao hon gia vo tau co kich thudc twong duong lam bang thép hodc gd, hién nay gia vo composite
khong vuot qua gia vo thép.

Cong ngh¢ 1am vo tau bang vat liéu composite hién nay bao gdm cac budc chinh nhu sau: (1)
Lam khudn me (khudn cai) bang composite, (2) Chuan bi vat liéu chéng dinh dé tach khuon khi duc
xong, (3) Trat 16p gelcoat, (4) Trat cac 16p vat liéu composite theo qui trinh da xac dinh, (5) Tao cac
chi tiét gia ctmg doc hodc ngang, (6) Tao vach doc, vach ngang bang vat liéu composite hodc vat liéu
khac, (7) Lam boong, (8) Lién két thuong tang.

Trong tat ca cac bude, khau chudn bj vat liéu composite dong vai tro toi can thiét. Vat liéu nay
duoc tao ra khi lién két bén hai thanh phan chinh 1a nhya polyester khong no va soi thuy tinh. Ty 1€

giita hai thanh phan chinh thay dbi trong giéi han da néu ¢ trén. Vat liéu s¢ déng cing ¢ nhiét d6 binh
thudng véi su o mit ctia chit dong cimg hay con goi 1a xuc tién hay chit gia toc. Thoi gian dong clng
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thuong ap dung khi trat vo tau 1a trén dudi mot gio dong hd. Kich thude va hinh dang vat thé do vat
liéu composite tao thanh bi gidi han bdi sy c6 méat cua khuén me. Sau dong ctiing v tau dinh hinh diing
hinh mau ma khu6n me da han dinh.

Khi da thanh vat liéu composite déc tinh co hoc cua FRP nhu sau:

- Vat lidu FRP c6 ti trong tir 1,55 d&én 1,7 t/m’. So véi thép dong tau, ti trong ciia FRP chi bing
1/5 ti trong ctia thép (ti trong thép dong tau 7,8 t/m’).

- Gi6i han bén ndm trong pham vi 1200kG/cm? dén 1600 kG/cm?.

(2) Gi6i han bén cua vit liéu FRP thip hon cia thep, (bang 50%-60% gi6i han bén cua thép
dong tau véi gidi han bén cua thép dong tau 2400 kG/cm?®). Xét khdi lwong vat tu cin dwa vao tau
cung kich ¢& va tinh ning, c6 thé nhan thaty, nho ti trong ban than nho con gidi han bén khong qua
nho so véi thép, nén sd luong vat tu bang FRP s& nho hon, con dung thép khdi lugng thép tinh bang
tan s& 16n hon (xem bang so sanh dudi). Tinh chat néy cho phép giém luong gién nudc (trong nganh
dong tau dai lugng nay dugc ky hiéu la A, do bang tan, gia tri tuyét d4i dung bang tong trong lugng tau
tai thoi dlem tinh) cta tau v bang FRP, va diéu nay c6 loi cho viéc lam ting téc d6 tau hoic giam
cong suét may.

(3) Vit liéu FRP ra doi dd 50 nam, d3 ing dung trong nganh ché tao vo tau trén 40 nim. Nhitng
vo tau dau tién 1am tir nhimg nim bén muoi-nim muoi, trén co s& cong nghé thoi bay gid, chua tién
tién, van con bén vimg cho dén ngay nay. Tir thuc té d6 cho thdy vat liéu FRP da tim dugc chd tGng
dung tdt, va phu hop trong nganh dong tau thiy. Thyc té cling cho thdy vat liéu FRP khong bi thim
thau, khong ngdm nudc(ti 1€ ngdm nude cua vat ligu nam trong gidi han 1/10.000), khong bi lao hoa
nhanh.

Sinh vat bién khong c6 kha nang tham nhép va pha hoai loai vat liéu nay. Nho tinh chét nay viéc
bao dudng vé tau FRP dé dang hon nhleu s0 vO1 bao dudng vo thép, vo g0. Nguoi ta co thé bao dudng
vo tau FRP, ké ca phan chim ma khong can 1én da,e vao u néu vo chua bi su ¢d trdm trong.

Duéi day la bang so sanh cac tinh ning chu yéu giita thép, nhom, gd, vat liedu FRP. Trong
luong trén mot m’ dién tich vo tau dai 14m duoc tinh nhu sau cho cac loai vat liéu khac nhau, trong
do6 da tinh ca vat tu lam cac nep gia cung keét cau:

Gb Thép FRP XMLT
Trong luong riéng,(t/m3) 0,78-0,82 7.8 1,6-1,7 2,6
Chiéu day v6 (tinh mm) 35 5 9-10 28
Trong lugng vat liéu/ m? 50 kg 56 kg 24 kg 76 kg

Miéu ta cong nghé lam vo tau bang vdt liéu composite.

Vo6 tau composite hinh thanh qua qua trinh trat. Vat liéu composite cho vo tau duoc pha ché tir
nhwa nhom nhiét hoa (thermosetting) do vay cac phuong phép cong nghé lam v tau c6 phan khac véi
cong ngh¢ dic nhya gia dung. Nhya lam v tau, sau khi ty dong ctiing khong con kha nang tai sinh va
do d6 khong con diéu kién dé thay d6i thanh phan va hinh dang. Quyét dinh kich thudc, hinh dang vo
tau 1a do khuon. Do bén vat lidu phu thudc vao thanh phén cac chit tham gia va cong ngh¢ thi cong.

Ngay nay trong nganh lam vat liéu composite tir nhom nhya thermosetting c6 cac phuong phap
thuc hanh nhu sau :(1) trat 16p thu cong, (2) phun nhya cung soi bang thiét bi phun, vi du sing phun
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mot voi hodc hai voi, (3) €p trong tui chan khong hodc trong khuon, (4) eép ngudi, va (5) quan chi lam
cac vat tron xoay. Trong thyc té sir dung, tat ca cac nha may dong tau vo composite trén toan thé gidi
déu str dung phuong phap trat 16p thu cong, trong do ké ca cach dung cong cu phun dé phun nhura, soi
(phuong phap 1 va 2 ké trén). Khac véi cong ngh¢ dong tau vo thép la linh vue duge co gidi hoa va
hién dai hoa ¢ muc cao, cong nghé lam tau chét déo doi hoi cong lao dong thi cong nhiu hon va do
vay trang thiét bi may méc can cho nhiing nha may lam tiu nhya khong quéa qui mé, dat tién. Cong
viéc trat vo tau duogc tom tit nhu sau: dwa vao khudn mau dé trat 16p vat li¢u tao nén vo tau. Lop vo
dau tién duoc trat 1a 16p gelcoat nhu da trinh bay & trén. Lop vt lidu nay c6 mau (chon theo mau vo tau
tuong lai) , d6 bén co hoc cao, khong tham nude, chiu tic dong méi truong. DO bong cia 16p ndy s&
phan anh diy du d6 bong vo tau khi dong xong. Quyét dinh do bong cua 16p nay khong chi la chat
luong vat liéu ma con 1a do bong khudén mau. Khudn cang bong, nhan, 16p gelcoat tua trén do6 s€ bong
va nhan gan nhu khuén. Sau cic 16p boc bén ngoai thg dong tau trat tiép cac 16p tiép theo . Co thé sir
dung con lan tay dé trat. Cac nep gia cudng duoc trat ngay sau khi vira trat vo. Nep gia cuong duoc
trat 1én “khuén dyc” lam bang go, van ép hodc gidy ddy, 14 nhém vv... Siing phun 1a cong cu co gidi
hoa duge ding pho bién khi lam vé. Vat liéu composite dang & dang 16ng duoc sing phun phun thang
vao bé mit can trat 16p va s& tw dong cimg sau thoi han tinh trude. Khi lam vo tau nguoi ta thuong két
hop trat theo cach lan tay cung bién phap dung sing phun dé day nhanh téc do. Cac thao tac nay déu &
dang thii cong. Tir cach lam nay c6 thé nhan xét rang , cong ngh¢ lam vo tau bang composite chua ¢
mic tu dong hoa hodc hién dai hda do d6 khong gip nhiéu kho khin nhu 1am vo tau thép, vo nhom
hoac vé g5. Tho lam vo tau tur composite dugc dao tao nhanh hon thg han, thg st cho nganh dong tau
thép. Thuc té san xuat tai co sé dong tau vo nhua tai thanh phd H6 Chi Minh cho thdy, thoi gian dao
tao tho khong lau, tuyén thg khong qua kho.

Sau khi trat xong vo tién hanh 1am cac vach. Thong thudng c6 thé lam vach c6 16i bang van ép,
bén ngoai phu vat liéu composite. Tién hanh phi boong khi da hoan thanh vach. Boong c6 thé dac roi
theo qui trinh vira néu song ciing c6 thé 1am bang vat liéu khac nhe va bén. Mbi ndi giita boong va
than tau thuong 1a mbi lién két trong yéu can dugc cac nha dong tau quan tim dung mic nham dam
bao bén, kin nudc. Qua trinh 1ap dit may chinh, may phu, trang thiét bj khong khac qua trinh 13p may
trén tau vo thép.

Thuong ting tau chay nhanh cling duc tir vat lidu composite, va thuong duoc lam roi khong
cung khudn voi phﬁn than tau. Sau khi lam xong vo, thuong tang, tién hanh ndi hai nhom két cau nay
thanh khoi ving chac. Nho trong lwong ban than cac kh01 thuong tang khong 16n, viée di chuyen vi tri

cac khéi dé dang, didu d6 tao thudn loi cho cong tac ndi ghép than, 1au. Mdi ndi giita thuong ting va
than tau dugc giit bang bu 16ng, lam kin bang nhuya.

Két cAu than tau

Than tau c6 thé két ciu theo hé thong doc hoac h¢ théng ngang. Chon hé thong két ciu phu
hop d962 nghi ban doc xem tai tai liéu “Két cau than tau”, NXB DHQG Tp HCM. H¢ thong két cau
ngang tau 2 than giéi thiéu tai hinh . Hé thong két cau doc gidi thiéu tai hinh .
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Mat cat nagng dac trung cua hai tau vira néu nhu sau:
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2.6 Dj bén két cAu tau hai than

Than tau catamaran lam vi¢c trén nudc tinh hodc trén song chiu tdc dong cua tu trong va cua
moi truong nudc. Dudi tdc dong ngoai lyc than tau chiu udn va bi cit. Giéng nhu tau moét than,
momen udn doc lam cho tau bi vong 1én (hogging) hoic véng xudng (sagging), phia trai dong thtr hai
hinh 2.38. Vi than tau di rong luc chay trén séng xién catamaran chiu tac dong mé men xoén gia tri
16n. Anh huéng momen xoan tau dén d6 bén chung cua tau rat dang ké.

Véi tau catamaran diéu quan tam hang déu khi xét d6 bén ngang cua tau 13 do bén cau nbi.
Hinh 2.38 gidi thi¢u cac tinh huong ma ciu ndi catamaran phai chiu dung. Truong hop tau bi song
ngang tac dong, tau tham gia chuyén dong lic ngang va dat ngang. Trong diéu kién nhu vay két cau nbi
hai than tau, goi 1a cau ndi, chiu tic dong ciia tai ngang, tai theo hudng dimg va momen uén ngang tau.

Truong hop tau nam ngang day song momen ubn gap ngang than tau co nhiéu kha nang gay
nguy hiém cho d6 bén cuc bo. Truong hop tau bi xoan trén sdng xién momen xoan, luc cit déu c6 kha
nang gay nguy hiém, hinh 2.38.

FT(ZJJ(.I', !:) F-;Z}{x’t)
[ | 7%, (z,t)
7 (z) 1%/
E o
A mt) —./.-'Zy Yz,t)
—
M (t) Me(t)

May(t) Mg (t) Mac ft)

A= Eas|

Hinh 2.38 Udn than tau catamaran trén nude
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Hinh 2.39 M6 hinh tinh ¢ bén cau néi chiu momen uén ngang

Véitau SWATH hé théng momen udn, luc cét tac dong than tau gidi thicu tai hinh 2.40

MAIN DECK OF BOX

B8 /
. . 4 . ITUDINAL BLKD
* SPACING

1 I L L
desvayponssnnssliaanasisnnnse]sararansannsalbayeisisiunva rasvesssoarunusd

| | .

e \
WET DECK H/
BG HAUNC
NABOX +BC +T/2 ; ]
PO NN e -l FArN PP A i, e WL

|_—— STRUT

FlOAL — F(HOG)
—* oH

c/

LOWER HULL

Hinh 2.40 M6 hinh tinh ¢ bén ngang thin tau SWATH

Xac dinh momen uén than tau trén nudc, tinh d6 bén chung than tau trudng hop chiu ubn, chiu
xoan de nghi ban doc xem tai sach “Suc bén tau thuy”, NXB PHQG Tp HCM hoac tai “So tay Co
hoc két cau tau thuy, gian khoan di dong”, NXB GTVT.

Ung dung phuwong phap phan tir hitu han phén tich bén két ciu tau hai than
. Mot trong nhiing phuong phap hiéu nghiém phén tich do bén két cau than tau 1a phuong phap
phan tir htru han (PTHH).

Thit tw gidi bai toan co hoc két ciu theo phwong phap PTHH
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Buwéc 1: Phan chia vat thé dang xem xét thanh s luong hitu han cac phan tir. Qua trinh ndy con duge
goi 1a “ly tuong hoa” hay “roi rac héa”. Thuc t€ day la qué trinh mo6 hinh hoa két cau, chuyén tir két
cau thyc t€ thanh tap hop cia nhi€u co cau vura tach tu cha thé, xem hinh 2.

Buwéc 2: Xay dyng mé hinh chuyén vi trong mdi phan tir:
. =[N1s.

trong d6 [N] —ham hinh dang, {8}.- vector cac bac tr do chuyén vi nut ctia phan ti.

Buwéc 3: Xac 1ap ma tran ddc trung goi la ma trdn cumg va vector luc cho moi phan to trén co so
nguyén ly thé ‘nang t01 thiéu. Trong nhing bai toan thudc co hoc vét ran phiém ham thé ning cua hé
thdng dugc hiéu nhu tong thé ning cac phan tir cdu thanh.

n=3(z.-m)

Tur diéu kién 8IT=0 xay dung h¢ phuong trinh dai s6 miéu ta quan hé lyc — chuyén vi.

Budc 4: X ly h¢ phuong trinh va giai hé phuong trinh dai 5O tuyen tinh. Két qua giai phuong trinh
s& 1a chuyén vi nut trong hé toa do chung. Can thiét chuyén ddi chuyén vi tir hé toa d6 chung sang hé
toa do cuc bo, gan lién phan ta.

Buwde 5: Thuc hién cac phép tinh luc cin cir quan hé tng suét — bién dang.

\ LY |

K&t cdu that

- l‘ l 4 Mé hinh hoéa

K&t qua cudi cung

Tinh tling phén tu
N

Hinh 2.41 M6 hinh héa Hinh 2.42 Cdc budc tinh trong phuwong phap PTHH

Nhiing phan tir théng dung
i Phéan tor 1 chiéu (1D) tir hai dén nhiéu nut, hinh 2.43a. Trong thuc té sir dung ching ta c6 thé dung

phan tir tuyén tinh hodc phan tu cong.

Phan tir phang (2D) thudng dang hinh tam gic hodc ti giac, canh thang hodc cong. Nat phan tir
dang nay nam tai dinh va ca tai cac canh, xem hinh 2.43b.

Nhom phan tir 3D ¢6 thé chia 1am ba phan nhom, phén tir hinh thd giéng kim ty thip gom bon
mat, 4 nit hoac nhiéu hon 4 nit thudc phan nhom dau tién, tir k§ thudt cdc nudc dang dung dép mang
am hudng tieng La tinh tétrahédrique chi phan to nay. Phan nhom tha hai trong cum nay la khoi 6 mat
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(hexahédrique) c6 tir 8 nut tré 1én. Trong tai liéu ndy chung ta lam quen véi phan tir c6 s nat dén 20.
Phan nhom thtr ba dé cép phan tor c6 mat cat ngang khong doi, goi la khoi lang try, hinh 3.14c.

oat @/??f 4 nut

GA 3 nat
6 nut
4 nuat

d

4 nit

Hinh 2.43 Phdn tir thirong diing

Nhimng phan tir nhém a) tir hinh 2.43 gém phan tir chi chiu lyc doc truc c6 tén goi phd thong
trong cic sach chuyén nganh 1a ROD, BAR, TRUSS, phan tir chiu xoian TOR, phan tir chiu udn
BEAM.

Phan tr nhom b) va c¢) gdm cac phan tir tim 2D Plate, SHELL, SOLID SHELL dung rat phd
bién trong mo hinh két cau than tau thity. Can luu ¥ dén hudng din ciia cac hang phét trién phan mém
tinh toan rang, nén st dung phan tir 4 canh, han ché dung phan tir 3 canh. Phan tir nhom d) goi 1a cac
phan tir SOLID.

Mo hinh héa két cau than tau nho phuong phap PTHH c6 thé thdy qua vi du tau khach mét than
va tau container sau.

Hinh 2.44a Mo hinh PTHH tau khach
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Hinh 2.44b M6 hinh héa két cdu tau container

Ap dung cach lam nay cho tau hai than c6 thé m6 hinh héa két cu than tau theo céc bién phap
kha thi dudi day. St dung cac phan tir 2D, 3D mo hinh héa phan than tau catamaran dong vai tro gian
semi-submersible, hinh 2.45.

Hinh 2.45
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Véi tau catamaran kiéu kinh dién, két cdu theo hé théng doc, xem hinh 2.46a, phan tir thich hop
khi m6 hinh hoa két cau c6 thé 1a SHELL. Vi du néu tai hinh 1a ¢6 gang miéu ta két cau thuc bang cac
phan tir bon canh.

Hinh 2.46a Két cau day va man tau hai théan
Nhitng hinh anh lién quan két cdu than tau catamaran 2161 thiéu tiép theo c6 thé gitip nguoi tinh
toan xay dung mo hinh PTHH cho tau dédc biét nay. Coé the st dung cac phan tt SOLID SHELL hodc
SHELL cho muc dich nay.

Hinh 2.46¢ Két cdu boong va théin tau (khéng ké tam vo)

Két cAu ciu ndi m6 hinh hoa nho phan tir SHELL hodc SOLID SHELL. Kich c& phan tir xéc
dinh theo cach trinh bay tai hinh 2.47. Truong hop tau ndm trén nudc tinh moé hinh tinh cau noi chon
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theo hinh 2.39. Thyc t€ lam viéc tau hai than vdi chiéu rong 16n phai gdi song. M6 hinh 4p téi do song
gid doi thay theo dang trinh bay tai hinh 2.47.
I

Hinh 2.47 Tinh todn két cau cau néi

Cau nbi c6 thé xem xét dudi dang gian khong gian, hinh 2.48. M6 hinh thich hop c¢6 thé ¢ dang
nhu trinh bay tai hinh 2.48. Céc nep clmg dong vai tro cac thanh cua gian. Trudong hop nay phan tir
BEAM 3D s& phu hop yéu cau cong viéc.

Ngay nay nhitng van dé twong tuy sé& giai theo phuong phap PTHH song nhd dén tmg dung
phan tir SHELL. Nep cimg c6 thé mo hinh héa nho phan tir SHELL hodc trong nhitng hoan canh cu
thé dung phan tir TRUSS (BAR) vao vj tri nep.

Hinh 2.48 M6 hinh héa cau néi dang gian 3D
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Chuong 3

SUC CAN. THIET BI PAY TAU

3.1 Tinh sirc can song tau nhi€u than

Strc can toan bd tau nhi¢u than gdm nhi€u thanh phan. Trong tinh todn strc can hi¢n tai dang su
dung gia thiét rdng sttc can toan by gom stic can ma sat va suc can du. Trong thanh phan strc can du ¢o
suc can do tao song quanh tau Iuc chay va cac thanh phan bo sung khac anh hudng dén tao song. Cong
thirc tinh h¢ so strc can toan phan c6 dang sau:

C,=Cp+C,(1+k)
trong d6 Cr — hé sO suc can toan b, Cr — hé s0 stic can du, (1+k) — c6 tén goi form factor.

Tau chay nhanh c6 stc cén song 16n. Thanh phan chu yéu ctia hé so strc can Cr 1a Cyw — hé s0 strc can tao
song, viét ngan gon 1a strc can song.

g.0n

02 0.3 0. 0.5 0.8 0.7 o8 o8 1
F

Hinh 3.1 H¢ so suc can song Cy

He¢ sb stic can ma sat Cy tinh theo cac phuong phép kinh dién nhu trinh bay tai sach “Ly thuyét tau, Tap
27 cua TCN, NXB bai hoc qudc gia Tp HO6 Chi Minh va tai sach “So tay thiét ke tau” NXB “Xay dung”,
2008, Ha Noi. Co the dung cong thirc ITTC 1957 sua day tinh hé s6 cdn ma sat.

__ 0,057
g log(Rn - 2)2

Trong cong thirc R, - con ky hiéu khac & dang R. 1a s6 Reynolds. (Can théng nhat cach goi, day 1a so
Reynolds).
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Hiéu chinh véi tén goi form factor xac dinh theo cong thirc:
(14 ke =172 £(L/V ) (b T)™

trong d6 fva g mang gia tri khac nhau, tiry thuoc sé Froude F, (hodc ky hiéu F}).
Pham vi tng dung Fn = 0,6 — 1,0.

Fy 0,6 0,7 0,8 0,9 1,0
I 0,2707 0,3938 0,5389 0,5957 0,6056
g 0,48 0,30 0,16 0,12 0,12

Trong mién s6 Reynolds dat gia tri 10° dén 107 c6 thé viét:
(14 K),ppe =1.45-0,145(L/ V" )" (b/ 7)™

Véi Fn trong pham vi 0,45 — 1,0; ty I¢ L/V" nim trong mién 7,0 dén 10,0.
Sirc cén song tau nhiéu than o
Xét ham thé dong chdy bao tau c6 thé viét:
(1) Trong mién nuéc Q, ham ®(x,y, z; t) thoa man phuong trinh Laplace:
Lk I I
+ +
dx* 0y* 0z?

=0 0

(2) Piéu kién ban dau cua bai toan:

oD 7))
ot 52

tai mat thoang. 0

Cac dicu kién bién.

(3) biéu kién khong tham thau tai vo vét thé:

EZVn(M;t) 0

Tai mdi diém M trén bién vat thé van tc phap tuyén cia diém vat chat vo vat thé M bang van toc

cua phan tr nu6e dang chiém vi tri tai M. Diéu kién nay con dugc hiéu theo cach phd thong 1a vén tdc
twrong ddi tai thoi diém tinh giita dong chay sat ngay vo vat thé so véi vo bang 0.

(4) biéu kién bién ¢ bién xa.
Trén mat thodng ¢ bi€n xa v6 cung chi ton tai hé thong song di€éu hoa va séng nudc do vat theé tao
ra khi lac. O bién tai d6 sdu vo cung ham thé toc do bi truot tiéu.

|grad<l)| =0, tai z— -o. 0

Trong céac cong thirc nay ham thé d(x, y, z) dugc hiéu la:

q)(X’ Y, Z) = -Ux + q)(Xa Y, Z)
Véi U — hém thé gl(‘)ng diéu hoa, xac dinh theo chuyén dong tinh tién tau doc truc Ox, thanh phﬁn thir hai
la ham thé dong roi.

Luc can song tinh tir biéu thirc:
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R, = —”S pn . ds

trong d6 S — mit udt vo tau, p — ap suat dong tac dong 1én vo tau, tinh theo cong thirc Bernoulli:

p= pU%—ng —%p(wf)z

trong d6 p - mat d0 nudc bao tau,

Bai toan dang néu co thé giai bang phuong phap sb. Ap dung phuong phap ham Green tim ham thé thuc
hién theo cach néu sau:

Biéu thtc ham thé hay la:
N N
¢ = Z¢io‘ +Z ¢iy
i=1 i=1
P, = _J‘J.GiG(x5yaz;é:i777i’é/i)dé:idé,i
0
¢iﬂ = _”‘;ui a_mG(xsysZ; Sis1is G )dé:idé/i

Ham Green G thé hién bang cic ngudn di dong kiéu Havelock. Cudong d nguon xac dinh tai mdi diém
nguon trén vo tau.

Khi d3 xac dinh ham thé tbc d6 thong qua xéac dinh cudng d6 cac ngudn, tién hanh tich phan xac dinh sirc
can song:

m/2
= —167pk,; I P2+Q2 sec3 odo
0
trong do:

P = Z(za_ i) 0= ﬁ:( io_Qi,u)

i=1

P, _” o, cos[k cosH—i—ly smH sec ﬁ]exp(k g, sec 6)d§ dg,

0., = ” o, sm[k —lx cos¢9+ly s1n6? sec G]exp(k g, sec 0)d§ dg,

P, =k,sec Hsmﬁﬂ sm[k )cos@—i—ly sm6’ sec H]exp(k g sec 6)d§ dg,
0,, =k, sec 1951n¢9” cos[k )cos¢9+ly s1n6? sec H]exp(k g, sec G)df dg,
g

Trong cong thirc nay &, = NG

Két qua tinh dwa lai két qua sau day, theo tai liéu “Numerical Computation of Multi-Hull Ship Resistance
and Motion”, Dalhouse University, June 2001.
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Hinh 3.2 M6 hinh tau 2 than dung trong nghién cuu

0.008 ¥ = T T T 2 v amz
.00t |
08 Computad Cw —=—=
; r Experimantal Cw (Bafishn 2000) @
J G008

. . . . L L . i ; 4 :
o2 03 o4 05 Dé oy [ 7] L} 1 o2 oz 02 03 in o
Fa

Hinh 3.3 Strc can song tau hai thdn (trdi) va tau ba than (phai)

0.8

0.58

0§
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Hinh 3.4 Song phat sinh quanh tau mot than

Waghtiy ipemiivmasan rype A, Fnsil 15

z

Hinh 3.5 Song phat sinh quanh tau hai than



Hinh 3.6 Song phat sinh quanh tau ba than
3.2 Ap dung CFD tinh strc cin vé tau

Véi nganh tau thuy CFD (Computational Fluid Dynamics) c6 vai tro 16n mé phong chuyén dong
dong nudc quanh tau. CFD tham gia giai quyet xac dinh strc cén tao song, tinh di bién (seakeeping), tran
nuéc 18n boong, xéac dinh luc cit, momen udn tau trén séng bién, danh gia slamming vv.

Co s0 toan dung trong chuyén nganh nay la phuong trinh Navier-Stokes (N-S) cung phuong trinh
lién tuc. Phuong trinh N-S trong nguyén ly bao toan dong lugng duoc viét dudi dang:

p(ut +tuu, +vu, + wuz)= pa, —p. + ,u(uxx +tu, +uzz)

p(u, +uu, +vu, + wuz)z pa, —p, +u(uxx +tu, +uzz)

p(ut +uu, +vu, + wuz): pa, —p. +;1(u»,oc +u, +uzz)

trong 46 a; - giatdc, p ap sudt, p - do nhotva ¢ - thoi gian.

Pé xu ly dugc bang cac phuong tién hién co nhimg ngudi nghién ctru tau thay thudng sir dung
cach 1am RANSE khi giai phuong trinh chung dang néu. Van tdc va ap suat dua vao hai nhom phu thudce
vao thoi gian binh quan (time average) va phan 4p suat thay d6i, bién phuong trinh N-S dang déy da thanh
phuong trinh ¢6 tén goi phuong trinh Navier-Stokes cua s6 Reynolds binh quén, theo d6 vén toc u, v, w va
ap sut p tinh trong thoi gian binh quéan con w’, v’, w’ chi cho phan thay doi. Phuong trinh trong RANSE
gid day mang them thanh phan lién quan dén u’, v’, w’, thé hién cua dai luong 4p suat Reynolds.

Trong khudn kho cach 1am RANSE khi bé qua d nhét, diéu nay dong nghia khong xét tinh rdi
cua dong, phuong trinh Euler mang dang:

p(ut +uu, +vu, +wu2): pa, —p.
p(ut +tuu, +vu, + wuz): pa, = p,

p(ut +MMX +VMy +wuz)= pa; —p.
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Céc phan mém xay dung trén co sé phuong trinh Euler gip nhiéu thuan loi hon so véi cac thuat
toan theo RANSE thuan tiy. Dong chay qua canh may bay dung trong nganh ché tao may bay, qua canh
ngam tau canh ngam, qua banh lai tau thiy, qua canh chéin vit tau ngay nay m6 phdng theo thuat toan
nay.

Mb hinh gian don ding pho bién khi giai nhiing bai toin dong chét long 1a khong tinh dén tinh
xody cua dong, hiéu theo cong thuc todan Vxv=0. Dong chdy vdi gia thiét khong xody, chat 16ng
khong nhét khong nén goi 1a dong c6 thé. Van téc tinh tir biéu thirc v =V¢, voi ¢ 1 thé (potential). Cac
thanh phan toc d6 dong vai tro an bai toan rat gon vé mot an ¢.

Phuong trinh lién tuc cho phép viét:

Ap=¢.+¢,+¢.=0

bay la phuong trinh Laplace.

Néu han ché luc khdi trong chét 16ng chi 1a Iyc trong trudng, phuong trinh Euler ¢6 dang:
V(¢t +Lvpy g +lpj =0

2 p
Tién hanh tich phan s& nhan dugc phuong trinh Bernoulli:

@, +1(V¢)2 —gz +lp = const
2 p
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Hinh 3.8 So sdnh két qud tinh nho CED véi thir mé hinh
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Hinh 3.9 Song nuwdc do hai than tau tao

3.3 Phuong phap tinh sirc cin ctia Mercier va Savitsky

Mercier tir 1973 sir dung phuong phap phan tich hoi qui xir 1y dir liéu lién quan stic can tau chay nhanh
ma Nordstrom, De Groot, Beys, Yeh vv... dd dua ra trudc d6 nham xéc 14p cong thirc gan dung xac dinh
strc can tau. Cong thirc tinh cho phép xac dinh sirc can toan bd Rr/A cho céc gi tri cta van toe (11 gia tri)
Fntr1,0 1,1 dén2,0. Cong thic tinh stc can toan bd ciia Mercier va Savitsky (1973) ¢6 dang:

R/A = A + AX + AU + AsW +AXZ + AXU + AXW + AoZU + A;)ZW + AisWP + A XW°
+ A ZX + Ay UW? + Ay WUP

1/3
A
Trong d6 x=V ; Z=l2; U=.42i,; w =21
L B Ay

Dién tich mit tiép nude ctia vo tau tinh theo cong thirc:

2
S 22625 |1+00462 + 000287 2
v v T T

1/3

Bdng 3.1
Fny = 1,0 1,1 1,2 1,3 1,4 1,5

A 0,06473 0,0776 0,09483 | 0,03475 | 0,03013 | 0,03163
A, -0,4868 | -0,88787 | -0,6372 0 0 0

A; 0 0 0 0 0

Ay -0,01030 | -0,01634 | -0,01540 | -0,00978 | -0,00664 0

As -0,06490 | -0,13444 | -0,1358 | -0,05097 | -0,05540 | -0,10504
Ag 0 0 -0,16046 | -0,2188 | -0,19359 | -0,20540
A; 0,10629 0,1816 ,16803 0,10434 | 0,09612 0,06007
As 0,9731 1,8308 1,55972 0,43510 0,51820 0,58230
Ay -0,00272 | -0,00389 | -0,00309 | -0,00198 | -0,00215 | -0,00372
A 0,01089 | 0,01457 | 0,03481 0,04113 | 0,03901 0,04794

70




Ajs 0 0 0 0 0 0,08317

as -1,40926 | -2,46696 | -2,15556 | -0,92663 | -0,95276 | -0,70895

ajg 0,29136 0,47305 1,02992 1,06392 0,97757 1,19737

Ay -0,0015 -0,00356 | -0,00303 | -0,00105 | -0,00140 0
Bdng 3.1 (tiép)

Fny - 1,6 1,7 1,8 1,9 2,0

A, 0,03194 0,04343 0,05036 0,05612 0,05967

Ap 0 0 0 0 0

Aj 0 0 0 0 0

Ay 0 0 0 0 0

As -0,08599 | -0,01289 | -0,15597 | -0,18661 | -0,19758

Ag -0,19442 | -0,18062 | -0,17813 | -0,18288 | 0,20152

A; 0,06191 0,05487 0,05099 0,04744 0,04645

Ag 0,52049 0,78195 0,92859 1,18569 1,30026

Ag -0,0036 -0,00332 | -0,00308 | -0,00244 | 0,00212

A 0,04436 0,04187 0,4111 0,04124 0,04343

Ajs 0,07366 0,12147 0,14928 0,1809 0,19769

as -0,72057 | -0,95929 | -1,12178 | -1,38644 | -1,55127

apg 1,18119 | -1,01562 | 0,93144 0,78414 0,78282

Ay 0 0 0 0 0

Ay 0 0 0 0 0
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3.4 PO THI TINH SUC CAN TAU HAI HOAC BA THAN (CATAMARAN, TRIMARAN)

a
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N
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M 1
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c)

Hinh 3.10 Tdu nhiéu than

a — tau hai than (catamaran), b — tau ba than (trimaran), ¢ — tau hai thdan duwong nuwoc nho (SWATH)
Strc can tau hai than chiu anh huéng cua ty 1& mit uét S/A/V? , ty 1é manh than tau L/3/V va khoang
cach hai than s/L.

72



Heé s sirc can du tau hai than tinh theo cong thic:
CR,c = CVkV,c + CWkW,c
Heé s sirc can du tau ba than tinh theo cong thirc:
CR,T = CVkV,T + CWkW,T
trong d6 Cy — hé s sirc can hinh dang tinh cho than tau riéng l¢, )
ky, v&i1 chi muc ¢ chi catamaran, T chi trimaran, 1a h¢ s6 sttc can nhét, tinh dén anh hudng than bén canh,

CW = CR - CV
kWK —_—— kVK
| Fr=0,20 N
0 40\ /\ 1,5 NG
S\ PP T 0,40 L] T
%\/ ’ ~—~— S ~—~—
0.80 NN & 10
1 0,2 0,4 - 2b
IINX Y 2b="T"
0,30
0,2 0,4 2b
’ ’ AN
a) Hé s6 k, 3 AN
\\ N o
Kwia VAN N Q,;
a=0
>_\/\/’:2 2\\\0’9\\
1.5 \J/ 7 7N \\ 0 \\
1,0 \ B I
0,6 / ]
02 03 04 05 06 Fr 02 0.4 a:%
b) Hé s6 k,,
Hinh 3.11
Hg 56k, Hg s6'k,
a - catamaran, b - trimaran a - catamaran, b - trimaran
Heé s sirc can du tinh tir cong thirc:
R V
Cp=2x| =% |x—] 0
V Jo any

trong d6 V; — thé tich phén chim mot than
S; - dién tich mat udt mot than.
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Hinh 3.13 H¢ s6 can nhét tau SWATH
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;7 T~_Gia dé trudc

025 030 035 040 0,45 040 0,45 05

— Fn

H¢ s0 strc can du xac dinh bang cong thirc hoi qui:

L B
C, =aq, +a2E+a37l+a4CB +a;2b+a,

1

Tuong tac
\\ gia dd than tau

o ————

L L B B
+all§CB +a12?2b+a1371CB +a14712b+a15CB2b

1

1

\ S~—
- { 0,40
AFT gia d& sau

Gia dd trudc
Hinh 3.14 Sic cdn song tau SWATH

2 2
L B L
(E] +a7(?lj +618C§ +6194b2 +a10?+

0

Vé6itaucé cicty lé sau L/By= 4+9; B/T=13+2,5 Cg =05+ 0,7; 2b=0,2+0,5 caché s a;, i

=1,2,...,15doc theo bang 3.2 .

Bdng 3.2
Hé s6 Fr
0,2 0,22 0,24 0,26 0,28

a; -19,9249 -18,8808 -13,6882 -12,0690 -40.5094

a, -0,9334 -1,1791 -0,9585 -1,4256 -1,0694

as 2,8764 3,5285 4,7716 5,4022 8,2532

ay 72,8001 69,3331 42,8899 38,2245 111,324

as -8,2434 -8,6314 -8,0931 -4,4313 -3,2532

ag 0,0603 0,0583 0,0473 0,0463 0,0533

a -0,3033 -0,5451 -0,9800 -1,2215 -1,2146

ag -18,500 -14,6131 4,8052 1,14375 -27,3711

ay 0,3730 0,5207 0,4022 0,3010 0,1507

aj 0,8129 0,9168 0,8952 1,0570 1,1331

aj; -3,1771 -3,0292 -2,8706 -2,6112 -3,6696

ap -0,3066 -0,4547 -0,6460 -0,7751 -0,7902

aps -11,6185 -12,2122 -10,8031 -11,9124 -17,13168

ay -0,0182 -0,0240 -0,0294 -0,0278 -0,0228

aps 13,6963 15,9902 18,3546 14,6241 13,3194

Bing 3.2 (ti€p)
Hé s6 Fr
0,3 0,32 0,34 0,36 0,38 0,40

a; -22,6810 -0,7338 10,8551 30,4651 0,5804 14,2501
a, -1,5346 -5,4293 -7,1018 -8,3142 -7,6040 -4,5027
as 2,7288 -7,9090 -8,3818 13,5381 -1,6452 -1,7211
ay 87,7293 120,6991 107,636 68,2001 110,827 40,5466
as -17,9288 -60,3819 -61,7521 -27,7995 -10,3335 8,5185
ags 0,0479 0,0181 0,0204 0,0502 0,0816 0,01149
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az -1,5164 -1,9034 -2,0081 -2,3984 -2,4769 -1,9566
as -31,3409 -132,719 -127,716 -92,4152 -84,6190 -1,5353
ag 0,6494 -0,4927 -0,7558 -0,5604 -0,3137 -0,1246
a 1,0014 0,8991 1,1608 1,6559 1,7960 1,8722
ag -2,7136 4,0263 5,5156 4,7847 2,4398 -3,0713
ap -0,5492 -0,5690 -0,6249 -0,6026 -1,0788 -1,9792
as -6,1872 12,3637 -1,13106 16,3239 -1,2665 -5,2231
ay -0,0201 0,0142 0,00391 0,0594 0,0869 0,1183
ajs 30,9354 94,5143 94,7484 43,1487 24,0460 9,4645

PO THI TINH SUC CAN TAU HAI THAN VAN TOC THAP

Stc can du tau hai than duoc xét dang tong ciia cac thanh phan:
R, - sttc can hinh dang anh hudng dén stc can ma sat
R,, - stc can do tao song
R; - strc can tao ra do sy c6 mit cia hai than tau nam gﬁn nhau.
Rgp = 2R, + 2R, + 2R,
Trong tai liéu nay sé€ trinh bay cach tinh strc can tau hai than theo Alfierev. Strc can du vira néu dugc
Alfierev dua vé dang:
Rr = A.erumykpir.kpirkes

trong d6 A - luong chiém nuéc cua tau, erB). = Rr/A; kp/r.kpr.kcp cac hé sd anh huong dén hé sb ¢,
theo B/T. L/B hoac CB.
ep (cho BT thiét ké)
€ (cho B'T chudn)
e (cho CB thiét ké)
e (cho CB chuédn)

ket =

kcs =

D4 thi Alfierev gianh cho tau hai than dugc gi¢i thiéu tiép dudi ddy. Khac v6i tau mot than, voi tau hai
than, hé s6 phan cach hai than w = W/(2B), trong d6 W khoang cach thyc gitra hai than, do tai mat gitra tau,
¢6 anh hudng 16n dén sire can du. Trong cc do thi hé sb w mang gia tri 0,3; 0,5; 0,7; va 0,9.
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Céc dd thi strc can du duogc xac 1ap cho van tde tuong ddi, tinh béng cong thirc:

o 14

= —
/gvl/3
Strc can toan bd tau hai than tinh theo cong thurec:
Ry = V4 pA (Cr+ ACp) V' + Rp

Vi du: Tinh sic can tau hgi than ,kich thudc sau, tai van toc V, = 10HL/h. Lwl =
B=1,72m; T=0,96 m; lugng thé tich chiém nudc V'=22,50 m’; 4 = 68,20 m*; w = 0,551

Céc ty 16 va hé s6: L/B=9,16; B/T=1,79 va CB = 0,44.
Heé s6 &g xac dinh béng duong noi suy vai w = 0,50 va 0,70. Két qua doc tinh theo bang.

15,76 m;

Bang 3.3
1 Vs HL/h 10
2 mi's 5,14
3 Fn - 0,414
4 Fov - 0,98
5 w - 0,500 0,700 0,551*
6 L/B=29 11,220 10,785 -
7 er. 10° L/B=10 8,155 7,650 -
8 L/B =9,16 10,729 10,284 10,616
9 10° B/T=1,79 10,700 12,430 -
ER.
10 B/T =3,0 7,160 6,075 -
11 Ke/r - 1,492 2,050 1,635
12 108 CB=0,44 - 6,359 5,495 0,923
€R.
13 CB =10,525 - 6,985 5,781 -
14 Kes - 0,913 0,951 0,923
15 Rr kG 784
16 Rn.10% - 0,769
17 Re kG 292
18 Rt kG 1076
19 Pe HP 81
Trong bang cdc cdng thirc dugc hi€u nhu sau:
v=V.05 =5, m/s; n=vl.\g
2 Vs.0,5144 144 m/ 3) Fi / \JgL
ny = =Fn |—; 5) va (7) doc tu dé thi;
@)  Fng = = Fn | (5) va (7) doc tu 46 th
lgv1/3 \v4
U phép ndi suy cho L.B = 9,16; va oc tu dé thi;
(8) TU phép ndi hoL.B=9,16 (9) va (10) doc tir dé th
. eg(B/T=1,79) N N
11 Tinh theo: kg = B — '~ 12) va (13) doc tu do thi;
(1) BT = BT=30) (12) va (13) dc i
(14) Tinh theo: kgg = ~RECB=0.44)
¢r(CB=0,525)
(15) Rr = A.erws).Kerr-Karr-Kos (16) Rn = v.Llv;
(17) Stic can ma sat; (18) Rr= Rk + Rg;

PE = RT VI75
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3.5 Thiét ké may day tau chay nhanh

Trong phan ndy cia tai liéu s& gidi thiéu nhiing thong tin lién quan cic seri chan vit dang dugc
dung rong rai trén the gidi. Thong tin dudi day c6 thé giap nguoi thiét ké chon kiéu chan vit thich hop cho
cong viéc va cach trién khai thiet ké ché tao chan vit dugc chon. Nhitng m6 hinh dang dung rong rai c6 thé

tim trong bang 3.4 sau day.

Béng 3.4 : Cdc mdu chén vit

Tén goi seri Slg chan | S Ap/Ag H/D D (mm) m/R
vitmau | canh
Wagenigen B 120 2-7 0,3-1,05 0,5-1,4 250 0,16-0,18

Gawn 37 3 0,2-1,1 0,4-2,0 508 0,2
KCA 30 3 0,5-1,25 0,6-2,0 406 0,2

Ma (SSPA) 32 3&5 | 0,75-1,2 1,0-1,45 250 0,190

Newton-Rader 12 3 0,5-1,0 1,05-2,08 254 0,167

KCD 24 3-6 0,587 0,6-1,6 406 0,200

Meridian 20 6 0,45-1,05 0,4-1,2 305 0,185

SK 28 3 0,65-1,10 1,0-2,2 200 0,165

Chan vit nhom B Wageningen

Mo hinh chan vit nhém B dugc thitr nghiém tai bé tht NMSB Wageningen, Netherlands, dugc
cong bo rong rai trong cac tai li€u cua bé thir. Thong s6 chinh cia chan vit nhém B

Bang 3.5 : Théng so chinh chén vit nhém B.

Ky hiéu B3 B4 B5
35 150 |65 |40 [55 |70 [85 |100 [45 |60 |75 |10
5
S6 canh 3 4 5
Tiledtmatdia,% |35 [50 [65 |40 |55 |70 |85 |100 |45 [60 |75 |10
5
Tilé to/D 0,050 0,045 0,045
Tiléed, /D 0,180 0,167 0,167

Kich thudc duong bao canh chan vit doc theo cac bang tiép theo.
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Bing 3.6 Duong bao cinh chdn vit nhom B.3

Hinh 3.15 Cdc dai luong b, bl, b2 va yax.

r b.Z bl b2 ¢t max
k D(Ag | 4y) b b D
0,2 1,6333 0,616 0,350 0,0406
0,3 1,832 0,611 0,350 0,0359
0,4 2,000 0,599 0,350 0,312
0,5 2,120 0,583 0,355 0,0265
0,6 2,186 0,588 0,389 0,0218
0,7 2,168 0,526 0,442 0,0171
0,8 2,127 0,481 0,478 0,0124
0,9 1,657 0,400 0,500 0,0077
1,0 - - - 0,0035
Bang 3.7. Puong bao cinh chdn vit nhom B.4 va B.5
r b.Z bl b2 ¢t max
R D(Ag | 4y) b b D
0,2 1,662 0,617 0,350 0,0406
0,3 1,882 0,613 0,350 0,0359
0,4 2,050 0,601 0,350 0,312
0,5 2,152 0,586 0,355 0,0265
0,6 2,187 0,561 0,389 0,0218
0,7 2,144 0,524 0,442 0,0171
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0,8 1,970 0,463 0,478 0,0124

0,9 1,582 0,351 0,500 0,0077

1,0 - - - 0,0030

Toa d6 cac profil canh doc tai bing 3.8 .

Béng 3.8

/R | Tir di€ém diy nhit d&€n mép thodt, % Tir diém day nhi't d&€n mép din, %

100 80 60 40 20 20 40 60 80 90 95 100

MAT HUT
0.2 - 15335 72,65 | 86,90 | 96,45 | 98,60 | 94,50 | 87,00 | 74,40 | 64,35 | 56,95 | -
03 - 150,95 | 71,60 | 86,80 | 96,30 | 98.40 | 94,00 | 85,80 | 72,50 | 62,65 | 54,90 | -
0.4 - 147,70 | 70,25 | 86,55 | 97,00 | 98,20 | 93,25 | 84,30 | 74,40 | 64,35 | 56,95 | -
0,5 - | 43,40 | 68,40 | 86,10 | 96,95 | 98,10 | 92,40 | 82,30 | 72,50 | 62,65 | 54,90 | -
0,6 - 140,20 | 67,15 | 85.40 | 96,80 | 98,10 | 91,25 | 79,35 | 70,40 | 60,15 | 52,20 | -
0.7 - 139,40 | 66,90 | 84,90 | 96,65 | 97,60 | 88.80 | 74,90 | 67,70 | 56,80 | 48,60 | -
0.8 - 140,95 | 67,80 | 85,30 | 96,70 | 97,00 | 85,30 | 68,70 | 63,60 | 52,20 | 4335 | -
0.9 - | 45,15 | 70,00 | 87,00 | 97,00 | 97,00 | 87.00 | 70,00 | 57,00 | 44,20 | 35,00 | -

MAT DAY

0,2 |30,00| 18,20 | 10,90 | 545 [ 1,55 | 045 | 2,30 | 5,90 [ 13,45 | 20,30 | 26,20 | 40,00

0,3 |2535] 12,20 | 5,80 | 1,70 0,05 | 1,30 [ 4,60 | 10,85 | 16,55 | 22,20 | 37,55
04 [1785] 6,20 | 1,50 0,30 | 2,65 [ 7,80 | 12,50 | 17,90 | 34,50
0,5 9,07 | 1,75 0,70 | 430 | 845 | 13,30 | 30,40
0,6 5,10 0,80 | 445 | 8,40 | 24,50
0,7 0,40 | 2,45 | 16,05
0,8 7,40

5.2 Chan vit canh rong

Chan vit Gawn

Chén vit canh rong dung chu yéu cho tau chay nhanh, gém ba canh. Ti 1& buéc xodn tir 0,40+ 2.0. Ti 18
dién tich mat dia chan vit Gawn tir 0,20+ 1,1.

Mau chan vit duong kinh 503 mm; ti 1€ chiéu day duong kinh #D = 0,060; ti 1¢
d,/D =0,20.

Mat trai cua canh hinh elip, tdm tai 0,1R va 0,1R cach dinh cénh.
Két qua thir mé hinh dugc trinh bay dudi dang db thi:
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KrumpuJ va Ko npu J

Sau khi phén tich bang phuong phap hoi qui, két qua trén duoc viét lai dudi dang ham cia cac hé sb A./A,,
HID, J va sb canh Z. Trén thuc t& mo hinh dugc thir cho chan vit ba canh, khi Z thay ddi khac 3, cac hé sb

tinh todn da dugc ngoai suy.

Cac hé s thuy dong luc trong hé hé théng KrumpuJ va Kol mpl J duge biéu dién dudi dang da thtrc,
thuan loi cho 14p trinh. Cac hé sb K7, Ko dugce xét nhu ham cua hé¢ sb tién J, ti 1& budc H/D, ti 1¢ dién tich
mit dia a., s6 canh Z, ti 1& chiéu day canh #D va théa man timg phan diéu kién dong luc hoc Reynolds.
Trong thit m6 hinh chan vit, nhu da giéi thiéu tai phﬁn ly thuyét chan vit, s6 Reynolds c6 thé mang dang:

i b V2 +(0,75nD)
u

Rn

trong d6: b - chiéu rong canh tai » = 0,75R
V, - van tdc tién cua chan vit
p - hé s6 nhét dong hoc ctua nudce.

Trong pham vi Rn = 2x 106, cac hé sd K7, Ko cua chan vit dugc biéu dién bﬁng cong thirc:

H; A
K, = Cip JE(=) (Z2) 77
r= 2 Cum ) (a)
H; A . on
Ko= Y Kymnd "= 275 (b)
klmn D AO

Céc hé 86 Ciymn va Kimn doc tir bang 3.9
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Bang 3.9: Hé 56 Cijmn cho chian vit Gawn

T Ciamn k (J) I (H/D) m (Ae/Ao) n (2)
1 —0,0558636300 0 0 0 0
2 —0,2173010900 1 0 0 0
3 +0,2605314000 0 1 0 0
4 +0,15811400 0 2 0 0
5 -0,14758100 2 0 1 0
6 -0,48149700 1 1 1 0
7 +0,378122700 0 2 1 0
8 +0,014404300 0 0 0 1
9 —0,053005400 2 0 0 1
10 +0,014348100 0 1 0 1
11 +0,060682600 1 1 0 1
12 —0,012589400 0 0 1 1
13 +0,010968900 1 0 1 1
14 -0,13369800 0 3 0 0
15 +0,002411570 0 6 0 0
16 —0,000530020 2 6 0 0
17 +0,16849600 3 0 1 0
18 +0,026345420 0 0 2 0
19 +0,043601360 2 0 2 0
20 -0,031184930 3 0 2 0
21 +0,012492150 1 6 2 0
22 —0,006482720 2 6 2 0
23 -0,008417280 0 3 0 1
24 +0,01684240 1 3 0 1
25 -0,00102296 3 3 0 1
26 -0,03177910 0 3 1 1
27 +0,01860400 1 2 2 1
28 —0,004107980 0 2 2 1
29 —0.000606848 0 0 0 2
30 -0,00498190 1 0 0 2
31 +0,00259630 2 0 0 2
32 -0,000560528 3 0 0 2
33 —0,001636520 1 2 0 2
34 —0,0003287870 1 6 0 2
35 +0,000116502 2 6 0 2
36 +0,0006909040 0 0 1 2
37 +0,004217490 0 3 1 2
38 +0,0000565229 3 6 1 2
39 —0,001465640 0 3 2 2
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Bang 3.10: Hé 56 Ky, cho chan vit Gawn

T Kidmn k (J) | (H/D) m (Ae/A,) @)
1 +0,00515898 0 0 0 0
2 +0,016066680 2 0 0 0
3 -0,04411530 1 1 0 0
4 +0,006822230 0 2 0 4
5 -0,04088110 0 1 1 0
6 -0,077329670 1 1 1 0
7 -0,08853810 2 1 1 0
8 +0,169375020 0 2 1 0
9 -0,003708710 1 0 0 1
10 +0,005136960 0 1 0 1
11 +0,020944900 1 1 0 1
12 +0,004743190 2 1 0 1
13 -0,007234080 2 0 1 1
14 +0,004383880 1 1 1 1
15 -0,02694030 0 2 1 1
16 +0,05580820 3 0 1 0
17 +0,01618860 0 3 1 0
18 +0,003180860 1 3 1 0
19 +0,012904350 0 0 2 0
20 +0,024450840 1 0 2 0
21 +0,007006430 3 0 2 0
22 -0,027190460 0 1 2 0
23 -0,01664586 3 1 2 0
24 +0,03004490 2 2 2 0
25 -0,033697490 0 3 2 0
26 -0,003500240 0 6 2 0
27 -0,01068540 3 0 0 1
28 +0,001109030 3 3 0 1
29 -0,000313912 0 6 0 1
30 +0,00358950 3 0 1 1
31 -0,001421210 0 6 1 1
32 -0,003836370 1 0 2 1
33 +0,01268030 0 2 2 1
34 -0,003182780 2 3 2 1
35 +0,003342680 0 6 2 1
36 -0,001834910 1 1 0 2
37 +0,0001124510 3 2 0 2
38 -0,0000297228 3 6 0 2
39 +0,000269551 1 0 1 2
40 +0,000832650 2 0 1 2
41 +0,001553340 0 2 1 2
42 +0,000302683 0 6 1 2
43 -0,000184300 0 0 2 2
44 -0,000425399 0 3 2 2
45 +0,000869243 3 3 2 2
46 -0,000465900 0 6 2 2
47 +0,0000554194 1 6 2 2




10 in

b)

Hinh 8.16 : Chén vit Gawn

Cudi phan nay gi6i thiéu dd thi Taylor ap dung cho chan vit Gawn (hinh  3.16a,b). Cach lap do thi B,-6
khong khac cach 1am cho chan vit nhém B-Wageningen. Qua trinh thiét ké chan vit Gawn tién hanh theo
huéng din chung, dé cép trong chuong 7 “Thiét ké chan vit”. Viét chuong trinh may tinh thiét ké chan vit
Gawn duoc tién hanh theo thuét toan dugc soan cho chan vit buéc ¢b dinh, trinh bay tai chuong 11
“Chuong trinh thiét ké chan vit” sach “Ly thuyét tau”.

Chan vit KCA

Pay 1a mot bién tudng ciia chan vit Gawn, thudng goi 1a chan vit Gawn-Burrill.

Ph&n tir chinh
Pudng kinh:

Ti lé chiéu day canh:
Ty 1& dudng kinh cu:

S6 lugng canh:
Hudng quay:
Ty 1&é mat dia:

|

0,1R

!
0,75R

Chén vit
16,0 in
0,0045
0,2

3

RH

0,8

Bang chiéu dai day

Ban kinh khéng thd nguyén

0,25

0,375 | 0,50 | 0,625 | 0,750

0,875

0,9375

CyCc 50

0,640

0,819 [ 1,00 | 1,140 | 1,212

1,139

0,946

Hinh 3.17: Chan vit KCA
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Ti 1& budc xoan:
Ti 1é chiéu day canh: 0,045
Ti 1€ dy/D = 0,20.
Mat trai cua canh hinh elip, tdm tai 0,1R va 0,1R cach dinh cénh.

P thi cac dic trung thuy dong chan vit KCA duoc gi6i thiéu tai hinh 4.35a,b,c kém theo phan nay.

tr 0,60+ 2,0




Chan vit M,

SO canh chan vit mdu: Z=3va 5. Til¢ budc: H/D tir 1,0+1,45

Ti 1€ dién tich mat trai a.: 0,75+1,20. Ti I¢ duong kinh cu: d,/D = 0,19
Goc nghiéng canh: 0°. Ti 18 chiéu day canh: /D = 0,046+0,063.

I
a, 75% z=5 5 75% z=3
90% I © 90% |
105% | 105% \ S

L @

R=D/2
—/

Hinh 3.20 Chan vit M,

Két qua thor m6 hinh dugce trinh bay trong hé thong K7 Nl J va Koli npll J. Két qua trén duoc chuyén
sang h¢ thong Taylor, gidi thi€u tai hinh 4.36¢, dang:

e 7
/% 0 J va /FQ 7 J tuong duong Byl 8 va B, 8. Quan hé giita hai cach ky hidu duoc hidu nhu

K. K,
sau: 5=1003. B 21319 |°L; B -33,08 |2
J J* J°

Chan vit M, duoc thir nghiém tai Gétenborg. D thi chan vit M, dugc gidi thidu cudi tai liu nay:

A B O S LS\ S TTNS
M55 N
B e
1o LGN \-’W HEHANSN (M? (NN NS
' s 0 , WO N (AN N
0 @MV%\QM ‘Q M \i, , &géwﬁl,&” g /:~ f)/vw.
1.30 (A (A VIOADRIN RN 503 LY ONAGNAIEN Y \ ANV
1.20 ] il éd i N)\W\; AR @,? A i 5/\0 f>\ 8 5@\%\
110 ; T N %}JW\)}M" )4.' J 9\; b\?\\:‘\ /‘% ! <>§?< X ><>< Ki '<>< ( >\\‘>< i
1 00 E\ 2 //;}9 A k&y }(‘%’ZV%‘_ D§ _)i % wD( N 7y><ﬁ/>\ P3¢ N
050 ‘l é L ’P}v‘ } >\ gbgt{‘ 2))‘(,/{ XK >>( J/KK’{ >> X I I J ’f&zj
ot s S PR
001 010 020 0.50 100 150 200 250 300 400 500 600 700 800 900 70.00

Hinh 3.21: D6 thi tiéu biéu chan vit M,

Chan vit Newton-Rader N-R

Chan vit N-R gém cac mau ba canh, ti 1& budc tir 1,0+ 2,0, ti 16 mat dia 0,5+ 1,0. Seri gém 20 chan vit
mau, duong kinh D = 254mm, dugc thi nghiém voéi y dinh dung cho tau cao toc. Pay 1a seri chan vit sti
bot.

Pac tinh chinh cua seri nhu sau:
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AE/AO P/D
0,48 1,05 1,26 1,67 2,08
0,71 1,05 1,25 1,66 2,08
0,95 1,04 1,24 1,65 2,04
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a) Do thi Kr—J, Ko —J Newton-Rader
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b) Do thi kpl J; kol J
Hinh 3.22: Chan vit Newton Rader



Mbi chan vit duoc thir nghiém tai bé thir v6i sd sui bot thay ddi: 0,25; 0,30; 0,40; 0,50; 0,60; 0,75; 1,0; 2,50;
va 5,5. Chan vit Newton-Rader dugc gidi thi¢u tai hinh 3.23

7 | XX

0,010in

5,0in

0,25in 0,25in
N

o ~ 0,95 Bar
© ° -
el el
£ £ 0,71 Bar
8 5 0,48 Bar
1,6115in | 1,6115in
x=0,95
x = 0,90

Chan vit hién hiiu

. x=0,70 Caitiénlan 1
QS —_— / Nguyén thiy
-_’}':/

x=0,50

=a

AU MM x = 0,30 0,30 0,85 0'400'42335475 050

Hinh 3.23: Chan vit Newton-Rader

Chan vit SK

Chén vit seri SK gdm 28 mo hinh, chia lam bon nhom, ti 18 mét dia 0,65; 0,8; 0,95; 1,10. Ti 1¢ buéc dung
trong moi nhém tir 1,0 + 2,2 véi thay doi budc 0,2.

M6 hinh chéan vit SK g(k)m’S canh, duong lginh 0,20m, ti 1¢ cua chan vit 0,165. Phan bé chiéu day lon nhét
doc ban kinh theo luat tuyén tinh. Ti 1€ chiéu day 4o tai tam cu 0,05, ti 1€ chiéu day mép canh 0,045. Chan
vit SK thudc ho chan vit sui bot.

Kich thudc hinh hoc chén vit SK, ty 1& a. = 0,95 duogc gidi thiéu tai hinh 4.39), gia tri cac thong s ghi tai
bang. Kich thudce hinh hoc céc chan vit con lai ghi tai bang néu dudi day. Pac tinh thuy d@ng lyc trinh bay
tai hinh 4.40a,b,c) gianh cho chan vit vdi a. = 0,97 (chan vit sui bot, cai bién) va chan vit chuan a. = 0,95.
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Ag/A = 0,95
(11 )
s !
D = 200MM d/D = 0,165 1
d = 33MM R,/R = 0,586 |
|
o 7<0,3
© r<U,3 ©
i 3 s i 3
v T it 1V Sla
al <{° > S
3 =T
a S ? s b
=) <
Hinh 3.24: Chén vit SK voi a, = 0,95
R 20 30 40 50 60 70 80 90 95 100
e 8,18 7,26 6,36 5,45 4,54 3,63 2,72 1,81 1,36 0,9
h 3,70 2,50 1,20
Ac/Ay = 0,65
b 64,4 75,3 84,8 92,5 97,4 98,2 92,0 75,0 57,4 -
e4 7,41 7,26 6,90 6,37 5,51 4,61 3,64 2,56 1,89 0,90
e -0,77 0 0,54 0,92 0,97 0,98 0,92 0,75 0,57 -
Ac/Ay = 0,80
b 79,2 92,6 104,4 113,8 119,8 120,9 113,2 92,4 70,6 -
e4 7,31 7,26 7,09 6,59 5,74 4,84 3,85 2,73 2,01 0,90
e -0,87 0 0,73 1,14 1,20 1,21 1,13 0,92 0,65 -
Ac/Ao = 0,95
b 94,0 110,0 124,0 135,1 142,3 143,5 134,5 109,6 83,8
e4 7,15 7,26 7,23 6,80 5,96 5,06 4,06 2,91 2,07
e -1,03 0 0,87 1,35 1,41 1,43 1,34 1,10 0,71
AJAg =1,10
b 109,0 127,5 143,6 158,5 165,0 166,3 155,8 127,3 97,1 -
€4 6,98 7,26 7,36 7,01 6,19 5,26 4,32 3,08 2,18 0,90
e -1,20 0 1,0 1,56 1,65 1,66 1,69 1,27 0,82 -
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D6 thi diing trong thi&t k& dugc trinh bay dusi dang db thi Papmiel cho toan bd seri.
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¢) D6 thi Kq — J chan vit sui bot SK, a. = 0,95

Hinh 3.25
Thiét ké chan vit sii bot

Chan vit sui bot, hodc chan vit si€u sui bot (supercavitating propeller), dugc dung trong nhiing
truong hop chan vit khong-sti-bot (non-caviting propeller) t6 ra khong hiéu nghi¢ém theo nghia, rang
khong co6 cach gi d€ ngan chan sui bot canh va cu chan vit. Chan vit sui bot trén thuc t€ khong khéc cac
chan vit thong thuong chung ta da quen, ngoai trr kha nidng van ddm bao luc day trong diéu ki¢n bi sui
bot khong toan phan hodc toan phan. Thiét ké chan vit sui bot 1a thu tuc chon chan vit t61 uu trong diéu
kién sui bot.

Véi chan vit khong-sui-bot quan hé giira luc nang phan tir canh vo1 goc tan c6 thé coi la tuyen tinh .
Vi chan vit lam viéc trong mai trudng sui bot, luc nang 1a ham s6 cua hai tham s6 1a goc tén va s sii bot,
va hé sb 8Cy/ da nhu ching ta da lam quen trong phan dau tai liéu, khi ap dung cho chan vit sui bot bi
giam khodng 4 1an . Vi chan vit sii bot céch thich hop dé trinh bay luc nang profil canh trong quan h¢
v6i cac tham s6 dong chay dén no va trong quan hé véi chiéu day canh khi bot khi da xam chiém toan bo
bé mat profil.

Theo quan diém tuyén tinh héa quan hé luc nang véi cac tham s ciia profil canh, luc nang tim
trong dieu kién s0 sui bot ¢ bang 0 cé the la:
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z.sin2a

L :4+7r sin o
. a
_ 27.sin? a ( )
D=7
4+ z.sina

V61 o nho, cothé coisina = o vacos a= 1,0. Cac biu thirc cudi c6 thé mang dang:

CL= ~.a; (b)

(YRS

CD = o 2. (C)

N

Tir cac cong thic trén c6 thé chuyén thé dé tinh lyc ning va luc can profil canh cho chén vit sii
bot. Mot trong nhitng cong thirc d6 ap dung cho profil dang hinh cung khu sau:

C, =f(a+3,sﬁ)
2 b

2

T h)
Cp=—|a+—

L 2(“ b

(d)

trong d6 b - chiéu rong canh, h - chiéu day 16n nhét.
Trong trudng hop sb sui bot khac khong, theo sang kién cua Betz (1930) can dwa vao cong thirc

dau da tinh cho ¢ = 0 mot hé s6 luc ning bo sung, gia tri lyc bd sung tinh bang cong thic:

CL’: Po—Pc = o. (e)

trong cong thirc p. - chi ap suét trong bot khi.

Theo cach dé s& nhaan dugc biéu thire tinh Cp, Cp cho o # 0.
CL = g.a+0'; ()

Cp= C,.a+C,. (g)

trong d6 Cs - hé s6 can ma sat.

Thiét ké chan vit siii bot theo tudn ty da ap dung tai cac phan trude néu sir dung chan vit sti bot
chuan da qua thi nghiém. Trong diéu kién thyc té, tai lieu chung ta co thé c6 duoc gém chan vit canh rong
Gawn, chan vit Gawn-Burrill, seri Newton-Rader va seri Vening-Haberman. Pac trung thuy dong luc cac
nhom chan vit nay dugc trinh bay tai chuong ba. Trong phan ndy cia tai liéu dugc bo sung thém cac do
thi Kr-J -6, Kq-J-o. Thu tuc thiét ké chan vit stii bot gdbm xac dinh dudng kinh va budc xoan nham
dam bao tau dat van toc 16n nhét tién hanh theo bang sau.

Béang 24 : Thiét ké chan vit sti bot theo ché do chay tu do.

Ky hiéu & cong thirc Gan gia tri s sui bot

Gl 02 Gn

Vp:\/10330+Hs.}/—pd  (mls)

%5 %o
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s=— P (HLM)
0,5144*(1—w)

_ R
T= (1-1) s (kG)

Ky = P % , (theo Papmiel)

n
np = f(K’n), tir d6 thi
J =1f(n,), tir d6 thi
= -2, (m)
H/D = f(n,), tlr d6 thi
Pp =T.Vp/75.n,
Pe= Pp/n

Thir tir thue hién cac phép tinh c6 thé tién hanh theo mau dudi day , 4p dung cho trudng hop chon
chan vit tir seri Newton-Rader cho tau cao toc c6 luong chiém nudc D = 75T. Tau lip hai may véi cong
suit téng cong BHP = 2x3.800HP = 7600HP. Cong suat dan dén truc chan vit, theo cac chi dan da trinh
bay trén, c6 thé tinh :

Pp =3.500 HP.

Ttr cac phép tinh bd trg co thé suy doan, van tdc tau 75T nay, lip may cong suat 2x3.800HP, vong
quay chan vit 1.750 v/ph cé thé dat 48 HL/h.

Pé dam bao dd bén va xét dén tinh sui bot canh, chon chan vit Newton-Rader véi ty 1¢ mat dia Ag /
Ay =0,712.

Dé chon duong kinh chéan vit, dwa vao do thi Kt - J -0, Kq - J - o can thiét tinh thir Kr, Kq cho
mot ddy duong kinh. Tai day ban doc c6 thé sir dung hé thdng do thich hop va d& dang cho mdi ngudi khi
tinh. Trong trudong hop ding d6 thi Newton-Rader c¢6 gdc tir nudc Anh, ¢ thé dung don vi chiéu dai foot
khi tinh chon duong kinh.

Chan vit Newton-Rader, Ag/49 = 0,712

Bang 25.
D, (ft) K= L891#107 ¥3500 Ko — L013*107 48
Q= T=>2
1,988 *1.750° * D° 1.750* D

2,8 0,0361 0,992
3,0 0,0256 0,926
3,2 0,0185 0,868
4.4 0,0137 0,817

Trén d6 thi Kqg-J-0co thé xéac dinh o = 0,3, ung voi V =48 HL/h. Tt gia tri trén co thé tim trén
do thi gid tri cua hi¢u suat chan vit:

Bang 26.
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P/D J n

1,047 10,89 |0,65
1,249 10,92 |0,65
1,658 | 1,02 |0,58

Giai doan thur ba khi chon lya chan vit sui bot 1a phai xac dinh “mau sui bot” thich hop dé mat hat
cua canh “kh6” & muc cé thé duge, chan vit lam viéc & goc tan 16n cé the, dy phong truong hop truc chan
vit bi nghiéng 16n khi tau chuyén sang luét. Tur d6 thi (b) cé thé chon cac thong s6 phu hop sau:

P/D=1,249; n =0,65.
) Két qua co thé chon chan vit thudc seri Newton-Rader, duong kinh D = 36 in. = 0,914m; budc
xoan P =45 in. = 1,143m.
Tai liéu tham khao dé ban doc d& hinh dung : néu thiét ké chan vit khong-sui-bot, ban s& nhan duoc
chép vit t6i vu nhu sau D = 1,22m; P/D ~ 1,8. Chén vit tham khao nay co6 hiéu suét thép va budc 16n hon
nhiéu so vdi chan vit sui bot.

.. 5 Y r
1,l4 // \A \ Vi ‘\\ %K\ viRrdaiih JF' Bp-3 .J;
\ / / :
7 S
/ WA VM AV
/ // ) \ { YTV AU AwA, = 0,70
1,2 /] / /\ \/“ 9\\ \\ A x v/ /( / 4Ry ) iU 12
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May day dang phut nuwéc

May day dang may phut nudc bao gom hé thdng 6ng dan va cac canh quay trong 6 1am chtrc nang nhu bom
phut nudc. Nguyén ly 1am vi¢ce cua h¢ thong dang nay nhu sau.

2
—/W;_——\Le
—~ T P va
h2
v, — h,
P, - T

Hinh 2.28a: Nguyén Iy lam viéc ciia hé thong may day dang mdy phut nwée

Gia sir nu6c vao hé thong vai luu téc ¥; con thoat ra khoi dng xa Vs, dién tich miéng ong xa 4,. Khoi
luong nudc qua may day, phut nudce trong hé thong dugc tinh bang bicu thirc:

m=pA;V, 0
trong do: p - mat do nudc.

DBong luong cua khéi nude qua may ddy trong truong hop nay sé 1a p4,Vx(Va — V7). Luc day suy ra tir cong
thirc cudi:

T=pA:Va(Va— V) 0
Cong suat hitu ich do 7 tao duoc tinh bang tich cua luc ddy vai van tdc.
Pr="TVs =mVy(Va— V1) 0

trong d6 Vs la van tdc tau.

Pé xac dinh cong suit can thiét dua hé théng phut nudc vao lam viée can thiét viét lai cong thirc ning
lugng cua co hoc chat long cho dong trong doan tir miéng vao s6 1 trén hinh, va miéng ra so 2 trén hinh.
Cong thtrc Bernoulli ap dung cho truong hop nay c6 dang:

2

2 1%
p1+p71 = p2+p72+Ap 0

trong d6: Ap - ton that ap luc trong hé thong.

Cong thirc trén co thé chuyén sang dang phuong trinh cot 4p sau:
AR g A% pp 0
rg 28 7 pg 2g

trong d6: Ah = h; + hy nhu biéu thi trén hinh; A, - ton that cot ap trong hé thdng bng.

Néu gia thiét rang p, = const, cong thirc cudi co thé viét lai nhu sau:

-V

H =
b 20

+hy+h, VoL pr=prthipg 0
Cong suat can thiét dé bom lam viéc:

107



B = miy (V= VE)+ gy + ) 0

Ti 18 giita cong suat ddy THP va cong suat can cip cho may diy DHP duoc goi 1a hiéu suat may day, tinh
theo cong thure.

ViV, -N)
Mo = 7 1

. 22 0
5(% - V) + gl + hy)

Ton that cot ap h, duoc chia cho hai nhom, doc 1p nhau, ton that nhom dau /p lién quan dén ton that noi
tai trong hé thong con nhém sau 4, chi cho bom:

hy = hp + hyp 0

Tén thit nhoém dy phu thudc vao cau hinh may phut nuéc gom ton thit dau vao, ton that khuéch tan, ton
that do ma sat:

hp = hpr + hpp + hpr 0
Cong thuc tinh ton that c6 thé tham khao nhu sau: Ay, = & V2/22)
trong d6: k c6 the coi la tong cua cac ton that tai van dan va udn ong:
k =k +k;=0,01 +0,015
12

hpp = (1—710)(1_82)?‘? 0

trong d6: 1p - khoang 90%, ¢ - ti 18 giita dién tich diu vao va dau ra ctia bo khuéch tan.
Hé s6 tht ba tinh theo cac cong thirc tinh strc can ma sat.
C6 thé ghép cac biéu thirc trén vé dang chung sau day:

V,+AV)?

bD = ](D( Zg VOl AV = VZ—V] ()

Hé sb kp nim trong pham vi sau: 0,04 < kp < 0,10.
Tén that A, chi lién quan dén cau hinh ctia bom, biéu thi bang cong thirc.
1-
b, = H-—1b 0
Mp

Cac bom hudng truc hodc bom hdn hop hién dai thudng cé gia tri np = 0,90.
C6 nhitng diém tuong ddng gitta bom trong may phut nudc va chan vit tau, va diéu d6 thé hién bang cac hé
sO sau:

o Y

N, = %FQ ()

trong d6: ¢ - hé sé dong; ¥ - hé s6 truyén niang luong, dinh nghia nhu sau:

_ Q@ _ _&gH
°= YT v 0
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Hinh 2.28b Bom phut nuodc
Thiét ké dwong din gdm miéng hit, dwdng 6ng, cac thiét bi do
Miéng hut vao dng thong thuong cb gin céac thiét bj bao vé nham tranh cac vat co kich thude 16n quéa gidi
han cho phép lot vao ong va sau d6 vao bom. Tam ludi bdo v¢ nay néu thua qué s€ khong lam duoc viée
ngan ngura vat la, ngugc lai mat day qué s€ lam gidm hiéu suat st dung dén mutrc khé chap nhan.
Profil mit cit doc 6ng c6 hinh dang thich hop cho dong chay trong do, giup cho dong nude qua banh cong

tac déu, con dong doc 0 ong khong bi t6n that nhiéu. Trong thyc té c6 thé gip ong try, tiét dién tron, tiét dién
elip hodc 6ng co tiét dién thay doi.

Hinh 2.29: Bom phut nieéc tau canh ngam

Nhiing vi dy trinh bay tai hinh 7.32, giéi thiéu nhimg két ciu di duoc dung co két qua trong may chuc nam
qua.

Hinh 2.30a,b gioi thiéu bb tri chung may phut nuéc ding cho tau canh ngdm, chd khach kiéu “Jetfoil”, san
xuit tai M§. Cong suat may chinh 3700 HP, luu lwong nuéc qua bom hudng truc 1,46m’/s; n = 2080 viph;
cot ap 170 m.cn.
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Hinh 2.30: Bé tri bom phut nude

~
R~ .
==
——
= =
i s S 0,28(0,43)
Q) ] ‘3 - 0,07(0,23)
053 7| 955 S| 455 DS
=T * X T — N 7 7 . >
= - ] ]
/ \ \ / / 300(3,10) [~ |
/ / ==
7 2 3 4+ 5 6 7 8 9

Hinh 2.31: Thay d6i huéng dong thoat

Hinh 2.30c trinh bay thiét b twong tw san xuét tai Nga tir 1944 dung cho tau ndi. Diém khac biét tai day la
ong dan dang hinh vom, tiét dién thay doi.
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Hinh 2.30d trinh bay két cAu kim loai cua 6ng trén Xuéng nho, khdi lugng 800kg, lap may 75 PS. Xudng
dai 5m, lap may phut nudc dang nay co6 thé phat huy van toc 40 km/h khi chay trén song.

Ngay nay cac hing san xuat may phut nudc di tién hanh tiéu chuan hoa tat ca két cdu cung tinh ning thiét
bi 1am cho nguoi thiét ké c6 nhiéu thuan lgi hon khi chon phuong an. Thong thudng hing ché tao san xudt
bom (chan vit), h¢ théng din dong, duong 6ng, dng hit, dng xa va gau doi huéng. Gau doi hudng co tac
dung hudng dong thoat tir 0°, ngugc véi hudng tién cia tau 1am cho tau tién vé trude, dén gan 180°, tring
huéng tién cua tau dé “hdm” tau lai. Khi dong thoat quay sang trai, l4i tau bi sang phai, con khi dong dbi
sang hudng phai tdu quay nguoc lai. Trén thuc té tau dugc trang bi hé thdng may phut nudc co kha ning
thay huéng dong thoat nhu vira néu, tau cé tinh quay tré rat cao ma khong can trang bi hé thdng lai co
banh lai. Nguyén ly hoat dong ciia may phut nude kiém quay trd tau dugc gidi thidu tai hinh 2.31

Tai hinh 2.33 gi6i thiéu mot mau may phut nudc cung kich thudc phu bi ciia no, trich tir catald ciia hing
san xuat.

Tuong tu thiét ké chan vit thong thuong, khi thiét ké tau lap may phut nudc, trong nhiéu truong hop doi
hoi cao vé van tdc, trong khi khong gian budng may va khoang khong bb tri thiét bi bi han ché, can thiét
phai st dung hé théng nhiéu duong truc. May phut nudc ¢ thé bd tri don chiée va ciing c6 thé b tri thanh
hai hodc nhiéu diy. Tai hinh 7.34 gi6i thiéu bé tri budng may tau canh ngam 16n ctia My, san xudt 1967.
Bom duoc dung trong hé thong 1a bom li tAm, truc ding. Luong chiém nudc cia tau 550T, van tdc tau xap
xi 80 HL/h. Sau bom li tim 16n bd tri nhu trén hinh, chia 1am hai ting, cing don nuéc vao hai éng thoét
chung. Tuabin hoi lai bom FT4A-2 ¢6 cong suit lién tuc 20.000HP, va c6 kha ning hoat dong qué tai ¢
ché d6 30.000HP. Bic tinh ctia bom nhu sau: luu luong 4,23 m3/s; cot ap 75,5 m.cn; vong quay 3340v/ph;
duong kinh banh cong tac 0,42m; hi¢u suat bom 0,88 + 0,90.

Trong phan cudi nay s& gidi thiéu mot s6 mau may phut nudc duge san xuat trong nhitng nim gan day tai
cac nudc chau Au lam tai liéu tham khao trudc khi chon.

Hinh 2.32: B6 tri budng mdy tau canh ngam, st dung may phut nudc
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Bing B

MAiu may phut nwéc ﬁ::;g(zl;)t Dai (mm) l((};}l;)g (’(;;;)) Khoi lwong (kg)
Castold Jet 03 68 605 550 265 25
Doen DJ60 100 595 205 — 16
Berno 305 Diesel 120 1275 360 300 54,4
Kem 110 150 1050 338 545 45
Ultra 300 Single Stage 160 1410 360 500 75
Namj TJIX-150 167 1775 638 648 227
PP-65 200 724 324 343 25
Ultra 300 Two Stage 300 1041 457 381 70
FF240 310 1715 500 600 100
Hamilton Jet 291 475
Berno 360 High Torque 475 1500 380 440 383
Kem 503 810 1796 999 750 305
Ulstein WJ450 1020 1320 910 — 1300
Castoldi Jet 07 1290 2618 960 880 823
Doen DJ170 1630 1590 675 760 550
MIJP 480 1770 2810 — — 765
LIPS Jet 43DLX 2010
Hamilton Jet HM521 2450
KaMeWa 63 4070
MIJP 750 5700 4975 1720 1255 2105
MIJP 850 7545 5640 1980 1440 3145
KaMeWa 100 12900
MIJP 1350 18760 9050 3110 2110 8450
KaMeWa 112 20390 8000 1990 — 7800
KaMeWa 125 25150 8750 2220 — 11400
KaMeWa 160 40790 7500 2850 — 12500
MIJP 2050 51660
KaMeWa 200 54400
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Hinh 2.33 Thiét bi waterjet

Hinh 2.34 Tau cao toc sir dung waterjet “Jetfoil 3”
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Chuong 4

CAC DPUONG TINH NOIL PUONG CROSS CURVES

4.1 Tinh cac dwong tinh ndi tau thity mot than trén may ca nhan

Céc dai lugng hinh hoc trinh bay trén dugc chia lam ba nhom khac nhau:

1- Tinh dién tich, mémen tinh, mémen quén tinh, h¢ sb dﬁy duong nudc, mémen chii don vi...
trong mo1 duong nudec.

2- Tinh dién tich phan chim cac sudn, mémen tinh so vdi day, so vi mit gitra tdu cho mdi suon,
thuc hién trong mat suon.

3- Tinh thé tich phan chim va cac dai lwong lién quan dén thé tich.

Céac phép tich phan dqu phan vao hai dang, tich phan giéi han xac dinh doc chiéu dai tau va
tich phan gidi han trén thay doi tuy thuéc mén nude tinh toan.

Chuan bj dit lidu.

1- Chon s6 suon tinh toan, sé duong nudc can thiét khi tinh,

2- Vi tri cac sudn tinh toan ghi trong hé toa d twong ddi, don vi tinh dL = Lpp/(10 hoic 20), vi

du:
o s s L L s ] s
Vi tri swom ‘ #0 | B ‘ #1 ‘ #1 % ‘ #2 ‘ | ‘ ‘ | #19 ‘ 20
- ) 4
[ 1 | | | | | | | I
T 11 1 1 1 1 1 I
0 1 2 18 19 20
ST() ... ... ST(NS)
Hinh 4.1
3- Vi tri cac duong nudce theo don vi tinh dT, vi du:
Thir tw ‘ 1 | 2 | 3 ‘ ‘ NW
Vi tri dwong nuwéc ‘ 0 | V23 | 1 ‘ ‘
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Hinh 4.2
4- Toa do vom duoi so véi tru lai, ghi lai dudi dang bang

Tht tyr | 1 | 2 ’ 3 ‘ ‘ ‘ NW + 1

Toa A9 vom dudi | | ‘ ‘ ‘ ‘

—
AP

‘ ’ Hinh 4.3
5- Chiéu dai that cua tat ca duong nudce tinh todn,
6- Chiéu cao cia tat ca cac sudn tinh toan,
7- Toa do vo t‘élu, xéac dinh tai tit ca cac suon tinh toan, qua tat ca duong nudc tinh toan. Toa do
vo tau (gia tri 2 chi€u rong tau) ghi dudi dang ma tran nhu vi du sau:

Thir tyr durd 5
) hwduongnuoe | 12 1 NW Boong
Swon

#0
#

# Suon cudi
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Hinh 4.4

Tht tu ghi dit liéu nhu minh hoa trén hinh.
Chuong trinh tinh thuc hién cac phép tinh theo thir tu sau:
Tich phan trong mdt duong nudc tha j, j = 1,2,..., NW

Dién tich: Ay = 2 IL ydx
I xydx
Tam duong nudc: a=*L
IL ydx

Momen quan tinh doc, qua truc trung hoa:

Momen quan tinh ngang: I, = %LJ)ﬁ dx
A res ) vy
Momen chui tau Im. Mrpps = A

Tich phan trong mat suon thr i, i=1,2,..., NS

z
Dién tich phan chim: Sz = 2'[ ydz
0
zZ
Momen tinh so voi day: My(2) = ZI yzdz
0
Momen tinh so voi mat gitia tau: M, (z) = ZJ‘ xydz
0

Tich phan theo thé tich phan chim tir 0 dén Z:

Thé tich phan chim: 2 = IAW(z)dz
0

§

(a)

(b)

(c)
(d)
(e)

()

(D)

(g2)

(h)
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f A (2)zdz
0

Chiéu cao tém néi: KB z) = T (1)
Z
I A (Da(2)dz
Hoanh dé tam noi: XBz) = ° 2 (k)
zZ
Ban kinh tam nghiéng ngang: BM = % ()
. . i I
Ban kinh tam nghiéng doc: BM, = = (m)
, A A A A (2) S,(2)
Cac h day: Cy = 2L~ ; Cy = —2
dc hé so day - 7 (n); M TR (p)
%4 C, C
Cn = —— ; c, = -8B ; C, = =B
o= pr @ =gl 0 s ®)
So d6 tinh nhu sau:
* Bat dau
- Tich phan: a,b,c,d,e
| ' ,
Sai_~ Hét dudng nudc? N, Bung
> Tich phan f,g
Sai Hét dudng nudc? >Du¢|
. ' ,
Sal_ Hét cac suon? ™ Bing |
Y
Tich phan
- h.ik.l.Lm.n.p.q
Sai_~ Hét dudng nuéc?

Biéu do mang tén Firsov

2 Pung

In két qua

Hinh 4.5

Tén goi nay chi thinh hanh tai d4t nudc d3 sinh ra nha khoa hoc tau thuy nay (Nga). Trong sach
bédo ctuia nudc ta tén goi biéu d6 Firsov duoc cong nhan mot cach chinh thuec, giéng nhu duoc goi ¢
Nga vay, con ¢ cac nude khac it khi sor dung. Biéu do Firsov giup cho ngudi doc tim dugce the tich
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phan chim hoic luong chiém nuéc, toa dd tdm ndi phan chim cho cac trang thai nghiéng doc tau. Noi
theo cach dé& hiéu hon, khi doc dugc chiéu chim tau tai miii va 1ai cta tau, nguoi ta su dung biéu do
Firsov dé tim gié tri thuc cua luong chiém nué6e D, cao do tim ndi KB va hoanh do tAm ndi XB cua
tau trong trang thai ay.

Thu tuc 1ap biéu do Firsov theo thur ty ké sau:
- Xé4c dinh mén nude lai 77 va mén nude miii 7,

- Xac lap duong nudc qua hai vi tri trén

- Str dung biéu d6 Bonjean tinh thé tich phan chim va toa do tim ndi theo cac cong thirc:

"
v"/;/
0 1 2 9 10
Hinh 4.6
2 \ L
Thé tich phan chim cua tau: V = J.a(x)dx
0

L
Momen thé tich phan chim so véi day: M, = Im(x)dx
0
Mémen thé tich phan chim so véi mdt cdt ngang gitka tau:
+L/2
M, = j xa( x)dx
-2

Chiéu cao tam noi, so voi mat day:

L
J.IH(X)dX
— M,
KB=—"b_0__
Vv L
Ia(x)dx
0

Hoanh dg tdm néi, tinh tir mdt cdt ngang giita tau:

0

0

0
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+1/2

j xa( x)dx
e — M,
B = If = =2 0
J.a(X)dX
0
Db thi tiéu biéu dung cho tau van tai bién dwoc gidi thiéu tai hinh 4.7
dn[m] N
N
00 NN\ 7\/\/\\( \/\\/\( W/ /
N
ORISR
2.0 \\\XZXX/WW >/ L
QY% 700:9:% QQ&C; _
IR Y2, %20,%5058 4,058 o e 0 g
NJ K A PODNK O X |~
1.6 {LQ\//, Z Se ,%\,V\,\, @aN y\(
5 “ = g O\
i.4 — D i N = Dl A WD "t N \\\\
BN\
U Y - = \\\\\\\\ \\e -
L @
\\@n‘ \0
N
1.0
1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 dt[m]

Hinh 4.7 D6 thi Firsov
Tinh cin bang doc tau

V6i mbi trang thai khai thac can thiét kiém tra tinh ndi cta tau. Kiém tra can bang doc tau tién
hanh theo bang sau. Trong bang nay c6 st dung mot so6 cong thic s€ dugc giai thich tai phan sau ctia
tai li¢u:

TT Tén goi Cong thirc va ky hiéu Don vi tinh
1 Thé tich chiém nuée V= Ay m°

2 Chiéu chim trung binh d, T - doc tir d6 thi, = fv) m

3 Hoanh do trong tam LCG m

4 Chiéu cao trong tim KG m

5 Tdam dwong niede LCF - doc tir d6 thi, = f(T) m

6 Hoanh dg tdm noi LCB - doc tir d6 thi, = f(T) m

7 Chiéu cao tdm noi KB - doc tir d6 thi, = f(T) m

8 Bdn kinh tam nghiéng BM - doc tir d6 thi = f(T) m
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TT Tén goi Cong thirc va ky hiéu Pon vi tinh
9 Mbmen chiii 1 m Mra - doc tir d0 thi, = f(T) Tm/m
10 Moémen chiii tau Mch = A(LCG-LCB) Tm
11 Do chui cua tau 8T =Mch/Mygy m
12 Goc chui y=38T/L -
13 Thay déi chiii miii ST w=(L/2-LCF)ys m
14 Thay déi chiii ldi 8T =-(L/2+LCF)y m
15 Mon nudc miii Tm=T+ sTm=2)+13) m
16 Mon nuoc lai T =T+3T =-(=(2)+(14) m
17 | Chiéu cao tam nghiéng | GM =KM - KG = (7) + (8) - (4) m
18 Momen nghiéng tau M, = AGM/57,3 Tm

4.2 Thuat toan xac lap ho dwong cross curves (pantokaren)

Ho duong L, = AV, ¢) lap cho truong hop V; = const, i = 1,2... véi goc nghiéng thay ddi tir 0 dén
goc bat ky, vi du dén 90°, mang tén goi pantokaren. Thuét ngit chuyén nganh bang tiéng Anh viét 1a
CroSS curves.

Ngudi doc can luu ¥ vé cac ky hiéu khong trang nhau giita tai liéu cac nude. Trong tai lidu nay

chung t6i str dung cac qui ude va ky hiéu dung chung cho tit ca cac nudc, ngoai trir tai liéu viét bang
tiéng Nga.
Tay don hinh dang Ly duoc do tir diém K (keel) giao diém cta séng chinh voi mat cit ngang giita tau,
dén huéng tac dong luc qua tdm ndi B’ clia phan chim tau trong thoi diém tinh toan, ing véi goc
nghiéng cho trudc (hinh 4.8). Piém K ¢ dinh trong moi trudng hop tinh todn. Theo tai liéu xudt ban
tai Nga, nguoi ta thuong lay tdm noi tai truc dbi xtng ky hiéu C, tai thoi diém goc nghiéng bang 0
1am chuan rdi tir 46 do khoang cach dén dudng tac dong luc ndi. Hai cach 1am trén day, theo kiéu
vira trinh bay va theo cach 1am tai Nga, dua dén cach do khac nhau vé tay don

Hinh 4.8

Thuit toan xac 1ap tAm ndi phan chim tau trong lap trinh

Pé xac dinh toa do tAm ndi B’ cho gbc nghiéng bat ky, xét trong hé toa d§ chung toan tau, tién
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hanh cach roi rac hoa bai toan theo cac budc sau:

1- Phan chia toan b chiéu dai tau thanh nhitng phan doan, c6 chiéu dai phan doan ngan hon
nhiéu 1an chiéu dai tau. Chiéu dai cac phan doan khong nhat thiét bang nhau. Mdi phan doan rat ngan
ki€éu nay duoc coi nhu mdt khoi tru dai dung bang chiéu dai phan doan, mat cat ngang cua lang tru
ding nhu mat cat ngang gitra lang tru.

2- Trong mdi phan doan tién hanh tinh thé tich phan chim, tim ndi phan chim so véi ddy, so véi
mat ngang chuan, cu thé so v4i mat cat ngang gitra tau.

Thudt todn tinh thé tich va mémen tinh

Tai mdi mat suon tién hanh ké nhiéu duong nudc nghiéng dudi goc @ so v6i mit day, cit suon
tau. Tai mdi chiéu chim Z, tinh trén truc OZ, ké duong nudc song song véi mat thodng nudce tinh.
Xac dinh céac gia tri hd tro a, b, ¢ (hinh 4.9) theo cong thirc:

Z

a=E—L‘ ()
b = %(y+a) 0
c=y-a 0

v6i: y - nua chiéu rong tau, do tai mén nudc Z, cho sudon dang xét
t - khoang céch tir giao diém mat duong nudc nghiéng tai day dén mat cat doc gitra tau.

2 §/
N a C
N
\ T—
R B N
@ S
K "y
t Ly
Hinh 4.9
Dién tich mat sudn, phan nim dudi dudng nude nghiéng:
T
A = [ d2dz 0
Momen tinh do véi mat day:
T
My» = [d2).2dz 0
0
Momen tinh do véi mit cit ngang giira tau:
T
Mx) = [d2.K2)dz 0
0

3- Tinh thé tich phan chim tau va toa d¢ tdm noi ctia phan chim tau, nam dudi mot duong nudc
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nghiéng, khi da x4c dinh A(x), Mz(x), M(x).
Thé tich phan chim:
V= j A(x)dx 0
L

Khoang cach RB va SB theo ky hi¢u tai hinh 2.19:
J'LM(X)dX. — jLMB(X)dX

RB = =+ S 0O
IL A(x)dx [L A(x)dx
Tay don hinh dang L, tinh theo cong thic:
L, = KNsin® = SBsin ® + RBcos ® 0

Moi gia tri ¢(z) do trén ban v€ phai la nhitng gia tri that, c6 nghia ¢(z) > 0. Nhiing truong hop thuong gap
khi doc ¢(z) va cach hi€u chinh nhu sau:

Néu ¢>2y gia tri that cia c =2y; b=0

Néuc<Othi:c=0vab=0

So dd tinh toan duoc gi01 thi¢u tai hinh 4.11.

| Poc di liéu toan tau |

!

| Doc toa dé voé tau |

Az /c<0 ;

l | Tinh a,b,c |

| . !

‘ > Hét dusng nudc? >w|
| f

| |

| Tinh A(x), MB(x), M(x)

Sai ‘

Hét duong nudc? >%|

]
| Tinh V,RB,SB,KN

s 1

—< Hét dudng nuéc? >%|
Bun

Sai - !
—< Hét cac géc nghiéng? >—9—|
Y
| In két qua |

Hinh 4.10 Hinh 4.11
Thir ty tinh cac dwong thiy tinh trén may ca nhéan

I- Tinh dién tich, momen tinh, momen quan tinh, h¢ s6 day duong nudc, momen chui don vi
vv... trong moi duong nudc theo cong thue néu phan trén.
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2- Tinh dién tich phan chim cac sudn, momen tinh so v&i day, so vi mit gitra tau cho mdi suon,
thuc hién trong mat suon.

3- Tinh thé tich phan chim va cac dai luong lién quan dén thé tich, cong thirc.
4.3 Tinh dic trung hinh hoc tau nhiéu than

Cong thic tinh toan cac dic trung tinh noi cua tau nhu di trinh bay phan gianh cho tau mot than.
Ian |

| |
] |

Hinh 4.12a Mt cdt ngang tau hai thén va ba thin

Chuan bi dit liéu tau nhiéu than tién hanh nhu sau:

Biéu dién duong nudc bat ky cta mdi than tau duéi dang duong cong dang
y1 = f{x), dudng cong nam trén va y, = f{x), dudng cong phia duéi (hinh 4.12b). Chiéu rong mdi than
b xac dinh theo cong thirc sau.

Tai mbi suon: é): (A —-J5)

St dung cac cong thirc phan dau tinh cho mdi duong nude. Cong thie tinh /7 tau 2 than ¢ dang:

Ingjjfdx+ 2.[:}%de

1
%=§(K+J"2)

Str dung cac cong thire (1.15)+(1.25) cho cac phép tinh tiép theo.

y; = f(x)
v
(ys +Y,)/2 T
Yo y l /
1
V4
Y2 = f(x)
.
N
L
a. “Puong nuwdc” mot than tau b. Mat cat ngang mét than
tau
Hinh 4.12b
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4.4 Xay dung ho dwong cross curves tau nhiéu than

Ho duong cross curves Lx = f{V, @) 1ap cho truong hop Vi; i = 1,2,... voi gbe nghiéng ¢ (hoac
con ky hiu ¢) thay d6i tir 0 dén goc bét ky, vi du dén 90°.

Tay don hinh dang L duogc do tir diém K giao diém ctia mit cat doc giita tau véi duong co ban
nam ngang, dén hudng tac dong lyc qua tdm ndi B’ ctia phan chim tau trong thoi diém tinh toan, mg
v6i goc nghiéng cho trude (hinh 4.13). Piém K ¢6 dinh trong moi trudng hop tinh toan.

z} cl+d

Hinh 4.13

Tai mdi mat suon tién hanh ké nhiéu dudng nudc nghiéng dudi goc @ so véi mit ddy, cat suon
tau. Tai mdi chiéu chim Z, tinh trén truc OZ, ké duong nudc song song véi mit thoang nude tinh.
Xéc dinh céc a, b, ¢ theo cong thirc trinh bay tai (), (), () cho tau mot than.

Nhom cong thirc ndy ap dung cho “tau 40” nam phia trong cua tau hai than, giup tinh “tay don
40”. Cac dai luong nhan dugc sau khi tinh duoc ky hi€ua’, b’, ¢’.

N T
Dién tich mdt suon, phan nam dudi dudng nudc nghiéng: A(x) :J-o dz)dz
T
Momen tinh so v4i mat day: Mg(x) = .[0 dz).zdz
, T
Momen tinh so v4i mat cat ngang gitra tau: Mc(x) = .[0 d z).K(2)dz

Tinh thé tich phan chim tau va toa do tim ndi ctia phan chim tau, nim dudi mot duong nudc
nghiéng, khi da xac dinh A (x), Mp(x), Mc(x).
Tay don hinh dang Lk tinh theo cong thirc:
LKzﬁVsin(DzS_BsinCD+H?cosCD 0

DUNG PO THI ON PINH TREN CO SO PANTOKAREN

Do thi 6n dinh duoc dung dudi dang duong GZ = f(¢). Momen 6n dinh dung duéi dang
momen phuc hdi bang tich s6 ciia GZ(¢) voi lugng chiém nudc A = const.

§=LK —K_Gsingo 0
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Ung véi mdi trudng hop V.= Aly = const, tir dd thi pantokaren d& dang do dugc Ly, tinh theo
gdc nghiéng, vi du 10°, 20°, 30°,...

Thay gia tri Ly vira do duoc vao biéu thic cudi cung s& xac lap duoc diy gia tri GZ,, tinh cho
o= 10°, 20°,30°,...

[m)/_
___——_—_::::::::::::::::eow)

50
0

0

7
!

<
2 f —+20
3 i T Vms)
0 } V=const

S
=
n
9]
GZ K
(m) g
0.8 _5

V=const;
KG=const

Lk20-KGsing

0 10 20 30 40 50 60\<) 80

Hinh 2.27 Xay dwng dé thi én dinh tinh

Nhing vi du tiép theo trich tir cac bang tinh 6n dinh tau mot than theo cach da chi dan.

1. Kich thudc chinh cua tau.

Loa 110m

B 30,50m

D 7,90m
d 3,74m

2. Db thi 6n dinh tinh GZ (m), va dd thi 6n dinh dong Ly (m.rad).

TRANSIT 1

DISPLACEMENT = 10441.00 m3 VIRTUAL CG (KG*) = 7.24 m

Deg 10 20 30 40 50 60 70 80 90

Lk 4.49 7.65 8.53 8.59 8.24 7.56 6.61 5.45 4.12
GZ 3.24 5.17 4.91 3.94 2.69 1.29 -0.20 -1.68 -3.12
Ld 0.28 1.05 1.93 2.7Y3 3.30 3.66 3.75 3.59 3.17

Két qua tinh duoc trinh bay dudi dang bang va dd thi. Mot vai két qua tinh 4p dung cho mé
hinh tau hai than, mdi than c6 dang khdi hop dai Im, rong 1m, cao Im, hai man trong cach nhau 2m
gidi thiu tiép theo. Két qua tinh trich tir bang tinh theo chwong trinh “Multi-hull Cross Curves” bing
ngon ngit C/C++. Trén cling bang tinh, géc nude tran vao tiu hoic géc mép boong chdm nude dugce
danh diu riéng. Tai bang sau, goc nude tran ghi tai dong cudi cling.
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WL z VOL Displ Trim
0.00 0.00 0.00 0.00 0.00
1.00 0.25 0.50 0.52 0.34
2.00 0.50 1.00 1.03 0.34
3.00 0.75 1.50 1.55 0.34

WL KB XB BMT BML
1.00 0.13 -0.00 1.33 0.67
2.00 0.25 -0.00 0.67 0.33
3.00 0.38 -0.00 0.44 0.22

WL Ccw CM CB CP
1.000 1.000 1.000 1.000 1.000
2.000 1.000 1.000 1.000 1.000
3.000 1.000 1.000 1.000 1.000

Phi 10.00 20.00 30.00
volume lever volume lever volume lever
(m3) (m) (m3) (m) (m3) (m)

1.77 0.28 1.72 0.40 1.67 0.50

1.65 0.40 1.55 0.58 1.43 76

1.52 0.54 1.37 0.81 1.20 1.12

1.33 0.67 1.19 1.13 1.05 1.42

1.09 0.80 1.05 1.44 1.00 1.55

0.85 1.01 0.92 1.59 1.00 1.55

0.61 1.37 0.76 1.58 0.92 1.56

0.44 1.55 0.58 1.56 0.74 1.55

0.32 1.55 0.41 1.55 0.51 1.52

0.20 1.57 0.17 2.00 0.23 1.69

vao nuoc 1.36 0.66 0.88 1.59 0.82 1.56

Phi 40.00 50.00 60.00
volume lever volume lever volume lever

(m3) (m) (m3) (m) (m3) (m

1.60 0.60 1.51 0.70 1.43 0.74

1.30 0.94 1.20 1.02 1.13 1.00

1.10 1.27 1.03 1.28 1.00 1.18

1.00 1.46 1.00 1.35 1.00 1.18

1.00 1.47 1.00 1.35 1.00 1.18

1.00 1.47 1.00 1.35 1.00 1.18

0.98 1.47 1.00 1.35 1.00 1.18

0.86 1.47 0.93 1.34 0.98 1.18

0.63 1.46 0.73 1.35 0.80 1.18

0.30 1.52 0.38 1.38 0.48 1.22

vao nuoc 0.73 1.47 0.60 1.37 0.48 1.22

Pé tién so sanh voi tay don hinh dang tau mot than cing kich ¢&, dudi ddy trinh bay tiép bang tinh
cross curves khoi hop dai 1m, rong 2 m cao Im. Vi du dang d¢€ cap tuong duong md hinh tau “hai
than” song khoang céch giira hai than bang 0.

Phi 10.00 20.00 30.00
volume lever volume lever volume lever
(m3) (m) (m3) (m (m3) (m)
1.819 0.130 1.856 0.212 1.858 0.287
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vao nuoc

vao nuoc

128

Phi

1.651
1.460
1.263
1.072
0.878
0.
0
0
0
1

685

-492
.299
.148
.681

volume

(m3)

1.
1.713
1.533
1.313
1.084
0.856
0.
0
0
0
0

850

628

-416
.247
-122
.696

40.

-143
.144
-147
.157
171
.202
-260
.400
577
.143

o [eNeoNoNoNoNoNoNoNoNe]

lever
(m)

.354
.385
.432
.502
.571
.632
.673
.691
.708
.726
.664

[eNeoNoNoNoNoNoNoNoNoNe]

.725
.552
.337
.092
-845
.603
-399
.237
2117
.344

POOOOORrRRrRRERPE

volume
(m3)
.831
.678
.481
.278
.075
.872
.669
.466
277
.137
.520

eNeloeooNal NN N >

[eNeNoleoooooNeoNe]

eNeojeooooNoNoNoNa]

-240
.270

-686
.719

[eNeoNoNoNoNel Sl ol Sl

.731
-560
.351
.098
.832
.591
.391
.232
.114
-966

volume

(m3)

eNeoNoNeoNeoNaol Nl Sl S

.798
.621
437
.252
.068
.884
.699
.515
.331
.164
-389

.317
.357
-407
.476
-540
.591
.642
.694
. 745
.511

[eNeoNololoNooNoNoNe]

60.00
lever
(m)
.459
.498
.540
.581
.620
.657
.689
.710
.703
.645
711

eNeooooNoNoNoNoNoNo]
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