TINH SUC CAN VA CONG SUAT YEU CAU ‘
CUA TAU HOAT PONG O CHE PO NOI (CHIEM NUGC TOAN PHAN)

UNINSHIP
MO DAU
Hién nay c6 nhiéu phuong phép tinh sic can tau ndi (hé s Fn < 0,7) duoc gidi
thi¢u trong cac tai liéu nghién ctru khac nhau. bac diém chung cua cac phuong phap dé la
dé c6 the ap dung, mau tau can tinh strc can phai c6 cac thong so hinh dang va kich thudc
nam trong pham vi gioi han cua timg phuong phap. Dicu nay nhieu khi khong duoc déap
ung hoan toan, va lam han ché pham vi lua chon thdng so tau khi thiet ke.

Bé khac phuc han ché trén, céc chuyén gia thiét ke tau thuyeén dé sir dung phuong
phap phén tich h01 quy két qua thir nghiém nhiéu mé hinh tau khéc nhau, tir d6 dua ra
phuong phdp gan dung dé tinh stirc can cua nhiéu loai tau khac nhau, khéng phu thudc
nhiéu vao pham vi dic diém hinh dang va kich thuéc tau thiét ké. Giai phap nay gilp cho
cac nha thiét ké mo rong pham vi lua chon céc théng sb tau, va cho thay hiéu qua trong
giai doan thiét ké so bd. Mot trong nhimg két qua phan tich hoi quy dé xay dung cé4c biéu
thizc thuc nghiém &p dung tinh stc can, va sau do 1a cong suat yéu cau, trong giai doan
thiét ké ban dau duogc thuc hién boi Holtrop, J. va Mennen, G.G.J, . Phuong phép nay c6
thé ap dung dé tinh strc can va dyu doan cdng suat may chinh cua hau hét cac loai tau khac
nhau hoat dong & ché d6 chiém nudc toan phan. UNINSHIP tong hop va gigi thiéu véi
cac ban doc quan tam vé van dé nay.

I.  TINHSUC CAN

St can tong cua than tau dugc tinh theo biéu thuc:

Rt = Re(1+ky) + Rapp + Ry + Rg + Rrr + Ra (1.1)
trong ddos:

Rr : Strc can ma sat, tinh theo cong thurc cua ITTC-1957;

1+k; : hé s hinh déang, biéu thi sitc can nhét cua dang tau theo méi quan hé véi Re;

Rapp : Strc can cua cac phan phy;

Rw : Stc can song (tao song va pha song);

Rg : Stre can ap lyc bd sung cua mili qua & gan mat dudng nudc;

R+g : Strc can &p luc bd sung cua phan vach dudi ngap nudc;

Ra : strc can hiéu chinh tau-mé hinh;
Heé s6 1 + ky c6 thé duoc tinh theo cong thic:

14K, = C,,{0,93+C, (B/ L) ™ (0,95 C,) % (1_C, +0,0225¢,,)*** | (1.2)
Trong do:
Cr: hé s6 lang tru;
Le 2 Vi tri doc cta tam ndi tinh tir 0,5L Gmg Véi L: L = X/L;



Lr : Chiéu dai phan tiép nudc cua tau khi dang chay véi toc do twong tGng, va duoc Xac
dinh theo biéu thuc:

Lg /L=1-Cp +0,06C, ¢, /(4C, ~1) (1.3)

Cip = (T/L)??%%8 khi T/L > 0,05
Cip = 48,2(T/L -0,02)%°® + 0,479948  khi 0,02 < T/L < 0,05;
C1, = 0,479948 khi T/L <0,02
T: mén nuéce trung binh cua tau;
C13=1+0,003Cs
Cs= -10voi tau day chir V
0 véi tau c6 mit cit ngang dang binh thuong;
10 véi mat cit ngang dang chix U
Dién tich wt than tau cé thé dugce tinh theo biéu thuc:
S=L(2T +B),/B(0,453 + 0,44255 — 0,262 — 0,00346 7B/ T + 0,369601) + 2,38A5; /Cp; (1.4)
Agr : dién tich mat cit ngang cua qua 18 tai vi tri mat nudc tinh giao véi mii tau;
Strc can phan phu c6 thé xac dinh theo biéu thic:
Rapp = 0,50V*Sapp(1+K2)eCr; (1.5)

trong d6 p 12 mat do nude, V 1a toe do tau, Sapp la dién tich udt cua phan phy, 1+k, 1a hé
S0 strc can phu, va Cr la hé s6 strc can ma sat cua tau tinh theo cong thirc cua ITTC-1957.
Trong bang dudi day cho cc gia tri so by cua 1+k, ddi voi cac phan phy bd tri theo
hudng dong chay. C4c gié tri nay c6 duoc tur két qua thu nghiém suc can doi vai cac mo
hinh tau c6 va khéng c6 phan phu.

Gid tri xap xi cta 1+k,

-Banh l4i phia sau song dudi tau: 1,5-2,0
- Banh lai phia sau tau (khdng co ky) 1,3-15
- Céac banh lai tau hai chan vit 2,8
- Gia d& truc chan vit 3,0
_Ky 4 1,5-2,0
- Céc phan 16i cua thanh giang 3,0
- C4c phan 15i cua than tau 2,0
- Truc chan vit 2,0-4,0
- Vay giam lic 2,8
- Vom sona 2,7
- Ky bung 1,4
Gia trj (1+k,)eq cua tong cac phan phu dugc tinh theo biéu thic:
(1+K,)eq = Z(1+ K2)Saep | (1.6)
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Strc can phan phu ¢ thé tang Ién do stc can cua phan 16 khoét ham truc miii, sirc can ham
truc miii tinh theo biéu thuc:

Rgto = pVZTCdZCBTO; (17)
trong d6 d la duong kinh ham truc miii;

Hé s6 Cgro nam trong khoang 0,003 — 0,012. Véi cac 16 khoét trong phan hinh tru cua
qua Ié, nén chon gia tri bé hon;

Strc can song tinh theo biéu thic:

R, =C,C,C.Vpg exp{mlFrjj +m, cos(an’z)}; (1.8)
Véi:

Cl — 2223105C73,78613(T/B)1,07961(90 _ iE)-1,37565;

C; = 0,229577(B/L)"%*% khi B/L < 0,11
C;=BIL khi 0,11 < B/L < 0,25
C,=0,5-0,0625L/B khi B/L > 0,25

C, =exp(-189,/C;);
Cs = 1- 0,8A/(BTP);

Trong cé4c biéu thic trén, C, 1a thdng s6 gay ra sy giam stic can s6ng do tac dong ciia miii
qua I8. Tuong ty, Cs biéu thi anh huong cta vach lai dén sic can séng. At biéu thi dién
tich phan chim vach dudi khi tau dtimg yén; Trong céc biéu thic trén, dién tich ngang cua
cac go dat ¢ vach dudi phai dugc tinh vao.

Fn 12 hé s6 Froud dai. Cac théng sé con lai duoc xac dinh nhu sau:

A = 1,446Cp — 0,03L/B khi L/B < 12;
A=1,446Cp - 0,36 khi L/B > 12;

m, = 0,0140407L/T —1,75254V/3 /L - 4,79323B/L — Cy; ;

Cy6 = 8,07981C, — 13,8673C5” + 6,984388C5°; Khi Cp < 0,8
Cis = 1,73014 - 0,7067C5 Khi Cp > 0,8
m, = C,;C3 exp(-0,1Fn2)

Cis = -1,69385 Khi /v <512;

Cis =-169385+(L/VY3-80)/236  Khi 512<L®/v <1727
Cis=0 Khi /v >1727

d=-0,9

ie 2 nira goc vao nuac, tinh bing do; néu chua c6 so ligu chinh xac, c6 thé tinh ig
theo biéu thuc sau:
iE — l+ 89 exp{_ (L/B)O,SOSSG (l— (1)0'30484 (l— Cp _ 0’0225€ @ )0,6367 (I—R / B)0,34574 (lOOV/ L3)0,16302 }



Cong thuc nay 1a két qua caa phan tich hdi quy hon 200 dang than tau, rat ra gié tri coa ie
nam giira 1° va 90°.
Hé s xac dinh anh huong cua mii qua & dén stc can séng dugc tinh nhu sau
C, = 0,56A%% /|BT(031L /Ay + T, —hg ; (1.9)

trong d6 hg 12 vi tri thm ciia mat cat ngang miii qua I& phia trén duong ki tau, Te 1a mén
nudc mii tau;
Strc can bd sung do sy hién dién cua miii qua I8 duoc xac dinh theo biéu thic:

R, =011exp(-3P;%)F AL pg /(1 +F?) (1.10)
trong d6 Pg 12 pham vi phan néi caa mii qua 18, Fni 14 hé s6 Froude theo phan chim:

Py = 0,56,/A,; /(T —15h,)

Fni = V/\g(T, —h, —0,25/A,, ) + 015V
Strc can bd sung do véach dudi ngap nudc duge xac dinh theo biéu thic :
Rrr = 0,5pV*ArCe;

hé sé Cg phu thudc vao hé sé Froude theo chiéu chim vach dudi, va xac dinh theo biéu
thic :

C6 = 0,2(1' O,ZFnT) Khi FnT <5
Cs=0 Khi Fny>5
Fn, =V/2gA; /(B+Ba);

Strc can do sy sai khac gitra tau that va md hinh xac dinh theo biéu thic:
Ra=0,5pV?SCh;

Ra dugc xem Ig‘;\ biéu thi anh huong cua do nham than tau va sic can cua khéng khi tinh.
Tu phén tich két qua tha toc d6 tau, xay dung cong thac tinh C nhu sau:

C,. =0,006(L +100) % —0,00205 + 0,003,/L/7,55*C, (0,04 C,)
VoI : C4 = TF/L Khi TF/L < 0,04
C,=0,04 Khi T¢/L > 0,04

thém vao do, Ca can phai dugc tang thém dé tinh dén anh huong cua do nham than tau
I6n hon so voi tiéu chqén. bé thuc hién diéu nay co thé su dung céng thac ITTC 1978 dé
tinh su tang cua Ca doi voi cac gia tri ¢ nham than tau cao hon gia tri tiéu chuan ks =
150um, nhu sau :

d6 tang cua Cp = (0,105k,™" - 0,005579)/L*®

trong cong thuc trén L va k, tinh bang m ;



II.  XAC PINH CAC HE SO PAY

Céc cong thirc thong ké dé xac dinh hé s6 dong theo, hé s6 luc day, hiéu suat xody nhu d&
trinh bay trong [1] c6 theé c6 mot vai dicu chinh. Vé&i tau mot chan vit co bo tri phia lai
thong thuong, ¢ thé sir dung cong thic sau day deé tinh hé s6 dong theo :

0= C9CV L 0,0661875 +l,21756C11 C—V +0,24558 B _ 0,09726 + 0,11434 +
Ts 1-C,, LA-C,, 095-C, 095-%

+0,75CsCy + 0,02Cs ;

Hé s6 Cq X4c dinh theo Cg nhu sau:
Co=GCq khi Cg< 28
Co = 32- 16/(Cg - 24) khi Cg > 28
Cs = BS/(LDTp) khi B/TA<5
Cg = S(7B/T A-25)/(LD(B/TA - 3)) khi B/TA > 5
Ci1 =TA/D khi To/D <2

Cyy = 0,0833333(T/D)° + 1,33333 Khi TA/D > 2
Cv = (1+ K)Cg + Ca : hé s stc can nhdt;
Cp1 =1,45C; - 0,315 - 0,0225¢8, ;

Hé sb luc day cua tau mot chan vit c6 vom dudi thdng thuong duoc xac dinh nhu sau:
t = 0,001979L /(B — BC,,) +1,0585C,, —0,00524 — 0,1418D? /(BT) + 0,0015C,
Cio=B/L khi L/B >5,2
Cy0=0,25-0,003328402/(B/L-0,134615385) khi L/B <5,2

Hiéu suit xody c6 thé tinh theo cong thic:
nr = 0,9922 - 0,05908Ag/A, + 0,07424(Cp - 0,02250y) ;

Véi cac tau thon, chay nhanh, ¢ thé tinh cac hé sé diy tau nhw sau:

o =0,36+10Cy0 - 0,1
t=0,1
1k = 0,08

Anh hudng cia do béo va hé s sic can nhdt dugc biéu thi twong tu nhu cong thirc co ban
cua tau hai chan vit.

Cac cong thire co ban cuaa tau hai chan vit la:
® = 0,30955 +10C, 5 —0,23D / /BT ;
t =0,3255 —0,1885D / /BT ;
nr = 0,9737 +0,111(Cp - 0,0225(,) - 0,06325P/D ;



I1l.  XAC PINH HIEU SUAT CHAN VIT

Pé xé4c dinh cong suat day yéu cau, can xac dinh hiéu suat chan vit trong mat nudc mo.
Piéu hién hiru 1a cac dic tinh caa hau hét cac chan vit co thé xac dinh nho sir dung két
qua thir nghiém seri chan vit. Trong [2] gi6i thiéu sy biéu dién dudi dang da thic cua hé
s6 luc dy va hé s6 md men d6i véi chan vit thudc seri B. Céc da thac nay chi dang khi hé
s6 Reynold 1a 2x10° va can diéu chinh d6i v6i cac hé sé Reynold khac, ciing nhu theo do
nham ciia chan vit thyc. Khi d6 hé sé luc day va hé sé md men duoc xac dinh nhu sau [3]:

I:)CO,7SZ .
KT—ship = KT—B—Series + ACD 013T )

C0,752
D2

K = KQ—B—Series + ACD 0725

Q-ship
voi:  D: duong kinh chén vit;
ACp : d6 chénh léch vé hé sé luc can cua profile mat cat ngang, tinh theo biéu
thuec:
ACy = (2+4(t/C)y)|0,003605 - (1,89 +1,6210g(C, 5 / Kp)) >* |
P : budc chan vit;
Cos: chiéu dai day cung & ban kinh 0,75R; xac dinh theo biéu thic:
Cozs =2,073(A /A,)D/Z
Z : sb canh chan vit;
t/C : ti s6 chiéu day va day cung; xac dinh theo cong thuc :
(t/C), 5 = (0,0185—0,00125Z)D/ C,
ke : 6 nhdm bé mit canh chan vit ; v&i chan vit mai, ke = 0,00003m ;
Ti sb dién tich canh Ag/A, xac dinh theo cdng thire Keller nhu sau :
Ag/Ao =K + (1,3 +0,3Z)T/(D?(po + pgh + py))

Trong cong thic trén, T 1a lyc ddy, po + pgh 12 &p suat tinh ¢ dudng tam truc, p, 12 &p suét
hoi bdo hoa, K la hang s6 dugc chon nhu sau :

K =0-0,1:ddivéitau hai chan vit ;
K = 0,2 : d6i v&i tau mot chan vit ;
Vé6i nuée bién & 15°C, gid tri cia po - py = 99047 N/m?;
Cac phuong trinh d4 néu trén phd hop véi hiéu suét hé truc 1a
1s = Po/Ps = 0,99
Va & diéu kién thir nghiém Iy tuong :
- Khodng gio, khdng song ;
- Nuéc sau véi mat do 1025kg/m® va & nhiét do 15°C
- Than tau va chan vit sach, vdi d6 nham bé mat bang gia tri tiéu chuan ;



Cudi cung, cdng suit y&u cau tai truc chan vit dugc xac dinh theo biéu thuc :

1-t
Ps =P /[anons 1 j
-

IV. VIiDU MINH HOA

Céc dic tinh 1am viéc cua tau mot chan vit duoc tinh ¢ tbe do 25hl/g. Théng sé tau cho

trong bang sau :
Chiéu dai duong nudc :
Chiéu dai hai tru :
Chiéu rong ly thuyét :
Maén nudce tru mii
Man nudc tru lai :
Thé tich chiém nuéc
Hoanh d6 tam noéi:

Dién tich mat cit ngang qua 18:
Vi tri tdm qua Ié so véi ki:

Hé s6 dién tich MCN
Hé s6 dién tich MBN
Dién tich vach dudi
Dién tich u6t phan phu

Thong sb hinh dang phia lai

Puong kinh chén vit:
S6 canh chan vit:

Khe h¢ gitra chan vit vai ky tau:

Téc do tau:

Két qua tinh toan nhu sau:

Fn = 0,2868

Cr=0,5833

Ls = 81,385

Lo = -0,75%(img Vi 0,5L)
C1, =0,5102

Ci3=1,03

1+k; = 1,156

S = 7381,45m?

L =205m;

Lrp = 200m ;

B =32m

T-=10m

Tao=10m

v =37500m°

2.02% vé phia sau caa 1/2Lpp;
Agt = 20m?;
hg = 4.0m;
B=0,98
oa=0,75
A =16m?
Sapp = 50m2;
Cs=10
D =8,0m
Z=4

0,2m

V = 25hl/h
Fnr=5,433
Rrr = 0,00kN
C4=0,04
Ca =0,000352
Ra=221,98kN
Ry = 1793,26kN
Pe = 23063kW;

Cv =0,001963



Ce =0,001390 Cy=145
Rr = 869,63kN Ci1=1,25
1+k, = 1,50 Cpy = 0,5477
Rapp = 8,83kN o =0,2584
C;=0,1561 C10=0,1561
ig = 12,08° t=0,1747
C;=1,398 T =2172,75kN
C3; =0,02119 Ag/A, =0,7393
C, =0,7595 nr = 0,9931
Cs =0,9592 Co,75 = 3,065m
m, =-2,1274 (t/C)o,75 = 0,03524
Ci5 = 1,69385 ACp = 0,000956
m, = -0,17087
A=0,6513 Tir cac da thire cuia Series B:
Rw =557,11kN
Pg =0,6261 Kt =0,18802
Fni =1,5084 n=1,6594 Hz
Rg = 0,049kN Kaqo = 0,033275
no = 0,6461
Ps = 32621kW

Tai liéu tham Khdo :
[1] Holtrop, J. and Mennen, G.G.J. A statistical power pridiction method’. International
Shipbuilding Progress, Vol. 25, October 1978 ;

[2] Oosterveld, M.W.C. and Oossanen, P. van ; ‘Furthur computer analyzed data of the
Wagerningen B-Screw Series ‘. International Shipbuilding Progress, July 1975 ;

[3] Proceedings 15th ITTC, The Hague, 1978.




