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A vitorl 88shaj:- mTk°d®se
er-Rs nyomat ®Kki egyens¥ly

Newton 1.7d °tre®atyet|l ens®g t°rv=®nye

Mi nden test megtartja nyugal mi 8l | apot 8t ,
egyenl etes mozg8s 8l Il apot8ban m2g m8s test
megvs8§ltoztat8s8ra nem k®sztet]i

xF=0: x M=0

Newt on 2. -a °divhnRannyieka t °r v®nye
Egy pontszerT testnek a gyorsul 8sa azonos i

egyenesen ar8§nyos az erR nagyss8gs8val, ®s f
Newt on 4.7a?2 rem@Rlvat 8sok f ¢iggetl ens®g®nek el
M8s n®ven a szuperpozz?ci- elve.,

Ha egy testre egy i1 dRpill anatban t°bb er R |
a vektor.i eredRj ¢k hat8§s8nak vonal 8§val

x F=m?* a ;U*k M=




A vitorl 88shaj:- mTk°d®se

az er Rk keletkez®se

hal ad§8si I . 8n
s FE28MYajt.e R (Lift)

EredR aerod.
( F
D°nt Rey) R (|

| en81 | 8§8ser R

_ el | en §
Hi dr. oldal er

EredR hidrod. erR




A vitorl 88shaj:- mTk°d®se

az er Rk keletkez®se

hal ad§8s.i [
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A vitorl 8shaj:- mTk°d®se
er-Rs nyomat ®Kki egyens¥ly

Lift

Course

angle
__— Drag

‘\zj)/\ j.eeway angle




A vitorl 8shaj:- mTk°d®se
er-Rs nyomat ®Kki egyens¥ly

Course
, angle

Driving force

P4

Lift
‘ Resultant force
Side force
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A vitorl 8shaj:- mTk°d®se
er-Rs nyomat ®Kki egyens¥ly

Heel Angle, ¢

Aerodynamic Side Force

b
\\M

Heeling
Force (FH)

Heeling Arm (a)

J—
CLR
z Centre of lateral

Hydrodynamic resistance
Side Force (SF) 3 b)




A vitorl 88shaj:- mTk°d®se

er-Rs nyomat ®K i egyens¥ly
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A vitorl 8shaj:- mTk°d®se
er-Rs nyomat ®Kki egyens¥ly

Weather

Downwind
Side Force
from
Mainsail

Centerboard

Upwind Side
Force from
Centerboard




A vitorl 8shaj - mTKk
er-Rs nyomat ®Kki e g

ia hossz¥Wgerinces haj -k
sl ypont ok meghat 8r o0z8s
legyen

-8§r boccs¥%csselupvsrer ez at
LWL 12-16%-a
-frakcisdupggbe set ®n a Z14%-aVL
- ketch-e k naRLWL 11-15%-a.

I Sz8*rnRykes ¥l yosnebyad - k n § |
hYar hevenalasm- dszerr el a Al

-8r boccs¥csselupvstrer ez at

LWL 5-9%-a

-frakcisdupgghe set ®n a@b-aL WL
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Avit or Mk aj®s e

mekkora | esz a haj- sebess®ge?

Tel jes2t m®ny (sz®l nagys8ga,iReff8§nya hal ad
A vitorl 8zat ezt alak?2tjlai 8onypasthatrd®®k®nWY

EgyensWw y eset®n az aerodinami kai eredR e
er Rvel

hajt-erR mindig egyenl R a hidrodinami kali
gyorsul (vagy lassul)

De nem mindegy, hogy az el l en8l | §siettvRname |
Szerepe a v?2eg ] &hakt. r ®s z ek

Ha ez nagy, akkor a haj:- nagyon sodr - -dik
Az el l en8ll 8ser R mindig meghat8roz egy se

°sszef ¢gg®s szerint
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Avi tor IMSIkP aj®s e

mekkora | esz a haj- sebess®ge?

Drag components and hull speed:

40-foot yacht Chariot Residual resistance

f \ fn‘ch‘ana/ resistance

international canoe

Wetted area A = 39 sq.ft

Area of C.B. =392x2=784sq.ft
L (hull length) =17 ft

)
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a
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e
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Qz

4 5 6 7 ¢ @8

boat speed (knots) ~ theoretical

bl cpecd Boat speed v; (knots)
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hi drodinami k8) a

el l en8l | 8s a

vitorl|l 8z 8s
a v2z al atti r ®s z ek
Craml §stani al apok

A Hat 8§rr ®t eg
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8z28s hidrodi

|
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hi drodinami k8) a

Flow velocity
outside of BL

Craml §stani al ap
A Hat &8rr®teg |

An enlargement of the flow
‘ o) within the laminar BL
e V | Y

BL thickness

\/,

i)
NN

Division between BL and free flow

LG T Point om~

Transition (instability starts here) | :

LWL
Turbulent flow

|Breakaway
Laminar f/gw = -
e

B
e L
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a v2z alatti r®szek ellen8l | 8sa
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8z28s hidrodinami k§j a

A vitorl
v2z alattdi r®szek el l en8l 1l 8s a

a

T

Craml §st ani alapok ﬂ%%— (ﬂ%

A Val - s8gos k°zeg r f -«K
y

Me sepaalion Sleady s paration buntie

‘negative’ velocities (separated flow)

W
-"----.-"---- W R
e e
=
e, e
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Larminar boundany Lt Taurbulan? Brandary lrse
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§8z8s hidrodinami k§j a

A vitorl
v2z alatt.i r®szek ell en8l 1l §sa

a

Craml §stani al apok
A vVal - s8gos k°zeg 8raml 8sa henger ko°or ¢l

sebess®gmegosz| 8§8s nNyom8smeqgoszI| 8§8s




§8z8s hidrodinami k§j a

A vitorl
v2z alatt.i r®szek ell en8l 1l §sa

a

R =Re+ Regm + Ry + R+ Ry

ASvr | - dg&si (ROl Il en8l | §s
AAl akel IRABI I &8s (
AHul | §mk®pzRR®! | en8l | §s

Alnduk8lt ellen8l (R8s a sodr -d&§s miat:t

ADRI @1 enR) | §s
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vitorl 8z8s hidrodinami k8] a
a v2z alatt.i r ®szek ell en8l 1l §sa
40 | 8§8bas vitorl 8s ell en8l 1l 8s8nak ©°9sszet

Ohull 8§mz 8§
t°obbl et
Bi nduk§8I t

BHd Rl ®s i

Bhul |l §m

O alak

O®r dess ®g
t°bbl et

Bs Y%r | - d8s
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§8z8s hidrodinami k§j a

A vitorl
v2z alatt.i r®szek ell en8l 1l §sa

a

SYr |l - d8si (Rl Il en8l | §s

Rf= 1) %] A2~ Cf

ahol

Rfis%rlel |l en8l | §s

jiv2z sTr Ts®ge

vihaj - sebess®ge
Acginedves2?2tett felg¢l et

Cfiegyen®rt®kT s2klap s¥%rl| - -d§8si t®nyezR
A haj:- hossz8val azonos hosskapsB8rglit sy erzeRjvwees?2tett f el
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hi drodinami k8) a

r ®szek el l en8l | 8s a

1 . [
S Var d8&8si (Rgl Roughnes-k

Cfiegyen®rt ®k T
SsYr |l - d8si t®ny ¢

Fel ¢l et k [mm]

ansition

Pol2rozott mdniydHes

L =3
. N = Turbulent
Frissen fesft &@01i Oflg | flow

Festetl en % 0A%®|15 y ' |

Rozsd§&8s ac®| I1080eln0

) N 0001 1
Csiszolt deszka 0,057 0,10 10° 23 35 108 2 3 5

M®r s®kel t ®g°Mw0i 2,00 International s l > v, (knots)

|l erak- - d8ssa Conoe L=17ft 1 2 34568101520 e
| KL.0@li s asesn0 o a0 s
e I § KOWISANE 2 Boat speed v;

Tr - pusi
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rszek ell en8l | §8§s a

7 knots

Roughness
height [u]
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hi drodinami k8) a

r ®szek el l en8l | 8s a

Al akel I(RpnBI | 8s

Flow velocity
outside of BL

An enlargement of the flow
within the laminar BL

BL thickness

Division between BL and free flow

=

Laminar film

=
==

Point of separation

Transition (instability starts ;vere} |

LWL |Breakaway
Laminar flgv'< Turbulent flow . -
e -
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vitorl 8z8s hidrodinami k8] a
vV 2 | a

|
z a

a tti r®szek ellen8ll 8sa

Al akel I(RpnBI | 8s

Fontos, hogy ne v8ltozzon hirtelen a haj
FRI eg a gerinc ®s a hosszmetszetek, val a
elemezni (vonalterv)Tatt - I f ¢ggRen,

hogy hogyan 8r a

¥ P

| e LRITT

DG "
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A

vitorl 8z8s hidrodinami k§8j a

a v2z alatti r®szek ellen8l 1l 8sa
Al akel I(RnBI | 8s
Font os, hogy ne v8ltozzon hirtelen a haj
Al akell en8l 1 8s szempontj8b-1 az el RI tel
testforma az i des8l i si démemuosbk aaalakraKkelbfigyelrs,l t a |
van m8s is: hull 8mell en8l 1 8s
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A vitorl 8z8s hidrodinami k8] a

a v2z alatti r®szek ellen8l 1l 8sa

Al akel I(RpnBI | 8s

Telt s®get meghat8roz- |jellemzRKk
Hengeres-Mienf®&ls®gagyobb dehdjs®gleeh peaimntgg k a
vege.i
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A Vvitor
a Vv?

8z28s hidrodinami k§j a

|
z al atti r®szek el l en8l | 8s a

Al akel I(RpnBI | 8s

Telt s®get meghat8roz- |jellemzRKk

V2zkiszor?2t8s hosmzn®Bnhk &t s®&bpPpoanja v?2z
anntgltebbahaj - f ar a

Longitudinal centre ef flotation

Longitudinal centre of buayancy
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A Vvitor
a Vv?

8z28s hidrodinami k§j a
| a

|
Z a t ot r®szek el l en8l | 8s a

Al akel I(RpnBI | 8s
nN®h8ny jellegilltaess viokwad tte¥arva h aj
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A

vitorl 8z8s hidrodinami k§8j a
a v2z al att. r®szek ell en8l | §8sa

Al akel I(RnBI | 8s
nN®h8ny jell egz@RE@shajonal teryv
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§8z8s hidrodinami k§j a

A vitorl
v2z alatt.i r®szek ell en8l 1l §sa

a

Al akel I(RpnBI | 8s
nN®h8ny jell egizre®gesblvionAlC tleajv:
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§8z8s hidrodinami k§j a

A vitorl
v2z alatt.i r®szek ell en8l 1l §sa

a

Al akel I(RpnBI | 8s
nN®h8ny jell egiz\v¥dlewo vibadpd R0 /1
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§8z8s hidrodinami k§j a

A vitorl
v2z alatt.i r®szek ell en8l 1l §sa

a

Al akel I(RpnBI | 8s
nN®h8ny jell egik\vdlewo vibad@aHd -t B0d &5
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§8z8s hidrodinami k§j a

A vitorl
v2z alatt.i r®szek ell en8l 1l §sa

a

Al akel I(RpnBI | 8s
nN®h8ny jell egizvdlewo viparjR2b R2EC K11
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vitorl 8z8s hi

a vz alatti r
Hul | §mel(R®NSI | §s
9

Resultant

Third Bow-Mave™ First \\\\
Crest Stern-Wave \ '\
Crest

Resultant

Divergent
Stern Waves

Transverse
Waves

¥

Divergent
Bow-Waves

Length of the

1 wave '
WaferW“’)

First Bow-
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A Vvitor
a Vv?

8z28s hidrodinami k§j a
| a

|
Z a t ot r®szek el l en8l | 8s a

| nduks8l t () - LWL 2351t

100

, Upright /_
resistance
of leeway

©»
==
Lt‘)
1
QO
&
S
L)
S
(79

Fs -Corresponding
to stabilities
of yacht

Resistance _

caused by ‘“L\L Induced

30°heel alone resistance
at 30° heel
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el l en8l |1 8§8st bef wilityB8iISsxslok t ®ny ez R}

v2zkiszor2t §s

hossz-v 2 zki szm§nidy 8s ezekat ervez®s/ gy8rt8s so
v2zvonal stze®ltersear®RggnF$ aj - b a
t Rkes %l y Kk ®s RbSbr nem | ehet rajta

hengerest el t sl ®s

| §8z- Akez®

fel ¢leti ®rdess®g ezek a vitor
°sszef ¢siggnek

megdRIt haj- alakjade Kkicsit
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Az el l en8l | 8st befwltywBiSsxslok t ®nyezRI
dRI-®xdved2tlgttet

U bordas wirahajs —kerek bordas tirahajd

m— moderm versenyhajo scharenkreuzer

~
E
®
=
-
&
£
£
=
o
&
{ =3

Dalésszag (")
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en8l | 8st bef wilitwB8iSsxslok t ®nyezR
el et i ®r dess ®g

KL fmilkronim)

I

4.3.7. abra: A hidraulikailag sima feliilethez megengedhetd legnagyobb relativ feliileti érdesség




Az el l en8l | 8st bef wiltywyB8ISsoslok t ®nyezRI
fel r eteiss ®g

P®I da:
L=LWL=10m
V= 6 Ccsom- = 3 m/ s

Re=v*LWL*70%/n = 3*10*0.7/1.01*10°% = 20 792 000 === k/L = 5 mikron/m

k_..=5*%10 =50 mikron = 0.05 mm

max
L=LWL=10m

v=12c s om6m/s

Re=v*LWL*70%/n = 6*10%0.7/1.01*106 = 41 500 000 = k/L = 2,2 mikron/m

k .. =2,2*10 =22 mikron = 0.022 mm

max
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Az el l en8l | 8st bef wiltywyB8ISsoslok t ®nyezRI
dRI-G&snegdRIt haj:- vZ2zbemerg¢lt r®sz®nek ¢
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Az el l en8l | 8st befwltywBiSsxslok t ®nyezRI
dRI-@&@smegdRIt haj - vz2zbemerg¢{lt r®sz®nek &

50



Az el l en8l | 8st bef wiltywyB8ISsoslok t ®nyezRI
dRI-G&snegdRIt haj:- vZ2zbemerg¢lt r®sz®nek ¢

Heeled to starboard Even Heel Heeled to port
Wetted surface increases Wetted surface even Wetted surface increases
Turns to port No hull steering Turns to starboard

Zero lift
angle of attack

Fitching
mamant
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Az el l en8l | 8st befwltywBiSsxslok t ®nyezRI
dRI-&megdRIt haj - vz2zoemeongadltho ®sSZ2®®nek
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Az el l en8l | 8st bef wiltywyB8ISsoslok t ®nyezRI

A megdRIt haj:- v2zbemerg¢lt r®sz®nek al a

A dRI ®st il letve Wsz8shelyzetet a | eg®ny
| ehet v8ltoztatni ki sebb haj - -kn§gl

si kilngis®rt kell h8tra helyezkedni ?
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A vitorl 8sok stabilit8sa

A stabilit§s Y
mini m8Ilis el 8

an szinten ®rdekes, amn
n gl |

0
| e 8s ®s a nagy hajt-er
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t 8s a
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A vitorl 8sok stabilit8sa
sYd®s f ormastabil it8s




A vitorl 8sok stabilit8sa

f ormastabi | i tt 8ty ékeeRfkoal | yaSpsvoelt-Ren megi nt
bordaforma as

| | | | | | 2
WPLA-U WPLA - kerek b
40 IR -U 1B - kenek r4
- == pWL - U =l WL - kenek _ r
35 35

L
S2\ 4l

0
15

BWL |m]

WPLA (m2]; JB (md)

0,5

40 &0 BO 100 120 140 160 1ED

D&lésszdg [*)

Délasszag [°)



A vitorl 8sok stabilit8sa

formastabilit8st befoly8sol:- t®nyezRKk
sz®l ess@®

egytastl

katamaran

sieles kerek

m—larcsu karek

Dalésszag [

Délésseag (°)




A vitorl 8sok stabilit8sa

formastabilit8st befoly8sol:- t®nyezRKk
szabadoldal

nagyohh s zabadoldal

=——Lkisebb s zabadaldal

Dalesszag (7
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A vitorl 8sok stabilit$8s
formastabilit8st befoly§:
kaj ¢ttetR ®s cockpi't

= kajltiel egywitt
sima fedélzetiel

DbAlésszag ()
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A vitorl 8sok stabilitgsa
formastabilit8st befoly8sol:- t®nyezRKk
fed®l zet sz®l ess®g

nagy fedélietszelessag

— it ebh fedélz etsdless dg

Ddlesszog (7]

4.2.10. abra: A fedéizetf szélesség/vizvonal szélesség aranyanak hatdsa
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A vitorl 8sok stabilit8sa

sWl ystabilit$§8s
a t°meg hat 8sa

3
g

Déksszdg ()

Dalésszdg ()
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§sok
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katamaran hajo
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A vitorl 8sok stabilit8sa
sWl ystabilit$§8s
a s¥%Wl ypont keresztir8§ny¥% v8Iltoz8s§
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A vitorl 8sok stabilitgsa
sWl ystabilit$§8s
a s¥%Wl ypont keresztir8§ny¥% v8Iltoz8s§

A | eg®nys®g

Asamagger 0




A vitorl 8sok stabilit8sa
sWl ystabilit$§8s
a s¥%Wl ypont keresztir8§ny¥% v8Iltoz8s§

Bill enthetR ki el

V2zball aszt
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A vitorl 8sok stabilit8sa
sWl ystabilit$§8s
a s¥%Wl ypont keresztir8§ny¥% v8Iltoz8s§

tkesdlyos - kilhe
bikes dlyos - kidlés nélkdl
—— e retes - ke

—_— = keretes - kidlés nélkdl

Délésszog (7!
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A t RkesWly
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8z8s hidrodinami k§8) a

A vitorl
v2z alatti r®szekskbpalha®st ERhBes Wl y

a

Az uszony ®s a tRkeswy feladat a:

Uszony: c¢csak ol dal erR

TRkes% y: oldalerR ®s Astabiliz8l - nyomat (

Aorody;vamlc
side force

Resistance
Aerodynamlc side force

Leeway
angle

Heeling
force

Apparent \ 4
wind angle\_ / side force

/

Hydrodynamlic side
force
Apparent wind
&

force
/

Hydrodynamlic

Buoyancy
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8z8s hidrodinami k§8) a

vitorl
v2z alatti r®szekskbpalha®st ERhBes Wl y

Kis t°1rt ®nel em:

valddi
sz¢l
iranya

gaff-
ketch

teaklipper <
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8z8s hidrodinami k§8) a

vitorl
v2z alatti r®szekskbpalha®st ERhBes Wl y

a

Kis t°1rt ®nel em:

3.1.2. dbra: Klasszikus hossziigerinces kedvtelési célii vitorlas

5.1.3. abra: Rovid tékevel rendelkezd klasszikus vitorlas
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8z8s hidrodinami k§8) a

A vitorl
v2z alatti r®szekskbpalha®st ERhBes Wl y

a

Kis t°1rt ®nel em:

5.1.4. abra: Vitorlas kiilon kormannyal, de a testhez szervesen kapcsolodo tékesullyal
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8z8s hidrodinami k§8) a
alatti r®szekskbalha®3dt §Rkes ¥ly

t°rt®nel em:

5.1.5. dbra. Vitorlas kiilondllo, kis és nagy karcsusagii tékesullyal




8z8s hidrodinami k§8) a

vitorl
v2z alatti r®szekskbpalha®st ERhBes Wl y
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Keel dra es
gtye Induced drag is a by-product of

s lift generated by the keel as
A keel experiences two \ water approaching from an
basic types of drag: : angle flows around it. As more
parasitic drag and N2 lift is generated, induced drag
induced drag. ' N also increases.

induced

drag "2 __

induced drag

Parasitic drag is composed of two
types of drag: frictional drag
and form drag.

Form drag relates to the
amount of force required to
7 push an object through the
water. The fatter the object, or
the more blunt its leading edge,
the more form drag it produces.

Frictional drag
is directly
proportional to the
surface area of an
object: the more area,
the more frictional drag.

frictional drag form drag
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NACA 64A010
NACA 0010

| > | . | |
Influence of foil shape Influence of foil shape
on lift characteristics on drag characteristics

\NACA 0010

NACA 0010

//

|
|

0.4 0.8
lift coefficient
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a) Correct proflle

/

b) Too sharp /

Angle of altack
» a [deg]
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Water flow in two and three dimensions
Three-dimensional flow:

Significant tip vortex
Two-dimensional flow: 9 P
Infinite aspect ratio

S
—magind wall

2.dimen5i°"°|
flow
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The concept of an “effective keel”

The aspect ratio of a boat’s Research, however, has To gauge the efficiency of the
true keel is calculated using  shown that the end-plate keel and compare it to published
a span measured from the effect of the hull creates a wing data, the aspect ratio of the
tip of the keel to its base at  larger effective keel, which effective keel must be doubled,
the hull. has a span generally rang- to arrive at the aerodynamic

ing from 85 to 99 percent aspect ratio. Thus, the aspect

of keel draft. ratio of the effective keel is more

than double that of the true keel.

waterline

---------------------------- -

effective keel i

true keel

The effective keel
area is doubled to
determine the
aerodynamic
aspect ratio.
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Keel aspect types

High performance calls
for a higher aspect ratio
keel, as illustrated by
the difference between
a dedicated cruiser, the
Vancouver 36; a racer-
cruiser, the Express 35;
and a Gran-Prix racer,
the Mumm 36.
Performance also
requires less keel area,
as lift generation
increases with speed.
Express 35 The Mumm 36 keel has
effective aspect ratio 2.2 an effective area less
effective area 35.6 sq ft than half that of the
Vancouver 36 keel.

S B Vancouver 36
chord effective aspect ratio 0.6
effective area 58 sq ft

draft 6'6"

Mumm 36
effective aspect ratio 5.2
effective area 20.6 sq ft

draft 7'4"
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1 T
Influence of aspect

ratio on lift coefficient

9
leeway angle (degrees)
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Leeway vs. keel effective aﬁpect ratio
(where draft is constant)

keel effective
aspect ratio

' Upwind keel drag|
| vs. aspect ratio

3.0
keel effective aspect ratio
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Drag vs. keel bulb diameter/length ratio
(where bulb volume is constant)

Round vs. elliptical bulbs

exposed
keel span

drag coefficient

FRONT VIEW

Where the volume of lead to be con-
tained in the bulb is constant, a circular
bulb has a lower wetted surface than an
elliptical bulb, producing less frictional
drag. But the elliptical bulb on balance has
greater performance advantages.Where
bulb diameter/length ratio keel draft is constant, it has a lower center
of gravity (CG), improving stability. Its
lower profile also exposes more keel span,
1+ 1.5(d/L)3 which means more lift can be generated.

2+ 7(d/L)3

*Total Drag = Frictional Drag x Form Drag Multiplier

**Form Drag Multiplier:
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maximum foil thickness
E at 45% of chord length

The foil section shape of a bulb has much different priorities than that of the
keel to which it is attached. Generating lift is not important; minimizing drag
is. A low-lift shape like NACA 66-020 delays the loss of laminar (nonturbulent)
flow compared with a general-purpose shape like NACA 64A020.
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