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3 VPP Methodology

Figure 2.

SAIL FORCES
Depend on:
Sailplan Geometry
Wind Speed
True Wind Angle

Figure 1.
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Rig Dimensions
Mast Height
LP SPL etc.

SAILS
Dimensions
SailTypes

Aerodynamic Forces
Sail Type Specific
Aerodynamic Coefficients.
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MODEL
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Sailing Conditions.
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Rig Analysis Program.

INPUTS:
Sail Dimensions.( 1,J,P,E,SPL)
Mast Dimensions. (MDT1, MDL1)

Individual sails,
Cl & Cd vs baw
fn(Rig & Stay geometry)

Aerodynamics

Compute Current Sail Area, Am,
Aj,Aspin, Centre of Effort. [t
Overlap & Fractionality

Aggregation of individual sail force
coefficients into Coefficients for

Lines Processing
Program (LPP)

INPUTS.
.OFF File,
Freeboards,
Inclining Test Result.

OUTPUT.
LSM1,2,3,4
BTR, B, WSA, Displ.D,
RM/deg

Hydrodynamics
Y

Viscous Drag.
Fn (Length, WSA)
Propeller

complete rig.
(Main & Jib
Main & Spinnaker.)
WIND
Lift = fn(Ref SA, q,baw TRIANGLE.
REEF, FLAT)
v INPUT:
HBI, ZCe, Reef, | _
Resolution into Thrust alongTrack [k Flat,Vs,vt, f,
axis of sail Lift and Drag. | TWA
Y v
Resolution of Sail Lift and Drag OUTPUT
into Heeling Force. Va, baw

Aerodynamic Drag

Residuary (Wavemaking)
Drag.

Y

Fn(Froude No, Displacement,
BTR etc.)

Drag Due to Heel.
Fn(Heel Angle, Heeled Geometry)

Y

Induced Drag, -t
Parasite Drag
Windage.

HEELING MOMENT.

» Fn.(Fh, Reef, Flat)

Induced Drag.
Fn (Effective Draft, Froude No.
Heeling Force)

Y

Added Resistance in Waves.
Fn (Wind Speed, bTW

Y

RIGHTING MOMENT.
Fn (f, Vs, Crew weight)

|  AERODYNAMIC THRUST | (=]

| Equilibrium Vs & f

ﬂ HEELING MOMENT ‘ [=]

HYDRODYNAMIC DRAG

RIGHTING MOMENT }

Figure 5. Functional Relationships in the VPP Boat Model
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77 A
| 3 3 | I L
1 58
FRA- FRW=0
where:
FRA = Total Aerodynamic Thrust.
FRW = Total Resistance.
9 3 , "

[1]

FRW :DViSCOus+ DResiduary"' DHeeI + Dlnduced+ DRaW N O
8
Dviscous — Drag due to the friction of the water flowing oihe surface of the hull and
appendages, and the propeller if one is fitted.
DResiduary =  Residuary Drag, drag due to the creation of serfeaves.
DHeel = Drag due to the change in wetted surface and nsgdehull shape as the yacht adopts
an angle of heel.
Dinduced =  Induced Drag created when the hull keel and rugdzduce sideforce
Draw = Drag due to the yachts motion in a seaway.
n n I _
!
FRA = FRAuwindage— FRAwI — FRAwast— FRAigging — FRArew N70
8
FRApawindage =  Aerodynamic driving force
FRAhg =  Hullwindage drag
FRAnast = Mastwindage drag
FRAigging = Rigging wire drag
FRAcrew = Crewwindage drag
77 + 1 A 1
n !" ! 3
!Il
HMTOTAL = I:QI\/lTOTAL [4]
HM g, = HMA+RM4" FHA N9O
HMA = HMA Bawindaget HMApu + HMApast+ HMArigging_Wire"' HMA rew N;O



HMrotaL = Total heeling moment
RMrotal = Total righting moment
HMA = Aerodynamic heeling moment about the waterplane
RM4 = Vertical CLR, below waterplane
FHA = Total aerodynamic heeling force
(equal to hydrodynamic force normal to the yacleistie plane)
HMAgawindage = aerodynamic heeling moment from sails
HMAmn = Hull windage heeling moment
HMAmast = Mast windage heeling moment
HMAigging wire = Rigging wire heeling moment
HMAcrew = crew windage heeling moment
FHA = I:HiA\B4windage'*' I:HAhuII + I:Hio\nwast"' I:|'|'A\rigging_wire"' I:HAcrew N)O
FHAB4windage = aerodynamic heeling force from sails
FHAWI = Hull windage heeling force
FHAmast = Mast windage heeling force
FHAVigging wire = Rigging wire heeling force
FHAGew = crew windage heeling force
I
RMtot= RMf - RMV+ RMaug N*O
8
RMF = Hydrostatic Righting Moment
RMV = stability loss due to forward speed
RMayg = Righting moment augmentation due to shiftingnacr
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water ballast VCG = 0.50 freeboard_aft
Water ballast LCG =0.70 LOA
Water ballast Moment arm = 0.90 crew_arm
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Credit= MaxCredit ( Racer_Slope+L Racer_intcpt RA1)IC{(/ Rac8lope Cruiser _Slope+ L( Racer_intcptSCruiser_In)}:pt

< 8
RATIO| racer_slope | racer_intcpt| cruiser_slop€ruiser_intcpi MAXIMUM CREDIT
btgsa/vol  0.5411 15.4028 0.3289 11.1019 1.15% |
runsa/vol  1.1019 32.9297 0.727 25.093 0.30%
btgsa/wg  0.0636 2.4976 0.0294 2.38 1.50%
runsa/wg  0.1024 4.1816 0.059 3.924 0.30%
L/vol 0.0654 4.616 0.055 3.985 0.35%
d/I| -0.0028 0.21 -0.0045 0.198 1.50%
| "
142 " 5 )R < % < &:
< | %</& 8

Beating_ Credit=( btgs# Wetted Area Creii{20  T)§20 ¢+ ( BSA Volume Qre@ws /2)

I C< $ / % S &>/C'
$ / J1 S
! #
'14 : " 5 (R <: </
8
Running_Credit (runsa / Wetted Area Crediit( 20 TWg / 20+ DSA/Vow@rediy (TWS/2) .
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FINAL CREDIT
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Figure 6. DA Credit vs. True wind angle
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ORC Manager 2 (ITC) - [VisOffset]

,F\\e View Services Tools ‘Window
SO DAT Explorer i New *2 NewOD [z Open

D viE@E « « » v = = B |[section2t v @@E\ 489,33

& OFFSETS

ORC Data Files (*.dxt) v

Profile: AndyC_1 Version 2.15.0.35

Figure 7. Offset file station distribution and typical section
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L=.3194 (LSM1 + LSM2 + LSM4) [9]

LSM 4 Waterline
\ \
‘ ‘
A — 1 1
3.75% LSM 1 } ] 25%LSM1
4

f

LSM 1 Waterline

Figure 8. Flotation Waterline positions
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DSPM **"° RM >
CW =74.95276x 3 x —————  x.SMO™® [10]
LSMO DSPM xMB
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8
X loc_of crew _cg=0.1LSMO aft LCB [11]
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Gear Weight =0.16  Crew Weic [12]
% % * *
2
LSM =393 XY s s
=3 - N 70
4/ =dx 4 =x
< 8
s = an element of sectional area attenuated fottldep
X = length in the fore and aft direction
@
1+ " #
! .
" " H % &!"
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> %> & I %> & " % &
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BTR /T [14]
% + "
] I
/ D E
N 90
@ > %>&: %&8
. J2/3 (Se—lOz/LSMO)dZdX
Effective Beanr 3.4V (be—IOZ/LSMO)dZdX [15]
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J66"J$
/J
uJ
xxXb= 4’—S(I)
Vp BTR
S(i) is the sectional area at station i [17]
— XX 2
xxr1=0.5 %Xb+\/( xxy/ xxb)” + 0.2BTR - 1
xxr2 =/ xxrl’ - 0.5 0.5 BTR)
[18]
i . 025 0-2BTR - V
XXYL = XX XXP- X2
xxy= centreline immersed depth of station (i)
3
" 66": D1 +/ E %1+ & N (08
MHSD=0.92" max(xxyl) [19]
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6
66" . 6 .
I 6 %@$Q&
xxb:\/4 S(r,naxdepth)
p  BTR
DEF = DHK _ Effective + ECE
2
xxr1=0.5 DEF/ .+ \[(DEF/ )’ + 0.2BTR - 1
xxr2=\/xxr12 - 0.5 % 0.5 BTR
o g, 025 0-2BTR - V
XXYL = XX XXP- X2
1+/ MHSD=max((0.92 xxy1),MHSR, cwenoars )
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Figure 9. Bulb and Winglet detection scheme
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DeltaD/ MHSD= fi(( DHKO- TMAXW/(0.5 MAXV)
Flagbulb” UPBULBF 0.5 f2(( WBULBE DHKJ) WBULB( Flagwing WWING WBUB [20]
+ Flagwing” f3( MAXW/ DHKO)
| 8
11
7 I
I 6 . "
" " < "3"$4 ( 567)2"3"
< 8
f1(X) = if X<1 1+ K1*X
if X>1 1+k1
f2X)= = if X>wbu_TO k2_0 + k2_1*(X-wbu_TO)
if X<=wbu_TO k2 0 *X/wbu_TO

f3(X)= = if X<wwi_TO k3 0* X/wwi_TO



%

if X>=wwi_TO0 k3 0+ k3_1*(X-wwi_TO)
k1 0.6
k2_0 -0.06
k2_1 0.19
k3_0 0.05
k3_1 0.02
wbu_TO| 0.15
wwi_TO| 0.5
% 18 3. . 0#0
2>27> . !
I % :/
1 2>27> - I
2>27> 8
" 6 Il
9T +B
$
I $ 11
$ !
Il 2>27>
J %!C &8 % &J % 7&3 7T
I : "
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\1_ J_J
Figure 10. Upper Bulb Shape factor examples
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Widest Point detection
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Figure 12. Typical Righting arm curve and hydrostatic data output
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RM4 =043 T,, [21]
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N , B max
Crewxightingarm= CARM CREWRWO.7 ZT bodywt  cos(heel) [22]
< 8
CARM = Crew righting arm
CREWRW = Crew weight on the ralil
Bmax = Hull maximum
bodywt = Average crew body weight.
heel = Heelangle
% % * % <
" ?2/1 ;
Crewxightingarm= (CARM~ CREWRW cos(heel) [23]
% % " (( :
/ n
6
< % -1& "
J mn
n *
n 1 1[
I'N O ! "
|" ? : !n
1 )
5.955 10° B
RMV=——"DISPL LSM 1 6.25 —=—=— 21 SLRf [24]
AMSL,
<
9
) 7 — 1|
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Displ=Displacement
B, = Canoe body beam
AMSL, = Maximum section area of canoe body

SLR = speed length ratio

% % % & 0 &
1 " 6 " 5 " "
- I [ //
L 5
3 " 6 6
? A/ 3!
" I, D 5 E
9 1
' !
1 8
RM — RMmeasured+ RMdefauIt
rated 2
8
3/; ; K
RMygraur = @0+alxBTR+a2x oL + a3>'SA 3HA+ a4 x B XDSPMXMSL [25]
IMSL B JvoL
where all the variables are calculated by the UBiRg the following coefficient values.
J= *
J=7((
J= )*
7 J (*7
J 7)1
VOL = canoe body volume
SA = sail area upwind
HA = heeling arm, defined as

(CEH main*AREA main + CEH jib*AREA jib) / SA + HBI + BKA*0.45
CEH = height of centre of effort
DHKA = Draft of keel and hull adjusted

Default righting moment shall not be taken gredatean 1.3*RMeasureanN0Or smaller than
0-7*RMmeasured.

Il !
Il % Lo &:
" %=1Z9 ! C1lZ9 & 179 |
! 1l 9 179
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6 ! 61 (61 "




5 Aerodynamic Forces
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Coefficient

Genoa/ Jib
Area

Span
Jib

Maximum Span

Figure 13. Sail Parameters
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—&—Cl Jib
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—©— CdMain
—8— ClI Spinnaker

— @ — Cd Spinnaker
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0.4 1

0.2 1

20 40 60 80 100 120 140 160 180
Apparent Wind Angle (deg.)

Figure 14. Basic Sail Force Coefficients
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= n 9
ftj= 1.0 ftj= 0.5 ftj = 0.0 ftj = 0.0
rfm=1.0 rfm=1.0 fm=1.0 fm=0.8
red=2.0 red=15 red=1.0 red =0.8
I_min I_min
Figure 15. De-powering scheme
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Enter from Current

Get Current value

VPP lteration of RED

RED >1,<2 ftj <1,>0 ftj = 0 means jib at minimum foot length, rfm = 1.
RED >0,<1 rfm <1, >0 rfm = 0 means main at zero area ftj= 0

Calculate
reduced rig
geometry.

jl_r =jI*ftj +jl_m*(1._oo - ftj)
Ipg_r = Ipg*ftj + Ipg_m*(1._oo - ftj)
ig_r =ig*ftj +ig_m*(1._oo - ftj)
p_r =p*fm +p_m*(1._oo - rfm)

Calculate revised
fractionality and overlap.
Calculate Effective
height (b)

frac =ig_r/(p_r + bas)
over =lpg_r/j
b = max(p_r+bas,get_mi(myrig_data)*ig_r/ig) ! reefed mainsail could

be lower than jib

calculate induced
drag

cd_id_fl= ( kpp + an/(pi*b*2) )*cl_fl*2

calculate components

Return driving and
heeling forces

along x and y boat
axes

cr_aero = cl_fl*sin(betal*deg_rad) - (cdO_fl+cd_id_fl)*cos(betal*deg_rad)
ch_aero = cl_fl*cos(betal*deg_rad) + (cdO_fl+cd_id_fl)*sin(betal*deg_rad)

%

Figure 16.

"%

1,1
Flatyy = 0.6 % Flat at 8 knots
# -1

1,1
%! J L&
# 1 -
%! J L&
* 0
1
*

Routine for de-powering

%

True wind.
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Area_ Mang( E+2xMGL +2 "MGM 1.5 MGU M™MGT 6:5 b} [26]
! %> & ' T@
> 6 : ! "T@T%> = ;T@&
!
mgmh = p/2 + (mgm-e/2)/p*e
mglh = mgmh/2+ (mgl-(e+mgm)/2)/mgmh*(e-mgm)
mguh = (mgmh+p)/2 + (mgu-mgm/2)/(p-mgmh)*mgm
mgth = (mguh+p)/2 + (mgt-mgu/2)/(p-mguh)*mgu
D E
5 D!
E
Area_ main
roach=————-1.0 [27]
P E/2
] * '
mn !
! - " D E S
" 6 1?2 $ P
' "o, )
beta bmnc 0 7 9 12 28 60 90 120 150 180
CL_low cimnc 0.000 0.862 1.052 1.164 1.347 1.239 1.125 0.838 0.296 -0.112
CL_hi 0.000 0.948 1.138 1.250 1.427 1.269 1.125 0.838 0.296 -0.112
CD_low cdmnc 0.043 0.026 0.023 0.023 0.033 0.113 0.383 0.969 1.316 1.345
CD_hi 0.034 0.017 0.015 0.015 0.026 0.113 0.383 0.969 1.316 1.345
Table 1. Mainsail force coefficients
|
beta Apparent wind angle (deg)
CD Drag Coefficient
CL Lift Coefficient
% & Pt
' n I mn mn < I n

% " & % ' &
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Figure 17. Alternative Mainsail Force Coefficients
?23? ? - "
+J+ 2 !
1 J n
Mainsail Coefficients
BACKSTAY FORESTAY
fixed adj fwd adj aft adj aft&fwd
None L L error (M) I error (M)
Backstay only L L M M
Running Backstay only warning (L) warning (L)
2 or more Backstays
and/or adjustable inner
forestay H H H H
L=C_low

M = C_moderate = C_low*(1-Coef/2) + C_high_new *Coef/2
H = C_high_new =(C_low + C_high_old )/2

Table 2.

Application of Alternative Coefficient sets for Mainsails

1)) [28]

_ eing P . . .
f = _[sin(—)* min(0.3; max(0; -
Coef \/ ( 0.6) ( ( Fractionality

#3$ u2[$ 1 G! 6

$8[

I
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0.2 \\
0.1
0.0

0.75 0.80 0.85 0.90 0.95 1.00 1.05
Fractionality

Figure 18. Fractionality Coefficient
I n n
N (O
f (0]} 0€
Cmedium:CIow)< 1- C2 ! +Chigh C2 d
! ' + '+ #
" 3 $@C
J 7(6
9 G! 4
| 1 L
, - -1 6 ? $
I I " "
! )
G! Pl "-1C " 8
JIB AREA = 0.1125*JL’( 1445* PG+ 2*JGl+ 2*IGMr 15*IGY JGTF J/HZ)
2 @/
G! 8
Jibpeepyr =0.9" J(IM?+ 32) 0.9 I
, Gl XGlg2x J
, Gl YG!lgo» J
| ) !
- I
17 " P

[30]
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! 7,
beta bjyb 7.000 15.000 20.000 27.000 50.000 60.000 100.000 150.000 180.000
CL_low clinb 0.000 1.000 1.375 1.450 1.430 1.250 0.400 0.000 -0.100
CL_hi cliyb 0.000 1.100 1.475 1.500 1.430 1.250 0.400 0.000 -0.100
CD_low cdjnb 0.050 0.032 0.031 0.037 0.250 0.350 0.730 0.950 0.900]
CD_hi cdjyb 0.050 0.032 0.031 0.037 0.250 0.350 0.730 0.950 0.900
Table 3. Genoa Force Coefficients
Headsail Coefficients
BACKSTAY FORESTAY
fixed adj fwd adj aft adj aft&fwd
None L H error (M) error (H)
Backstay only L H M H
Running Backstay only warning (H) warning (H) H
2 or more Backstays H H H H
L=C_low
M = C_moderate = C_low*Coeff + C_high*(1-Coef)
H = C_high
Table 4. Application of Alternative Coefficient sets for jibs
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Figure 19. Alternative Jib Force Coefficients
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SPINNAKER AREA = SL *(SF+ 4 *SMG) /6 [33]
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! 4 %
beta 28 41 50 60 67 75 100 115 130 150 180
Cd 0.213 0321 0425 0587 0598 0619 0850 0911 0935 0.935 0.935
Cl 0.000 0978 1241 1454 1456 1437 1190 0951 0.706 0.425 0.000
Table 5. Symmetric Spinnaker Force Coefficients
beta 28 41 50 60 67 75 100 115 130 150 180
Cd 0.191 0.280 0.366 0.523 0.448 0556 0.757 0.790 0.776 0.733 0.696
Cl 0.026 1.018 1277 1471 1513 1444 1137 0.829 0589 0.348 0.000
Table 6. Asymmetric Spinnaker tacked on centreline Force Coefficients
beta 28 41 50 60 67 75 100 115 130 150 180
Cd 0.170 0.238 0.306 0.459 0.392 0493 0.791 0.894 0936 0.936 0.936
Cl 0.085 1.114 1360 1513 1548 1479 1207 0.956 0.706 0.425 0.000
Table 7. Asymmetric Spinnaker tacked on a pole Force Coefficients
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Figure 20. Spinnaker and Code zero Coefficients
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Figure 21. Large Spinnaker Force Correction in light winds
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I % "H
beta 7 19 26 35 42 53 70 100 120 150 180
Cd 0.065 0.045 0.065 0.08 0.14 0.28 0.47 0.74 0.85 0.82 0.72
Cl 0 1 1.785 2.15 2.2 1.9 1.45 0.8 0.45 0.15 -0.07
Table 8. Code Zero force coefficients
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fsp = (1 —1.488 x

Power = 1+ 1.0 x (ABSGsp)) " (ABS (Fsp)? x 2.5)
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Table 9. Windage force model
n
%+ & HSA= Freeboard
0
|
3
Diameter_of Rigging_Wire = 2 \/ (4.d0  WT_Deflt_RggNI/Steel_densityp )
Area_Rigging_Wire_Windage =1 Diameter_of Riggikigire
Cd0_Rigging_Wire = CD_Rigging_Wiré (1 + spreadékCHFOR_windage)
I = 3 N790:
$#

[35]
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Figure 23.

Typical Form of “Collective” Upwind Sail Force Coefficients
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Zce=  ZceJ( Cmax’+ Cdf)” B A A /J/( Ghat Cdp

sCsr ,

b I 3
K

&b |

! D E
1% J# &

3
3 1 ! 8

KPP= KPP" Clmax B A/ A /Clmax

1% +
=D "E:D E D E=

= Icurren((Pcurrent'" BAS)

# = LPGuurentd
= Mainsail Area/(PxXE/2) -1

N O
eff _span_corr= 1.1+ 0.08(Roach-0.2)+0.5(0.68 O0-3ftactionality+ 0.0%twverlap

6 % "J &
9Q

cheff, s = eff_ span corr (0.8+ 0.2 be
cheft,,,..i.a = Cheff_max_ spi (1.8 0.1 be)

0 5 7 ( % 7&

[38]
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Figure 24. Variation of Effective span factor with Apparent wind angle
D E D E
DIE ! %S>/& -! %, 4&
-1 .
heff = chef{ b- HB) [42]
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CE = KPP+ 7[/7 bt [43]
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CdSaiIs = CdParasite+ CE, Cf’ FLA-IQ [44]
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Drag Coefficient.

B Flat =1.0.

Flat =0.707
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Induced
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Figure 25. Variation of Drag Coefficient with Flat parameter
" . % $& %$

phi_up=10" ( /30

+&

[45]



Table 10. Calculated PHI_UP values
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D E 6
%,8% S> /&&
Zce=Zc€é [1-0.203 (1-flat)-0.451 (1-flat) (1-frac)] [46]
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Figure 26. Twist Function
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Cy,=C,sinb- C, cosb

: [47]
C, =C cosb +C, sinb



FRA_B4_Windage = CR }é N A

(48]
FHA_ B4 Windage = CH }é nNTOA
8
— = air density
V,= apparent wind speed
A = Reference sailarea
n % & !II 8
FRA= FRA_B4_Windaget FRA_hut FRA_mast FRA _Riggingire + FRA _crew [49]
FHA = FHA_B4_Windage+ FHA _hult FHA _mastFHA _Rigging _Wire + FHA _crew
99 " 1
" %+l > < &
HMA =HMA_B4_Windage+ HMA_hull+ HMA_ mast HMA_Rigging Wér+ HMA _crew [50]

%$+& !

HMA _B4_Windage= }érv:'AQEF' CH( HBI ZCEB REEF
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Figure 27. Strip wise segmentation of appendages
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Reynolds 1000*Cf 1000*Cf 1000*Cf Bulb
No. Flat plate t/c=0.1 t/c=0.2
3.162E+03 *Q ) 9( (
1.00E+04 7% *(7 79
3.162E+04 ))7 710
1.00E+05 (9 ) 9 19
3.162E+05 7 (( 9 ' 9
1.00E+06 7 7: 7( (
2.512E+06 7 7: 7( (
6.310E+06 7 7: 7( (
1.585E+07 * 77( 7
5.012E+07 7( *x 7 79)
1.995E+08 § 7: 9( (7
Table 11. Appendage Cf. values used in the VPP
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1 N=5
R/A = E rVZ '%tripN Cf( rUdde) stripN + '%tripN C( keélstripN + @éntreboard Ctentreboar-c'i- Ahail gxard [52]

N=1

DFRICTION = I:QVC-I_ I:QVA [53]

8 &#0 # @ @
# ! I
6 I
!
8 0
> I 7
N9 O8

Centreboard drag = 0.00% rVZA,

[54]
Wetted area Centreboal,( =) ~ 2 éc:(.*('.: btc + 2 :bmc +cbre)
< 8
o /
’
0 "0
0 "0
0 "0
!
Wetted area Centreboard,( =) "2 0.6 écm
8 &
> | | | |
8 % 0
1 I D !.E
I 79
. - _ Sideforce _ 2
Lift_CoefficientCl = 0.75 ————— wherg= %rv [55]
gA
Drag CoeffcienCd = 0.00977CF+ 0.0002€k  0.0034 [56]
Cd__ diff =0.33(Cd- 0.0034)
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DPROP=% r\?” 0.81 PIPA [57]

Out of Aperture -- 605

— Buttock line 0.15m ( 0.50") off hull centerline
~— \r

Line tangent to 0.15m buttock at
a point halfway along ESL(1)

»

8.0 x PSL

Trailing edge of keel

ESL = the lesser of ESL(1) or ESL

*ST3is the maximum strut width **ST5 is measured perpendicular to the
measured parallel to the propeller shaft centerline from the hull to the shaft
shaft found not more than 0.3 x PRD centerline at the forward end of ST2.

above the shaft centerline.

***PSA (Propeller Shaft Angle) may be measured in twpste

1. Angle between shaft centerline and level uieline
2. Angle between buttock tangent line and |ef&tlim line

Add angles to arrive at PS

In Aperture -- 606 Strut Drive -- 607

APT and APB are the maximum aperture widths
measured parallel to the propeller shaft, found not
less than PRD/3 above and below the shaft cengerlin

Figure 28. Propeller Installation Dimensions

0 3 N9*08
IPA=(0.04+sinPSA)P" (PSD(ESL ST PHL SA( & PHLO003 9[- ST 8M) [58]

4

PIPA= IPA+0.65 (0.9PHD ¥ [59]
+ L. 796/ !



8 4
PIPA= IPA+0.70° (0.9PHD ¥ [60]
+ . T/ !
8 0
PIPA= IPA+0.10*(PRD? [61]
8 % 0
PIPA= IPA+0.12(PRDY [62]
, @7 S ! "9
! 8
8 4 "4
PIPA=0.06" ST1 (ST5 0.5 SH™) 0.4 (0.8 ST3) [63]
8 4
PIPA=0.06 STL (ST6 0.5 S®) 042 (0.8 ST%) [64]
8
PIPA=0.06° STL (ST6 0.5 S™) 010 PRD [65]
8 % 2"
PIPA=0.06° STL (ST6 0.5 S®) 012 PRD [66]
.
@ ? 9T , "9
" 1 "
! I =/ " !
/ =/ | |
/o ! 6
- 2l
% / ! , ?
6 I -
L 8
(4*10 °*L°- 0.0011*L% 0.0125%.+ 0.05pr 0.2 (but never less titamh) [67]
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PIPA=0.07" (PRDY
PIPA=0.07" (APT/4}
PIPA=0.07" (APH /1.125}
PIPA=0.07" (APB/ 4}

" , 15
9
1/ " , , !
2 / /
= " ! n
| I % &N;(O =
! ", 1/?N(O
Fn=V/ —
N
! : !
: 7 $ > n
n 9: (
9 3 | =) "
3 I
! 8
= s b o I" ;=7 D>6"E!
!
& #
*‘” I ! ( ) "6

2
1000Rr/D =a, +31Cp+a}TE +3 g, + g +@ﬁ +%% + a2 + SBF

N12/3
C N I‘\/R VR
Where IVR = %Ql/s
Maxima | Minima
Cp 58660 | .53060
B/T| 9.46154 | 2.41549
L/VOL™3 7 8.68108 | 4.32531
WA/NOL?? 10.46890 | 3.79808
LCB/(L/VOL™?) 9 85842 | -.08296
LCBA2/(L/IVOLY?) , 4.24884 | .00163
(L/IVOLA1/3)F ) 75.36117 | 18.70831
Table 12. Residuary Resistance Coefficient Limits
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WHyypamg = al x VLR e /‘lD x LSM1c x c,,.°

Cyr = ﬂl'lmult. 15 ,1.0

is
_ JVoLc _
VLR . = 2.51 % TsMirisisi1e 0037
al = 1.233 xlog(Fn) + 1.985
& 1
79\ ?/1 "

<+ =

WH ca0verbrongth = WHiwreng X (1—1f az)

a2 = Min (506 x (Fn(L)- 0.19920)"" x Overh..parpe(rnms. 1.0)50 x (Fn(L)- 0.199)"

0.115 \*
ﬂvﬂﬁsgparpctﬁ'ﬂ;ﬂ = 030 + (m)
! J7

1& , : ! :
79T?/1

WH raovernrengte = WHyprema X 83 X ad( + x)-
6J 7

3= (M:—FH}[}.Q?S

! L %& = 6
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EWHI stern = dWH x (0.135 x LSM1c— ({015 x LSM1c — Overhang)/(0.15 + LSM1c) (Overhang )

2191 71 1. S <2
" Q21

Wave (Fn=.45)

Wave (Fn=.30)

' _calculated

T T J‘ wave hights
at 0.135*LSM1c

Figure 29. Principle of estimating transom immersion
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Appendage Baseline Residuary Resistance Curves
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Keel Fin Elements
15 ----- Bulb j
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Figure 30. Appendage residuary resistance per unit volume at standard depth
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! n
%? > C & 3 ,
11} L -
3 n
, " " I
"D I!$ EN) O "
!
8 % - # *#
F?
f J sailing heel angle
Fn J non-dimensional speed
WPAOO J waterplane area upright.
WPA J waterplane area at the sailing heel angle

Limit 0.9£ Lxx_LOO£1.1
Limit 2.06  LER6.0
Limit 3.0£ BTR7.0

Lxx_LOO = Lsml/ / xCanoelLsnil
LBR= xCanoeLsih? xCanoeB
BTR= xCanoeBTR

LVR= Canoe”\/lal Limit 4.0£ LVRE 8.0
3/xCanoeVol
HeelExp= - 1.2806- 0.1092BTR+ 0.4385.VR N)70
FnCurve=1.01506+ 0.29348( ARCTAN ((Fn 0.25495)/ 0.01&)69% Y, N) O
RRMULT=1.0+ (FnCurve 1.0) 0.02307/ " ¥ (0.9613 06101;3F” 1'0)(Lxx_ oo 3 N)9O
LWPACorr=( LSM# / Lsh)" [YPA00 N);O
WPA
RRMULT=_~RMULT N))O

LWPACor
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Dr.a'gINDUCED = F/,O/'VZ MHSD
where kg = Heeling Force.
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Variation of Effective Draft.
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Figure 31. Variation of effective draft with speed and heel angle

(Upper BTR = 4; Lower BTR =2)
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Figure 32. Wave energy as a function of True Wind Velocity
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f, =0.64(Fn-.325)
f (Fn) =0.00191(Fn - .325)
f(k,, )=0.01575(GYR -0 25)
f(L/ B)=[(5.23"")-(5.23%* )]/ 8494
f (B/T)= (0000166* (B /T -4.443))
f(LCB - F)=0.01150* [(LCB - LCF)-(-0.03)]+ ®5780*[(LCB-LCFY - (-0.03) °]
f(L,) =0.5059 log(L /40)+1
f(b,) = cos(p, ) cos(40)

10 @ @ ,@ 4@ >/@ ' 2@
)L =7 9
$" )= 77)
W 7=09; 9
9=09; 97
‘4 9= 9)
"$ . == 7
?'4 == =7
4 == 79
Table 13. Added Resistance in Waves; parametric limits and base values
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Ky =0.222 (LOA+ LSMH)/ 2 N* O
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LSMH=0.3194 ( 2LSM1+ LSM)
GYR= K,/ LSMH- 0.03+ Gyradius inc
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9 Appendix A: Offset File (.OFF) Format

# !
! #$
= " 8
& U6 A
& 06 A
& H6 A
/ 9Q ! 20
] #
n !ll '
!
n 6 I n
1! ! !
6 ? 0 0x
2 "l T
# 13, I
8

8

HH:MM:SS, DD/MM/YY ,MEAS#,MACH, FILE,CLASS
0.000, 0.000, 0.000, 0.000

0.000, 0.000, 0.000, 0.000

NST, LOA, SFJ, SFBI

?1 $ @6

++8118// =(

C11C00 =

1@ /b =; 1

1%+ *=7 1 %, °

2@ 77=17(

$2 1 = $

1100 ) " DE
0+

SFFPs, FFPVs, SAFPs, FAPVs
SFFPp, FFPVp, SFFPs, FAPVp
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10 Appendix B: RR Coefficients
Fn| 0125 | 0150 | 0.175 | 0.200 | 0.225 | 0.250 | 0.275 | 0.300 0.325 | 0.350 | 0.375 | 0.400 | 0.425 0.450
. Constant | 1.9601 | 1.9673 | 1.4537 | 1.0724 | 1.1950 | 0.7886 | -1.5413 | -4.6139 | -6.6772 | -7.2105 | 0.8640 | 24.493 | 60.517 | 107.036
eGP [ -3.7100 | -3.0335 | -1.3922 | 0.0186 | 1.0381 | 3.8750 | 10.5299 | 18.2764 | 24.4120 | 30.3437 | 25.1851 | -0.2272 | -31.100 | -54.4307
. B/T | -0.1622 | -0.1044 | -0.0752 | -0.0809 | -0.1866 | -0.2648 | -0.1291 | -0.4683 | -1.3867 | -0.8502 | 0.7523 | 2.5649 | 4.6065 | 6.8301 _
e L/VOL"1/3_ | -0.0961 | -0.1690 | -0.2622 | -0.3965 | -0.6929 | -1.0170 | -1.1446 | -1.5104 | -2.4288 | -2.3700 | -0.8100 | 1.1400 | 2.0500 | 0.0700
—_____WA/VOL"2/3 | 0.2600 | 0.1869 | 0.1636 | 0.2106 | 0.4504 | 0.6243 | 0.4693 | 1.0462 | 2.6343 | 2.2111 | -0.3019 | -3.2406 | -6.5443 | -10.0000
_.__LCB/(L/VOL"1/3) | 0.2331 | 0.1654 | 0.0576 | 0.0133 | -0.1167 | -0.5327 | -1.1869 | -1.8767 | -1.9370 | -3.3500 | -6.7100 | -10.747 | -14.750 | -18.1525_
_LCB"2/(L/VOL"1/3) | -0.0431 | -0.0310 | -0.0025 | 0.0135 | 0.0413 | 0.1425 | 0.3206 | 0.5535 | 0.7049 | 0.9561 | 1.3000_ | 1.8300 | 2.4400 | 2.9500
(L/VOLM1/3)2 | -0.0057 | 0.0033 | 0.0118 | 0.0209 | 0.0317 | 0.0472 | 0.0595 | 0.0575 | 0.0514 | 0.0400 | -0.0082 | -0.1170 | -0.2053 | -0.1530
Fn| 0475 | 0500 | 0525 | 0550 | 0.575 | 0.600 0.650 | 0.700 | 0.750 0.800 0.850 0.900

______________ Constant | 185.358 | 278.777 | 376.177 | 455.785 | 504.000 | 534.000 | 578.925 | 617.300 | 649.000 | 677.700 | 705.0000 _734.0000
eeiee........Cp | 69851 | -80.000 | -85.200 | -86.900 | -87.290 | -87.400 | -87.400 | -87.400 | -87.400 | -87.400 | -87.4000 _ -87.4000
] B/T | 7950 | 8260 | 8240 | 8030 | 7.717 | 7.450 | 7.243 | 7.420 | 8000 | 8870 | 9.8800 __11.0000

I L/VOL"1/3 | -13.140 | -33.175 | -56.600 | -76.300 | -88.300 | -95.700 | -107.10 | -117.08 | -1255 | -133.320 | -140.00 __ -145.90

o WAVOL"2/3 | -11.500 | -11.530 | -10.619 | -9.290 | -8.240 | -7.400 | -6.000 | -4.900 | -4.000 | -3.300 | -28100 _ -2.4800
_...LCB/(L/VOL"1/3) | -21.300 | -24.100 | -26.850 | -29.400 | -31.700 | -33.800 | -37.500 | -40.500 | -42.800 | -44.500 | -45.7500 _ -46.7000
_LCB"2/(L/VOL"1/3) | 3.460 | 3900 | 4.330 | 4740 | 5120 | 5490 | 6.170 | 6.800 | 7.330 | 7773 | 8.1000 __ 8.3500

(L/VOL"1/3)M2 | 0.588 1.784 | 3.208 | 4.370 5.090 | 5.530 6.210 6.780 | 7.250 7.679 1.784 4.370




