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1 . I n t r o d u c t i o n . 

E x p e r i m e n t s w i t h a 3.20 m m o d e l o f a 63' c r u i s i n g s l o o p has 

been c a r r i e d o u t t o d e r t e r m i n e t h e p e r f o r m a n c e f o r f o u r 

d i f f e r e n t k e e l s . 

T h i s i n v e s t i g a t i o n has been i n i t i a t e d by t h e D e l f t S h i p 

H y d r o d y n a m i c L a b o r a t o r y , t h e N e t h e r l a n d s Y a c h t P a n e l and has 

been s u p p o r t e d by Huisman S h i p Y a r d s b . v . V o l l e n h o v e . 

I n v i e w o f t h e i n t e r e s t i n s h a l l o w d r a f t k e e l - h u l l p e r f o r m a n c e 

t h e f o l l o w i n g v a r i a t i o n s have been c o n s i d e r e d : 

1 . k e e l - c e n t r e b o a r d 

2. s h a l l o w d r a u g h t k e e l 

3. „Scheel" k e e l 

4. „I.O.R" k e e l 

The s h a l l o w - d r a u g h t k e e l i s t h e same as t h e f i x e d k e e l p a r t 

o f t h e k e e l - c e n t r e b o a r d c o m b i n a t i o n . 

The „Scheel k e e l " has been d e s i g n e d by H.A.Scheel (US 4089286, 

1978) . T h i s k e e l has p r o t u b e r a n c e s a t i t s t i p t o r e d u c e 

i n d u c e d r e s i s t a n c e i n c o m b i n a t i o n w i t h a r e l a t i v e l y l o w c e n t r e 

o f g r a v i t y o f t h e k e e l . 

The „1.0.R" k e e l i s i n c l u d e d i n t h e s e r i e s f o r c o m p a r i s o n 

p u r p o s e s . The span o f t h i s k e e l i s c o m p a r a b l e w i t h t h a t o f an 

I.O.R r a c e r o f s i m i l a r s i z e . 

The h u l l l i n e s h a v e been d e s i g n e d by J.de R i d d e r . 

2 . M a i n p a r t i c u l a r s o f t h e m o d e l . 

A l i n e a r m o d e l s c a l e o f 1:6 has been u s e d f o r t h e e x p e r i m e n t s , 

r e s u l t i n g i n a 3.2 m e t e r m o d e l l e n g t h . I n T a b l e 1 t h e f u l l 

s c a l e m a i n d i m e n s i o n s o f t h e c o n s i d e r e d h u l l f o r m a r e s u m m a r i z e d . 

T a b l e 1 

LOA l e n g t h o v e r a l l 19 .25 m 

LWL l e n g t h w a t e r l i n e 15 .20 m 

BOA beam o v e r a l l 5 .05 m 

Tc d r a u g h t canoe body 0 .82 m 

BWL beam w a t e r l i n e 4 .28 m 

Vc vo l u m e o f d i s p l a c e m e n t canoe body 21 .50 m' 

w e t t e d s u r f a c e canoe body 49 . 36 2 
m 

Cp p r i s m a t i e c o e f f i c i e n t 0 . 55 

LCB l o n g i t u d i n a l p o s i t i o n o f c e n t r e o f 

b u o y a n c y -4 9 9-
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The f o u r k e e l - h u l l c o m b i n a t i o n s a r e g i v e n i n F i g u r e 1 . I n 

t h i s F i g u r e t h e m a i n d i m e n s i o n s o f t h e k e e l s , i n c l u d i n g 

k e e l - v o l u m e and p r o j e c t e d a r e a a r e d e p i c t e d . 

- A l l k e e l - h u l l c o m b i n a t i o n s have been t e s t e d a t t h e same 

v o l u m e o f d i s p l a c e m e n t o f t h e canoe body and t h u s a t t h e 

same w a t e r l i n e , c o r r e s p o n d i n g t o a canoe b o d y d r a u g h t o f 

0.82 m. T h i s r e s u l t e d i n d i f f e r e n t t o t a l d i s p l a c e m e n t s 

due t o d i f f e r e n c e s i n t h e k e e l v o l u m e s . The f o u r t o t a l 

d i s p l a c e m e n t s a r e as f o l l o w s : w i t h I.O.R k e e l : 22.6 m , 

k e e l - c e n t r e b o a r d : 24.2 m^, s h a l l o w - d r a u g h t k e e l : 24.1 m^, 

S c h e e l - k e e l : 22.9 m^. 

These d i f f e r e n c e s r e f l e c t t h e d e s i g n c o n s i d e r a t i o n s t o 

a r r i v e a t an e q u a l r i g h t i n g moments o f 625 k g f m / d e g r e e , 

on w h i c h t h e a n a l y s i s o f t h e r e s u l t s i s b a s e d . 

- The m o d e l e x p e r i m e n t s i n c l u d e a r a n g e o f f o u r h e e l i n g 

a n g l e s ($ = 0, 10°, 20° and 3 0 ° ) , speeds up t o 15 k n o t s 

f u l l s c a l e , c o r r e s p o n d i n g l e e w a y a n g l e s and a r a n g e o f 

s t a t i c s t a b i l i t y . 

- The t e s t r e s u l t s have b e e n u s e d t o p r e d i c t t h e y a c h t s p e e d 

on a l l h e a d i n g s , r e s u l t i n g i n p o l a r s p e e d c u r v e s f o r t r u e 

w i n d speeds r a n g i n g f r o m 10 t o 25 k n o t s . R e s i s t a n c e - s p e e d 

c u r v e s a r e g i v e n f o r t h e u p r i g h t c o n d i t i o n . 

F o r t h e p e r f o r m a n c e p r e d i c t i o n t h e f o l l o w i n g s a i l d i m e n s i o n s 

have been u s e d : 

Y = 24.00 m P = 21.75 m 

j = 7.30 m E = 6.50 m 

I n a l l c a s e s i t i s assumed t h a t t h e c e n t r e o f e f f o r t o f t h e 

s a i l f o r c e i s l o c a t e d a t 10.08 m above t h e w a t e r l i n e . 

3. R e s u l t s . 

I n t h e t a b l e s 2, 3, 4, and 5 t h e u p r i g h t r e s i s t a n c e v e r s u s 

s h i p s p e e d and t h e p e r f o r m a n c e p r e d i c t i o n f o r t h e f o u r k e e l -

h u l l c o m b i n a t i o n s a r e g i v e n . I t s h o u l d be n o t e d t h a t o p t i m u m 

speeds made good ( c l o s e h a u l e d and r u n n i n g c o n d i t i o n ) a r e 

i n c l u d e d i n t h e t a b l e s . 

The u p r i g h t r e s i s t a n c e c u r v e s a r e g i v e n i n t h e f i g u r e s 2, 3 

and 4. I n each o f t h i s f i g u r e s t h e s o l i d l i n e s r e p r e s e n t t h e 
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I.O.R k e e l , w h ere as t h e b l a c k d o t s r e p r e s e n t t h e c o n s i d e r e d 

h u l l - k e e l c o m b i n a t i o n . 

The n o m e n c l a t u r e i n t h e s e t a b l e s i s as f o l l o w s : 

VTW - t r u e w i n d s p e e d 

VTW-CE - t r u e w i n d s p e e d a t c e n t r e o f e f f o r t 

B+BTW - t r u e w i n d a n g l e 

VAW - a p p a r e n t w i n d s p e e d 

B+BAW - a p p a r e n t w i n d a n g l e 

VS - s h i p s p e e d 

VMG - spee d made good 

F I - h e e l i n g a n g l e . 

A s h o r t summary o f t h i s p e r f o r m a n c e p r e d i c t i o n i s g i v e n i n 

t a b l e 6. 

T a b l e 6 

Maximum speed made good ( c l o s e h a u l e d ) 

VTW I.O.R i K e e l 
1 

S h a l l o w S c h e e l 
k n o t s k e e l c e n t r e b o a r d d r a u g h t k e e l k e e l 

10 5. 36 5.09 4.97 5 .03 

15 5 .97 5 .70 5.61 5.68 

20 6 .21 5.98 5.85 5.94 

25 6 . 33 6.11 5.88 6 .03 

Maximum speed made good ( R u n n i n g ) 

10 -5.95 -5 . 85 -5.94 -5 .94 

15 -7.98 -7.94 -8.02 -7.98 

20 -9 .20 -9.07 -9 .15 -9 . 14 

25 -10 .19 -10 .03 -1 0 . 0 1 -10.12 

Y a c h t s p e e d Vg, t r u e w i n d a n g l e 6 0 d e g r e e s 

10 8.58 8.26 8.29 8.34 

15 9 .03 8 . 72 8.71 8.84 

20 9 .22 8.89 8 .77 8.97 

25 9 .29 8.98 8.73 8.98 

Y a c h t s p e e d Vg, t r u e w i n d a n g l e 90 d e g r e e s 

10 8.89 8.59 8 .65 8 . 72 

15 9 . 30 8 .96 8.98 9 .12 

20 9.59 9.24 9.23 9 .42 

25 9 . 81 9.46 9.41 9 .65 
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F i g u r e s 5, 6, 7 and 8 g i v e t h e s p e e d p o l a r s f o r t h e f o u r 

c o n s i d e r e d k e e l - h u l l c o m b i n a t i o n s f o r t r u e w i n d speeds 3.5, 

7.0, 10.0 and 13.0 m/s. The y a c h t s p e e d i n t h e s e s p e e d 

p o l a r s i s g i v e n i n m/s. 

4. A k n o w l e d g m e n t . 

The m o d e l t e s t s have been c a r r i e d o u t by R.Onnink. 

A . V e r s l u i s d i d t h e c o m p u t e r w o r k f o r t h e p e r f o r m a n c e 

p r e d i c t i o n . 

D e l f t , 23 O k t o b e r 1984 



UPRIGHT RESISTANCE DATA 

MODEL 
VH 
M/S 
1.100 
1.2 00 
1.300 
1. UOO 
1.5 00 
1.600 
1.650 
1.700 
1.7 50 
1..8 00 
1,850 
1.900 
1.950 
2.000 
2.100 
2,200 
2,300 
2. «00 
2,500 
2.600 
2.700 
2.6 00 
2.900 
3.OCO 

RTM 
KG 

0.555 
0,69(4 
0,835 
C .986 
1.159 
1.362 
I r U S U 
1.62t4 
1.010 
2.05U 
2.365 
2.729 
3.133 
3,58a 
a .635 
5.827 
7.120 
8 .513 
9,806 

1G„931 
11.817 
12.583 
13.380 
l a .229 

SHIP 
VS 
M/S 

VS 
KNOTS 

RFS 
KG 

RRS 
KG 

RTS 
KG 

2 .69^ 5.24 
5.71 

71,1 3.5 74 .6 
2 .939 

5.24 
5.71 83.4 13.9 97.3 

3 .184 6.19 96.6 23.4 120.0 
3 .429 6.67 110.7 33.8 144 .5 
3 .67^ 7.14 12 5.6 47.6 173.3 
3 .919 • 7.62 141 ,4 66.7 208 .1 
4 .042 7.86 14 9.7 80.1 229 .8 
£4 .16M Ö .10 156 .1 97 . 2 255 .3 
4 .287 8.33 166.7 123.8 29 0.6 
4 .409 8.57 17 5.6 162.8 338 .4 
^ .532 a.01 

9.0 5 
18 4.7 215.8 400 .4 

^ .654 
a.01 
9.0 5 194 .0 2 80.0 474.0 

4 .777 9.29 2 C 3 , 4 352 .6 556 .0 
li .899 9.5 2 213.1 4 34 .9 648 .0 
5 .l't4 10.00 2 3 3 ,2 630,9 864 .1 
5 .389 10.48 2 5 4 .0 856 .3 1110.3 
5.634 10,9 5 275.7 11 Ü 2 .2 1377.8 
5 .879 11.4 3 298 .1 1368 .5 1666 .6 
6 .124 11.90 321.4 

34 5 .5 
1612 .0 1933 .4 

6 .369 12.38 
321.4 
34 5 .5 1817.9 2163 .4 

6 .614 12.86 
13,33 

370 .4 1971.1 2 341.5 
6 .859 

12.86 
13,33 3 9 6 .1 2 0 9 7.2 2'493 .3 

7 .104 13 . a 1 4 22 .6 2228.8 2651 .3 
7 .348 14 .29 44 9 .8 2 3 7 0.4 2820 .2 

POLAR PERFOR.MANCE DATA 

VTI/ 
KN. 

VTU-CE B + BIS/ 
KN. DEGR 

VAW 
KN. 

B + BAW 
DEGR 

VS 
KN 

VMG 
KN. 

F I 
DEGR 

I C O 10.0 0 18 0 . 0 4 .90 18 0. CO 5.090 -5 . 09 6 C .0 
10.0 10.00 16 0 .0 4.71 

5.35 
133 .39 6.165 

6.739 
-5 .793 1 .2 

10.0 10.0 0 150 <,0 
4.71 
5.35 111.04 

6.165 
6.739 -5,836 2 .5 

10.0 10.00 14 0 .0 6.42 92.98 7.327 -5 .613 4 .6 
10.0 10.0 0 12 5 A 8.42 73 .74 6,093 -4.64 2 9 .4 
10.0 10. 0 0 

10.00 
110 .0 10. 32 

12 .57 
60 . 36 8 . 524 

8.593 
-2 .915 17 .4 

1C'. 0 
10. 0 0 
10.00 9 0 

10. 32 
12 .57 46 . 87 

8 . 524 
8.593 C .OoO 23.5 

I C . 0 10.0 0 8 0 13 . 66 41.09 
3 6. GO 

8 .560 
8 . 5 C 3 

1.466 24.3 
10.0 10.00 7 0 . 0 14 .74 

41.09 
3 6. GO 

8 .560 
8 . 5 C 3 2 .9'JD 2 2 .8 

10.0 10,00 6 0 15 .54 31.43 8. 26 3 4.131 2 C . 6 
10.0 10.0 0 52 . 0 15.80 28 .06 7,7^2 4.791 19-.5 
I C . 0 10.00 4 8 ,0 15 .80 

15.72 
26 .42 7.456 4 ,989 18 .9 

I C . 0 10.00 44 ,0 
15 .80 
15.72 24 .66 7.06? 5,084 18.0 

I C . 0 10.00 
10.00 

4 2 »0 15 .64 24 .02 6.854 5,093 1S .0 
10.0 

10.00 
10.00 4 0 ,0 15 .55 23 . 26 6.6 23 5 ,073 17.2 

10.0 10, oc 
10.00 

38 « u 15 .4 2 22 .44 6.374 
6.1C5 

5 .02 2 
4 .9 39 

17.0 
10.0 

10, oc 
10.00 36 . G 15 .27 21.66 

6.374 
6.1C5 

5 .02 2 
4 .9 39 16.5 

I C . 0 lO.OC 4 2 .3 15 ,65 2 4.15 6.809 
6.556 

5 . 094 18.0 
10.0 10.00 153 .1 5.10 117,64 

6.809 
6.556 -5 .84 9 2 .0 

15.0 15.00 13 0 .0 7,82 180.00 7.180 -7.180 C O 
15.0 15 .00 16 0.0 7.64 137.89 8 .4 25 -7.917 2.7 
15.0 15.00 150.0 8.58 119.52 

104.64 
07.20 

6 .764 -7 .590 5 ,5 
15.0 15.00 14 0.0 9.83 

11 .75 

119.52 
104.64 
07.20 

9 .007 -6 .900 9 ,6 
15.0 15.0 0 12 5 .0 

9.83 
11 .75 

119.52 
104.64 
07.20 9.176 -5 .264 17.2 

15.0 15.0 0 110 .0 13 .35 72.69 9 .103 -3 .113 25.3 
15.0 15.00 90.0 16 .25 56 .52 8 ,962 0 ,000 25 .4 
15.0 
15.0 

15 .00 8 0 ,0 17 .57 4 9 .09 8 .9C1 1.54 6 26,0 15.0 
15.0 15.00 70.0 18.77 42.02 8 .815 3 .015 2 6.9 
15.0 15 .00 60 .0 20 .02 35 .88 8.717 4.358 25,4 
15.0 15 .00 5 2.0 20 .78 31 .53 8.480 5.221 23.2 
15.0 
15.0 

15.0 0 4 8.0 20 .99 29 .48 6.238 
7.880 

5 .512 22-1 15.0 
15.0 15.00 4 4.0 21.0 3 27.41 

6.238 
7.880 5 .668 21.7 

15.0 15.0 0 
15. 0 0 
15.00 

42.0 21.00 
20.93 

26 .38 7.663 5.695 21.6 
15,0 

15.0 0 
15. 0 0 
15.00 

4 0.0 
21.00 
20.93 2 5.36 7.4 25 5.608 21.6 

15,0 

15.0 0 
15. 0 0 
15.00 38 .0 20 .64 24.37 7.161 5.643 21.4 

15.0 15 .00 
15.00 

36.0 20.71 • 23.34 6 .877 
7. 595 

5.563 21.5 
15.0 

15 .00 
15.00 41.4 20.98 26,07 

6 .877 
7. 595 5 .697 21.6 

15.0 15 .00 162 .8 7.48 14 3.56 8 . 308 -7.935 2.1 

T a b l e 2: K e e l - c e n t r e b o a r d . 



POLAR PERFORMANCE DATA 

VTW 
KN. 

VTW-CE B+BTW 
KN. DEGR 

VAW 
KN . 

B + BAW 
DEGR 

VS 
KN 

VMG 
KN. 

F I 
DEGR 

2C.0 20.0 0 18 0 .0 
16 0 .0 

11 . 3 1 18 0 .CO 8 .690 -8 .69G 
-6.994 

C ,0 
2 0.0 20,00 

18 0 .0 
16 0 .0 11.4 7 1Ü3 . 54 9 .571 

-8 .69G 
-6.994 4 ,9 

2 0.0 20,00 150 • y 12 .36 127 .14 9 .856 -8.53 7 9 .9 
20.0 20.0 0 m 0 13 .44 1 1 3 . 3 1 10 ,002 -7 .662 16 o2 
20.0 20 .00 125 

l i e 
.0 14 .77 96 ,16 

c 0. 7a 
9.887 -5 .671 2 6 .3 

20*0 r\ P 

:̂  V • J V' 

125 
l i e > 0 16,69 

96 ,16 
c 0. 7a 9.558 -3 .269 27 .5 

2 0.0 2 0 . oc 9 0 .0 20.0 6 62 .58 9.238 
9 ,130 

0 ,000 
1 .565 

27 . 1 
2 0 o 0 20.00 8 0 .0 21 .4 9 54 ,09 

9.238 
9 ,130 

0 ,000 
1 .565 27 .9 

2 0,0 20.0 0 
20,00 

7 0 a 22.95 46 .31 9 . 012 3.062 26 
2 0.0 

20.0 0 
20,00 6 0 .0 24 .26 38 .87 3.687 4.444 28 ,5 

2 . 0 20.00 5 2 . u 25 .53 33 .85 8 . 726 5 ,372 26 .4 
2 0.0 20,0 0 U8 . 0 25 . 76 31.62 8 .553 5 ,723 24 ,7 
20,0 20 .00 ua 25 . U G 29.42 8 . 257 

8.049 
5 .94G 23 ,2 

20.0 20.00 ti 2 . c 26 ,01 2 8.26 
8 . 257 
8.049 5.962 23 ft \J 

20,0 20.00 ao ' k •25 . 97 • 27.11 7.794 5 .971 23 .0 
2 C. 0 20 .00 36 25 ,88 2 5.98 7 . 5 C 9 5 .91? 22 o9 
20.0 20.00 36 • 0 25.7 5 24 .86 7.183 5 .811 2 2 .9 
20,0 20,0 0 a 1 ,n 26 .00 27.94 7,982 5 .964 23 
2C.Ü 2 0 . Ö 0 15 6 .1 1 1 .16 15a ,59 9.339 -9,067 2 ,7 

POLAR PERFORMANCE DATA 

VTW 
KNJ 

2 5,0 
25,0 
2 5.0 
2 5,0 
25,0 
25.0 
2 5.0 
2 5,0 
25.0 
2 5,0 
25.0 
25.0 
2 5.0 
25.0 
2 5,0 
25.0 
2 5.0 
25.0 
25.0 

VTW 
K N . 

-CE B + BTW 

25 
25 
25 
25 
25 
25 
2 5 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

.00 

. 0 0 

.00 
. oc 
.00 
.00 
.00 
.00 
,00 
.00 
.00 
, 0 0 
.00 
oOC 
, 0 0 
.00 
.00 
.00 
.00 

DEGR 

18 0 .0 
16 0 .0 
15 0 »0 
14 0 • 0 
125 . 0 
110 >0 
9 0 .0 
8 0 .0 
7 0 .0 
60 ,0 
52 
4 8 
4 4 . 0 
42 fv 
4 0 »G 
38 ,0 
36 ,0 
4 1 c 

0 u 165 o9 

VAW 
K N . 

15 .4 3 
16 .18" 
16 .69 
17.9 6 
2 0 , 5 1 
2 3.80 
25 .38 
26 .98 
28 .44 
29 .67 
30.3 0 
3Ö.7 2 
3 0 
30. 

3 0 
30 
15 

81 
79 
,70 
.54 
81 
,17 

B + BAU 
DEGR 

VS 
KN 

VMG 
K N . 

F I 
DEGR 

180.00 9 . 6C3 -9.603 V .0 
146.72 10.590 -9 ,951 7 ,9 
131,85 10 .8 54 -9 .4C0 15 .3 
119.44 10 .849 - e .311 23 .7 
10 2 .66 10.4 05 -5 .960 31 .2 
8 6 .14 9 .9 33 -3.397 29 .4 
66 .58 9 .4 60 0 .000 29 ,1 
5 7 .50 9 .294 1 .614 29 ,6 
49 .02 9,144 3 .12? 29 .9 
40 .96 8.976 4 .468 3C .6 
35 .27 
3 3 .02 

8.8 2? 5.435 2 9 o6 35 .27 
3 3 .02 8.679 5,800 2? »3 
3 0.74 8 .419 6 .056 25 .3 
29 .57 6,216 6 .10 5 24 .7 
20 . 33 7,950 6 .09 0 24 ,6 
27.12 7.6 28 6 .011 24 .6 
25 .87 7. 2 56 5 .871 24 .9 
29 .25 6.152 6 .108 2 4 .6 

15 6 .44 10 .347 -10 .036 4 ,6 

T a b l e 2 c o n t i n u e d . 



UPRIGHT RESISTANCF: DATA 

MODEL 
VM 
M/S 

1.100 
1,2 00 
1,300 
1.4 00 
1.5 00 
1.600 
1.6 50 
1.7 00 
1.7 50 
1.8 00 
1.850 
1.900 
1.9 50 
2.000 
2.100 
2.200 
2.300 
2.ÜC0 
2.500 
2.600 
2.7 00 
2.800 
2.900 
3.000 

RTM 
KG 

0.546 
0.654 
0,779 
0.915 
1.062 
1.24 2 
1.361 
1.506 
1.67 H 
1.8 9 2 
2.17 3 
2.516 
2.9 01 
3 .3 4 4 
4.357 
5.556 
6.946 
8.392 
9.525 

10.519 
11.445 
12.301 
13.08 6 
14.004 

SHIP 
VS 
M/S 

2 .694 
2 .939 
3 ,184 
3 .429 
3 .674 
3 .919 
4 .04 2 
4 .164 
4 .287 
4 .4 09 
4 .532 
4 ,654 
4 .777 
4 .899 
5 ,144 
5 .339 
5 .634 
5 .379 
6 ,124 
6 ,369 
6 .614 
6 ,859 
7 .104 
7,340 

7 
7 
e 
6 

VS 
KNOTS 

5.24 
5,71 
6.19 
6 . 6 7 
7 . 1 4 
.62 
,86 
. 10 
,33 

8.57 
8. 81 
9.05 
9.29 
9.5 2 

10.0 0 
10.4 8 
10.9 5 
11.43 
11.9 0 
12.38 
12.86 
13.33 
13.01 
14.29 

RFS 
KG 

6 6 
77 
9 0 

10 3 , 
117, 
13 2 
139 . 
147 , 
155 
164 , 
17 2 , 
101 , 
19 0 , 
199 < 
218 , 
237, 
257. 
278 . 

.4 
> 9 
.2 

, 3 
,1 
,0 
.7 
,8 
,1 
.6 
,3 
1 
2 
,C 
5 
7 
.8 

3 00.6 
323 .1 
346 .4 
370 .5 
395 .3 
420.8 

RRS 
KG 

10.5 
15.8 
23 .5 
32,4 

3 
i. 

7 
,1 
8 

42 
5 8 
72 
91. u 

115 
14 9 
196 
257.5 
3 27.0 
4 08.7 
5 98.9 
828 .1 

1097.3 
1377.8 
1589.3 
1769,6 
1934.4 
2G82.7 
2214 .6 
2374.2 

RTS 
KG 

76 .9 
93.7 

113.7 
135,7 
159.6 
190.2 
211.8 
236 .7 
271 .5 
313 .2 
369 .4 
438.7 
517.2 
607.9 
016.8 

1Ö65.6 
1355.1 
1656 .6 
1889 .9 
2Ö92.7 
2280.8 
2453 .2 
2609.9 
2 79 5.1 

POLAR PEHFORMAIiCE DATA 

VTW 
KN. 

VTW-CE 
KN. 

H-Ï-ETW 
DEGR 

VAW 
KN . 

B + BAW 
DEGR 

VS 
KN 

VMG 
KN. 

F I 
DEGR 

10.0 10.00 18 0 ,0 4 .96 18 0.00 5.040 -5 .04 0 0,Q 
10.0 10.00 160 .0 4.65 132.63 6.244 -5.867 1,1 
10.0 10 .00 15 0 .0 5 .31 109 . 86 6.856 -5.937 2 ,4 
10.0 
10.0 

10.00 
10.00 

14 0 .0 6.41 91.45 7,498 -5 .744 4 ,5 10.0 
10.0 

10.00 
10.00 125 .0 8.45 73. 06 8 .196 -4.7u2 9 .3 

10.0 10.00 110 .0 10.36 5 9.98 8 .613 -2 .94 6 17.0 
I C . 0 1 0 . 0 0 9 0 .0 12 . 6 6 46 .93 a .645 0 . 0 0 0 22.3 
10.0 10. Ü0 8 0 ,0 13.76 41. 35 6 . 6 C 7 1.495 22.5 
1C. 0 10 .00 7 0 • \l 14.04 36 .20 6.551 2.925 21 .2 
10. c 1 0 . 0 0 

10.00 
6 0 .0 15 .61 31.65 8 . 29C 4 .145 16 .9 

I C . 0 
1 0 . 0 0 
10.00 5 2 • - J 15 .84 28 . 35 7.784 4.792 17.4 

10.0 10.0 0 4 8 • 15.79 26,32 
25.47 

7.399 4 .951 16 .5 
I C . 0 10.0 0 44 • G 15 .58 

26,32 
25.47 6.874 4 .94 5 15.3 

10. 0 10 . 0 0 
10.00 

4 2 ,0 15.43 2 4 ,80 6 . 574 4.365 14 .7 
10.0 
10.0 

10 . 0 0 
10.00 4 0 .0 15 .25 24.15 6.257 4.793 13 .9 10.0 

10.0 10.00 38 .0 15 .05 23.49 5.919 4 .664 13..1 
I C . 0 10.00 36 .0 14 .79 22 .87 5.536 4.479 12 .1 
10.0 10.00 

10.oc 
4 5 .2 15.71 

5.15 
26 ,20 7.17? 4.968 

-5 .94 0 
16.0 

10.0 
10.00 
10.oc 151 .9 

15.71 
5.15 113.87 6.735 

4.968 
-5 .94 0 2 .1 

15.0 15.OC 16 0 7 .68 18 0.00 7.319 -7.319 C ,0 
15.0 15 .00 16 0 .0 7.56 137.43 

118.96 
8.516 
8.858 

-8 .003 2 .6 
15.0 15.00 15 0 0 W 8.53 

137.43 
118.96 

8.516 
8.858 -7.671 5 .4 

15.0 15.0 0 14 0 ,0 9 .81 104.08 9.105 -6 .975 
-5.324 

9 .3 
15.0 15 .00 125 , 0 11. 7 9 06.70 9. 282 

-6 .975 
-5.324 16 ,7 

15.0 
15.0 

15 . Ö 0 
15 .00 

110 
90 

.0 13 .4 3 7 2.39 9.194 -3 .14 5 2 4 ,7 15.0 
15.0 

15 . Ö 0 
15 .00 

110 
90 ,0 16.44 56.90 8 .978 0 .000 

1.543 
2 3 .4 

15.0 15 . 00 8 0 . c 17 .78 49 . 74 8.884 
0 .000 
1.543 23.3 

15.0 15.00 7 0 18 . 99 42.07 8.791 3.00? 23 ,5 
15.0 15 .00 

15,00 
60.0 2 0,06 36 .16 8. 711 4.355 24 .2 

15.0 
15 .00 
15,00 52 20.85 31 .02 8.479 5 .220 21 .6 

15.0 15.00 48 ,0 21.03 29 . 84 8 , 201 
7.793 

5.487 2C .2 
15.0 15 .00 4 4 . c 21 .01 27.82 

8 , 201 
7.793 5 .606 15 ol 

15.0 15 .00 
15.0 0 

42 ,0 20 .9 4 26 .88 7.529 5.595 15 «4 
15.0 

15 .00 
15.0 0 4C 20.0 0 26 . 03 7. 199 5.514 18 .0 

15.0 15.00 
15.0 0 

38 .0 20.5 9 
20.32 

25 .25 6 , 8C0 5.359 l e .0 
15.0 

15.00 
15.0 0 36 .0 

20.5 9 
20.32 24 .53 6.3 52 5 .139 16 .9 

15.0 15.00 4 3 .3 2 1 . 0 0 27.50 7.714 5 ,610 . 15 .7 
15.0 15 .00 16 3 .0 7.4 0 14 3.62 8.387 -8 .019 2 -0 

T a b l e 3; S h a l l o w d r a u g h t k e e l . 



POLAR PERFORMANCE DATA 

VTW VTW-CE b+BTW VAW B + RAW VS VMG F I 
KN. KN o DEGR KN , DEGR KN. KN. DEGR 

20,0 2 0 .OC 18 0 .0 
16 Ö .0 

11.22 18 0.00 8.780 -8 .78 0 C O 
2 0.0 20 . 0 0 

18 0 .0 
16 Ö .0 11.40 143.29 9.653 -9 .071 4 .8 

2 0.0 2 0 .00 15 0 . G 12 .31 126.79 9.947 -8.614 9 .6 
20.0 2C .00 i n 0 .0 13.43 112 . 87 1G.1G2 -7.739 15.0 
20.0 2 0 .00 125.0 14 .85 95 ,67 10.006 -5.739 25.6 
20.0 2 0 , c c 110.0 1 7 . 0 1 80 .54 9.637 -3 .296 26.8 
20.0 2 0 .00 9 0 .C 20 .42 63.13 9.226 0 . 0 0 u 24 .4 
20,0 20 . 0 0 8 0.0 21 . 92 55 .13 9.059 1 .573 24 .1 
2 0.0 2 0 .00 

. o c 
7 0 . C 2 3 . 3 1 47.53 8 .902 3 .045 23 .8 

2C.0 20 
.00 
. o c 6 0 .0 24 . 51 3 9 . 99 6.774 4 .307 24 .6 

2 0. Ö 2 0 .00 52 .0 25 .44 3 4 .50 8 .65C 5.326 23 .9 
20.0 2 0 . ii c 4 8.0 25.6 0 3 2 . C8 8.476 5 .672 22.0 
2 0.0 20 . o c 

.00 
a4 . c 25.99 3D .00 

28 .90 
8.118 5 .040 2C .7 

20.0 20 
. o c 
.00 '4 2 .C 25.94 

3D .00 
28 .90 7.848 5 .332 2C .5 

2 C O 20 .00 4 0,0 25.63 2 7 . 9 1 
2 7.03 

7. 5C4 5 .749 19 ,8 
20.0 -> •\ .00 3 6.0 25 .58 

27 . 9 1 
2 7.03 7.()3C 5 .54 0 19.2 

2C .0 20 .00 
.00 

3 6.0 2 5 . 2 1 26 .22 6.437 5.206 I E .6 
20.0 20 

.00 

.00 4 3.2 25 .98 29 .58 8 .024 5 .845 2C .6 
20. Q 2 0 .GC 16 6 .2 11. 0 6 154 .59 9 .421 -9 .150 2.6 

POLAR PERFORMANCE DAIA 

VTW VTW-CE B-i-BIW VAW B + BAW VS VMG F I 
KN. KN. DEGR KN. DEGR KN. KN. DEGR 

25,0 2 5 , OC 10 0.0 15.32 18 0 .00 9.664 -9.684 C .0 
2 5.0 2 5 . 0 0 16 0 .0 15 .38 146 . 50 10 .6 52 -10.010 7 .7 
2 5,0 2 5 . 0 0 15 0 .0 16 .16 1 3 1 .64 

119.07 
10.912 
10 .9 35 

-9.4 5 0 
-8.377 

15 .0 
25.0 2 5 . 0 C 14 0,0 1 6 . 9 1 

1 3 1 .64 
119.07 

10.912 
10 .9 35 

-9.4 5 0 
-8.377 23 ,1 

25 ,00 12 5.0 17 .66 10 2.30 1 0 . 5 3 1 -6 .04 0 31 .4 
J). 0 2 5 . 0 G 110 .0 20. 75 65 .97 1U . 0 0 8 -3 .423 28 .2 

25.0 
2 5 .0 

25 ,0C 90.0 24 .49 6 7.40 9.413 G oOOO 2 „3 25.0 
2 5 .0 25 .00 Ö ' a U 26 .11- 58 .84 9.16 8 1 .592 2 4 ,9 
25.0 2 5 . 0 0 7 0 . 0 27 . 56 5 0,61 

4 2.91 
8.939 3 .057 2 4 .0 

25.0 25 . OC 6 0.0 28 .99 
5 0,61 
4 2.91 6.732 4 ,366 24 .3 

25,0 25.00 52 .0 2 9 . 9 1 36.63 0.613 5.303 25 * V/ 
2 5.0 25. CO 4 8.0 30 .4 0 33 .99 8.480 5 .674 23.8 
25.0 25.00 44 .0 30,69 31 ,53 8,174 5.880 22 .5 
25.0 25.OC 42 .0 30 . 72 30 .44 7.904 5.874 21 .5 
25.G 25.00 4 0.0 30.59 29.44 7.493 5.74 0 2 0 .7 

T a b l e 3 c o n t i n u e d . 



UPRIGHT RESISTANCE DATA 

MODEL 
VM 
M/S 

1.1 CO 
1 . 2 0 0 
1 .3 00 
1 .400 
1 .500 
1.6 00 
1 .700 
I . e 00 
1 .900 
1 .950 
2 . 0 0 0 
2 
7 2 0 0 

2.4 00 
2 . 5 0 0 
2 . 6 0 0 
2 . 7 0 0 
2 . 8 0 0 

RTM 
KG 

0 . 5 4 8 
0 . 6 5 ? 
0,1 Cl 
0 . 9 0 4 
1 . 0 7 1 
1 . 2 7 5 
1 , 5 2 9 
1 . 9 2 1 
2 . 4 7 6 
2 . 8 1 6 
3 . 1 9 6 
4 . 1 0 1 
5 . 2 0 8 
6 . 5 0 1 
l,ll(j 
8 , 8 5 C 
9 . 8 4 3 

1 0 . 7 6 0 
1 1 . 6 1 1 

SHIP 
VS 
M/S 

VS 
KNOTS 

RES 
KG 

RRS 
KG 

RTS 
KG 

2 .69 4 5 .24 62 
7 3 

, 3 16 .9 79 ,2 
2 .939 5 , 7 1 

6 . 1 9 
6 . 6 7 

62 
7 3 .1 23 . 2 9 6 . 3 

3 .184 
5 , 7 1 
6 . 1 9 
6 . 6 7 

64 . 6 26 
38 

.9 1 1 3 . 5 
3 .4 29 

5 , 7 1 
6 . 1 9 
6 . 6 7 97 , C 

26 
38 ,9 135 .9 

3 .674 7 . 1 4 110 .1 54 , 5 164 .6 
200 .8 3 ,919 7 ,6 2 123 . 9 16 . 9 
164 .6 
200 .8 

4 .164 8 , 1 0 
8 . 5 7 

13 8 .5 1C8 
169 

.9 247 .4 
4 .4:9 

8 , 1 0 
8 . 5 7 153 . 9 

1C8 
169 .6 323 .7 

4 .654 9 . 0 5 170 . 0 264 . 7 4 34 . 7 
503 .8 4 .777 9 . 2 9 176 s J 325 .5 
4 34 . 7 
503 .8 

4 .899 
5 .14 4 

9 . 5 2 
1Ö.O0 

186 .8 3 94 .1 5 8 0 . 9 4 .899 
5 .14 4 

9 . 5 2 
1Ö.O0 2 04 „4 562 .5 766 .9 

5 .38 9 10.4 6 222 . 7 113 .,4 996 .1 
5 .634 1 0 . 9 5 241 . 7 1023 ,6 1 2 6 5 . 3 
5 .879 11 .4 3 261 .4 1267 0 4 1526 .8 
6 .124 1 1 , 9 0 281 . 9 14 69 0 3 1 7 5 1 . 1 
6 ,369 1 2 , 3 3 

1 2 . 8 6 
303 . 0 1651 = 3 1954 . 3 

6 .614 
1 2 , 3 3 
1 2 . 8 6 324 . 9 1816 2 1 4 0 . 9 

6 .659 1 3 . 3 3 347 .4 1965 ,4 2 312.8 

POLAR PERFORMANCE DATA 

VTW 
KN. 

VTW-
KN. 

CE n + BTW 
DEGR 

VAW 
KN . 

B + BAW 
DEGR 

VS 
KN 

VMG 
KN, 

F I 
DEGH 

10.0 10.00 180 .0 4 . 9 ? 18 0.00 5 . 0 2 6 - 5 . 026 0 .0 
10.0 10.OC 

1 0 . 00 
16 0.0 4 . 6 5 132 , 62 

110 .03 
6 . 2 50 - 5 . 8 7 3 

- 5 . 9 2 3 
1.1 

1 0 . 0 
10 .OC 
1 0 . 00 15Ö .0 5 . 3 2 

132 , 62 
110 .03 6 . 6 39 

- 5 . 8 7 3 
- 5 . 9 2 3 2 .4 

10.0 1 0 . 0 0 1 4 0 . 0 6 . 4 1 9 2 . 3 1 7 . 4 C 1 - 5 . 6 7 0 4 .4 
I C . 0 1 0 , 3 0 12 5.0 8 . 4 4 7 3 .37 e . 1 5 2 -4 .676 9 .1 
10.0 10 . 0 C 110 .0 10 . 3 9 59 .96 Ö .6 23 - 2 .949 16 .8 
1C. 0 1 0 . 0 0 9 0 .0 1 2 . 6 6 4 6 . 4 3 8 . 7 2 3 0 . 0 0 0 2 3 , 5 
10.0 1 0 . c c 

10 . 0 0 
8 0 . 0 13 . 7 9 40 .92 8 . 6 8 4 1 . 5C8 2 3 . 5 

10.0 
1 0 . c c 
10 . 0 0 70 .C 14 . 8 5 35 . 85 8 . 6 1 3 2 .94 6 2 2 . 3 

1 0 , 0 1 0 . 0 0 6 0 . 0 15 . 63 
15 , 85 

3 1 , 4 1 6 . 3 3 6 4 . 1 6 8 19 .9 
I C . 0 10 . 0 c 5 2 . 0 

15 . 63 
15 , 85 2 8 .17 7 .0 15 4 ,011 1 0 . 3 

10.0 1 0 . 0 0 4 6.0 1 5 . 8 1 2 6 . 6 7 7 .4 34 4 .974 1 7 . 3 
1C. 0 1 0 . 0 0 4 4 ,G 15 . 6 7 25 ,19 6 . 9 90 5 . 0 2 8 1 6 , 2 
10.0 1 0 . oc 4 2.0 15 . 5 6 24 .48 6 . 7 27 4 ,999 

4 .9 24 
15 .5 

10.0 1 0 , o c 
1 0 . 0 0 

4 0 . C 15 . 4 0 23 .81 6 . 4 2 7 
4 ,999 
4 .9 24 1 4 . 7 

10.0 
1 0 , o c 
1 0 . 0 0 3 8.0 15 . 1 7 2 3 , 2 0 6 .0 65 4 .77 9 1 3 . 9 

10.0 1 0 . 0 0 3 6 . 0 14 . 8 7 22 .68 5 . 6 2 7 4 ,553 12 .7 
1 0 .0 10 . 0 0 4 4 . 4 15 . 6 9 25 . 34 

1 1 6 . 8 0 
7 . 041 5 . 0 2 9 

- 5 . 9 3 8 
16 .4 

10.0 10. CO 15 3 ,2 5 . 05 
25 . 34 

1 1 6 . 8 0 6 . 6 5 2 
5 . 0 2 9 

- 5 . 9 3 8 1 .9 

15.0 1 5 . 0 0 18 0 .0 7 , 7 5 18 0 . 0 0 7 . 2 5 4 - 7 . 2 54 O.O 
1 5 . 0 15 .00 16 0 .0 

15 0 .0 
7 . 6 1 13 7 . 6 5 6 . 4 7 2 

0 . 8 4 9 
- 7 . 9 6 1 2 .6 

15.0 1 5 . 0 0 
16 0 .0 
15 0 .0 6 . 54 119 .01 

6 . 4 7 2 
0 . 8 4 9 - 7 . 6 6 3 5.4 

15.0 1 5 . 0 0 140 ,0 9 . 8 0 10 3 . 9 1 9 . 1 3 3 - 6 .996 9 . 2 
15.0 1 5 . 0 0 12 5 .0 11 .8 0 0 6 . 3 5 9 . 3 5 6 -5 .366 1 6 . 6 
15.0 1 5 . 0 0 110 .0 13 . 4 3 7 1 . 7 9 9 . 3 2 6 

9 . 1 2 3 
-3 . 1 9 J 2 5 . 2 

1 5 . 0 1 5 . 0 0 9 0 . 0 16 . 24 55 . 81 
9 . 3 2 6 
9 . 1 2 3 0 .000 26 .4 

15.0 1 5 . 0 0 8 0.0 17 . 6 3 40 . 71 9 , 0 3 2 1 , 5 6 8 2 6 . 2 
15.0 1 5 . 0 0 7 0 . 0 18 , 8 6 4 1 . 7 6 8 . 9 3 6 3 .056 2 7 .0 
15.0 1 5 . 0 0 6 0 .0 

5 2.0 
20 . 04 3 5 . 4 0 0 . 8 3 9 4 .4 2 0 2 6 . 6 

15.0 15 .CO 
6 0 .0 
5 2.0 20 . 0 3 31 . 30 8 . 564 5 .272 2 5 . 7 

15.0 1 5 . 0 0 4 8 . 0 21 .04 2 9 . 4 3 8 . 2 8 5 
7 . 8 8 ? 

5 .544 2 2 . 0 
15.0 1 5 . 0 0 44 ,C 21 . 0 5 2 7 . 4 5 

8 . 2 8 5 
7 . 8 8 ? 5 .673 21 .4 

15.0 1 5 . CC 
1 5 . OG 

4 2 . C 20 . 9 9 26 .56 7 . 6 2 0 5 .66 9 20 .8 
15.0 

1 5 . CC 
1 5 . OG 4 0 . 0 20 . 8 9 2 5 . 6 5 7 . 3 4 2 5 . 625 2 0 .3 

15.0 1 5 . 0 0 3 8 . 0 20 . 76 2 4 . 8 2 7 . 0 1 9 5 . 5 3 1 1 9 , 4 
15.0 15.00 36.0 20 . 5 5 24 . C l 

2 7 . 1 0 
6 . 6 3 4 5 . 3 6 7 l e .5 

15.0 1 5 . 0 0 4 3 . 2 21 . C 3 
24 . C l 
2 7 . 1 0 7 . 7 9 1 5 . 6 7 ? 2 1 . 2 

1 5 . 0 15 .00 162 .3 7 . 4 ? 1 4 2 . 4 8 8 . 3 7 0 -7 . 9 7 5 •2 ,1 

T a b l e 4; „Scheel" k e e l . 



POLAR PERFORMANCE DATA 

VTH VTW-CE P+DTW VAW B+BAW VS VMG F I 
KN. K N . DEGR KN. DEGR KN. KN. DEGR 

2 0.0 20.0 0 
2 0.0 20.0 0 
20.0 20,00 
2 0.0 20.0 0 
2 CO 20.0 0 
20,0 20.OC 
2 C 0 20.00 
2 C 0 23.0 0 
20.0 20.00 
2 C 0 2 O.CO 
2 C 0 2 0.00 
2 0.0 20.00 
20.0 20,00 
2 C O 2 O .OC 
20.0 20.00 
20.0 20.00 

180 .0 .11 .24 18 0.00 0 .759 -8.759 CO 
160 .0 11 . 34 14 3.05 9 .729 -9 .143 4 .3 
15 0.0 12 .2 5 126 ,41 10 .046 -0,700 9.5 
14 0 .0 13 .3 9 112.37 10 , 2 24 -7.032 15.6 
12 5 ,0 14 .87 9 5 . 0 1 l u .173 

.026 
-5,635 
-3 .362 

25.3 
110 .0 16.7 7 79.74 9 

.173 

.026 
-5,635 
-3 .362 26 ,6 

9 0 . C 20.06 6 2 . 01 9 .416 C.000 27,6 
00.0 21 . 65 54.eo 9 .253 1,007 27.2 
7 0.0 2 3.06 4 6.27 9 .098 3 .112 27.6 
0 G • 0 24 .3 0- 30 .69 8 .971 4,405 20.7 
C -1 " 25 . 4 1 3 3.79 8 .0 04 

.6 00 
5 . 42G 
5.754 

26.3 
4 8.0 25. ec 31.56 8 

.0 04 

.6 00 
5 . 42G 
5.754 24 .7 

4 4.0 26 .01 29 . 54 0 , 246 5.932 22.6 
4 2.0 2 6 . 0 0 2Ö.45 7 .993 5 . 9 4 0 22.3 
4 0.0 25.9 0 

25 .74 
27.43 7 .668 5.674 21.8 

30 .0 
25.9 0 
25 .74 26.46 7. 288 5.743 21,3 

POLAR PERFORMANCE DATA 

VTW VTW-CE B+BTW VAW B+BAW VS VMG F I 
KN. KN. DEGR KN. DEGR KN, KN. DEGR 

25.0 25.00 180.0 15.24 180.00 9.759 -9.759 CO 
25.0 25.00 160.0 15.29 146.34 10.767 -10.117 7.6 
25.0 25.00 150.0 16.07 131.24 11.054 -9,573 14.8 
25.0 25.Ü0 140.0 16.66 118.50 11.1C9 -8.510 22.8 
25.0 25.00 125.0 17.54 1 0 1 . 8 1 10.750 -6.166 3 3 . 1 
25.0 2 5 . o c 110 .0 20.30 85 .24 10 .236 -3 .5»J1 30.5 
25.0 25.00 90.0 23.95 66.24 9,647 0.000 28.8 
25,0 25.00 80.0 25.63 57.56 9.407 1.633 26.5 
2 5,0 25.0 0 7 0.0 27.2 5 4 9.40 9,101 3.140 26.3 
25.0 25.00 60.0 26.60 4 1 . 3 1 8.984 4,492 29.3 
25.0 25.00 52.0 29.75 35.43 8,049 5,446 28.9 
25,0 25.QO 4 8.0 30.3 3 3 3.08 8.6 05 5.012' 2 7.0 
25.0 25,00 44.0 30.74 30.90 0.374 6.024 24.3 
25»0 2 5 . q c 42 .0 30.8C 29 .93 0 .116 6 .031 23 .3 
25.0 25.00 40.0 30.70 28.86 7.74C 5.929 22.6 
25.0 25.OC 38 .0 30 .50 27.87 7. 258 5.719 22 .2 

T a b l e 4 c o n t i n u e d . 



UPRIGHT RESISTANCE DATA 

MODEL 
VM 
M/S 

RTM 
KG 

SHIP 
VS 
M/S 

VS 
KNOTS 

RFS 
KG 

RRS 
KG 

RTS 
KG 

1.100 
1.2 00 
1.300 
1.4 00 
1.5 00 
1.600 
1.6 50 
1.700 
1,750 
1.8 00 
IcGSO 
1.9 00 
1.950 
2.000 
2.100 
2.2C0 
2.300 
2.4 00 
2.500 
2.600 
2.7 00 
2.8 00 
2.900 
3.000 

J. 
1 
1 
1 

0.54 2 
0.657 
0,781 
0.921 
,0 7 3 
,26 2 
394 
54 0 

.724 
1.876 
2.204 
2.513 
2.8 56 
3.244 
4 .172 
5.314 
6,528 
7.7 64 
6.8 9 4 
9.822 

10.6 8 0 
11.4 9 3 
12 .32 9 
13,19 4 

2 .694 5.24 
5.71 

65 . 6 9.4 74 .9 
2 ,939 

5.24 
5.71 76 . 9 16.0 92.9 

3 .18 4 6.19 89 .0 z 3 J 5 112,5 
3 ,429 6.67 102 . c 33.3 135 .3 
3 .674 7.14 115 . 0 44 .3 16 0.1 
3 .919 7,62 130,3 62.2 192 ,5 
4 .04 2 
4 .164 

7,8 6 137 , 9 7 6,7 216 .7 4 .04 2 
4 .164 8,10 , 14 5 , 7 98 , 1 24 3,0 
4 .28 7 8.3 3 153 . 7 12 5.3 279 .0 
4 .4 09 8, 57 1 6 1 

17u 
, 6 14 5.3 307 .2 

4 ,532 8 . e 1 
1 6 1 
17u , 2 2 0 3,1 373 .3 

4 .654 9.0 5 17 8 .8 2 5 6.4 4 3 5 .2 
4 .777 9.29 107 . 5 316.9 504 .4 
4 ,899 9.52 19 6 . 4 3 6 6,0 583.3 
5 .144 10.00 214 . 9 5 5 8 ,5 773 .4 
5 ,369 10.48 234 .1 775.5 1009 .6 
5 .634 10.9 5 2 54 .1 1006,7 1260.8 
5 .879 11,43 274 , 8 1241,6 1516 .6 
6 .124 11.9 0 296 . 3 14 52.6 174 0 .8 
6 .369 12.38 318 . 5 1618.9 1937,3 
6 .614 12.66 3 4 1 

365 
. 4 17 60,7 2110.1 

6 ,859 13.33 
3 4 1 
365 . 1 19 0 0,0 2273 . 1 

7 .104 13 . 0 1 389 ,5 2051.0 2440 ,5 
7 .348 14.29 414 .6 2199 ,2 2613 .8 

lOLAR PERFORMANCE DATA 

VTW 
KN. 

VTW-CE B-t-P'IW 
KN. DEGR 

VAW 
KN . 

E+BAW 
DEGR 

VS 
KN a 

VMG 
KN. 

F I 
DEGR 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
IC.0 
10. Ö 
10.0 
1C.Ü 
10.0 
10.0 
10.0 
10,0 
10.0 
l c ; o 

10.0 0 
10.00 
10.00 
10,00 
10 . 0 
10.00 
10.00 
1 0 . cc 
10.oc 
10.00 
10. 00 
10 .00 

0 0 1Ö 
10. 
I D 
10 
10. 
10 
10 

0 0 
0 0 
00 
OG 
0 0 
oc 

100 .0 
160 ,0 
15Ö.0 
14 0 .0 
12 5.0 
110 .0 
9 0 .0 
0 0.0 
7 0.0 
60 .0 
5 2 
48 
44 
4 2 
4 0 
3 0 
36.0 
4 3 

152 

.0 

.0 

• -J 

.0 

.1 

9 1 
6 4 
31 
4 1 
4 5 

10 .4 2 
12 
13 
14 
15 
16 
16 
16 
15 

6 6 
02 
92 
78 
0 4 
0 8 
0 4 
95 

15 .8 3 
15 .67 
15 .4 9 
16.0 0 
5.14 

18 0 
132. 
109 . 
91 , 
72 
59 . 
4 5. 
39 
35. 
3 0 
27 
25, 
2 4 
23 
2 2 
2 2 
21 
23 

114 

00 
51 
74 
29 
90 
17 
39 
92 
02 
61 
38 
74 
16 
44 
77 
03 
33 
61 
CO 

5 
6 
t 
7 
8 
8 
8 
8 
8 
0 
0 
7 
7 
7 
6 
6 
6 
7 
6 

0 06 
262 
866 
517 
222 
763 
892 
.064 
7 95 
, 579 
,0 08 
.794 
,44 3 
,203 
,922 
,6 46 
,34 3 
,3 35 
.7 41 

-5.066 
-5.885 
-5 .940 
-5.750 
-4.716 
-2.997 
G.OOu 
1 .539 
3 .006 
4 .290 
4 .979 
5 .215 
5.354 
5 .353 
5.31G 
5 .237 
5 .132 
5 ,360 
-5 .952 

CO 
1.2 
2.5 
4 .6 
9,5 

1 7.7 
25.7 
25.7 
2 4 .4 
21.9 
2 C 6 
2 C 0 
19. 1 
10.5 
17.7 
17.3 
16 .5 
18.0 
2.2 

15.0 
15.0 
15.0 
15.0 
15 .0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 

15 . 
1 5 . 
1 5 . 
1 5 . 
15 . 
1 5 . 
1 5 . 
1 5 . 
15. 
1 5 , 
15 . 
15. 
1 5 . 
15 . 
15, 
1 5 . 
15, 
15. 
15 . 

oc 
0 0 
GO 
0 0 
00 
0 0 
00 
00 
0 0 
0 0 
oc 
oc 
CO' 
ÜC 
QC 
OC 
0 0 
0 0 
oc 

10 0 .0 
16 0 .0 
15 0.0 
14 0 
125 
110 
9 0 
6 0 
70 
60.0 
5 2.0 
4 8.0 
44 .0 
4 2 
4 0 
36 
36 
39.7 

16 3 .9 

.0 
,0 
.0 
.0 
,0 

,0 

,0 

7.69 18 0.00 7.313 -7.313 0.0 
7.56 137.30 8.542 -0 .027 

-7 .670 
2.6 

8 .53 110 .97 8 .8 57 
9.156 
9.410 

-0 .027 
-7 .670 5.5 

9,79 10 3.79 
8 .8 57 
9.156 
9.410 

-7.014 9.5 
11.77 8 5.07 

8 .8 57 
9.156 
9.410 -5.397 1 7 . 1 

13 .35 71 ,16 
54 . 7C 

9,437 -3 .227 26.3 
16 .09 

71 ,16 
54 . 7C 9.3CC 0 .OOC 2 6 .9 

17 . 52 4 7.50 9.230 1 .603 29.0 
18 . 79 4 0.54 9.149 3 .129 3 0 .0 
20 .10 34.65 9.033 4 .516 28 .4 
20.94 30.76 8.762 5 .394 2 5.0 
21 ,20 
21 . 2 4 

28 .69 6,562 5 .729 24 .0 21 ,20 
21 . 2 4 26.72 8.162 5.605 23.6 
21 .26 25 .70 8 .007 5.951 23.3 
2 1 , 23 24 ,73 7.709 5 .967 22.9 
21 .17 23.74 7.56G 

7.257 
5.957 22.6 

21 .04 22 .05 
7.56G 
7.257 5 .071 22.0 

21 , 22 2 4 . 50 7,757 5 .960 22.9 
7.39 14 5 .72 8 . 3C6 -7.900 1.8 

T a b l e 5: „I.O.R" k e e l , 



POLAR PERFORMANCE DATA 

VTW VTW-CE B+BTW VAW B+BAW VS VMG F I 
KN. KN, DEGR KN. DEGR KN. KN. DEGR 

2 C O 20.00 
20.00 

18 0 .0 11 • ̂  o 180 .00 
143 .G7 

8.772 -8.772 
-9 .14 0 

CO 
2C.0 

20.00 
20.00 160 .0 11 .34 

180 .00 
143 .G7 9.7 27 

-8.772 
-9 .14 0 4 .8 

20.0 2 0 . 0 0 
20.00 

15 0 .0 12.25 
13.36 

12 6.43 10.046 -8.700 9.8 
2 C 0 

2 0 . 0 0 
20.00 m 0 .0 

12.25 
13.36 112.38 10 . 234 -7 .840 16.0 

20.0 20.00 125 .0 14 . 76 9 4. 86 10.219 -5,662 
-3 .394 

26.1 
2 C 0 20. DC 110 .G 16 .50 79 . 23 9.923 

-5,662 
-3 .394 3 C 4 

2 C 0 
2 C 0 

20.00 9 0 .0 19 .81 61.06 9 .566 0 .OOC 
1 .644 

29 ,9 2 C 0 
2 C 0 20.0 0 80 .0 21 .39 52 .79 9,465 

0 .OOC 
1 .644 3 0.1 

2 CO 2 0.00 70 .0 22 .91 4 5 .08 9 . 338 3 .194 3C .3 
20.0 20.00 6 0 .0 24 ,31 37.75 9.221 4 .610 3C.Ö 
2 0.0 2 0 . 0 C 52 25 . 4 6- 33 .07 9 .0 21 

8.820 
5.554 2 8.2 

20.0 20. 0 0 UC .0 25 . 9 1 3 1 . 0 1 
9 .0 21 
8.820 5 .902 26 .1 

20,0 2 0 . 0 0 4 a 0 C 26 .20 28 .81 6.573 6 .167 24 .7 
2 0.0 20. OC 42 .0 26 .19 27.74 e . 315 6 .160 24,4 
2 C 0 2 iJ . U 4 0 . J 26 .20 26 .63 6.104 6 .2 08 24.3 
2 C 0 2U.0C 38 26 .16 25.53 7.841 6.179 23.7 
20.0 20.0 0 36 26 .0 7 24.47 7 .545 6 .104 

6 .209 
23.3 
23.9 20.0 2 0.00 

20.00 
39 .7 26 .20 26 .49 a . 0 7 5 

6 .104 
6 .209 

23.3 
23.9 

2 C 0 
2 0.00 
20.00 165 .5 1 1 . 0 6 153,10 9.503 -9 .200 2.9 

POLAR PERFORMANCE DATA 

VTW VTW-CE B+BTW VAW B+BAW VS VMG F I 
KN. KN. DEGR KN. DEGR KN. KN. DEGR 

2 5.0 2 5.00 10 0 ,0 15.25 
15 .29 

180.00 9.751 - 9 . 7 5 1 C D 
25.0 25.00 160 ,0 

15.25 
15 .29 146 . 34 10.760 -10.119 7.8 

25.0 2 5 . 0 0 15 0 .0 16 .0 3 131 ,19 11.G91 -9 .605 1 5 . 1 
25.0 25,0 0 14 0 .0 16.76 118.42 1 1 . 1 7 2 -8 .556 2 3.4 
25.0 25.00 

25.00 
125 17.33 101.73 10.815 -6.203 34 .1 

25.0 
25.00 
25.00 110 .0 20 .02 84 .96 10.3C9 -3 .526 31.9 

25.0 25.00 9 0 .0 23.59 65.43 9.012 0 .000 30.9 
3 C 7 25.0 25 .00 8 0 . 0 25.37 56.59 9.629 1 .672 
30.9 
3 C 7 

25.0 25.0 0 7 0 ,0 27.04 48.24 9.456 3 .234 3 C 9 
25.0 25.00 6 0 • J 28 .52 4 0 .18 9.260 4 . 64 4 31.8 
25,0 25 .OC 52 .0 29 .84 

3 0.38 
34 .75 
32.32 

9.129 5 .620 3 C 3 
25.0 25.GO 4 8 r 

e V 

29 .84 
3 0.38 

34 .75 
32.32 8.946 5.966 2 9.0 

25.0 25.00 44 ,0 30.88 
31.02 

3 0.24 
29 .13 
28 . 0 1 
26.85 

0.697 6 .256 26.4 
25.0 25.00 4 2 .0 

30.88 
31.02 

3 0.24 
29 .13 
28 . 0 1 
26.85 

8 .519 6 .331 25.5 
25.0 25. GC 4 0 .0 30.99 

3 0.24 
29 .13 
28 . 0 1 
26.85 

8.208 6 .288 25.1 
25.0 25 .00 38 .C 30 .96 

3 0.24 
29 .13 
28 . 0 1 
26.85 7. 926 6 . 246 24 .7 

25.0 25.0 0 36 , c 3 C . 8 5 25 . 70 7.570 6 .124 
6 .330 

24 .4 
25.0 25.0 0 4 1 ,9 31 .02 29 .06 .8 .500 

6 .124 
6 .330 25.4 

25.0 25.00 16 5 .5 15.04 155 .51 10.552 -10 .187 4.7 

T a b l e 5 c o n t i n u e d . 



F i g u r e 1 : F o u r k e e l - h u l l c o m b i n a t i o n s . 



F i g u r e 1 c o n t i n u e d . 



V': 

1 

ZOOO 

looo A 

n 

A- /. O./?. - i<eeL 

IO /2. 19 

F i g u r e 2: R e s i s t a n c e - s p e e d k e e l c e n t r e b o a r d . 
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Vs [KNOTS! 
F i g u r e 3: R e s i s t a n c e - s p e e d s h a l l o w d r a u g h t k e e l . 









F i g u r e 7: Speed p o l a r S c h e e l k e e l . 




