
INSTITUT FÜR SCHIFFBAU DER UNIVERSITAT HAMBURG 

S c h r i f t Nr. 2370 

SOME REMARKS ON THE MEASUREMENT OF SAIL AREA 

D i p l . - I n g . T o r s t e n Conradi 

s t u d . a r c h . n a v . Frank Neubelt 

Hamburg, Februar 1989 



INTRODUCTION 

With the i n t r o d u c t i o n and g e n e r a l acceptance of 'IMS' ( I n t e r n a t i o n a l 
Measurement System) as a second measurement r u l e b e s i d e t h e 'IOR', 
( I n t e r n a t i o n a l O f f s h o r e Rule) t h e r e now e x i s t two h a n d i c a p systems 
of i n t e r n a t i o n a l v a l i d i t y f o r o f f s h o r e r a c i n g y a c h t s . 
The lOR i s a ' c l a s s i c ' r a t i n g r u l e . Some few measurements a t h u l l 
and r i g are taken from which the f i n a l , s i n g l e r a t i n g i s d e t e r m i n e d . 
T h i s r a t i n g s h a l l r e p r e s e n t t h e average performance p o t e n t i a l of 
the y a c h t i n a l l s a i l i n g c o n d i t i o n s . Because of t h a t and t h e few 
measurements t a k e n , such k i n d of r a t i n g r u l e s always have a more 
'type f o r m i n g ' c h a r a c t e r , a l l o w i n g f a i r and c l o s e r a c i n g f o r y a c h t s 
b u i l d t o the r u l e , but f a i l i n g t o r a t e o l d e r d e s i g n s , or b o a t s not 
designed w i t h t h e r u l e i n mind c o r r e c t l y . 

Thus f o r the 'new' r u l e a d i f f e r e n t approach has been made. The 
o f f s e t s of the complete h u l l , t o g e t h e r w i t h t h e d a t a f r o m t h e s a i l -
and water measurement were t a k e n as i n p u t f o r a v e l o c i t y p r e d i c t i o n 
program ('VPP') i n t h e computer. The V P P - r e s u l t s f o r m t h e base f o r 
t h e handicap on the race course, a l l o w i n g f o r d i f f e r e n t ' r a t i n g s ' 
i n d i f f e r e n t c o n d i t i o n s . 

To do the v e l o c i t y c a l c u l a t i o n , t he VPP needs a t h e o r e t i c a l model 
of t h e s a i l i n g y a c h t . Because f o r c e s are g e n e r a t e d by w i n d - and 
w a t e r f l o w , the y a c h t i s devided i n two p a r t s a t t h e w a t e r s u r f a c e . 
The water f o r c e s are c a l c u l a t e d by a hydrodynamic- and t h e wind 
f o r c e s by an aerodynamic c a l c u l a t i o n model. 
A l t h o u g h the IMS i s a v e r y complex r a t i n g r u l e , t h e r e a re some 
weak p o i n t s where c l e v e r d e s i g n e r s can g a i n some e x t r a ' u n r a t e d ' 
speed and i n f a c t t he f i r s t s p e c i a l designed IMS-yachts a l r e a d y 
appeared on t h e race course, u n d e r m i n i n g t h e o r i g i n a l i d e a b e h i n d 
t h e r u l e . 

T h i s i s p o s s i b l e , because every c a l c u l a t i o n model has t o s i m p l i f y 
t h e n a t u r e . Some remarks t o t h i s problem and t h e IMS have been g i v e n 
i n 111. On t h e f o l l o w i n g pages the aerodynamic model o n l y w i l l be 
p r e s e n t e d and compared w i t h r e c e n t l y d e r i v e d w i n d t u n n e l t e s t s t h a t 
have been c a r r i e d o u t a t t h e ' I n s t i t u t für S c h i f f b a u ' of Hamburg 
U n i v e r s i t y . 

THE IMS-AERODYNAMIC MODEL 

The s a i l aerodynamic model has been developed by G.Hazen and i s 
d e s c r i b e d i n more d e t a i l i n 111 and /3/. 

For s l o o p r i g s two cases are c o n s i d e r e d , c h a r a c t e r i z e d as 'upwind 
r i g ' ( j i b or genoa and m a i n s a i l ) and 'downwind r i g " ( s p i n a k e r and 
m a i n s a i l ) . From t h e s a i l p l a n , t he same measurements as used f o r 
the lOR are t a k e n and the s a i l areas and t h e i r c e n t r o i d s a re 
c a l c u l a t e d , u s u a l l y t h e b i g g e s t genoa, main and s p i n a k e r were 
ta k e n i n t o a ccount. The p r o j e c t e d l a t e r a l area of t h e above water 
h u l l and i t s c e n t r o i d i s c a l c u l a t e d as w e l l and a r e f e r e n c e area 
of 100% f o r e s a i l t r i a n g l e and m a i n s a i l i s d e f i n e d . 



For each of t h e s i n g l e s a i l s aerodynamic l i f t and drag c o e f f i c i e n t s 
as a f u n c t i o n of r e l a t i v e wind angle are g i v e n , d e r i v e d from the 
r e s u l t of w i n d t u n n e l t e s t s on two d i m e n s i o n a l s a i l s . These 
c o e f f i c i e n t s a r e g i v e n i n f i g u r e 1. 
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F i g . l S i n g l e S a i l L i f t / D r a g C o e f f i c i e n t s 

Induced r e s i s t a n c e i s c a l c u l a t e d u s i n g the f o r m u l a from l i f t i n g 
s u r f a c e t h e o r y f o r e l l i p t i c a l l o a d i n g . The r e s i s t a n c e due t o s k i n 
f r i c t i o n and s e p a r a t i o n d r a g were g i v e n c o n s t a n t c o e f f i c i e n t s . 
The b l a n k e t i n g o f t h e s a i l s among one another on the downwind 
courses i s c o n s i d e r e d by ' b l a n k e t i n g f u n c t i o n s ' . Looking a t them, 
f i g u r e 2, one can see, t h a t t h e y j u s t compensate f o r g e o m e t r i c a l 
e f f e c t s . 
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There are some more f u n c t i o n s of t h i s t y p e , t a k i n g i n t o account 
the reduced aspect r a t i o of the j i b when the sheet i s eased, 
opening a gap between the deck and the f o o t of the j i b or f o r the 
a d d i t i o n a l drag/reduced l i f t a t the topp of a f r a c t i o n a l r i g g e d 
boat. 

I n a f i r s t r u n , the computer m u l t p l i e s s a i l area and c o e f f i c i e n t s , 
c a l c u l a t e s and adds the above e f f e c t s f o r each a p p a r e n t wind angle 
up t o 180 degrees and produces a non d i m e n s i o n a l r i g p o l a r curve 
by d e v i d i n g w i t h the r e f e r e n c e area. Such a curve i s g i v e n i n 
f i g u r e 3 f o r the upwind and downwind r i g r e s p e c t i v e l y . The VPP 
uses t h i s c o e f f i c i e n t s et f o r the c a l c u l a t i o n of t h e w i n d f o r c e s . 
As s a i l s are f o i l s t h a t can be r e e f e d and trimmed, two f u n c t i o n s 
| r e e f ' and ' f l a t ' are i n t r o d u c e d t o a l l o w f o r t h i s e f f e c t s . T h e i r 
i n f l u e n c e on the p o l a r curves i s g i v e n i n f i g u r e 3 and 4. 

F i g 3/4 IMS-VPP P o l a r Curves - E f f e c t of 'REEF' and 'FLAT' 
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3. REMARKS ON THE IMS-AERODYNAMIC MODEL 

The IMS aerodynmic model t r e a t s the windage d r a g of th e p a r a s i t e 
areas as c o n s t a n t over the whole range of i n c i d e n c e a n g l e s , a l t h o u g h 
from w i n d t u n n e l r e s u l t s we know t h a t t h i s i s not t h e case ( f i g 5) . 

F l i I l l f l / > r . | . 1 k . r c 1.11 ^ n i l - ~ I k c l 
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There a l s o might be some doubt i n the assumption of e l l i p t i c a l 
l o a d i n g on pl a n f o r m s l i k e t r i a n g u l a r s a i l s and i n t h e t r e a t m e n t of 
the h e e l angle i n f l u e n c e on the the r i g f o r c e s . A f u r t h e r 'weak' 
p o i n t i s the way the s a i l i n t e r a c t i o n problem i s c o n s i d e r e d . 
As the t o t a l l i f t of the yacht i s c a l c u l a t e d j u s t by add i n g t h e 
s i n g l e s a i l a r eas, weighted by t h e i r r e s p e c t i v e l i f t c o e f f i c i e n t s , 
the problem of s a i l i n t e r a c t i o n cannot be d e a l e d w i t h c o r r e c t l y , 
even i f the s i n g l e s a i l c o e f f i c i e n t s have been c o r r e c t e d i n advance 
f o r i n t e r a c t i o n e f f e c t s . 

I f one c o n s i d e r s two i d e n t i c a l l i f t i n g s u r f a c e s w o r k i n g a t a g r e a t 
d i s t a n c e , each of them produces i t s own c i r c u l a t i o n r , t o which, 
as f o i l t h e o r y t e l l s us, the l i f t i s p r o p o r t i o n a l . I n t h i s s p e c i a l 
case n = 1 • However i f the f o i l s work i n a c l o s e p r o x i m i t y , a 
new two f o i l system i s c r e a t e d w i t h i t s own c i r c u l a t i o n , which 
i s not the sum of n, and r e s p e c t i v l y , b u t depends on i t s 

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

Thus f o r a g i v e n d i s t r i b u t i o n of s a i l area between f o r e - and m a i n s a i l 
the VPP might g i v e comparable r e s u l t s , because t h e i n f l u e n c e of the 
s a i l i n t e r a c t i o n i s of minor i m p o r t a n c e i n such a case. However i f 
the r e l a t i o n between the s a i l areas i s changed d r a s t i c a l , a comparison 
of d i f f e r e n t r i g s l eads t o i n c o r r e c t r e s u l t s . 

I n o t h e r words, you can compare f r a c t i o n a l r i g g e d b o a t s among each 
o t h e r as w e l l as masthead r i g g e d ones, but n o t f r a c t i o n a l r i g g e d -
w i t h masthead r i g g e d b o a t s . *) 

Another problem c l o s e r e l a t e d t o the above m e n t i o n e d , i s i s the 
tr e a t m e n t of f o r e s a i l o v e r l a p p i n g area. The VPP does not d i s t i n g u i s h 
where s a i l area i s p o s i t i o n e d , a l t h o u g h t h e r e are some s i g n s , t h a t 
the o v e r l a p p i n g genoa area i s not as e f f e c t i v e as t h e r e s t of the 
s a i l . 

*) F o o t n o t e : 

I n the j u d e l / v r o l i j k d e s i g n o f f i c e we got aware of t h i s s e v e r a l 
years ago, when we t r i e d t o do lOR-masthead b o a t s . A c c o r d i n g t o 
the VPP r e s u l t s , t h i s boats tended t o be much s l o w e r f o r a g i v e n 
r a t e d s a i l area than t h e i r f r a c t i o n a l r i g g e d c o m p e t i t o r s . As t h i s 
was not the case on the race course, i t was o b v i o u s , t h a t the VPP 
tended t o o v e r e s t i m a t e the performance of f r a c t i o n a l - r i g g e r s ( or 
un d e r e s t i m a t e s t h a t of masthead b o a t s ) . As th e VPP now i s t h e base 
f o r IMS h a n d i c a p p i n g , masthead r i g g e d boats must be i n an advantage. 
This might be proved by the f a c t , t h a t new s p e c i a l IMS-designs 
a d v e r t i z e d by ya c h t d e s i g n e r s are masthead r i g g e d b o a t s . 
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4. DESCRIPTION OF THE I f S WINDTUNNEL TESTS 

Du r i n g 1988 a ve r y complex m o d e l - t e s t - s e r i e s has been c a r r i e d 
out i n the w i n d t u n n e l of the I n s t i t u t für S c h i f f b a u ( I f S ) on a 
1:15 s c a l e model of an lOR one tonner ( t h e j u d e l / v r o l i j k d e s i g n e d 
C o n t a i n e r 8 7 ) . The model was prepared w i t h two d i f f e r e n t mast and 
shroud p o s i t i o n s and two d i f f e r e n t r i g s have been de s i g n e d and 
b u i l t f o r i t , t h e o r i g i n a l f r a c t i o n a l r i g of the f u l l s i z e y a c h t 
and an a d d i t i o n a l masthead r i g w i t h t h e same l O R - r a t e d s a i l a rea. 
T h e i r s a i l p l a n s are g i v e n i n f i g u r e 5 and 6 r e s p e c t i v e l y . As can 
be ta k e n from t a b l e 1, t h e i r a c t u a l s a i l areas are q u i t e d i f f e r e n t 

Table 1 S a i l Area Comparison 

F r a c t i o n a l Rig Masthead Rig f r a c ( % ) 

a) g e o m e t r i c areas: 

M a i n s a i l 51.3 m2 36.0 m2 

Genoa 1 46.1 m2 54.7 m2 

Spinaker 108.0 m2 

Main+Genoa 97.4 m2 90.7 m2 93 % 

b) measured areas: 

( i ) - IMS -
M a i n s a i l 44.5 m2 31.4 m2 

Genoa 1 47.6 m2 56.0 m2 

Main+Genoa 92.1 m2 87.4 m2 95 % 

( i i ) - lOR -
Mainsail(RSAM) 35.9 m2 25.8 m2 

Genoa 1 (RSAF) 45.2 m2 52.9 m2 

RSAM+RSAF+SATC 80.4 m2 80.3 m2 100 % 

However, i f t h e s a i l area c a l c u l a t i o n i n t h e lOR f o r m u l a i s 

c o r r e c t , t h e same f o r c e s must be g e n e r a t e d by t h e two s a i l p l a n s . 

The s a i l s and t h e s a i l d e s i g n was s u p p l i e d from N o r t h S a i l s 

Germany, who succeeded i n s c a l i n g t h e i r o r i g i n a l C o n t a i n e r s a i l 

d e s i g n s down. 

The model was c o n s t r u c t e d w i t h a removable deck, so t h a t h u l l s 

w i t h d i f f e r e n t h e e l angles c o u l d be p l a c e d under i t . However t h i s 

l i m i t e d t h e maximun h e e l angle t o 20 degrees. The two masts were 

made f l e x i b l e and the model was f i t t e d w i t h a l l t r i m m i n g gear t h a t 

can be found on f u l l s i z e r a c i n g b o a t s . A d e c k p l a n i s shown i n 

f i g u r e 7. 

The v a r i a b l e s d u r i n g t h e t e s t s e r i e s had been h e e l a n g l e , h e a d s a i l s 

( o v e r l a p p i n g and non o v e r l a p p i n g , s p i n a k e r ) , r i g t y p e , genoa 

s h e e t i n g angle and mast- and s a i l t r i m , t h e l a t t e r ones were 

r e s p o n s i b l e f o r the amount of t i m e , t h a t went i n t o t h e t e s t s 

because of t h e magnitude of p o s s i b i l i t i e s t o t r i m t h e s a i l s . 

As t h e r e s u l t s have not j e t been e v a l u a t e d , o n l y some p r e l i m i n a r y 

remarks can be made on the base of t h e u n c o r r e c t e d w i n d t u n n e l d a t a . 

I t seems t h a t t h e lOR t r e a t s the s a i l area measurement f o r t h e 

upwind case q u i t e good. Modern r a c i n g b o a t s s a i l upwind w i t h 

i n c i d e n c e angles around 20 degrees (which i s a l s o t h e v a l u e shown 

by t h e i r w i n d i n s t r u m e n t s ) . 
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From f i g u r e 8 and 9 , which g i v e some r e s u l t s f o r the upwind case 
w i t h zero h e e l angle, i t can be seen, t h a t b o t h r i g t y p e s produce 
n e a r l y the same l i f t and drag w i t h i n t h i s range, a l t h o u g h t h e s t a l l 
angle of the f r a c t i o n a l r i g seems t o be h i g h e r , r e s u l t i n g i n a 
h i g h e r maximum l i f t c o e f f i c i e n t . 

n s 1 I f S MlndttmRltETt UrrEI4 / 7/1 K i l l PIS i I f S MindtUfmci tut / Tap«ri«t 

h jr " 
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ftngle of flttacX ( d e g r e e s ) 

l , a Z 

l e 48 SB 
Angle of fittadc ( d e g r e e s ) 

1.8 Z. 

However i t must be mentioned h e r e , t h a t t h i s measurements have 
been c a r r i e d out w i t h c l o s e s h e e t i n g f o r upwind work, w i t h t h e 
model t u r n e d i n the w i n d t u n n e l u n t i l t h e s t a l l a n g l e was reached, 
w i t h o u t e a s i n g the sheets. For an i n c i d e n c e a n g l e of about 40 
degrees a f u r t h e r 'optimum' s a i l t r i m has been searched and w i t h 
t h i s t r i m t h e i n c i d e n c e angle has been v a r i e d from about 30 t o 50 
degrees, e t c . . F i g u r e 10 shows the l i f t / d r a g r a t i o s f o r t h e above 
case. 

- 7 -



A more complete p o l a r curve f o r 'optimum' s a i l t r i m and zero h e e l 

a n g l e , compared w i t h r e s u l t s from the VPP c a l c u l a t i o n i s g i v e n i n 

r e 3 t s h '"H''' ^ ^ ^ h ^ ^ - t ^ - - - ^or comparison t h e w i n d t u n n e l 
r e s u l t s have been made dim e n s i o n l e s s u s i n g t he 'IMS - r e f e r e n c e area' 
i n t h i s c s s G * 

F i g 11 Comparison of IMS-VPP P o l a r Curve w i t h W i n d t u n n e l 

Measurement f o r the Yacht ' C o n t a i n e r ' ( u p r i g h t ) 

{ — 20 h e e l ) 

CONCLUSIONS 

The comments above are o n l y some p r e l i m i n a r y remarks under t h e 
f i r s t i m p r e s s i o n of our r e c e n t l y d e r i v e d w i n d t u n n e l t e s t s . Due 
t o t h e magnitude of data (some h u n d r e t k i l o b y t e s ) f i n a l r e s u l t s 
w i l l be g i v e n a t a l a t e r d ate. 

However, as can be seen from the p u b l i s h e d d a t a a l r e a d y some 
c o r r e c t i o n s t o t h e IMS - aerodynamic model f o r t h e upwind case 
seem t o be necessary. 
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