
 

 

 

Some basic formulas and concepts 
(there will be pop quiz at the end -PAY 

ATTENTION!)  



1. Displacement /Length ratio: Resistance goes up with 
weight, particularly the faster you go when wave making 
drag starts to dominate.  The lower the D/L, the higher the 
speed potential. 
 

2. Sail Area/Displacement ratio: Equivalent to horsepower 
per pound and figures in ACCELERATION potential.  
Higher ratio improves acceleration and may imply  good 
light air performance slightly.  
 

3. For similar displacement and sail area, a narrow and deep 
boat will tend to do better in light wind and downwind 
(less stability, low wetted surface) vs. a wide, flat boat (high 
stability, high wetted surface)  



1. Displacement/length ratio:  

 =Disp in metric tons (lbs/2240) /(0.01*LWL)^3 
< 100 = Ultralight  (New Pegasus = 78, Old 66, TP52 = 66, Volvo 70 = 43) 

100-200 = Light (Thunderbird = 196, J-27 = 139) 

200-300 = Medium (Catalina 30 = 291, Ranger 26 = 254) 

ü 300 = Heavy (Westsail 32 = 419) 

 

EXAMPLE: 28õ boat weighs 2400 lbs with 25õ waterline: 

2400 lbs/ 2240 = 1.07 tons 

.01 x 25 (LWL) = .25 

.25 x.25 x .25 (.253̂) = .0156 

 

SO, 1.07 / .0156 = 68.6  SIMPLE! 

 



2. Sail Area/displacement ratio:  

 = Sail Area /(disp./64)^.667  

(I also use largest headsail, some use 100% jib) 

 > 24 = Very high, (Pegasus 34.7, J 27 29.6,Thunderbird = 24.6, TP52 = 

41, Volvo 70 = 47!) 

 20-24 = High , (Ranger 26 tall rig, 21) 

 16-20 = Medium 

 < 16 = low (Catalina 30 = 15, Westsail 32 = 14) 

 

EXAMPLE: 28õ boat with 500 sq. ft of sail, 2400 lbs: 

2400/64 = 37.5 cu. Ft., 37.5  ^  .667 = 11.2 

500/11.2 = 44.6 

 



 

3. Sail Area/wetted surface ratio  

 = Sail area/wetted surface 

 < 2:1 = poor light wind performance  

 2.5:1 = average 

 >3:1 = very good light wind performance (Pegasus = 
3.56:1) 

 

4. Ballast/displacement ratio  

 Not very important, only valid when comparing 
similar boats 



È òHull speedó is the theoretical limit of 
how fast a boat can go while in the 
displacement mode (1.34 x the square 
root of the waterline length) but it is not 
a very accurate indicator of the òrealó 
hull speed.  This is because hull form has 
a lot more to do with the actual speed 
limits than a static waterline given in a 
sales brochure.   



È Waves go through the water at 1.34 (knots) x 
the wavelength (in feet-remember units!).  A 
boat gets òtrappedó between the waves it 
makes at the bow and stern going at the above 
speed. 





È The two primary forms of hull drag happen at two 
different speeds.  Low speed (about half hull 
speed) is dominated by skin friction since the boat 
isnõt making big waves. 
 

È As the speed builds, waves build at the bow and 
stern.   Wave making resistance dominates as boat 
approaches hull speed.  

 
È In general, light boats with long flat runs aft easily 

exceed hull speed while double ended shapes may 
not use all of the length. Donõt entirely trust using 
static WL length!  



1. Water (salt) weighs 64 lbs per cubic foot, (fresh is 
about 62 lbs).   
 

2. A boat displaces an amount of water EXACTLY equal 
to the weight of the boat, the passengers, sandwiches, 
potato chips  and beer in it.  
 

3. When a boat is designed, all calculations are done in 
cubic feet of volume so we need to convert the design 
weight to cubic feet, i.e. : 

 6400 lb boat/64 = 100 cubic feet of displacement (in 
salt water)  

 
NOTE: boats float lower in fresh water.  



È Hull design ultimately is adding all the 
weights, figuring their location, then matching 
an equivalent volume of water equal that 
weight.  

È The corollary is that the weight and the Center 
of Buoyancy must match the calculations, 
otherwise the boat will trim incorrectly.  

È The hull form must be selected based on the 
design and structural requirements.  



 



 

It doesnõt matter WHAT the 
boat is made of.  Only 
WEIGHT and VOLUME 
matter.   



We need accurate drawings in order to do our volumes and 
REALLY accurate drawings in order to keep fairing to a 
minimum!  The old guys really were superb draftsmen.  

 

Danõs rule of boat building: 
 

òAll errors are ultimately fixed 
with sandpaperó 

 
Yes, you can quote me. 



È We use 3 planes to describe a boat hull for calculations.  The boat 
is drawn in lines parallel to the waterline (called òWaterlinesó), 
parallel to the centerline (called òButtocks) and athwartship are 
called sections. 
 
 
 
 
 
 
 

È We measure the area of the sections, then figure the volume 
between them by integrating them using Simpsonõs multipliers.   

È We sometimes add another set of drawings for fairing called 
diagonals.  This helps insure there arenõt any unfair lines in the 
hull.  



È Towing tanks are limited to about 1.5% accuracy or 
worse.  But note that AC boats were finishing 10-30 
seconds apart after 2 hours racing (.14% - .4% 
difference).  The tech can also influence the results! 

È One huge problem is that flow around the hull does 
not scale the same as waves.  At scale speed, the waves 
are correct but turbulence is not and is probably 
laminar when the real boat would be turbulent.  

È Sometimes a wind tunnel is used to test the immersed 
hull only for drag to eliminate wave making resistance.  

È CFDõs (Computational Fluid Dynamics) may become 
(if it isnõt already) more accurate than towing tanks. 


