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Tonight, I would like to:
1. Explain the latest thinking on aerodynamics of sail(s)
2. Describe how to trim sails to go FAST



Aerodynamics of Sails
Section 1



Laminar Flow:
Imagine a pack of 
printer paper with the 
bottom sheet stuck to 
the surface and the 
sheets sliding over 
each other.

The top sheets are 
sliding faster than the 
bottom sheets.

Turbulent Flow:
Chaotic change in pressure and flow velocity.

Unsteady vortices appear of many sizes which interact 
with each other, consequently drag due to friction 
effects increases..



Force diagram shows that a force 
called ‘lift’ that is perpendicular in 
direction to the air flow is 
generated due to the pressure 
difference from air flow over the 
board.

There is also a force component 
called ‘drag’ in the direction of the 
air flow due to friction of the air 
over the surface.

Some books on sailing use the term ‘Lift’ for forces driving 
a sailboat.   The first aerodynamic studies were done for 
aircraft, and the name was used to describe the force 
needed to lift the aircraft off the ground and keep it 
airborne.

Angle of board to wind is 
called “Angle of Attack”

Wind 
Direction



Airfoil Shape - Force 
generation is same as board 
except with a curved shape for 
better efficiency in producing 
driving force from airflow.

Force diagram on leeward side 
of a sail.
Force is higher when air is faster.



Interaction of Main and Jib

Incorrect Drawing-
- Many books written by reputable 

sailors show a diagram like this.
- Lines are closer together between the 

sails (slot), indicating that the air is 
speeding up.

- Appears that the jib is funneling air to 
the main.

Avril Gentry’s Revised diagram-
- Main and jib act together to form a single airfoil.
- Air has a shorter distance over windward side of the 

sail, causing the air to slow down. → Higher Pressure
- Air flows fast around the lee side of the jib and 

transfers to the lee side of the main → Lower Pressure
- Air is slow through the slot.

Higher Pressure

Lower Pressure



Billowing of main at luff-
“Backwinding” of the 
main by the jib.

Caused by higher 
pressure between the 
main and jib
→ Air must be slower 
between main and jib 
when “backwinding” the 
main

If this were the case, instead of the main billowing out 
when “backwinding”, the higher speed of airflow through 
the slot would create low pressure in the slot and cause 
the luff of the main and jib to be pulled towards each 
other.

Backwinding is an incorrectly used term, 
started when it was thought that air was 
being blown against the main.  However, 
it is still called ‘Backwinding’.



The sail has:

Laminar flow – undisrupted airflow.  
Described by the sheets of paper 
example.

Turbulent flow – some disruption of 
flow.

Separation-   When the increase in 
pressure due to air slowing down is too 
great, the airflow separates from the 
surface of the sail.  This may be caused by 
overtrimming the sail, hooking the leech, 
or having too much camber in the sail.

Lift force goes down and drag force goes 
up.



Stalling

Normal Angle of Attack

Angle of Attack
Too High - STALL

If overtrimmed-
Let out the sail 
until a luff begins 
at the mast (main) 
or forestay (jib).

Then trim the sail 
until the luff just 
stops.

Increased Angle of Attack



Force from the sail has two effects 
on the boat
1. Forward Force (labeled “total 

force on sailboat” in the 
diagram.)

2. Side Force (labeled “force on 
keel” in diagram.)

Sailing upwind (beating, close hauled)-  
has a high side force compared to the 
forward force  →  limited boatspeed.  
Hiking may be required.  Effectiveness of 
centerboard or keel is important.

Reaching -  Force on sail points further 
forward than when sailing upwind, so 
forward force increases and side force 
decreases.  → Good boatspeed.  Hiking 
may be required but less than for 
upwind.  

Translation of Sail Forces to the Boat



Sailing Circle

Starboard Tack Port Tack



Another Look



Sail Trim
Section 2



Draft Position The position where the draft is 
deepest should be at 45%-50% 
aft of the mast to give the best 
sail performance.

Tightening the luff tension 
moves the draft forward.  
Loosening the luff tension 
moves the draft back.

As winds increase, the draft of 
the sail will move aft, requiring 
luff tension to move back to the 
correct position.

Forward draft position give a 
wider steering angle.

Steering Angle – The ability to deviate from 
the course sailed and still have the sails 
working properly and not stalling.



Draft Depth
Deeper draft has more power, 
but also more drag.  

Less draft has less power, but 
also less drag.

Flatten the bottom of the sail 
using the outhaul.

Trimming the mainsheet will 
flex the mast flatten the sail 
(to a degree).



Twist

Twist depowers the sail

Twist is needed in light winds to 
prevent the sail from stalling

Twist gives a wider steering angle 
where some part of the sail is 
working over variations in the course 
sailed.  Increase twist when sailing in 
lumpy seas where it is harder to 
control the course sailed.

Twist may be necessary if the wind 
speed is greater at the top of the sail.

Letting off the mainsheet tension 
increases twist.

An adjustable traveler is helpful to 
properly trim the mainsail for the 
wind conditions while varying the 
twist of the sail.



“5 Speed Bicycle” Gear Shift Analogy

Gear  Name Bicycle Sailboat

1st Gear Low gear ratio:
Easy to pedal uphill.
Can only go so fast on 
straightaway.

Deep draft in the sail (full 
sail):
Most power from the sail 
which gets the boat 
through waves.
In flat water, top speed is 
limited due to drag force 
on sail.

2nd thru 4th In-between 1 and 5 In-between 1 and 5

5th Gear High gear ratio:
Can go fast on straightaway.
Hard to pedal uphill.

Draft is shallow (flat sail):
Less power from the sail, 
but the drag force is 
proportionally less, 
giving the best 
boatspeed in flat water.
Will be slower if seas get 
rough.



How do you know if you have properly trimmed your sails?

Depends on:
 Windspeed
 Sea condition
 Design of sail

Things to look at:
 Fullness or Flatness of sails
 Position at deepest draft
 Sail twist
 Telltales



Jib Controls:
Forestay Tension – Fullness of jib. 
 Slack – Increased fullness, good for choppy seas
 Tight – Flatter entry, good for flat seas
Luff Tension – Increasing moves the draft position forward.
Jib Leads – controls twist.  Forward – less twist, Back-more twist

Typical Procedure to set up jib lead position:
Trim sails normally and sail upwind
Skipper head slightly above upwind course
Crew observes telltales on the jib (3 telltales)

If:
 telltales all ‘break’ evenly, jib lead is set properly.
 lower telltale breaks first, jib lead need to move aft
 upper telltale breaks first, jib lead need to move forward.



Light Air Settings
Outhaul – Loose

Luff Tension - Loose

Vang -  Off

Traveler - Towards windward

Mainsheet- Top batten parallel
Trim  to the boom.

In light air you want maximum sail 
power with some twist in the leech 
to prevent the sails from stalling.

The traveler trimmed towards the 
windward side of the boat give the 
main a good angle of attack.



Moderate Air Settings
Outhaul – Tight

Luff Tension - Loose

Vang -  Take up slack

Traveler - Near Middle

Mainsheet- Top batten parallel
Trim  to or slightly 
  outside of the 
  boom.

In moderate air the trim may depend 
of the wave and sea condition.

• Lumpy seas – more power 
needed→ Deeper draft.  [low 
gear].  Higher steering angle 
needed→ Twist in leech, slack 
forestay.

• Flat seas – speed desired → 
shallower draft [high gear], less 
twist in leech and tighter forestay 
for more power, tradeoff with 
smaller steering angle.  



Mainsail Trim Upwind-
Try to have the leech telltales flowing backward with the 
upper telltale trying to hook around the back of the main.

Jib Trim Upwind-
Telltale on leech should always be flowing backwards.    

Additional Notes for Light and Medium Air Sailing



Heavy Air Settings

Outhaul – As Tight as possible

Luff Tension - Enough to remove 
  wrinkles

Vang -  Snug with no slack

Traveler - Down to leeward

Mainsheet- Top batten 
  5-10 degrees 
  outside of the 
  boom.

In heavy air you want reduce power in 
the sail because you usually have more 
power than you need.

In a Townie, where there in no 
backstay, the mainsheet may have to 
be in tight to flatten sail.  Sailing the 
boat slightly above close hauled will 
reduce the angle of attack.

Tightening the mainsail luff and 
moving the draft forward will depower 
the main and open the leech.  Steering 
will be more forgiving (wider steering 
angle).



Sail Power:
 Draft Depth - Fuller sail is more powerful than flatter 

sail, but also has higher drag force.
 Twist - Sail with straight leech has more power than with 

a twisted leech.
 Increasing angle of attack increases sail power.

Mainsail Controls:
Luff Tension – Increasing moves the draft position 

forward.  Can be done by halyard tension, adjusting 
the boom up or down, or by the Cunningham.

Outhaul – Controls flatness in the bottom 1/3 of the sail
Mainsheet – Tensions leech; adds or removes twist.  
Bends mast to flatten sail.

Vang – controls twist, particularly downwind
Traveler – Side to side position of boom.
Backstay (N/A for Townie) – Bends mast to flatten sail.

Cunningham on 
Aufblitzen.- used to 
adjust luff tension

Hook on block system 
hooks into grommet on 
main



Sail Construction
Section 3



Broadseaming:
Designed into the 
sail – locked in.
Can’t be adjusted 
by sail trim.

Bend of the 
mast will adjust 
shape:
Mast Sail
Straight- Full
Bent- Flatter

Bending mast is 
limited in a Townie, 
due to a relatively 
stiff mast and no 
backstay.
Mainsheet tension 
is most significant 
control.  Vang may 
have additional 
affect.



Present Town Class Sails from Doyle:
• Designed main and jib on a computer using a 

sail design program so the two sails work 
together (2017).

• Observed that mainsails built prior to this 
design work better with the older jib.
• Main and jib templates came from Cressy 

and Curtis
• Doyle had re-designed the mainsail in 

2015-2016.
• Very good in all conditions, light to heavy.



2010 Mainsail – Cressy Template Design
• Not yarn-tempered cloth
• Deformed from use – increased draft
• Good for light air

2016 Mainsail – First Doyle Redesign
• Made with yarn tempered cloth
• Flatter at the lower 1/3 of the sail
• Very good in heavy air.
• Not as good in lighter or underpowered 

conditions



Balancing the Rig
Section 3



Center of Effort and Center of Lateral Resistance

CE Behind CR -  Boat tends to turn into the wind 
  – Weather Helm
CE Ahead of CR -  Boat tends to turn away from the wind 

 – Lee Helm

Weather Helm Lee Helm



Fixes for Weather Helm

Move mast forward
• Shorten forestay 

and move top of 
mast.

• Move mast step 
forward

Raise Centerboard

Skeg to maximum 
dimentions

Good to have a little 
weather helm
• Gives feel for 

steering.
• Safety



Fixes for Lee Helm

Move mast aft
• Lengthen forestay 

and move top of 
mast.

• Move mast step 
aft

If possible, lower Centerboard

Lee helm is very 
bad
• May lose 

control in 
windy 
conditions.

• Steering 
difficulties



That’s it!!!
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