Why a Boat heads up when it heels





A boat heels because the force on the sails, in addition to producing forward motion, also trys to push the boat sideways.  This sidways force is resisted by the centerboard (or keel). This causes the boat to heel as shown below.








In addition to resisting the sidways force, the centerboard also causes some drag, slowing the boat down.  The rudder also has similar, but smaller, effects.  The forces on the sails, centerboard, and rudder can be illustrated as shown below. 








The forces on all sails are usually combined for simplicity into a force on one point called the Center of Effort (CE).  Similarly the forces on the centerboard and rudder are combined into a force on a point called the Center of Lateral Resistance (CLR). The result is shown below.








Notice that the Center of Effort is slightly to leeward and forward of the Center of Lateral Resistance.  Since the Center of Effort is forward of the Center of Lateral Resistance, you would expect the boat to tend to fall off due to the imbalance in the sidways forces.  However, since the Center of Effort is to leeward of the Center of Lateral Resistance there is also an imbalance between the forward force and the drag such that the boat tends to head up.  If the boat is to sail a straight course, the tendancy to head up must balance the tendency to fall off.  This balancing is done by adjusting either the Center of Effort (by letting the sails in or out) or the Center of Lateral Resistance (by moving the rudder).





When the boat heels, the Center of Effort moves further to leeward relative to the Center of Lateral Resistance as shown below, increasing the boat's tendancy to head up. This is usually seen as an increase in rudder angle required to hold the boat on course.
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