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Air Combat is all about making decisions for which way you're going to maneuver. In an engagement one of the most fundamental decisions that a pilot faces is simply "Which direction should I turn?"

The direction we turn has a dramatic impact upon the outcome of an engagement.

It may be surprising to people that the simple choice of whether you turn right or left, up or down could be so important. Because it can have such a big impact on a dogfight, we should take some time to review some of the critical factors for making better choices in the direction of our turns.

REVIEW OF TWO CLASSES OF TURNS:
First we should spend some time reviewing nose-to-nose and nose-to-tail turns.  During a dogfight, as two aircraft's flight paths cross or merge, each pilot has a choice to make. They can continue flying straight along their flight path, or they can choose to turn and change direction. This change in direction or turn can be of short or long duration. If the pilots choose to turn, we can categorize the turn into two categories:

(1) One Circle or Nose-to-Nose Turn
(2) Two Circle or Nose-to-Tail Turn

 


For the sake of the discussion we’ll call the attacker in black and defender in red in the diagram above.

NOSE-TO-NOSE TURN
At the merge the attacker turns left in attempt to reverse his direction and get angles and position on the defender.   In a nose-to-nose turn, the defender responds by making a right-hand turn BACK INTO the attacker. Both airplanes are effectively turning back into each other's nose, thus a nose-to-nose turn.  The nose-to-nose turn is referred to as a "one circle" turn because the geometry of the flight paths make it appear as if the aircraft are creating a single circle more of less.

NOSE-TO-TAIL TURN
A nose-to-tail turn on the other hand is different. In the diagram above the attacker again decides to make a left-hand turn into the defender at the merge. The defender however in this case decides to also make a left-hand turn AWAY from the attacker. Both airplanes noses are now effectively turning toward the other's tail, hence a "nose-to-tail" turn.  The nose-to-tail turn is referred to as a "two circle" turn because the geometry of the flight paths appear as if the airplanes are creating two circles in the sky.


CRITICAL FACTORS THAT DECIDE ADVANTAGE:
In either case of nose-to-nose or nose-to-tail turns one or both aircraft are making the turn to try and gain a position/angles advantage on the other aircraft.  Depending on the type of turn different factors decide which aircraft has the advantage.  Understanding these factors is fundamental in making good decisions about which way we should turn in a fight.  I’ve seen many pilots who make that turn at the merge without regard for these factors not realizing that the simple choice of their turn was the key decider in their loss.

For a nose-to-nose turn, turn radius is what dominates and the aircraft with the SMALLER turn radius gains the advantage.

The following diagram demonstrates this principle.


 
In the diagram, the fighter with the smaller turn radius is able to use geometry to his advantage in a nose-to-nose one circle fight.  The point is this: If you’re in a fighter that can turn with a smaller radius then in an angles fight you’re hoping for your opponent to make a nose-to-nose turn.  If you’re in the aircraft with the relative larger turn radius then making a nose-to-nose turn automatically puts you at a positional disadvantage.  Bear in mind that the better turning aircraft is relative and not always decided by the aircraft with the lower wing-loading.

For a nose-to-tail turn, turn rate is what dominates and the aircraft that has the HIGHER turn rate and can get around the circle more quickly gains the advantage.

The following diagrams illustrate this principle.


 
In this first diagram the fighters are in a two circle nose-to-tail fight.  One fighter has a smaller turn radius but both fighters have the same turn rate.  Even though one fighter has a smaller turn radius, because the turn rates are equal neither fighter is able to gain an angles advantage on the other.  Replace the situation with one fighter having a turn rate advantage and the following illustrates what occurs:



As demonstrated in the above diagram the fighter with the higher sustained turn rate is able to gain angles on the fighter with the lower sustained turn rate.  Rate dominates the nose-to-tail two circle fight.

So far it appears that the better turning aircraft gains the advantage in either one cirle or two circle turns.  However take note of the two circle case.  Even though the fighter with the lower turn rate is at a disadvantage the nose-to-tail turn reduces the amount of angular gain in the nose-to-nose case.  In the right situation this can be used to force a flight path overshoot of the fighter with the higher turn rate.  Also the nose-to-tail turn gives the slower turning fighter room to maneuver as well compared to the nose-to-nose case.  Finally nose-to-tail turns take a lot more time to complete compared to nose-to-nose turns.  The energy tactician may use this as a method to turn bleed off the energy of the better turning fighter in order to setup an energy fight.

Summarizing:
In a nose-to-nose one circle fight, the fighter with smaller turn radius gains the advantage.
In a nose-to-tail two circle fight, the fighter with the higher turn rate gains the advantage.

Understanding these two factors should guide our decision making in which way to turn against an opponent.

Everything in air combat is relative.  Instead of treating the above as a maxim I’ll use specific examples instead.  To illustrate the principles of decision making in direction of turn we’ll examine various situational examples to demonstrate the concepts of deciding which way to turn and the resulting consequences good and bad.  I’ll reply with subsequent follow up posts with the situational examples to explore the concepts when I clean them up a bit.
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