Multi-Engine Instructor Quick Reference

Portions paraphrased from Phoenix East 1994 revision of multiengine reference materials (author DPE John Azma), “Multi-engine Flying” by Paul A. Craig, and “The Complete Multi-Engine Pilot” by Bob Gardner. Also referenced: CFR 14 Pt. 23.

General notes

· With both engines operating, 18 to 30% of total lift is generated from the accelerated slipstream.

Requirements and certification

· Multi-engine reciprocating engine aircraft that weigh less than 6,000 lbs. with a Vso speed under 61 knots have no minimum performance criteria specified.

· Above 6,000 lbs. or Vso above 61 knots, must demonstrate a positive engine-out rate of climb at 5000 ft.

· FAR 23.149 states Vmc for takeoff must not exceed 1.2 Vs1 (and Vs1 has been determined at maximum takeoff weight.)

Vmc

· 14 CFR 23.149(a) defines Vmc as:

“VMC is the calibrated airspeed at which, when the critical engine is suddenly made inoperative, it is possible to maintain control of the airplane with that engine still inoperative, and thereafter maintain straight flight at the same speed with an angle of bank of not more than 5 degrees. The method used to simulate critical engine failure must represent the most critical mode of powerplant failure expected in service with respect to controllability.”

Directional control, performance, and CG issues in an engine failure

When an engine fails, the aircraft will…

· Pitch down due to loss of induced airflow over the horizontal stabilizer.

· Roll towards the dead engine due to the loss of accelerated slipstream over the dead engine wing.

· Yaw towards the dead engine due to the asymmetrical thrust situation.

· Engine performance is inversely proportional to Vmca.

· When discussing directional control problems, the focus is on Vmca.  When discussing performance, the focus is on the concept of Vyse.

· Increases in altitude (decrease in pressure, decrease in air density) and increases in temperature (decrease in air density) will decrease Vmca.

· Pressure (altitude) has a greater effect on air density than temperature.

· Fuel burn during flight: as fuel is consumed in-flight, aircraft weight is reduced.  A lower weight equals improved performance and increased Vmc (see ‘Factors affecting Vmc and Vyse.’)  Additionally, in aircraft with fuel tank(s) located outboard of the engines, the pilot must realize that in an engine-failure scenario the fuel on the failed engine side of the plane presents a potential CG hazard.  As fuel is consumed by the good engine from the fuel tank(s) located on the same side as the engine, the CG will shift laterally towards the dead engine, increasing the thrust arm of the good engine.  This will raise Vmc.  Therefore, the pilot must take care to consider cross-feeding and proper fuel management for extended single-engine operations.

· Vyse will provide the best single-engine rate of climb.  If the aircraft is unable to climb or maintain altitude, Vyse is the minimum rate-of-descent per unit of time airspeed.

Climb performance
· Loss of one engine results in a 50% loss of power, but an 80% loss of performance.

· Drag increases as the square of the airspeed, while power required to maintain that speed increases as the cube of the airspeed.

Thus, climb performance depends on four factors:

· Airspeed: too much or too little will decrease climb performance.

· Drag: configuration of gear, flaps, cowl flaps, and props must be made with consideration for the least possible drag.

· Power: Must have power available in excess of that needed for level flight to climb.

· Weight: Weight of the aircraft negatively affects performance.

Bank angle

Two benefits of banking 3-5 degrees into the good engine:

1. Lift vector is directed opposite to the yaw induced by the engine failure, aiding directional control;

2. which as a result, reduces the amount of rudder required for, which in turn reduces the sideslip angle.

With less rudder deflection and less sideslip angle there will be less drag, and thus better performance.

· The amount of lift lost by banking up to 5 degrees is negligable (less than 0.4 percent.)

· Exceeding 5 degrees of bank rapidly decreases the performance of the aircraft.

· For every 1 degree of bank up to the angle of bank providing maximum aerodynamic efficiency, Vmc decreases by approximately 3 knots.

· If the aircraft were to be flown incorrectly (no banking into the good engine) the ball would be centered and the aircraft would be flying with the fuselage and vertical stabilizer presented at a sideways (less streamlined) angle to the relative wind.  Deleterious effects include:

· Relative wind striking vertical stabilizer will cause a yawing tendency towards the dead engine;

· Portion of the rudder will be blocked by the fuselage, reducing rudder effectiveness; and

· Rudder angle of attack to the relative wind will be reduced.

Weight, bank angle, and Vmca

· The lift an aircraft generates must equal weight.  Therefore, a lightly loaded aircraft will generate less total lift than a more heavily loaded aircraft.  Since total lift is the sum of the vertical and horizontal lift components, one can therefore deduce that since the lighter aircraft is generating less left, it is also generating less horizontal lift to counteract yaw from the asymmetrical thrust situation.  The lightly loaded aircraft would therefore require more airflow over the rudder to control the yaw, which necessitates a higher Vmca speed.

· Vmca for some multi-engine aircraft is determined at a weight less than maximum takeoff weight because at maximum takeoff weight the aircraft’s stall speed would be higher than Vmca and then the aircraft would stall before loss of directional control could be attained.

· Banking away from the operating engine in an engine-out scenario could increase Vmc as much as 3 knots per degree of bank.
· Proper indication on the aircraft instruments for level flight with one engine inoperative should be:

· Between 3 and 5 degrees of bank (attitude indicator)

· Zero rate of turn (turn coordinator)

· Ball ½ to ¾ out of cage toward good engine

Drag

Drag factors:

· Full flaps: -300 to 400fpm vertical speed

· Windmilling prop: -400 to –500 fpm vertical speed

· Gear extended: -150 fpm vertical speed

· Control deflections: variable

- The windmilling prop is the largest drag producer on the aircraft.

Drag Demo

1) Pre-maneuver checklist

2) Clearing turns

3) 15” MAP

4) Flaps and gear up

5) Mixtures rich

6) Props forward at blue-line

7) Right throttle: full open, left throttle: zero thrust (12” MAP)

8) Establish Vyse

9) Vary the airspeed from Vyse to demonstrate the effect on performance

10)  Maintain Vyse and demonstrate the effect of each of the following:

· Extension of landing gear

· Extension of wing flaps

· Extension of both landing gear and wing flaps

· Windmilling of propeller (move throttle to idle)

11) Restore power (slowly) on both engines

12) Check engine gauges, verify safe operation

13) Return to cruise flight

14) Cruise checklist

Vmca demonstration

1) Pre-maneuver checklist

2) Clearing turns

3) 15” MAP

4) Flaps and gear up

5) Mixtures rich

6) Cowl flaps open

7) Props forward at blue-line

8) Right throttle: full open, left throttle: closed

9) 3-5 degrees bank into good engine (ball ½ to ¾ out of cage)

10) Increase pitch at rate of 1 knot per second

11) Recover when you achieve any of the following:

a) LOSS OF DIRECTIONAL CONTROL

b) FULL RUDDER TRAVEL

c) STALL HORN OR BUFFET

Recovery procedure:

1) Reduce power on good engine and lower nose

2) Regain control and airspeed increasing above Vmca

3) Slowly apply full power on right engine

4) Maintain blue line airspeed

Factors used by manufacturer to determine Vmca

Acronym: ATOM2F2LSBP

((
1) Aft CG (at rear CG limit)

2) Trim in takeoff position

3) Out of ground effect

4) Maximum takeoff weight at sea level (or at a weight that produces most unfavorable Vmca)
5) Maximum available power or takeoff power on operating engine

6) Flaps (wing) in takeoff position

7) Flaps (cowl) in takeoff position

8) Landing gear retracted

9) Standard atmospheric conditions (29.92”, 15 deg. C, sea level)

10) Bank up to 5 degrees into operating engine

11) Prop windmilling (or feathered if equipped with autofeather)

12) No more than 150 lbs. of rudder pressure required

13) Must be able to maintain heading within 20 degrees

Critical Engine

· Four factors that make the left engine critical in a conventional (non C/R, clockwise rotating propellers)

Acronym: PSAT

Factor
Resulting tendency

P-factor: the descending blade produces more thrust than the ascending blade, resulting in an offset (to the right, as viewed from above) thrust line.  On the critical (left) engine the thrust line is closer to the longitudinal axis of the airplane, making the yaw produced by the loss of the left engine greater than the yaw produced by the loss of the right engine.


Yaw towards the inoperative engine



Spiraling slipstream: spiraling slipstream from the left engine strikes the vertical stabilizer from the left, counteracting the yaw which would be caused by the loss of the right engine.  However, in the case of a left engine failure, the slipstream from the right engine does not counteract the yaw toward the dead engine.


Yaw towards the inoperative engine

Accelerated slipstream: the offset thrust vector (due to P-factor) results in a longer moment arm to the thrust centerline of the right engine than the left.  Since the centerline of lift is also farther out on the wing, this results in a greater rolling tendency with the loss of the left engine.  Also, the rudder is more effective with the left engine operating.


Roll towards the inoperative engine

Torque: Newton’s law states that for every action there is an equal and opposite reaction.  Since the props rotate clockwise, the aircraft wishes to roll counterclockwise as a result.  If we lose the right engine, asymmetric thrust will yaw the plane the the right but the torque (rolling) moment caused by the right-turning prop on the right engine will partly counteract it.  However, if we lose the the left engine, the aircraft will yaw left and roll left, into the dead engine, requiring more control deflections.


Roll towards the inoperative engine

Factors affecting Vmc (control) and Vyse (performance)
Factor


Vmc (airspeed)
Vyse (performance)
Control

< Maximum weight
Increases
Increases
Decreases

Maximum weight
Decreases
Decreases
Increases

> Maximum weight
Decreases
Decreases
Increases

Gear up
Increases
Increases
Decreases

Gear down
Decreases*
Decreases
Increases*

Flaps up
Increases
Increases
Decreases

Flaps down
Decreases
Decreases
Increases

Forward CG
Decreases
Decreases
Increases

Aft CG
Increases
Increases
Decreases

Trimmed for takeoff 
According to factory/14 CFR Pt. 23 criteria

Cowl flaps open
Decreases
Decreases
Increases

Cowl flaps closed
Increases
Increases
Decreases

Windmilling prop
Increases
Decreases
Decreases

Feathered prop
Decreases
Increases
Increases

Standard temperature
As published

> Standard temperature
Decreases
Decreases
Increases

< Standard temperature
Increases
Increases
Decreases

5 degree bank
Decreases
Decreases
Increases

No bank
Increases
Increases
Decreases

> 5 degree bank
Decreases
Decreases
Increases

Out of ground effect
Increases
Decreases
Decreases

In ground effect
Decreases
Decreases
Increases

150 lb. rudder pressure
Decreases
Decreases
Increases

< 150 lb. rudder pressure
Increases
Increases
Decreases

> 150 lb. rudder pressure
Decreases
Decreases
Increases

* Vmc does not necessarily decrease, and control does not necessarily improve with the landing gear in the extended position.  The ‘stabilizing effect’ of landing gear on individual aircraft is not tested (see ‘factors used by manufacturers to determine Vmca, above.)  Vmca is determined with the gear in the retracted position, and therefore the extended gear’s effect on Vmca is unknown and would vary between different airplanes and gear systems.  See the April 2003 Designee Update for more information.
Critical Density Altitude (Stall vs. Yaw altitude regions)

As the multi-engine aircraft increases in altitude, Vmca decreases, but calibrated stall speed does not change (indicated stall speed will not change on any given day if we assume no compressibility) for a specific weight, configuration, and altitude.  So, there exists an altitude where each of the following exists:

a) Vmca is less than Vs

b) Vmca is the same as Vs

c) Vmca is greater than Vs

The density altitude where Vmca and Vs are equal is called Critical Density Altitude.  At this altitude, the aircraft slows to Vmca and Vs at the same time.  This may cause a non-controllable, non-recoverable flight attitude such as a spin.

Above the critical density altitude the aircraft will reach the calibrated stall speed before Vmca.

Below the critical density altitude the aircraft will reach Vmca before the calibrated stall speed.

Absolute and service ceilings

· Absolute ceiling: the maximum density altitude which the aircraft can maintain or attain with two engines operating, maximum gross weight, gear up, flaps up, and maximum continuous power.  As an aircraft climbs, Vy decreases and Vx increases.  The density altitude where Vx and Vy meet is the absolute ceiling.

· Single-engine absolute ceiling: Same definition and conditions as absolute ceiling except the critical engine is failed and feathered. 

· Service ceiling: the maximum density altitude at which the best rate of climb will produce a 100 fpm rate of climb at maximum gross weight, gear up, flaps up, and maximum continuous power.

· Single-engine service ceiling: the maximum density altitude at which the best rate of climb (single-engine) will yield a 50 fpm rate of climb with the critical engine failed and feathered, maximum gross weight, gear up, flaps up, and maximum continuous power.
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