TAILPLANE ICING 

Ice can accumulate extremely fast on the exposed surfaces of an aircraft.  Some experts tell us that four to five minutes is all that is needed to build up ice on the surfaces of an aircraft and cause adverse flight characteristics. 

In the last few years, there have been over 16 airplane accidents resulting in 139 fatalities that have been attributed to ice contaminated tailplane stall (ICTS).  This icing phenomenon causes a sudden downward force on the aircraft’s elevator, which in turn causes a nose down attitude. Unchecked, it could quickly exceed 30 to 40 degrees. In one case, a pull force of 400 lbs was required to counteract this downward force. Flight leading up to this condition can be recognized by a lightness and flutter in the controls, difficulty in trimming the aircraft, onset of pilot induced oscillation (PIO) and buffeting in the controls, not in the aircraft.  However, with the autopilot on, these conditions can go undetected until the onset of tailplane (elevator) loss of control.

The horizontal stabilizer (HS) and the attached elevator are sometimes referred to as the ‘Tailplane’.  The elevator attached to the horizontal stabilizer of an aircraft, controls the movement around the lateral axis (pitch) of the airplane. The pilot’s ability to control his/her airplane about this axis is very important.  In designing an airplane a great deal of effort is spent in making it stable around all three axis.  But longitudinal stability, or stability about the pitch axis, is considered to be the most affected by variables introduced by the pilot, such as airplane loading. Three forces govern the pitch balance of the aircraft. The weight acts through the aircraft center of gravity (CG); the wing’s upward lift acts through the wing center of lift and is aft of the CG. Note that these two forces generate a nose-down pitching moment. The horizontal tailplane creates a downward lift to counteract this nose-down pitch. The elevator allows the pilot to control the pitch. As you know, the tailplane is an upside down airfoil or wing.  When you pull the yoke aft it causes the elevator to rise, creating more lift downward, causing the aircraft to nose up.  Likewise when you push the yoke forward it causes the elevator to go down, thereby generating less lift and causing the nose of the aircraft to lower.   

NASA research

The FAA requested the NASA Glenn Research Center at Lewis Field, Cleveland, Ohio to study this ICTS phenomenon. Because the HS of most turboprop aircraft is engineered with a sharper leading edge than that of the main aircraft wing, the HS is a more efficient ice collector and collects a higher percentage of ice then the wings when flying in icing conditions.  Therefore, if the crew observes ice on the other parts of the aircraft such as the wings, they should then presume there is a significant amount of ice buildup located on the unobserved HS leading edge.

However, most Army aircraft Operator’s Manuals recommend not to use the boot de-ice until there is a buildup of ice of at least 0.5 inches.  In this instance there could be twice the buildup of ice on the HS and the crew would not know this condition because they cannot see the HS from the cockpit.

Pop those boots

Currently, Army in-flight de-ice procedures for most aircraft installed with de-ice boots is to wait for the activation of the de-ice boots until a minimum 0.5 inch buildup of ice on the wing has accumulated. The reason for the 0.5 inch buildup is that anything less might not break off, but balloon out and then freeze to create a hollow air pocket between the ice and leading edge.  This is referred to as ‘ice bridging’.  After formation of this pocket any subsequent activation of the de-ice boots would not have any effect on breaking up the ice. With 0.5 inches of ice on the wing leading edge your HS could have twice that much ice buildup.

In the January 2001 Flightfax article by Thomas A. Horne, ‘Avoiding Ice Fright’ it was stated that ‘ice bridging’ is a myth.   Mr. Horne points out that new research indicates, “…that it’s true more ice will shed if more ice is allowed to build on booted surfaces.  But experts now say there is no reason to believe that ice can continue to form and bridge over leading edges and leave boots to helplessly pulsate behind an ever-growing sheath of ice”. With this in mind, aviators should pop their boots when any sizeable ice buildup is noticed on the boots.  This would help prevent ice buildup on the ‘out of sight, out of mind’ horizontal stabilizer.

HS tailplane induced stalls are rarely a problem in cruise flight.  Research indicates that during cruise flight in icing conditions, ice will collect on the HS, but result in very minor flight control changes.  In this cruise flight profile, the HS is not anywhere near its performance limit.  However, when the aircraft changes configuration for approach and extends flaps, the HS is pushed closer to its performance limits. Flying in icing conditions can cause a buildup of ice along the leading edge of the HS creating a distorted leading edge and causing the airflow to separate under the HS and reattach itself further back on the airfoil then desired, causing a loss of lift.  Along with an ice buildup on the HS aft of the de-ice rubber boots this can cause the airflow to reattach itself aft of the hinge for the elevator.  When this happens it causes a low-pressure area where the elevator will be forced down (again some tests show this force could be in excess of 400 lbs.), causing the nose of the aircraft to dramatically pitch down.   Unfortunately, when this happens the corrective actions are almost exactly the opposite of what the pilot is trained to do during a wing stall condition.  When the nose pitches down the yoke must be forced aft, the flaps must immediately be reset to the last position (landing flaps to approach flaps or approach flaps to flaps up) and power is either reduced or used very judiciously, but not maximum power.  During a wing stall recovery the aviator is trained to push the nose forward, and add maximum power, further aggravating the Tailplane Stall.

Wing stall or tail stall?

Much confusion exists with the recovery procedures between a Wing Stall and a Tail Stall. Recovery procedures are almost completely the ‘opposite’ between the two.  To correctly diagnose which problem is present, situational awareness is critical. Wing stalls tend to occur at slower airspeeds and with flaps up. Tails stalls tend to occur during or shortly after flap extension, and at higher airspeeds. If the situation progresses, a tail stall will always result in a nose-down pitch. With an ice-contaminated wing stall, the aircraft usually rolls initially, but could also pitch nose down.  The diagnosing symptoms of Tailplane Icing are dependent on pilot experience, current workload in the cockpit and good crew resource management.  This will determine the aircrew’s ability to diagnose the suspected problem and proceed with the right course of action.

However, flying with the ‘Autopilot on’ in icing conditions can mask the aircraft ‘hints’ of telling the pilot that a problem is about to happen.  The Autopilot ‘takes the pilot out of the loop’ of detecting flutters, lightness in the controls or lightness in the forward direction of the yoke, adverse movements in the yoke, pilot difficulty in trimming the aircraft, or pitch excursions similar to pilot induced oscillation.  These are all telling signs of an impending loss of control on the horizontal stabilizer.

So remember, when in the terminal area and icing conditions exist, it is best to hand fly your aircraft, and pop the boots when you notice an ice accumulation on your wings.
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