
Truth In Variometery – how and why your Variometer can lie.
1. Introduction
Efficient utilization of rising air is important for cross-country flight in a glider that derives its energy exclusively from the air through which it is flying.  In attempting to reach a goal in minimum time, a glider pilot flies fast through sinking air and slows down where the air is rising.  The wide range of airspeeds requires special attention to the performance of the rate-of-climb indicator – the Vario.  

2.   A Vario that measures the change in the glider’s altitude

The altitude at which a glider flies is the source of potential energy that allows it to sustain flight in still air by gradually losing altitude. By virtue of its airspeed, a glider also has kinetic energy.  As a glider slows down to take advantage of lift, some of its kinetic energy is converted to additional altitude.

Aircraft altimeters and airspeed indicators are sensitive to air pressure.  Static pressure is that which would be measured if the glider were not moving.  Static pressure is a function of the glider’s altitude, and is therefore related to its potential energy.  Pitot pressure is obtained from a port facing the direction of flight.  Dynamic pressure is the difference between Pitot and Static pressures. Dynamic pressure is proportional to the square of the airspeed, and is therefore a measure of kinetic energy.

Potential Energy = mgH       Kinetic energy = 1/2 mV^2 

In these equations, m is the mass of the glider, g is the gravitational constant ~ 9.8 meters/sec^2, and V = airspeed in meters/second.

Consider the following practical example:  The glider is cruising at 200km/hr (54 m/sec). Over a period of 10 seconds, the pilot pulls back on the control stick and the glider slows down to 100 km/hr (28 m/s).  If frictional losses are neglected, the total energy of the glider is unchanged, and the loss of kinetic energy is converted to an altitude gain as follows:

mgH(1) + ½ m V(1)^2 = mgH(2) + ½ mV(2)^2

9.8 H(1) ½ * 2916 = 9.8 H(2) + ½ * 784

H(2) - H(1) ~ 60 meters over 10 seconds or = 6 meters/second  ~ 12 knots
A typical glider variometer has a full scale reading of 5 meters/second. A difference of only 0.1 meter/second in a glider’s climb rate is very significant. This example shows that a vario displaying the rate at which altitude changes has little value in a modern glider. 
3  A variometer that measures change in the glider’s total energy

A Total-Energy-Compensated (TEC) Variometer,  indicates the rate at which the glider’s total energy is changing.  This is done by sensing airspeed as well as altitude.

There are two well-established methods for implementing a TEC Vario.  We do not discuss the “diaphragm compensated” variometer because it uses a unique property of variometers that utilize a flask and airflow sensor. The pneumatic method uses a Total Energy Probe.  The source of air pressure in a Total Energy probe faces away from the direction of flight.  Because dynamic pressure is directly proportional to kinetic energy, air pressure from a Total Energy probe adds kinetic energy (derived from the dynamic pressure) to potential energy (derived from the static pressure). Changes in this air pressure therefore reflect changes in total energy rather than just potential energy.

The second method uses electronic sensors for static and dynamic pressure. Potential energy is computed from static pressure; kinetic energy is computed from dynamic pressure.  Quantities representing the two energies are added together and the rate-of-change of Total Energy is displayed.


4.  Gusts

A standard TEC variometer works well in still air.  But air that sustains soaring flight is not still.  Most thermals are full of turbulent air.  This means the air does not just go up, it also goes sideways.  Rising air causes the glider to go up. Air moving sideways causes indicated airspeed fluctuations without directly lifting the glider.  A standard TEC Vario cannot distinguish between kinetic and potential components of the glider’s total energy.  Therefore, a horizontal gust (a local variation in the horizontal component of airmass motion) causes a standard TEC Vario to give a false indication.

How big is this effect?  Think about standing on the ground and feel the first thermal of the day pass across the glider field.  You feel a "puff" of air lasting for a few seconds.  Suppose the "puff" is 56 meters wide and triangular in velocity vs. distance with peak velocity of just of just 5 km/hr (3 mph).  On the ground you would feel this as a VERY gentle zephyr lasting about 80 seconds.

Now fly through that same gentle "puff “ of air at 100 km/hr. = 28 meters/sec. Traversing the "puff" takes only 2 seconds.  Airspeed changes +5 km/hr/sec for one second, then changes -5 km/hr/sec for one second.  A super-fast TEC vario would read +4 meters/second (8 knots) for 1 second and -4 meters/second for the next second. This is 80% of full scale for a standard glider variometer.

Both the mechanical airspeed indicator and a typical TEC Vario have response times of several seconds -- and with good reason. In the above example, a typical TEC Vario with response time of 3 seconds would read only +/- 1.6 meters/second.

5.  Five different indications of “lift”

Given this dilemma, it is useful to go back to basics and examine how we find and stay in rising air. The pilot gets “lift” information from at least 5 data sources listed here in order of temporal relevance:
A. Altimeter

B. Averager

C. Vario Pointer (needle)

D. Audio Vario sound

E. Kinesthetic Sense of Acceleration 

The Altimeter is like your monthly bank statement.  The account balance tells how much money you can spend in the next time period.  Altimeter data is more strategic than tactical.
The Averager tells you, with a 2-digit number, how you did in the last thermal circle.

If you can remember one of these readings, you can see if your centering efforts are paying off.  The Averager also gives you bragging rights on the radio.

The Variometer Pointer is a modestly fast and quantitative indication of lift where you are right now.  Since you should not be staring at the pointer while thermalling, it gives you a snapshot of max and min climb within one thermal circle.

The ear is a unique channel to the brain.  Unlike the wide-bandwidth, objective visual channel, the audio channel is low-bandwidth but “on” continuously.  It is also highly subjective.  How else can we understand one person’s weeping with joy at Mozart’s “Ave Verum Corpus” while another loves to climb into a 4-wheel speaker cabinet broadcasting  “Rap” rhythms at 120 Decibels.
Finally, there is your kinesthetic sense of vertical acceleration.  This is the “feel” of the air communicated directly to your body.  I believe it is the ability to incorporate kinesthetics with other signs of lift that distinguishes between duffers and competitive pilots.

It is kinesthetics that allows a pilot to separate “gust” from “lift” in the audio signal.

Most of us are used to an audio signal that has a “time constant” of about 2 seconds.

This makes the sound less “nervous”, but causes the sound to lag behind the kinesthetic sense, making it more difficult to sort “gust” from “lift”.

If you can stand the noise, try flying with a 0.7 second audio vario on a high turbulence day.  If you can relax enough to “feel” the air, you will soon be able to separate the two components of the vario sound.  This may even help you climb better!
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