
 

Monthly Features 

Variometers 
By Alan Dibdin 
Issue 3/2003 

Alan, a highly experienced pilot with more than 3000 

hours, all three Diamonds, former CFI of his UK club, 

full cat instructor and BI coach, has spent his gliding 

life since 1968 playing with and inventing 

variometers. He now has a state of the art home 

designed variometer in his LAK-12. So he was the 

obvious choice to persuade to write us an article on 

the subject 

 

  

Many years ago a youth decided that the analouge averagers fitted to variometers 

were a poor design. It seemed a simple task to add a digital averager to an existing vario. 

Well I am much older and slightly wiser now, and over the years have gained some 

insights into variometers, both my own designs and others on the market. 

This article is largely some random jottings of things I have discovered over the years 

and which you will very rarely find in the glossy sales brochures. 

As a baseline I will specify a perfect vario:- 

1. Shows true rate of climb at all altitudes.  
2. Has no lag.  



3. Is well enough damped for a human to interpret the readings.  
4. Is not sensitive to temperature.  
5. Consumes no power.  
6. Is robust.  
7. Consumes minimal panel space.  
8. Is intuitive to use.  
9. Is not g sensitive.  
10. Has an audio facility.  
11. Allows fitting of an averager.  

Mechanical Varios: 

All mechanical varios use a "bottle" of air. In vario jargon this is normally called the 

'capacity' and is usually a vacuum flask of about half a litre. 

A vacuum flask is used to stop ambient temperature changes affecting the volume of the 

air in the flask. The variometer works by sensing the flow of air into or out of the capacity 

as the glider climbs or descends. The sensing is normally done by putting a restriction to 

the flow between the capacity and the ambient air and then measuring the pressure drop 

across the restriction. Mechanical Varios come in three "flavours" - .Cosim, Vane Type 

and Schueman. 

COSIM  

The oldest is the Cosim variometer. This consists of two minature industrial gas flow 

meters cross-coupled such that each one indicates for one direction of flow ( up or 

down!). 

For those not familiar with gas flowmeters, these consist of a tapered bore glass tube 

with a lightweight ball or plastic plug that just fits into the bottom of the tube. When gas 

starts to flow the pressure builds up and lifts the ball. The pressure drop across the 

instrument is constant and the size of the restriction is varied by the ball moving up or 

down the tube. 

Good Points 

• It makes a talking point at the launch point.  

Bad Points 

• It underreads as you go up.  
• It is very slow at low climb rates.  
• Readings directly affected by g.  
• No audio.  



• No averager.  

Comments 

The slightest trace of damp in the tubes causes the balls to stick partway up a tube. The 

vario is then useless until it is dried out. The only reliable way of drying out damp varios I 

have discovered is to put them in a vacuum chamber and leave them for a week. 

VANE TYPE VARIOS 

These varios substitute the ball in a tapered tube with a vane moving in a semi circular 

closed box. The advantages of this approach are that the vane is held by proper bearings 

on its spindle, the restraining force on the vane is provided by hair springs instead if 

gravity and the circular dial presentation makes it easy to fit a speed-to-fly ring. 

Good Points 

• Faster than a Cosim.  
• Easy to fit a speed-to-fly ring.  
• Easy to read.  
• Reliable.  
• Needs no electrical power.  

Bad Points 

• Still rather slow compared with the seat of the pants.  
• No audio.  
• No averager.  

Comments 

I imagine every glider pilot was trained using one of these types of vario. They are very 

reliable and quite robust when installed in the aircraft. However, they are easily damaged 

when the instrument is not connected to its capacity. Taking an instrument outside on a 

windy day without the two pipes on the rear of the instument joined together by a plastic 

pipe is asking for trouble. It is also possible for damp to affect them. Solution as for 

Cosim. Frank Irving in "New Soaring Pilot" states that vane type varios display something 

close to true rate of climb at altitude. 

SCHUEMAN STYLE VARIOS 

I have no real experience of these devices. Those that use them seem to swear by them. 

I have heard reports that a fast descent from a wave climb has damaged the vario. 



Comments 

Despite being mechanical and thus no audio and no averager people seem to give them 

pride of place in their panel. Will someone please write and tell the rest of us why they 

are better than the competition?!  

ELECTRIC VARIOS 

These come in three different types, flowmeters using thermistors, or pressure transducer 

altimeters with an electrical differentiator to measure rate of change of altitude and ball 

type pressure gauges. 

Thermistor Varios 

Thermistor varios operate using a standard capacity with two thermistors (temperature 

sensitive resistors) in sequence along the pipe to the capacity. 

These thermistors are heated by passing a current through them. When air flows into or 

out of the capacity the upstream thermistor is cooled by the flow, the downstream 

thermistor is also cooled but not by as much as the upstream one since the air is now 

warmer because it has passed over the upstream thermistor. 

Thus the two thermistors are now at different temperatures which can be measured 

electrically. The magnitude of the difference is an indication of the climb/descent rate and 

the sign of the difference depends on whether the instrument is climbing or descending.  

Good Points 

• Very fast.  
• Very sensitive.  
• Reasonable power consumption.  
• Roubust.  
• Will normaly fit into a standard panel hole.  
• Not g sensitive.  

Bad Points 

• Not altitude compensated.  

Comments 

As described above, the vario works by measuring a temperature difference. If the two 

thermistors are not extremely well matched changes to the ambient temperature will 

affect the zero stability of the instrument. My own personal experience is that the vario 

will work well for four or five years. After a winter in a damp trailer the vario starts to 



exhibit random zero shifts. I presume this is caused by the glass coating on the 

thermistors cracking with the temperature cycling and allowing the damp to contaminate 

the thermistors. 

Some experts cast doubt on what the vario will read when the glider is in weak turbulent 

lift. The argument is as follows. If the glider is alternately climbing and descending by a 

small amount the same piece of air is being moved backwards and forwards past the 

heated thermistors.What temperature difference the thermistors will measure under these 

circumstances is not easily predictable. 

BALL - FORCE BALANCE VARIOS 

This note only applies to Ball 100 series varios. 

These varios operate in many ways like a mechanical vario inasmuch as they have a 

diaphragm that is driven by the pressure drop across a restriction, however, in this case 

the movement of the diaphragm is sensed electricly and forced back to its rest position 

magneticly. Thus the movement of the diaphragm is minimal. The output of the vario is 

proportional to the current needed to force the diaphragm back to its rest position. 

Good Points 

• Good compromise between speed and damping.  
• Low power consumption.  
• Not g sensitive.  
• Fits a standard 80mm hole in the panel.  

Bad Points 

• No averager.  

Comments 

I do not think these are manufactured any more. If you can find one they are still good 

varios - their major failing is that they lack an averager.  

ALTITUDE DERIVATIVE (PRESSURE TRANSDUCER) 

These varios are basically an electronic altimeter built with an absolute pressure 

transducer, absolute in this context means pressure is measured relative to a vacuum. 

Some more electronics then measure the rate of change of altitude. 

Good Points 

• Extremely rugged.  



• Predictable calibration law so easy to compensate.  
• Reasonable power consumption  
• Not g sensitive if correctly mounted.  
• As fast as thermistor varios.  

Bad Points 

• Very dependent on the particular model ( see below).  

Comments 

Early attempts at using this principle were awful. It was common to find yourself flying a 

circuit in the evening in mill pond still air with the vario wandering from 6 down to 4 up. 

However, in the last decade electronic technology has improved to the stage where this 

is probably the technology of choice for vario builders. It is fairly easy to produce varios 

with good gain and zero stability. Since the vario contains an altimeter it is simple to 

altitude compensate the vario. Most flight directors are built this way. 

The best way of making these varios is to add a microprocessor to the electronics then 

digitise the readings from the vario and altimeter. The averaging and altitude 

compensation of the vario can then be done numerically. The output is then converted to 

drive a meter for the vario function and a numerical display for the average function. It is 

also easy to have a separate audio output with different damping or scaling to the normal 

vario output.  

Mount the instrument in the obvious way. If you mount the box rotated by 90 degrees the 

instrument may become g sensitive since the sensor will probably now have gravity 

acting on its sensing face and not along its neutral axis.  

TOTAL ENERGY 

All varios should have total energy fitted. All varios that use a capacity use either a 

diaphragm connected between the pitot and the juction between the capacity and the 

vario, or some form of venturi connected to the vario static port. Flight directors that 

contain an electric airspeed indicator internally can do the total energy compensation 

internally and remove the need for the external probe or venturi. If the glider has a nose 

pitot and static these electric total energy systems seem to work well. If your glider has 

rear statics and a fin mounted pitot they work less well.  

The problem seems to be as follows :- small variations (10kts ) in speed are correctly 

compensated, but a pull up from about 80kts seems to compensate correctly until the 



speed drops to about 55kts, then the vario wanders to about 2kts up. I presume this is 

something to do with the temperature of the air in the pipes changing and taking time to 

stabilise, or the time constants of the pitot and static pipes being different. Anyone with a 

better theory or a solution to the problem, lets hear it. 

The faster your vario the better your total energy must be. This is because the average 

pull up or push over is not much more than five seconds: now if the vario response time 

is about five seconds most of the errors will be masked by the slow vario. If the vario 

response time is only two seconds the total energy errors will be displayed by the vario.  

'ODDS AND SODS' 

If you do a climb with a vario using a capacity then stop the climb abruptly, the vario will 

take longer than you might expect to return to zero. This occurs because the air in the 

capacity expands and cools as you ascend. When you stop climbing the air warms up to 

the ambient in the cockpit by heat leaking into the case of the instrument and via the 

tubing connecting the capacity and the instrument. While the air is warming the vario will 

show that you are still climbing. This problem can be masked to a large extent by putting 

some copper pot scourers in the capacity. This has the effect of slowing all the 

temperature changes and thus reducing the apparent false climb indications. 

Before you install your new all-singing all-dancing wonder gizmo, check the airframe 

plumbing for leaks. Seal one end of each pipe then connect a syringe and an ASI to the 

other end, pressurise the pipe with the syringe until the ASI reads about 40kts then watch 

the ASI. The reading should be steady. If the ASI falls by more than 1kt/ 2sec you have a 

leak that needs fixing! 

For electric instruments check the power supply is reliable and supplies a voltage within 

the range of the instrument.  

If you have a vario with a capacity and the vario reads zero on the ground but always 

seems to read too much up in the air, and you have have a venturi total energy, you have 

a leak between the capacity and the vario.  

LCD displays have a fairly limited temperature range by gliding standards (typically 0 - 50 

degrees C). If you are contemplating buying a vario with this style of display, try to get 

some assurance from the dealer/manufacturer what range of temperature the 

display/vario will work over. Remember it is easy to get to 50+ degrees°C in a cockpit 

before take-off and below -15 degrees°C during a wave climb. 



Calibration accuracy is not desperately important since you are normally only trying to 

maximise what the gods have provided you with. It gets more important in final glide 

computers (at least the altimeter needs to be somewhere near the mark otherwise the 

final glide will not work out properly 

Power consumption should be less than 100ma at 12 volts. In itself 100ma seems quite 

modest but if you look at the average glider power consumption of say :- 

Palm PC 100mA. 

Radio 100mA. 

Vario 100mA. 

GPS 100mA. 

Logger 100mA. 

= 500mA. 

This still seems reasonable if you are using a 12v 5Ah lead acid battery. But after a year 

or two of use your 5Ah battery is probably 3Ah at best. Now a 6hr flight x 500mA = 3Ah. 

Your battery is virtually flat after every flight!  

Many flight directors/final glide computers are so complicated (= versatile in the brochure) 

that it takes several evenings study to understand how they operate. A device of this 

complexity is also very easy to misinterpret under pressure in the air. Try to experiment 

with a friend's before you buy. 

Buying checklist 

• Read the brochures and be impressed. Then read the brochures and see what is missing! 
Eg, operating temperature range.  

• Zero drift with temperature.  
• Calibration accuracy.  
• Power consumption.  
• Ease of use for flight directors/final glide computers.  
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