Engine Tuning: The Black Art? - Part Two

In part one I discussed some of the basic principles of engine tune namely breaking in, setting high and low end needles, how to confirm your engine tune in flight and how to spot those tell tale signs that our engines give us that all is not right in the mixture department. Part two moves on from the basics and looks in some detail at the finer points of engine tuning for maximum performance for the more aggressive flying style,  discusses three needle carburettor assemblies and the reasoning behind making that choice to spend your hard earned money on those performance related accessories with confidence.
Have you ever been in the situation where you go to a fun-fly, competition or display and stand there watching someone else with the same helicopter and engine combination as you, absolutely wringing the last out of their chosen combo and you find yourself saying “I wish mine would run as well as that!” Well believe it or not those pilots aren’t running specially modified helicopters and haven’t spent hours polishing and re-porting their engines, but rather they have spent time maximising their engine tuning and matched their fuel, pipe, governor etc “to their flying style”. The last part is very important. Each of us has a different way in which we like to fly, and this “style” will affect how we go about fine tuning our engine to ensure that it will run consistently during our own style of flight. There are several areas to address so lets break them down.
Three Needle Carburettors
Whilst virtually every model helicopter engine on the market today, regardless of capacity, will have a low and high end needle with which to adjust the fuel mixture, some engines most of which are large capacity engines will have a third needle situated on the carburettor near the other two (see photos 1 and 2). This third needle is very useful in finding that perfect tune and is essential for larger capacity engines designed to control the mid range of the throttle travel where the engine is transitioning from very low to very high throttle settings (see Figure 1). In fact whether you are doing a fully blown aerobatic flight, slow circuits or simply trying to master the hover, for most flying styles the engine is spending the vast majority of it’s time in this mid range band. In fact, quite often the mid needle is made to look physically larger than the other two needles because this is the one that will require the most adjustment during a days flying. Two needle carburettors cover this by having quite a broad range on the high end needle, which when adjusted will affect the mid point to some smaller extent, however it is much more useful to have a third needle to be able to adjust this mid point separately from the high and low ends. The effects of the mid needle are quite clear during flight testing and can be easily seen if you know what to look out for. 
The indication of a very rich mid needle (which is certainly the best position to start from) will be when there are no problems sitting at an idle but that your engine will begin to choke itself at about quarter throttle during spool up. Extremely rich mid needle settings may not allow the engine to spool up past the quarter throttle mark and may even cut out abruptly if more throttle is applied. Working with this as the start point, gradually lean in the mid needle a couple of clicks at a time until the transition from low to high can be achieved, even if the transition still seems a little rich. When the helicopter can be safely flown without any tendency to cut at this setting and has achieved sufficient temperature to allow tuning to begin, the needle can be tested in flight with a couple of simple manoeuvres. Firstly, and starting at height do a big fast loop and back off the throttle slightly at the top. On the downward leg of the loop observe how well the throttle can be picked up. If the mid is still a little rich you will observe a slower throttle response, where it will pick up, but may “gurgle” a little. If there is no hint of a slow transition then you can proceed. If there is hesitation in the throttle to pick up, land and lean the mixture by a click or two and try again. Should there be any hanging of the throttle or over speeding of the engine then the mid mixture is too lean. This condition may also be accompanied by a disappearance of engine smoke at that point.
If you are capable of doing mild aerobatics or even 3D flying go through your normal routine or manoeuvres and observe how the engine reacts. It may become noticeable that during some manoeuvres requiring fast throttle changes such as tick-tocks, fast flips and hard stops, that there will be a gradual tendency for the engine to lose power without a noticeable change in engine smoke. This will indicate a rich condition where the fast throttle transition is bogging the carburettor with mid point fuel and should be remedied by leaning the mid mixture very slightly. If however during these manoeuvres the power disappears along with a noticeable reduction of smoke, then the mid point is too lean and should be richened accordingly to prevent this.
Exhaust System Selection

The selection of a suitable exhaust system for your helicopter is once again determined largely by what you would like to achieve from your engine to suit your flying style. Some of us want hugely powerful and raw torque in bursts to suit perhaps a style of flying based on 3D. Others may want a more smooth governed power for F3C type flying and there are those clubs who have noise restrictions and whose members simply want the quietest option available. Whichever one you wish to try to achieve with your model, be aware that it is highly unlikely that you will be able to achieve all of these desired qualities with one type of muffler or pipe.  There is a natural trade off with all exhaust systems; power for quiet running, power for ease of setup, power for smooth running (vibration) and of course power for cost and each factor is an important consideration when purchasing your suitable exhaust system. You must decide which of the trade offs you are prepared to simply live with and which are to be avoided. Decide exactly what you want from your exhaust and make your selection based on your own requirements, as what works well for others may not work so well for your purposes. There are some points to look out for with regards to exhaust systems;

· Pick an exhaust which has a suitable capacity for your engine. The suitable engines will usually be stated on the specification for the exhaust. Be extra careful when choosing one of the many generic engine size exhausts on the market, say for example a pipe that is suitable for engine sizes from 46 to 53. These exhausts will work in terms of physical fit and will suppress noise but unless they are specifically matched to an individual engine size, then they cannot give you the maximum power from your engine whatever claims they make. A perfectly matched exhaust and engine combo will be the best solution for power but may require a re-purchase should you change engine size, say from a 50 to a 53 engine.
· Exhaust systems marked as “Performance” systems will tend to be much noisier than many of the standard pipes available. If this is not an issue for your area then no problem, but many of the new type performance systems out there will be considerably noisier than you will expect and could pose a problem if your club has a specific noise policy.

· How an exhaust is mounted to your helicopter will drastically change the frequency of vibration your helicopter operates at and can cause issues if taken to the extreme (as many performance products tend to do). There are many different methods including hard mounted bolt on exhausts and softer mounted anti vibration systems. The bolt on method (in particular for large engines, not so much smaller ones) will certainly transfer more vibration through your helicopter which will reduce the overall life span of bearings, servos, gyro etc and may be noticeable in flight but they also tend to be a little cheaper and straight forward to mount. On the other hand anti vibration mounts tend to be more expensive and will require some maintenance to keep going right, for example “O” rings and mounting grommets (see photos 3 and 4)
Fuel Selection
There are more model fuels available on the market today than there has been in a long time, and they are all different. Beyond the obvious cost issue, its back to the old line, your flying style and capability will determine what type of fuel you should fly. Model fuels regardless of brand are normally sold by their content of nitromethane, with the higher percentages like 20% and 30% being more expensive and the lower straight or 5% fuels being much cheaper. Nitromethane is used in model fuels simply because, its chemical composition contains considerable amounts of oxygen which reduces the need for the engine to burn purely atmospheric oxygen. So the higher the nitromethane content in your fuel the better it will burn and the easier the engine tune will become. However the trade off is cost. Higher nirtomethane content fuels are a lot more expensive than their lower counterparts so you must decide whether your flying, or the depth of your pocket warrants spending so much.  If you are at the stage of doing circuits, aerobatics and even mild 3D there will be little benefit in purchasing a fuel with a very high nitromethane content, as your flight times will be reduced and the running cost of your hobby will go up. On the other hand if your skills have reached the point of being held back by the power level then the obvious step is to run a fuel with a higher nitromethane content. 

With so many different choices on the market today, how can you decide which is the best brand for you? Well the manufacturers will always keep their particular fuel blend to themselves but it is clear from experimentation that all fuels are not equal. Many will seem so, but after prolonged use the effects of lower quality oils, often in insufficient quantities and purities, will lead to lowered power output, worn pistons, liners, conrod bushings and engine bearings, resulting in throw-away engines. Many flyers will not see the effects of these fuels straight away but over time they take their toll. As your expertise increases and you begin to push the boundaries a little more these issues become much more evident. I have witnessed piston and liners seizing mid flight because the fuel could not cope with the temperatures of such a hard flight or slightly lean run, with oils evaporating leaving no lubrication. But don’t be fooled, not all fuels are like this. There are fuels out there on the market that will withstand slightly lean runs and don’t require constant bearing changes, to say nothing of the damage to other moving parts. Unfortunately the old adage is proved correct for model fuels, “you get what you pay for!”
Governing your engine
Governing your helicopter engine is the process of using a governor device to control the engine and therefore the helicopter headspeed by allowing the device to hold your engine at a constant RPM during all flight conditions. There are many times during a helicopter flight that the engine will either overspeed (see photos 5 and 6) in an unloaded situation or underspeed during hard manoeuvres and it would be useful to be able to control the throttle separately from the collective. A governor will do this, controlling the RPM a few percent either side of your throttle curve, and regardless of which brand you buy, the process of setting them up is the same. It is very important to firstly set your throttle curve to give you the desired headspeed during light aerobatics (an optical tachometer is very useful here) and then let the governor control any wander from the curve due to loading or unloading. You should not expect your governor to completely control your throttle as this is not feasible but rather let it control those situations that you cannot, due to certain flight conditions. There are devices on the market that act as limiters rather than governors which are designed to control the bottom part of your throttle as they assume the top is always at 100% but often these limiters cannot act as fast or as precisely as a governor. By keeping your engine and therefore headspeed consistent you will retain as much of the available power from your engine as possible and also have cyclic control which is perfectly consistent during the flight.
CSM Carbsmart

Recently at one of the local clubs, I witnessed a very strange and unfortunately costly engine tuning related crash.  We had been flying since morning and my friend was flying his new OS 91 HZ engine powered Raptor 90 for what must have been only its eighth or ninth flight ever. The day had been steadily getting warmer and I had said to him to watch his engine temperatures as he would have a habit of running lean and flying on. He flew on and at the end of the flight he brought the helicopter in close and I could hear the engine screaming for mercy on what was a very lean run. I shouted for him to land immediately but no sooner had the words left my mouth when there was a pop from his exhaust and without a change in engine note the helicopter slowly fell to the ground with the engine still running, with my friend insisting he had no control. With the helicopter back at the pits and quickly checked over, the cause of the crash could not be seen just the unfortunate results. So what had happened? Well, as the engine continued to run lean throughout the flight the engine temperatures were steadily creeping up and up to a point where right at the end of the flight and back in the hover the heat in the cylinder caused the fuel to vaporise in the chamber too soon and the engine detonated early sending the piston back down the cylinder and starting the engine running backwards. With the engine running backwards against an auto hub there was no drive to the head and the helicopter crashed, like trying to fly normally with the throttle hold set.
So how could this have been avoided? Well very simply in fact. There is a product on the market at the moment from CSM called the Carbsmart which monitors the engines temperature and adjusts the main needle mixture accordingly to firstly, keep a consistent engine run throughout a whole hard flight, but also save the engine from over heating during lean runs (see photos 7 and 8). I have run this little product for some time now and am simply amazed by the consistent performance it allows me to achieve from the start to the finish of the flight where my engine has stayed at a constant temperature. This relatively cheap product is a great investment for the pilot who wants both that extra security of  knowing your engine tune will not cause engine destruction but also the pilot who wants that little bit of extra power and consistency during the flight.
Extracting that last little bit……
With your new found engine tuning skills you are now able to explore the models full potential without fear of destroying your engine, so experiment. See how much more collective your engine can pull and how much more actual, usable power it gives your helicopter. Don’t be confused also with engine bogging and an engine which is simply heavily loaded. A loaded engine will pull the load at a constant speed and may sound heavier but if it keeps pulling let it pull! If it bogs in, slowing down with smoke disappearing then back off a little, and see what it will do then. Try running more cyclic control, you might be surprised what your little machine can now do. But whatever you decide to do, enjoy the new consistency of your engine and fly safe.
