                       Does Propeller Twist Matter?
           It was William Mills who first gave me the idea of looking at propeller twist, saying that if you want to go really fast then you need a propeller that has a high degree of twist along the blade, and that the propellers that you commonly see on LAA  aircraft with Rotax engines, namely Warp Drive, Woodcomp and the Arplast are not nearly twisted enough. At the time my Europa seemed to go pretty well with its Woodcomp SR2000 prop attached to a 914 so I didn’t pursue it, although  a little thought should have led to the conclusion that I had the 914 and the fine design of the Europa to thank for that rather than any particular propeller!   Fig 1 shows an SR2000 propeller with about 12 degrees of twist between the tip and the 1/3 radius section of the blade. Eyeballing your own propeller will give you a pretty good idea of the twist, or you can measure it accurately with a Smart Tool. Unless you are flying a Hurricane or a Red Bull Racer or a turboprop (all of which have twists up in the 25 to 30 range), it’s likely that your prop has a twist similar to this. 
         Fig 1 about here Caption: SR2000 with 12 degrees twist
        More recently I was planning a trip to Australia, and early research revealed that there is immense scope for the locals being very aggravating in their demands, should you stop at too many small places on the way. In consequence I began to look at ways of getting my plane to do legs of up to 1200 nautical miles in a day. I was keen not to contemplate leg lengths over 8 hours, so I was looking for a cruise speed of 150kts at 10,000 ft.  With the size of long range tank (115 litres) I could strap into the passenger seat, to add to the normal tank capacity of 65 litres, this needed the plane to fly at that speed using something less than 25 litres per hour. This encouraged me to look seriously at the efficiency of my propeller. 
   Fig 2 about here.   Caption: The mathematics of propeller twist.

            The maths in fact are not specially complicated, so don’t give up just yet!  The diagram illustrates the situation where the propeller is simply advancing through the air as if it was screwing itself through a solid medium, and ignores angle of attack, uneven airflow and slippage. While the  propeller tip rotates  to cover a circular distance of x, a point  at the 1/3 radius of the propeller will only have rotated a distance of x/3, but all parts of the propeller will have advanced through the air by the same amount y.  The circular tip speed of a 1625mm propeller rotating at 2265 rpm (5500rpm engine speed) is 694 kph or 373 kts. Choosing a range of forward (axial) speeds it is easy to calculate the angles at the tip (A)  and 1/3 radius (B)  using the formulae:

               tan A = y/x             tan B = 3y/x
For example for a forward speed of 20 kts, tan A is 20/373 giving angle A as 3.07 degrees, whilst tan B is 20 x 3/373 and B is 9.14 degrees. In this way we can derive the values in table 1 for the tip and 1/3 radius angles at different speeds. Subtracting A from B gives the amount of twist appropriate for a given forward speed so as to allow every part of the blade to have the same angle of incidence to the airstream.

Forward Speed    Angle A (Tip)    Angle B (1/3 R)    Twist needed
       Knots                  Degrees              Degrees               Degrees

         20                        3.07                     9.14                     6.07

         40                        6.12                   17.83                   11.71

         60                        9.14                   25.76                   16.62  

         80                       12.11                  32.76                   20.65

       100                       15.01                  38.81                   23.80

       120                       17.83                 43.98                    26.15

       140                       20.57                 48.39                    28.22

       160                       23.22                 52.15                    29.07

             From this it appears that a twist of 12 degrees is suited to around 40 kts. In fact it is worse than that, as sitting in my plane holding a wind speed measuring device just outside the canopy shows the speed of the slip stream to be 40 kts at just over half throttle!  So you could say that a 12 degree twist blade seems to be suited ideally to sitting still on the ground! To be fair that means that it would give optimum initial acceleration. However at 120 kts it would have 14 degrees less twist than ideal, implying that if the tip was functioning efficiently, then the central portion of the propeller would be in Beta mode actually slowing down the airstream!  On the other hand 26 degrees of twist seems ideal for 120 kts and within 3 degrees of ideal for the complete 100 to 160 knot range.

             This seemed such a compelling argument that I asked Woodcomp whether they could produce a propeller for me with 26 degrees of twist. I hoped for and predicted that this would improve top speed and fuel efficiency, and also engine cooling, at the expense of increasing the take off run and possibly impairing climb rate. They replied to say that they didn’t think that twist bore much relationship to performance, but they would see what they could do, if I could tell them how many kilos of thrust I needed for take off! (The maths for that was a bit more complicated, and I won’t inflict it on you!). In due course a shiny new SR3000W propeller arrived which has exactly 26 degrees of measured twist! (fig. 3). 
                Fig 3 about here. Caption: SR3000 with 26 degrees of twist.

This simply bolted on and needed absolutely no adjustment to meet the LAA recommendation of Max Static RPM of 5650 in fully fine pitch. It is a matter of some interest that the pitch range for the SR3000 is 13 to 23 degrees whereas for the SR2000 it is 21 to 31 degrees, going along with the notion that the whole blade of the SR3000 is producing lift and drag, whereas a fair part of the SR2000 blade will be at close to zero angle of attack, needing the tip portion to be at a significantly higher pitch to allow the whole blade to produce comparable lift and drag. 

         After the required LAA test flying was finished I decided to do formal comparative trials of the two propellers to see what if any difference there was with the increased twist. The tests were done on the same morning with identical loading of the plane at 90% max AUW. The outside air temperature was 19 degrees, and the QNH 1010. It was a moderately thermic day but the low level tests were done over the Severn Estuary where thermals are at a minimum, and the higher ones above the cloud tops. True air speeds were as indicated by my Blue Mountain EFIS. The steady speeds and their associated fuel flow rates, and the maximum speeds were all approached ‘from above’ to ensure that the plane was ‘on the front of the drag curve’. With my plane, (a Europa XS monowheel with factory speed kit), there seem to be generally two distinct speeds that can be flown in a stable state with identical throttle, manifold pressure and RPM settings. Doing a shallow dive to go above the anticipated speed and then letting the speed settle down while keeping the plane level will give the higher stable cruise speed, while settling to level from a climb yields the slower speed, typically 5 to 8 kts slower, and associated with a slightly more nose up attitude. The fuel flows were as given by my fitted JPI FS-450 fuel flow meter, which appears to give highly reliable results.
 So what did I find?
Cooling:     This was transformed! My plane has always previously had cooling problems, tending to overheat and need closing down if there are delays in taxiing or if I have done repeated short flights in hot weather. Climbing through the Alps has sometimes needed to be done in stages, with a levelled off phase to allow things to cool down. The LAA tests called for a 5 minute 100% power climb. With the low twist SR2000 prop I had to abandon this at 2 mins 40 secs as the coolant boiled, whereas the SR3000 allowed the full 5 minutes to be completed. Stable cruising oil and coolant temps were about 10 degrees cooler with the SR3000. A day with the SR3000 spent flying Young Aviators at Oxford in hot weather and with repeated flights and regular hold ups waiting for take off, went off without the temperatures ever exceeding 105 degrees. With the SR2000 I have no doubt at all that I would have needed to shut down and allow things to cool in these circumstances.
Take Off Distance:  I had no way of accurately recording distance to lift off, but it was not altered perceptibly. With both props, using 115% power and with the Smart Avionics CS Propeller Controller set to 5650 Engine RPM, I was off the ground (from grass and in a light wind) in about 100 yds.
Climb Rate:    Timed climbs from 1000 to 2000 ft at 115% power took 42 seconds with the SR2000 and 40 seconds with the SR3000.
        Climb rates at max coarse pitch were SR2000 330 fpm,   SR3000 560 fpm. It may be that at 31 degrees tip incidence the SR2000 tip is stalled at relatively slow speeds, whereas the SR 3000 with 23 degrees is producing good lift. This also suggests that the SR3000 coarse stop could reasonably be set higher, probably improving high speed performance.
Top Speed:      Top speed (True Air Speed at 100% power) measured at 2000 ft and 6500 ft was in both cases 4 kts higher with the SR3000 than with the SR2000:
       At 2,000 ft        SR2000 152 kts          SR3000  156 kts
           6,500 ft        SR2000 160 kts          SR3000  164 kts
      At 10,000ft it was possible to overspeed the engine with either propeller at  

maximum coarse setting so no meaningful top speed measurements were possible, but with altered coarse settings, it is clear  that it would be possible to exceed the Europa XS Vne of 165 knots. Increased engine power gives only a modest increase in top speed, and CAFE Foundation calculations suggest that this 2.5% increase is the equivalent of an extra 7.5 horsepower!
Fuel Consumption:  Fuel consumption was measured at stable true air speeds of 100,110,120, 130 and 140 kts at 2,000 ft., setting an appropriate RPM and then adjusting throttle to achieve the air speed:
      TAS (knots)              Fuel flow                          Fuel Flow
                              SR2000  (litres/hr)          SR3000 (litres/hr)
          100                        12                                      12                         

          110                         14                                      13
          120                         15                                      14
          130                         19                                      19
          140                         24                                      23     
        These figures suggest a marginally better fuel efficiency with the SR3000 high twist propeller, averaging 0.6 litres/hr, but the methodology is not precise enough to give a really accurate figure. At 10,000 ft both propellers gave 150kts TAS (129kts IAS) at 21 litres/hr, and it seems probable that this figure could be improved by increasing the course pitch limit.
What is the Conclusion?

         It is clear that the high twist propeller has completely transformed the engine cooling, and this seems quite sufficient proof that this propeller is acting much more efficiently in its central portion. The increased top speed, improved climb rates and slightly improved fuel efficiency all go along with this, but at first sight the puzzle is why the speed and efficiency figures are not improved by a greater amount. Thinking about this a number of factors come to mind: The inner half of the propeller only sweeps a quarter of the area of the whole propeller and a significant portion of that is occupied by the spinner and the inner non aerofoil parts of the propeller root, so the area amenable to major efficiency improvement is a small part of the whole. To look at it another way, since lift is proportional to the square of the speed, the 1/3 radius part of a propeller is only producing 1/9th of the lift of the tip area. So that making the inner part of the blade pull rather than push only alters thing by a modest proportion. 
   Fig 4 about here. Caption: Front view of Europa 
             On top of this the entire central portion of the propeller is directly in front of the fuselage, so increasing the efficiency of this part will increase propeller thrust at the expense of increasing fuselage drag. If the fuselage was a thinner more sleek design, then the improvement in performance would no doubt be more marked.
       So Woodcomp were not far out in claiming that propeller twist is not strongly related to performance. Having said that, the improved engine cooling is worth the change on its own, and I am not going to sniff at 4 knots on the top speed, and the other improvements in climb and fuel flow, so I am certainly not going to send the SR3000 back! In fact I could be described as happy and twisted!






