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We take propellers for granted, but the simple prop obviously does an important job on our toy airplane. Actually, the prop does two important jobs: (1) Provide thrust for takeoff and climbing, and (2) Fly the aircraft at a definite speed. Let's look at that last item first. airscrew.gif

SPEED
Go to your workshop and thread a 1/4-20 nut part way onto a suitable bolt. Now carefully turn the bolt exactly one turn into the nut. Congratulations, you just advanced the bolt exactly 1/20 of an inch forward into that nut!

How do I know this? Simple. Nuts and bolts are made with a definite pitch. This means that our 1/4-20 bolt and nut have twenty (20) threads per inch of length. So turning the bolt one turn is the same as advancing it 1/20 of an inch. Two turns: 2/20ths, five turns: 5/20ths, etc.

The pitch of a propeller tells us how far forward the prop would pull the airplane through the air in one revolution in level flight.This pitch number is usually the second number in its size designation, like 10-6, 6-3, 12-5, etc.

So how fast can our aircraft fly? To find this out, we need to know the engine revolutions per minute, or RPM. This is conventionally measured before takeoff using a tachometer. Point the tach at the spinning prop from six inches behind the engine (for safety) and read the RPM.

A typical sport .40 engine should easily spin the typical 10-6 prop at 10,000 RPM. As a rough guess, use a simple formula that says: “Multiply the pitch in inches by the number of thousands of RPM, and that’s the aircraft’s speed.” So 6 x 10 is 60 MPH. Quick and dirty.

What complicates the precise measurement of airspeed is: We have no little pilot in the cockpit to read an airspeed indicator on the instrument panel! So precise calculation depends on a number of factors, like the drag of the aircraft, the efficiency of the prop, and a fudge factor that sort of accounts for the shape of the airfoil that’s used in the design of the propeller.

This last item, the prop’s airfoil shape, is what distinguishes propellers from wood screws. Woodscrews don’t have airfoils! The airfoil shape generates some “lift” in the forward direction as the prop spins, thus increasing the speed a bit compared to the forward motion due solely to the measured pitch of the prop expressed in inches. In any case, what’s happening is that the prop is literally screwing itself through the air, like a bolt through a nut, or a woodscrew through pine.

But props aren’t 100% efficient. Unlike screws, props “slip” as they screw themselves through the air! How much? It depends. As for airplane drag, it’s obvious that a typical sport model, with three ugly wheels hanging down and ratty covering and a boxy shape, has a lot of drag. A scale WWI biplane, with struts and wires and a big, blunt nose, has a lot more drag, whereas, a racing aircraft, with retracting landing gear and a pointy nose, has a whole lot less drag. You figure it!

Those rare few fliers who have on-board instrumentation in their models, can tell you, via telemetry, how fast their aircraft are flying. You and I can only rely on a wild guess!

THRUST
Thrust is easy to measure on the ground. Hook up a fishing scale and measure the pull. (Thrust and pull are the same, of course.)

A fun thing to try is to change brands of the same-size props, say from a master Airscrew to an APC, and measure the difference in thrust. You’d be surprised! 

Your Editor tried this on one of his electric motors in a test stand. He tried an APC 9-6 and a Master Airscrew 9-6. For the same power input, the Master prop produced 2.0 pounds of thrust, whereas the APC produced 1.8!

Does this mean that the APC is a “bad” prop? Not necessarily. I have yet to fly an aircraft with these props. It may be that the APC flies an aircraft faster than a Master, though we know that’s hard to measure. (Go back a few paragraphs and check it out.)

Where do we need thrust? Thrust is the big factor in takeoff and climbing, so the more thrust, the better.

But our toy airplane props are a compromise between the thrust we need for takeoff (when airspeed is zero) and climbing (when airspeed is low) and the top speed we want for flying fun (when airspeed is supposed to be high).

At zero (takeoff) or low airspeed a low-pitch prop gives more thrust, but doesn’t yield good top speed at cruise because the pitch is too low; a high-pitch prop doesn’t have good thrust for takeoff but has good top speed. No one prop can do both jobs well! However...

Long ago, the full-size airplane people got around the thrust-verses-speed problem with the variable-pitch, or constant speed propeller. This kind of prop changes pitch depending on the load on the engine. At takeoff, when airspeed is low and engine load is high, the prop has a low pitch for good thrust and also for climbing.
As the airplane approaches level flight cruising speed at cruising altitude, the prop senses the “unloading” of the engine and increases the pitch for higher speed. 

Cool! Gimme some!

Unfortunately, constant speed props are not quite available for toy airplanes. Many years ago, Hi Johnson offered such a prop, but it tended to vibrate and shed blades. Nasty!

Very recently, Bob Kress has been advertising constant speed props for electric models. So far, I only know about these props from what I’ve read in advertising. It should be fun to read the tests in the model magazines in a few months. Stay tuned!
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