 SEQ CHAPTER \h \r 1WHAT ABOUT PROPELLER DRAG?

Does propeller drag actually produce appreciable negative effects-how does it relate to the power developed by the sails? As an example, the specific thrust factor for a 10-knot wind ranges from 0.4 to 0.7 pounds per square foot of sail area, depending on the point of sail with beam reaching usually being the most efficient and beating the least efficient. Under reaching conditions, a boat with 700 square feet of sail and a thrust factor of 0.6 would be developing 420 pounds of effective thrust. A fixed three blade prop exerting 80 pounds of drag would drain off about 20% of this sail power. On a weather leg, the sail thrust would be 280 pounds and the 80 pounds of propeller drag would dissipate 30% of the sail power.

One of my early cruising boats was a 26' Sea Bird yawl equipped with a very tired 25-hp gasoline engine turning a 13" three-bladed propeller located in a large aperture in the rudder. Part of the reason' for the large aperture was a stern gland at the end of a tube that projected 4" beyond the stern post. She was a fine little vessel but was slow in coming about and generally a bit heavy-gaited. To improve performance, I installed a shorter stern gland and filled in almost half the rudder opening. The big, fat-bladed propeller was replaced with a 12", two-bladed propeller, 3" in width, that could be totally hidden behind the deadwood. The effect was astonishing. Not only did the sluggishness disappear but the boat sailed at least a knot faster. And performance under power was also surprisingly improved; the large prop had been lugging down the tired engine so that efficient power could not be developed.

But the old engine was a big headache, so I pulled it out and replaced it with a 5-hp British Seagull outboard mounted on a sturdy stern bracket attached to the boomkin. The prop and shaft were removed, the rudder aperture completely filled in, and with the relatively heavy engine gone, the boat floated on better lines rather than her previous stern squat. Again, the effect was astonishing. She was even more alive, faster and a pure joy to sail. And the little outboard did its job just fine for narrow channel powering and tight docking situations.

An interesting area of discussion is the practice of allowing a solid propeller to free-wheel in order to minimize drag. Some sort of clutch arrangement is usually necessary to disengage the shaft from the gearbox and engine to prevent damage to the transmission. But it seems that this matter of whether a rotating or stationary propeller provides less drag is not a simple yes or no and depends on a number of factors.

Under sail, if the prop is allowed to freely rotate, a condition can theoretically be reached, dependent on hull shape, boat speed, and propeller characteristics, where there should be no drag. This condition is given by the following formula:

[image: image2.wmf]Edward L. Delmar-Morgan reports experiments where the maximum drag occurs at about 38% of the rpm for no drag. The drag for a stationary, non-turning prop is about 83% of this maxi-mum drag figure. The accompanying curve illustrates the results of applying this drag formula to actual tests on Delmar-Morgan's 33' LAURA sailing at a speed of five knots and carrying a three-bladed propeller 15" in diameter with 12" of pitch.

Nigel Warren has reported on a series of tests on the drag of a two-bladed propeller 12" in diameter with an 8" pitch trailed at various shaft speeds. At a water flow ~peed of six knots, a locked shaft condition gave 20 pounds of drag. A free-wheeling condition at 200 rpm produced a maximum drag of 60 pounds, then decreased to 15 pounds at 750 rpm. By varying the water flow speed at the prop, his tests also proved that maximum drag occurs when the prop is turning slowly and acts as an effective brake. This drag is dependent on four factors: (I) speed of the water into the prop; (2) ratio of pitch to diameter; (3) blade area; (4) frictional shaft torque (stuffing box, bearings, gearbox).

For most practical purposes, unless you want to get involved in lengthy experimental measurements on your own boat, it seems better to lock the propeller in a stationary position (preferably a two-blade hidden behind the deadwood or a feathering/variable-pitch installation). In order to have decreased drag characteristics with a free-wheeling prop, you would need to be sure that the boat is sailing at a speed where the propeller rotation is at least greater than about 60% of the rpm required for no drag.

There are some efficient folding propellers on the market that are practical for use with smaller engines. Variable-pitch props are a fine way to go, allowing pitch and rpm to be cranked in for various sea and wind conditions. Under sail the blades are feathered fore and aft for minimum drag. Although the adjustable-pitch propeller is expensive, the overall power installation is reasonably priced since it eliminates the need for a reduction gear, clutch arrangement, and reverse gear. Fuel costs should be lower because there would probably be more sailing and less powering with a minimum drag prop. It seems like a needless waste in performance for a cruising sailboat to drag around a too-large prop when there are other more serviceable alternatives.
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