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On the operating principles for Supercavitating/Superventilating Propeller.

When a conventional blade profile (~flat pressure surface, rounded nose, center of pressure ~30% chord) is operating in twophase flow, the stagnation point ”creeps” slightly down and aft, causing the cavity to move forward and the limiting streamline (dividing the phases) will ultimately detach completely from the blade. This leads to a choking sequense, with developed thrust suddenly going down. This is shown below for a noncavitating propeller (Ingalls Shipbuilding, prop no D924, tested in Hydronautics tunnel late 1970-ies).
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The sudden decrease in performance is clearly seen. Compare the test runs under atmospheric conditions above.

The corresponding comparison for a SC/SV propeller is shown below. Data is for a Russian SC prop with wedge-shaped section, 2 blades, area ratio 0.54. It has been tested fully submerged under varying cavitation numbers without and with ventilation (from the hub). Note: ”kappa” = cavitation number, k2 = torque coefficient, k1 = thrust koefficient.
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In the righ hand diagram you can see the performance reduction under increasing cavitating, nonventilated conditions; unfilled marks. The ”X” curve shows ventilated and cavitating (kappa =0.6), while the filled dots show noncavitating, but ventilated operation. Note that the later two show practically similar performance! This type of propeller is not losing ”grip” in the same way the ”normal” prop does; it has a low, but continuos kt characteristic, which can be modulated, either by ambient pressure  or ventilation air volume.

The left diagram shows a typical resistance curve for a planing vessel (1), the typical thrust curve for a SPProp (2), and the nonventilated thrust for the same prop. As you can see, the hump in the drag curve prevents speed increase above ~8 knots, even if characteristics is adequate for ~26 kn. Fully wetted, the max speed would be ~19 kn; it is obvious that this setup has to be accelerated under non-ventilated conditions to clear the hump, but once over the critical speed, it must be ventilated to reach max speed.  A standard prop like the D924 is good noncavitating, but totally unsuitable for SC or SPP operation due to its sharp performance reduction.







