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Introduction:

This memo provides a description of propeller performance as described by the fundamental equations of energy, momentum, and conservation of mass.  It does not consider the details of hydrodynamic forces on the propeller.  

Basic Equations:

The characteristics of the propeller are its area (A) and its advance ratio ().  The latter is in units of distance per rotational angle, and can be thought of as the distance the propeller exit flow moves per unit of propeller rotation.

The propeller operates in a free stream of velocity vo.  It accelerates the water entering the propeller by v.  The exit velocity of the propeller (vo + v) is related to the propeller rotation rate () by:

(vo + v) = 
Conservation of mass dictates that the rate at which water enters the propeller (mass/time) must equal the rate at which water leaves the propeller.  We take the area of the water jet leaving the propeller as equal to the propeller area (A). This results in the effective area of the inflow (Ain) being:
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The mass rate for the propulsion system is:
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The force exerted by the propeller is equal to the rate of change of momentum, and is thus the mass rate times v:
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The power associated with accelerating water is the difference of the kinetic energy of water on the input and output sides per unit time:
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Note that the power required for the propeller to accomplish this acceleration will be greater due to hydrodynamic efficiencies.  If the propeller has an efficiency of , then the shaft power (Ps) required to accomplish acceleration of the water is:
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LRAUV Propulsion System:
From Yanwu email we have the following for our present propulsion system.  Note that the effective free stream speed is the flow experienced by the propeller, which is in the wake of the vehicle.

	Free Stream Speed
	Effective Free Stream Speed
	Rotation Rate
	Propulsion Force

	0.5 m/s
	0.42 m/s
	150 RPM or 15.7 rad/s
	1.8 N

	1.0 m/s
	0.87 m/s
	300 RPM or 31.4 rad/s
	6.6 N


The diameter of the propeller is 10”, and thus the area is: 0.0507 m2.

The advance rate is related to the force measurement by:
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Solving for the advance rate using a density of water of 1027 kg/m3, we get:

	Effective Free Stream Speed
	Rotation Rate
	Advance Rate

	0.42 m/s
	150 RPM or 15.7 rad/s
	0.0312 m/rad

	0.87 m/s
	300 RPM or 31.4 rad/s
	0.0318 m/rad


Lets compute power required to accomplish this thrust using a = 0.0315, assuming a propeller efficiency of 84%.
	Effective Free Stream Speed
	Rotation Rate
	Kinetic Power, Pk
	Shaft Power, Ps

	0.42 m/s
	150 RPM or 15.7 rad/s
	0.88 W
	1.0 W

	0.87 m/s
	300 RPM or 31.4 rad/s
	5.7 W
	6.8 W


Finally, lets compute how the propeller performs at bollard (vo = 0) as a function of rotation rate:
	Rotation rad/s
	RPM
	Force(N)
	Power(W)

	0.00
	0
	0.0
	0.0

	3.14
	30
	0.5
	0.0

	6.28
	60
	2.0
	0.2

	9.42
	90
	4.6
	0.7

	12.57
	120
	8.1
	1.6

	15.71
	150
	12.7
	3.1

	18.85
	180
	18.2
	5.4

	21.99
	210
	24.8
	8.6

	25.13
	240
	32.4
	12.8

	28.27
	270
	41.0
	18.2

	31.42
	300
	50.6
	25.0

	34.56
	330
	61.3
	33.2
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