Differences in efficiency definitions between propellers and turbines
door dr. ir. E.J.Foeth
Notitie bij het college mt527

Consider a radially-symmetric cross section (i.e., disk) exerting a force on the flow. This force is either directed with or against the direction of the flow, depening on the use of the disk as a propeller or a turbine. This thrust, 
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, is equal to the pressure difference, 
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, over the disk with diameter 
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The velocity at infinity equals 
[image: image5.wmf]0

V

 and the pressure at infinity both upstream and downsteam equals 
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. At the location of the disk, the pressure difference causes a velocity change of 
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 and a velocity change of 
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 at the outlet plane. The mass flux through the propeller disk is now
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and the momentum flux equals
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Applying Bernoulli’s equation for conservation of momentum from the inflow to the front of the propeller disk, and from the rear of the propeller disk to the outflow results in
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Subtracting the expressions in eq. (1.4)

 results in
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From this we can conclude that 
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The efficiency is defined as the net gain devided by energy fluw through the disk, or
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Apparently, the efficiency of the disk is only depending on the ratio of acceleration or deceleration of the mean flow.  From this expression can be concluded that the highest efficiency is obtained for very low 
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, meaning a very low 
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. In order have low kinetic energy losses but momentum flux identity, a very low thrust density of required. This is not entirely new to propeller theory.
For a turbine one can compare the energy gained from the flow compared to the undisturbed flow through the propeller disk with a mass 
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. Equations 
(1.6)

 remain unchanged but the efficiency is defined differently.  Here is is noted that (1.1)

 to  GOTOBUTTON ZEqnNum802335  \* MERGEFORMAT  as the mass through the turbine equals 
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 and 
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 for a turbine, or, alternately, due to the expansion of the streamlines over the turbine the upstream inflow area is lower and hence the mass flux is lower. So,
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The maximum value of 
[image: image22.wmf]h

can be determined at 
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meaning that the numerator is zero leading to the solutions
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As 
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and the maximum efficiency at that point is found to be 
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. This value is called the Betz limit, who found it first (well, second, actually). This is different from a propeller that could—that is, in actuator disk theory only—obtain an efficiency equal to unity. Note that propeller and turbine efficiencies are (near-)reciprocals.
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