Review comments

It is always interesting if it is possible to come up with alternative formulations of the Betz
limit or other ways of deriving it. Unfortunately, the derivation in the present paper is based
on a simple sign error and an assumption that is not justified. The problem is that the
derivation given in the paper is not consistent. It is too vague just to phrase some general
statements regarding the use of Newton’s law. In fluid mechanics, as in continuum
mechanics in general, it is required to introduce the integral form of the equations with
properly defined control volumes and sign conventions. Doing this, the integral equations of
mass conservation and axial momentum is conveniently written as (see e.g. Fox and
McDonald’s text book ‘Introduction to fluid mechanics’, Wiley and son’s):

[ pU-dA=o0,
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where CV denotes the chosen control volume, uy is the axial velocity, U=(uy, uy, u;) is the
velocity vector and dA denotes the boundaries of the control volume, with i designating the
outward pointing direction vector.
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Example of a control volume

Now, dividing the flow domain into two parts, one going from far upstream of the rotor to a
section ending just in front of the rotor and another starting just behind the rotor and
ending far downstream, both laterally limited by the stream-surface going through the rotor
tips. Using the same notation as in the paper, we get:

Upstream CV analysis:  —pAV, + pA V.2 =pAV (V. -V,)=—p A

Downstream CV analysis: —pA V. + pAVZ =pAV (V. -V )=p. A,



Here p,, is the pressure acting on the upstream surface of the rotor and p,, is the pressure

acting on the downstream surface of the rotor. From these two equations, the thrust is
given as the pressure difference over the rotor multiplied by rotor area:

T=(p"-p)A, =pAN.-V,)

The derivation of this equation corresponds to the one in the paper ending with eq. (19).
However, in the paper the second downstream equation has a wrong sign, such that this
equation incorrectly reads

T=(p" = p)A, = AV [V —V,) -V, -V)) |-

This equation is obviously not correct, and it does not make it more correct by assuming
that V,; =V,, which is the second erroneous assumption in the paper. Interestingly, this

assumption then results in the same equation as the one derived by Betz, when inserted
into eq. (19). However, the derivation is based on a flaw (wrong sign) and an assumption
that cannot be justified. Hence, the analysis in incorrect, and | cannot recommend that the
paper be published.



