Inviscid flow around a cylinder has the interesting feature that if you consider
an element of air right at the surface (from the frame of reference where the
remote air is still), the speed of the air remains constant (equal to V, where V
is the speed of the cylinder) as it moves along the surface.

If you (naively) apply the “traditional” form of the Bernoulli equation you
find:

L 1 2 1 ., 1
Psurface = Pt — Epv =Pr— EPV = Pamb T EPV - TPV = Pamb = constant.

It 1s well known that the pressure does vary over the surface of a cylinder, so
this result cannot be correct. If you apply the form of the Bernoulli equation
that applies in the reference frame where the remote air is still, you get:

1
Psurface = Pamb T P <V17x - §U2>!
where:
v=V, and v, =V — 2V sin?4.

Substituting these values gives:

!
Dsurface = Pamb + P [V(V =21 "#! 1)1 '_Vz],
which simplifies to:

1 2 2 cinl NI |
Psurface =pamb+§pV — 2pV*sin“ @ = pr — 2pV" I"# 1]

How does this compare to the result you get from applying the “traditional”
Bernoulli equation in the frame of reference that is moving with the cylinder?
In that frame of reference you find:

1 2
D issone ' = Dr — Epv

where:
v =—2Vsiné6.

Substituting for v gives:



!
Psurface | 1! I—!(! LVI"g1) 111 1pV2sin? 6

So if you apply the correct form of the Bernoulli equation, you find the same
value for the pressure at the surface of the cylinder whether you look at it
from a frame of reference moving with the cylinder or a frame of reference
where the remote air is still. There is no paradox here. The important
takeaway is that there is a reason why the flow is normally analyzed from the
reference frame moving with the cylinder or airfoil: the flow in that reference
frame 1s steady. You can analyze unsteady flows, but doing so requires
exceptional care to ensure that you don’t “contaminate” your results by
applying concepts that are unique to steady flows (like the “traditional”
Bernoulli equation).



