Describing aerodynamic lift fundamentally
wrong for eight decades — Bernoulli reversed

Martin Ingelman - Sundberg

The ICAO/FAA version of "Bernoulli’s
principle” implies denial of the inertia
of mass i.e. of every possibility for lift.
Follower theoreticians’ misunderstand-
ings of Ludwig Prandtl’s geometrical
definition of incompressibility caased it.

1. A contradiction problem

[CAO DOC 7192, 1985 states that: ” in-

crease in velocity causes decrease in pres-

sure”. It implies denial of the inertia of
mass and Newton’s 1st law. (ICAO = The

International Civil Aviation Organisation).

FAA = Federal Aviation Administration

us). .

Daniel Bernoulli, "Hydrodynamica”
(p. 258) (1738): “Hic non tam pressio ex
velocitate quam reciproce velocitas si fo-
raminulum in lateribus canalis fiat ex pres-
sione definiri polest”.

"Here the pressure can be defined, not
so much from velocity, as reciprocally the
velocity from the pressure if there is a small
hole in the side of the canal”. (Bernoulli
knew the Newton’ s lst law and the con-
cept "inertia of mass™).

The lift explanations today are all ba-
sed on some kind of argument about why
the velocity above the wing should be in-
creased and below it decreased, after which
the reversed Bernoulli motivates the pres-
sure. The most common ones are
a) "Longer distance to travel over the top

side in the same time”,

b) "Squeezing the flow between the top
side and infinity compared to a half ven-
turi tube”.

¢) "Circulation” around the wing related to
an 1870 misinterpretation of the cut ten-
nis ball”. :

Faults:

a} No reason why the time should be the
same. Lift will itself create a time diffe-
rence.

£ ) The percentage squeezing will be zero.

¢ ) Instead it is the lift that initiates the mo-
tions mathematically described as cir-
culation

All those explanations contradict the ba-
¢er fundament for all aerodynamic effects
- the concept of inertia of mass.

Inertia is a daily life experience and
/# makes understanding lift easy, if
ied it will be impossible
Salileo Galilei (1564 - 1642} first obser-
wad it and pointed out this property of mass
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and Isaac Newton (1642 — 1727) formula-
ted it as his "I law of mechanics” — “the
law of inertia” in 1687. Le. it means that
“every mass will keep its state of motion if
not acted upon by an external force”.

If you suddenly move a plate with soup
10 the side, it is the soup inertia that causes
it to remain where it was, but now with-
out any plate to support it. When standing
in a bus, it is your own 60 — 80 kg mass in-
ertia you feel the effects of, when the bus
changes direction or speed. You have to grab
a handle not to fall and can feel the neces-
sary reaction force. A cube with side 4 m
contains at sea level 80 kg mass of air with
the same inertia you felt the effects ot inthe
bus. When two cars collide it is the inertia
of their masses that causcs forces to occur.

If you move a vertical plate (for example
a cutting board through water in your dish
basin or bath tube inclined 5 -- 10 degrees
{("angle of attack™) to the direction of motion,
both sides of it will be active in accelerating
water mass crosswise, one side will get a
pressure increase, the other a pressure de-
crease. You will experience the reaction for-
ces from inertia in both “the pressure side
water” and “the suction side water” to start
their crosswise motions. If you round the
“leading edge” of the board you will see that
the flow will follow the suction to higher an-
gles and larger forces. If you put some white
peppercorns as indicator on the surface you
can learn much about fluid tflows.

Already Leonardo da Vinei (1452 —
1519) understood how sails pull the ships

by changing the direction of the (inertial)

wind mass. Cayley (1821 — 1895), Lilien-

thal, Lanchester, Prandtl, Munk and others
understood the importance of mass. Also

Wolfgang Langewiesche’s physically cor-

reot pilot book »Stick and Rudder” (1945)

should be mentioned here, It seems howe-

ver as if Prandtl’ s application of classical
hydrodynamic caleulation methods beca-
me misunderstood by some leading follo-

wer theoreticians. Translation errors in a

NACA report 116, 1921, can have contri-

buted.

The wingsection in figure 1 was spe-
cially selected to show the falseness in ex-
planation a) above.

The physics will be as follows:

1) The crosswise accelerations (=flow di-
rection changes), due to inertia forces
create transverse pressure gradients,
which at the surface add to or subtract
from the atmospheric pressure.

2y Asaresuit of this, also longitudinal gra-
dients will form and the iocal longitu-
dinal velocity along a streamline will va-
ry as function of local pressure.

3) This, in it’s turn, initiates variations in
the distance between the smoke lines --
observe in that order.

4) The flow elements nearest above and be-
tow the leading edge will never meet
again. A “phase shift” proportional to the
lift coefficient will always be created.

5) The downward direction change bet-
ween the leading and trailing edges gi-
ves the total lift.

Smoke pulse position 12
Above Below %

Inertiaforces counteracting ihe atmospheric presgure

Smoke pulse position 1

"™ Inertia forces added to the atmospheric pressure

Figure 1.

How a wing section works in principle. Photo by the author from the smoke tunnel at

The Royal Institute of Technology, Stockholm, 1992.
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Control_volume fixed in space

English 1907 and in
German 1909). L.
Prandtl and EW.

Lanchester met in
Gottingen 1908.
Even Th. von Kar-
man was in this
meeting. That this
Lanchester  know-
ledge — the basic
fundament for the
whole [inear poten-
tial theory — neither
was iransferred by
Prandtl or by von
Kdrman must be the
real cause for the
fluid mechanics pe-

Figure 2. The basic “Euler equation” dp = -p v dv (It is a vector)
p = local air density, v = local air velocity, d = differential

Before any incompressibility mathema-
tics had been misunderstood, Otto Lilien-
thal, already in 1895, excellently described
the physics:

"The air which above the wing flows
past in a curved path will through centri-
fugal forces cause a suction against the sur-
face and thereby create a slight thinning of
air. The air which flows along the bottom
side will due to it’s centrifugal “striving”
expenience a slight compression, which
will act as a pressure from below against
the surface. Air thinning above and air
“thickening” below, or what is the same,
the “outward” - force from the above and
below in curved path by-flowing air will be
the lift force acting on the surface”.
("Die Profile der Segelflidchen und ihre
Wirkung”. Zeitschrift fiir Lufischiffart.
1895, 5. 42 -37.)

3. How can the mistake with Bernoulli
relation denying inertia have emerged
The air flow around wings and bodies is
governed by the laws of mechanics of the
general gas law and of the air viscosity in
a very complicated manner. For every
small air package in the flow field there
must be a balance between it’s nner iner-
tia and external forces acting on it.

Already 1750 Leonhard Euler (1707 —
1783), a friend of Daniel Bernoully, defi-
ned the equations of motion for the flow fi-
eld (neglecting viscosity) by introducing a
kind of fixed “control volume” through
which the fluid flows. That the air accor-
ding to the gas law changes it’s density ma-
de however even these equation impossible
to solve before the supercomputer age.
Figur 2

If one only considers a limit case with
velocity going to zero the density would be
constant and for that special case already
a constant volume flow tield would satis-
ty the mechanics. That was shown by Lan-
chester in England (”Aerodynamics” in
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ople overlooking of
the concept of the
inertia of mass.
After WW I Prandtl 1918 — 1921 pu-
blished his wing theory. In this he bypas-
ses the mechanics and goes directly to the
criteria of constant volume. He however
points out a difference and that the real ca-
se is governed by inertia and mechanics but
does seemingly not treat this matter suffi-
ciently. e writes that it would correspond
to an ideal incompressible inviscid fluid al-
though it can be nothing but a mathemati-
cal limit case. No fluid can accelerate wit-
hout pressure density gradients. The cal-

culations adapt constant volume velocity -

fields to be tangential to the wing surface
and from those velocitics pressures are de-
rived via a physically reversed use of the
Bernoulli relation.

Very soon after his publication other
theoreticians started to talk about Prandtl’s
ideal flow as if it was a really existing flow
of mass. Prandtl’s ¢lear warning that the
real flow is governed by mechanics seems
generally overlooked. Even accepting the
constant volume approximation the calcu-
lations get extremely complicated and the
active persons more mathematically incli-
ned than interested in the physics.

In the US Theodore von Karman n a
trendsetting book "derodynamic Theory.
Perfect fluids™ (1936) leaves the mechanics
of his “perfect” very unclear and the im-
pression of an existing fluid becomes en-
hanced. His lift is based on “circulation”
and the reversed Bernoulli and connected
to physics with lord Rayleigh’s incorrect
interpretation, 1870, of the Magnus effect
{of the cut tennis ball}. In the book "Aero-
dynamics of the aeroplane” (1941) Milli-
kan and von Karman gives the "squeezed
stream tubes lift explanation” a mislcading
strength. [t was a milestone down.

Both Lanchester and Prandtl, who un-
derstood “’the moving wall effect” on the
boundary layer separation said that "lift
must cause circulation”, Von Karmén in-
stead turns this all around and writes “the’

circulation creates the pressures that gives
the 1ift”. It is a kind of "logic somersault”
only thinking inside the mathematical mo-
del.

4. Conclusions

The university teaching in both agrodyna-
mics and fluid mechanics must be refor-
med. The physics behind the mathematics
must be taught. Today aerodynamicists ex-
cellently calculate a local pressure change
but few can describe the physics. The rea-
son is that the fiction named perfect fluid”
has worked so good for calculations that it
has replaced the reality in their mind.

For physical descriptions this "missed
knowledge link™ however has led to a num-
ber of directly misleading “plausible fal-
sehoods” crowned by the inertia denying
falsehood contradicting Bernoulli’s own
writing. When those falsehoods then got
prescribed by the aviation authorities they
directly have blocked all correct pilot
teaching.

It is an irony of fate that all talk about
Bernoulli is caused only by the fact that it
was not possible mathematically to calcu-
late better. It was accepted although no one
ever will get a pressure change from his bi-
cycle pump without changes of it’s air vo-
lume.

The author hopes that this article by
connecting lift to everyday life will help the
university teachers to see and teach the
physical reality. Then today’s unnecessary
mysticism about lifi and flying can be eli-
minated to the general public. Probably it
also can prevent an accident now and then.
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