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Concetning frictien drag forces, we intend te
examine it a little further, in an effort to f£ind new
,,c.';:‘.bigztlﬂ“ for its reduction, hot when h‘ying to do
g0, we will be confronted with subjects dealing with
solid state and quantum physics, surface science, etec,

engineer's as well as the author’s experience,

As a consequence, this note was kept only at a
conceptual level and was written with the main
objective of brimging the attention of the specialists
of these fields to points of common interest with
aerodynamics.

THE FRICTION DRAG AND THE "NO SLIP CONDITION"

In aerodynamics, the flow generated forces
tangential to body surface ave called friction forces
and their resultant in the flow direction is called
friction or surface drag.

For streamlined bodies such as airplanes and
gliders, nearly all fricticn forces act as drag and
can represent the major part of the total drag for a
eruising airplame or a high speed flying glider, which
is not the case for blunt bedies or satellites,

Using continuum fluid mechanics, the friction
foxces can be computed for various flow regimes and
types using the highly developed "Boundary Layer
Theory" [2) and the basic relation:

T = p.dV/idy ,

where T is the tangential force shear stress and dV/dy
is the continuum fluid velocity gradient at the surface
normal direction, both computed at the body surface, u
is a fluid property, the viscoesity, which leads to an
alternative name to the frictiom drag, that is,
viscous drag, and to the corollary assumption that
viscosity is the only responsible to this drag!

In reality, when doing so0, we take for granted
one of the basic hypothesis of the boundary layer
theory: the "no slip condition” which states that the
continuum tangential flow velocity vanishes at the
golid surface, that is, V + 0 vhen ¥ » 0,

This no slip condition has been extensively
confirmed by tests, holding not only in flows wherethe
"Knudsen number", which relates a flow characteristic
lenght to the molecular collision free path, approachs
the unit (A/L > 1),

Typical examples are rarefied gas flows and
conditions at the very beginning of the boundary layer,

Although fluid dynamics text books quote this no
slip condition "en passant” without further
explanations, we must recognise its importamt role to
the friction drag onset and that the fluid viscosity
role is only to determime how this zero velocity
propagates into the boundary layer,

As already said, the momentum exchange which
resulted in the friction drag has already acurred at
surface in fluid to solid molecular collisions!

All this may be more evident when we comsider,
for instance the events in a bondary layer of a
surface starting from rest.

Since, for usual flows,pressure and, less
frequently, temperature are constant across the
boundary layer, thc surface colliding motecules and tha

the same speed, it is intriguing to know why the
continuuw tangential veleocities always vanish even for
very smooth surfaces.

outside boundary layer "free flew" molecules havenearly)

VU U

1

- . 1
who estabilished the boundary layer :
theory basis, considering experimental effects of i
roughness on drag; used to ponder that solid surface :
containad more voids than matter and that fluid
wolecules, after penetrating these voids, returned to
anrfare having lost all tangential momentum.

Prandtl,

Today we know that, although fluid diffusion
into salid may occur, solid molecular distances are
not so great to allow a generalised penetration, .
except in pores of macromolecular dimensions. i

|

What seems to happen is that even for aperfectly
smooth surface such as that of a single crystal, ;
fluid wolecular tangential velocities are broght to ¢
zero value by molecular attraction forces kmow as :
"Yan der Waals" forces,

These forces govern the physical adsorption
phenomens and in cohjunction with the chemisorption
forces are fundamental in technological processes such'
as catalysis, bonding, thin film formation, etc.

Although they are considered "weak" forces when
compared to other atomic or molecular forces (see
table 1), they result from dipole attractions present
in polar fluid molecules or induced in nonpolar ones
and have sufficient strenght to bring slip (tangential}
fluid molecular velocities to zero.

TABLE f -Order of Magnitude of Atomic and molecular forces

ATOMIC FORCES
NUCLEAR . 2000 KeV ;
NUCLEUS/INTERNAL ELECTRON 20 KeV
NUCLEUS (EXTERNAL ELECTRON 10 KeV
MOLECULAR FORCES
10N OR "METALIC" BOND - 4 ev
VAN DER WAALS BOND i-7 eV
HYDROGEN 0,5 eV
obs,: 1 eV = 23 Kcal/mol,

The complete madel of fluid and solid substrate
molecular collision processes is still to be fully :
developed for liquids or gases, and according te Ref. !
[3] quantum mechanic models are a must to account for |
the molecular slectron clouds interactions accuring
in the collision process.

Ir most cases adsorption and sometimes chemical
reactions wmay be present so that for practical [lows
a theoretical complete picture of the no slip condition
and any action to medify it seem to be far out of veach
of teoretical treatment (Sce Figure 2). .
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Fig, 2 =~ Schematic view of single crystal surface
and air melecules iteractions.
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