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Determination of aerodynamic forces acting on a flexible rod
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The paper discusses issues of the mechanics of absolutely flexible rods, In
particular, the influence of aerodynamic forces on the stressed-deformed state of the
rod. Equilibrium equations are obtained and appropriate conclusions are drawn based
on the results of numerical solution.

Keywords: absolutely flexible rod, aerodynamic force, Karman force, Reynolds
number

Absolutely flexible rods refer to structural elements whose bending and
torsional stiffness is significantly lower than other parameters. To simplify the
calculation, such quantities are not taken into account and we only consider
tensile forces, which have a significant impact on the strength of the structure.
Absolutely flexible rods (threads) have wide applications in various fields of
technology. This can include power lines, hoses used to pump liquids, ribbon
radiators and more. The term "thread" comes from the fact that such tasks were
originally considered when discussing problems arising in light industry. In
particular, the strength of the thread when it breaks, as well as the influence of
aerodynamic forces on its shape and durability.

Under real operating conditions, they are exposed to hydro and
aerodynamic forces. These forces depend on the flow velocity and the angle
between the tangents to the axis of the rod at a given point.

The calculation of such structures can be considered in several stages:
1) Determine the static equilibrium of a rod when an external flow acts on it.
In the case of hoses, the influence of internal flow must also be taken into

account.
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The equilibrium shapes and tension of the rod must be determined.

2) In a state of static equilibrium, variable external and internal forces
acting on it can cause oscillatory movements, which significantly changes the
picture of the stressed-deformed state in the structure. Therefore, it is necessary
to first solve the free oscillation problem: Determine the frequencies and shapes
of natural oscillations. This latter must be taken into account when calculating
forced oscillations.

First, the external forces acting on the structure must be determined. The
main difficulty in determining the effects of external flow on a rod is that they
depend essentially on the direction of the flow and the angle between the rod
edges. Since the stem has the shape of a spatially curved line, this angle changes
with the change in the linear coordinate of the stem. The applied force also
depends on the Garsden mode, which, in turn, depends on whether the rod is
stationary or moving.

When solving a statics problem, we assume that there is potential (laminar)
flow. This is true for a given flow velocity and a given Reynolds number. The

Reynolds number is given by

vd
Re = —,
v

Where v is the flow velocity, d is the diameter of the cross-section of the
rod (assuming that the cross-section of the rod is a circle), and v is the
coefficient of kinetic viscosity of the fluid.

Depending on the Reynolds number, we have different flow regimes:

1) When 0<Re<40, laminar flow occurs.

2) When the flow in the boundary layer and behind the body changes from
laminar to turbulent flow, pressure pulsations begin. Then we have the critical
regime of the surrounding current. This mode corresponds to the range
40<Re<150. The flow is interrupted behind the cylinder and the frequency of

interruption determines the number of Struhal

d
Sh =22 ,
v
where o is the cutoff frequency of the flow particles.
3) Post-crisis, or turbulent, regime, when there is a turbulent flow

established behind the boundary layer and the body. In this mode, the Reynolds
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number changes from 150 to 300. At this time, due to the asymmetry of the
cross-sectional contour, forces will arise that act on the body at the flow cutoff
frequency and cause oscillatory motion (Kdrman forces).

If the rod has an elastic attachment, then it begins to vibrate, and if its
frequency coincides with one of its natural vibration frequencies, we get
resonant vibrations, which can lead to the failure of the structure.

To study the described process, let's consider individual cases.

Experiments have shown that the magnitude of aerodynamic forces

depends on the velocity in a given direction and is proportional to its square (1).

. vy _ av?
n = ChP—> 1 = P>

Where ¢, and c¢; are aerodynamic coefficients and are determined
experimentally, and d is the cross-sectional diameter of the rod.
Plot the normal component of the aerodynamic force on the corresponding
axes:
Gnx1 = QnoSing@q(cosacosp — x,c0s¢,),
Anx2 = qnoSinga(sinf — xX,co0s9,),
Gnx = qnoSin@q(sinacospf — x3c0s@q)
By similar transformations we obtain the expressions in the case of
tangential force:
Qixi = 410€05>Pa%,51gn(CO5 Q).
Taking these expressions into account, the equilibrium equations of the rod

[1] in dimensionless quantities will take the form:

dQxi
de

Studies have shown that (2) the normal component of the aerodynamic

t Gnxi + Q1xi — 521’ =0;i=123.

force is several times greater than the tangential component, therefore, if high
accuracy is not required in the calculation, it is possible to ignore the tangential
forces in order to simplify the calculation and take into account only the
normal component.

The analysis of the above equations allows us to conclude that aerodynamic
forces significantly increase the tension in the rod. Therefore, it is necessary to

take these forces into account when demolishing similar structures.
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