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Abstract: This paper contains results of transient analysis of airflow around the ACSR power line cross-section 

in unsymmetric multi-span. The forces applied to the power line are obtained from CFD simulations, where the 

wind induced vibration is studied. Effect of these forces to the maximal displacement of the power line and the 

maximal mechanical forces in the points of attachment are studied and evaluated. 
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1 Introduction 

Vibration and oscillations of overhead power lines is a very dangerous problem because it 

can cause mechanical damage of the conductors, insulators, armatures and power line pylons. 

They can negatively influence the whole power transmission system and can make a power 

transmission system collapse. They can be classified into three groups: aeolian, galloping and 

subspan oscillations [1]. 

 Aeolian vibration is caused by vortex shedding behind the conductor, where the 

frequency of vortex shedding is given by the Strouhal number. Aeolian vibration occurs 

in low to moderate winds, and has an amplitude comparable to the conductor diameter.  

 Galloping occurs in medium to high winds and if ice or snow builds up on the 

conductor and creates an aerodynamically unstable shape. This can give large forces 

and moments on the conductor. The most violent galloping occurs if the torsional 

eigenfrequency of the line is close to one of the lower eigenfrequencies for vertical 

vibrations of the line [1]. 

 Sub-span oscillation is a phenomenon that occurs on bundled conductors, where the 

vortex shedding wake hits one of the other conductors and this conductor starts to 

oscillate.  

Vibration and oscillations of overhead power lines is investigated by many authors. Large 

amplitude vibrations of long-span transmission lines with bundled conductors in gusty wind is 

studied in [2]. In [3], the impact of wind-induced vibration coefficient of transmission tower 

is presented. The issue of line vibration and galloping of power lines is presented e.g. in [4] 

and in [5] numerical simulation of galloping by means of ABAQUS software is presented. 

Airflow around the ACSR power line conductors is difficult physical tasks. The flow behind 

the conductor starts to oscillate and single vortices are periodically separated and dragged 

with the rest of the flow. This is called von Karman Vortex Street (Fig. 1). It's time 

periodically recurring unstable vortex structures that arise behind the conductor under 
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constant input parameters (constant air velocity and mild turbulence). For the situations of air 

flow around the overhead power lines in multi-span it is necessary to perform an experiment 

or a simulation [1].  
 

 

Fig. 1 Schematic representation of Karman Vortex Street behind a conductor 

2 Modelling of airflow around the ACSR conductor 

A model (tunnel) for modelling and simulation of forces caused by airflow around the 

power line cross-section was created in software ANSYS CFX [6]. Here, a horizontal constant 

flow of air in the direction from left to right was applied (Fig. 2). 

 
 

Fig. 2 Model of airflow around the power line cross-section 

 

Parameters of the model are as follows: 

 tunnel length: L1 = 0.6 m  

 height of the tunnel: L2 = 0.15 m 

 the tunnel depth: b = 0.001 m 

 position of the power line cross-section from the beginning of the tunnel: L3 = 0.1 m 

 position of power line cross-section from the bottom of the tunnel: L4 = 0.075 m 

 diameter of the conductor AlFe 445/74: d = 0.02963 m 

 velocity of air flow: vair = 1, 5, 10, 15, 20, 24, 26 ms-1 

 inlet turbulency: turb = 5% 

 turbulence model: k- 

The simulations are considered for different speeds of air flowing around the conductor 

cross-section (velocities vair = 24 ms-1 and vair = 26 ms-1 represents the maximal air speed for 

two wind areas in Slovak republic [7]). Numerical simulations were done for the ambient 

temperature T = 20 °C. Fluid flow is solved by FVM (Finite Volume Method), it is necessary 

to set up equations for every node of the element of the model.  

In CFX there are some requirements of mesh of the model. It should be fine enough to 

involve all regions with high gradients of velocities of the fluid (near the solid surfaces of the 

model). Complete mesh of the tunel contains 48261 elements and is shown in Fig. 3 (left), and 

a detail of the mesh around the conductor cross-section in right.  
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Fig. 3 Mesh of the model (left) and detail of the mesh around the conductor cross-section 

(right) 

 

The monitored parameters for the simulation quality was the parameter y+ [-]. For air flow 

around the AlFe 445/74 power line cross-section the the parameter must be y+ <2. The values 

of y+ [-] for air flow velocity vair = 20 ms-1, vair = 24 ms-1 and vair = 26 ms-1 are shown in  

Fig. 4. 

 

 
 

Fig. 4 Values of the y+ [-] parameter: a) vair = 20 ms-1, b) vair = 24 ms-1, c) vair = 26 ms-1 

 

The distribution of velocities behind the power line cross-section for air flow velocity  

vair = 1 ms-1 and vair = 26 ms-1 is shown in Fig. 5. The distribution of pressure behind the 

power line cross section for the air flow velocity vair = 1 ms-1 and vair = 26 ms-1 is shown in 

Fig. 6. The negative value represents the pressure difference against to the reference pressure 

pref = 1 atm = 101325 Pa. The effects that appear on the edge of the simulation domain (e,g. 

Fig. 5b) have insignificant influence on the oscillation of the power line caused by airflow. 

Periodical vortex separation causes periodical force to the power line with the same 

frequency and the main direction of the force action is perpendicular to the flow direction. 

The wire is pushed by significant force in the direction of air flow, but the oscillation of the 

power line in the direction of flow is small and the frequency is approximately two times the 

frequency of the vortex separation. 

 

 

a) b) c) 
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Fig. 5 Distribution of velocities of air flow: a) vair = 1 ms-1  b) vair = 26 ms-1 

 

 

Fig. 6 Distribution of pressure: a) vair = 1 ms-1  b) vair = 26 ms-1 

 

The obtained results from the CFX analysis were converted to the horizontal and vertical 

forces per unit length of the power line. The time dependency of the horizontal and vertical 

a) 

b) 

a) 

b) 
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forces to the power line per unit length when the air is flowing around the cross-section for 

vair = 1 ms-1 is shown in Fig. 7. 

  

Fig. 7 Time dependency of horizontal (left) and vertical (right) excitation forces for  

vair = 1 ms-1 

Analytical relationship between geometry of the circular wire, velocity of the flow and 

frequency of the Karman Vortex Street is according to [8, 9]: 

 
d

v
Sf air

ryan   (1) 

where Sr [-] is the Strouhal number, vair [ms-1] is the air velocity, d [m] is the wire diameter 

and fyan [Hz] is analytically calculated frequency of force to the cylinder in perpendicular 

direction to the flow.  

For other velocities of air flow vair, horizontal Fz and vertical Fy forces acting to the power 

line have the same character as for the air flow velocity vair = 1 ms-1 but have different 

frequencies and amplitudes (Tab. 1 and Fig. 8). The airflow around the ACSR power lines 

induce a vibration and change of horizontal and vertical forces acting on the power line with 

some frequency, which increase with the air flow velocity. With increasing of the air flow 

velocity the frequency of von Karman vortexes and also the amplitude of acting periodic 

forces (Fig. 8) increase. 

 

Tab.1  Comparison of analytical fyan [Hz] and numerically calculated frequency of horizontal  

fz [Hz] and vertical forces fy [Hz] depending on air flow velocity 

Air flow velocity  

vair [ms-1] 
Analytical calculation 

fyan [Hz] 

ANSYS CFX 

fz [Hz] fy [Hz] 

1 7.056 14.806 7.353 

5 33.602 79.872 38.970 

10 67.204 161.810 78.864 

15 100.811 232.234 118.906 

20 134.408 323.415 158.983 

24 161.289 377.358 191.424 

26 174.726 420.168 207.727 
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Fig. 8 Horizontal and vertical amplitudes of excitation forces acting  

to the power line at various air flow speed 

The difference between vertical frequencies calculated analytically fyan [Hz] and obtained 

by numerical simulations fy [Hz] is due to the fact that in analytical calculations the circular 

cross-section with a smooth surface has been considered, whereas in CFX simulation the 

geometry, which is very similar to the real, has been used (Fig. 3 - right). 

3 Modelling of airflow around unsymmetric multi-span 

By applying of dynamic forces obtained from previous analyses to the overhead power 

lines it is possible to monitor the displacements of the power lines, the axial forces and 

mechanical stresses at the points of attachment. 

The unsymmetric multi-span according to Fig. 9 has been considered. The length of the 

multi-span is 2L = 600 m with different height of the points of attachment, in this case 

h = 20 m. The deflections of the multi-span are: yx1 = 8.374 m (in the distance from the point 

A xA = 150 m) and yx2 = 1.410 m (in the distance from the point A xB = 360.343 m).  

  

Fig. 9 Unsymmetric multi-span with horizontal and vertical dynamic forces 

The modelled symmetric conductor marked as AlFe 445/74 that is constructed from 3+9 

steel and 11+17 aluminum wires (Fig. 10) has been considered. The diameter of the aluminum 

wires is dAl = 4.5 mm and the diameter of the steel wires is dFe = 2.8 mm. Material properties 

of the used materials are [10, 11]:  
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 aluminium:  

- the elasticity modulus:  EAl = 69000 MPa 

- the Poisson’s ratio:  Al = 0.33 

- the mass density:  Al = 2703 kg.m-3  

 steel:  

- the elasticity modulus: EFe = 207000 MPa 

- the Poisson’s ratio  Fe = 0.28 

- the mass density  Fe = 7780 kg.m-3  

 

 

Fig. 10 Conductor AlFe 445/74 cross-section 

It is complicated to model a real conductor due to its inhomogeneous material (Fig. 10). 

Therefore a simplified model obtained by homogenization [12, 13] of material properties are 

used.  

The effective cross-section of the conductor parts are: AFe = 73.89 mm2,  

AAl = 445.32 mm2 and the effective cross-sectional area of the conductor is A = 519.21 mm2. 

The effective quadratic moments of the conductor cross-sectional area are:  

Iz = Iy = 28528.3 mm4. The effective circular cross-section is constant with diameter  

def = 25.71 mm and the deformed length of the power line is Ld = 300.62 m. The effective 

material properties of the used power line are [12, 13, 14]: 

MPa.7879294
HM

L

HM

L
zy EE  

323.0NH

L  
-3kgm3482.81 NH

L  

Here HM

L

HM

L
zy EE  is the elastic modulus for bending about axis y and z, respectively. NH

L  is 

the effective Poisson ratio and NH

L is the mass density for axial loading. These effective 

material properties have been used in the transient analyses of the single power line. Transient 

analyses of the air flow over the single power line cross-section have been done with a mesh 

2400 of BEAM188 elements of the FEM program ANSYS [6].  

The horizontal and vertical excitation forces from the ANSYS CFX were applied to the 

model of the power line created in ANSYS APDL [6]. The horizontal forces were applied as 

force Fz [Nm-1], the vertical forces were applied as force Fy [Nm-1] (as shown in Fig. 9). 

Numerical simulations were performed for air flow velocities vair = 24 ms-1 and vair = 26 ms-1 

(the horizontal and vertical amplitudes of the excitation forces were much greater for these 

velocities than for other ones) that represents the maximal speeds for two wind areas in SR 

[7]. The vertical and horizontal displacements of the points X1, X2 and B are shown in 

Fig. 11 and Fig. 12. The axial forces at the points of attachment (points A, B and C) are 

shown in Fig. 13.  
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Fig. 11 Vertical displacement of the points X1, X2 and B on the power line 

 

 

Fig.12 Horizontal displacement of the points X1, X2 and B on the power line 

 

 

Fig. 13 Transient axial forces in the attachments 
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4 Conclusion 

In this contribution the transient analysis of dynamic forces from the air flow to the power 

line is calculated. In the numerical analysis the influence of the wind velocity to the excited 

frequency of the ACSR power line was studied. The numerical calculation has been done in 

commercial software ANSYS CFX and ANSYS Mechanical APDL [6]. From the numerical 

simulation the following results are obtained:  

 Increase of the air flow velocity increases the power line cross-section frequency of von 

Karman vortexes and also the amplitude of acting periodic forces increase,  

 the amplitudes of the vertical acting periodic forces are significantly greater that 

amplitudes of the horizontal acting periodic forces, 

 the excited frequencies in the horizontal direction are approximately two times greater that 

the excited frequencies in the vertical direction, 

 the deflection in the plane xy and xz from steady state depends on the velocity of the air, 

higher velocity causes that power line deflect more in the horizontal and vertical planes,  

 the maximal axial forces are reached for air flow speeds vair = 26 ms-1 at points the 

attachment (on insulator). 
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