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Abstract. The safety of transmission lines is affected significantly by wind
deflection characteristics. In the present study, the effect of transmission lines
arrangement on wind deflection characteristics is investigated, where the distance
between transmission lines is different. At low Re, the effect of the distance between
transmission lines on Cprqy and Cpp is significant. Cprqy of the left two
transmission lines are the same, which are larger, while Cp,q4 of the right two
transmission lines are smaller. Cp;r, of the top two transmission lines are larger,
while €z of the bottom two transmission lines are smaller. With the distance
between the transmission lines increasing, the interaction between the transmission
lines becomes weak, both Cp,4 and Cy;5, of the four transmission lines approach to
those of the single transmission line.
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1. Introduction

The stable supply of the electric power is very important. However, the safety of
transmission lines is affected significantly by the wind deflection characteristics.
Therefore, the effect of the wind deflection characteristics on transmission lines is
studied widely [1-12]. Tokoro investigated the basic aerodynamic characteristics of twin
cable through a series of wind tunnel tests employing full aero elastic twin cable model
[2]. Matsumoto described the mechanism of dry galloping of inclined cable of cable-
stayed bridges in relation to Karman vortex mitigation [4]. Asgarian evaluated the
progressive collapse vulnerability of a lattice tower in a 400 kV power transmission line
[6]. Damatty conducted an extensive parametric study on a number of transmission line
systems to evaluate their critical response to downburst loads [8]. Jafari incorporated an
extensive review based on the existing papers about different sources of wind-induced
cable vibration consisting of vortex-induced vibration, rain-wind-induced vibration, dry
galloping, ice galloping, and wake galloping [10].
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Though the wind deflection characteristics are studied widely, the effect of
transmission lines arrangement on the wind deflection characteristics is rare. Under
various transmission lines arrangements, Cpq4 and Cp;¢, on transmission lines are quite
different, which affect the wind deflection characteristics directly. Therefore, to deepen
the understanding of the wind deflection characteristics, studying the effect of
transmission lines arrangement on the wind deflection characteristics is necessary.

The present paper includes the following parts. The first part is the problem
description, and the second part is the numerical method introduction. Next, to simulate
the problem accurately, the grid convergence test is conducted, where four groups of
grids are compared. Then, Cp,qy and Cp;r; under various transmission lines
arrangements are discussed, where the distance between transmission lines are different.
Lastly, the present paper is concluded.

2. Problem Description

To study the effect of transmission lines arrangement on the wind deflection
characteristics, a typical transmission lines type is adopted, namely, quad split
transmission lines. To simplify the problem, four transmission lines are described by four
cylinders, as shown in figure 1. The diameter of the cylinders is D, and the size of the
computational domain is W X H = 60D x 28D.To represent various transmission lines
arrangements, the distance between transmission lines are different, namely, the distance
between the transmission lines is different, which is denoted by A. The Reynolds number
is a key dimensionless number, which is defined by Re=DU/v, where U is the inlet
velocity, v is the kinematic viscosity of the fluid. In the present study, Re is kept at 40,
where the fluid flow is steady.

ou/dy =0,v =

u=1U . . du/dxr =0
v = . . v /dx =10 Iy

du/dy = 0,v =0

V=

w

Figure 1. Quad split transmission lines.

3. Numerical Method

To calculate the flow, the Navier-Stokes equations are adopted, namely,

dp
E+V (puw) =0

Ju 1
—+(u-Vu) = —;Vp +vV?u

Jat
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where p is the fluid density, u is the fluid velocity, and p is the fluid pressure. To
calculate the flow, the lattice Boltzmann method is adopted [13-24], whose evolution
equation is

1
filx + ciAt, t + At) — fi(x,t) = —;(fl- - £

where f;(x,t) is the distribution function, f°? is the equilibrium distribution
function, 7 is the dimensionless relaxation time. The D2Q9 model [25-28] is adopted,
whose equilibrium distribution function is

c;'u  (c;-uw)? u-u
eq i i

where w; is the weight coefficient of the distribution function, and c; is the discrete

velocity vector of the distribution function. Lastly, the fluid density and velocity are

calculated by
p= Z fi
i
1

u=;chfi

4

4. Grid Independence Test

To simulate the problem accurately, the grid independence test is important, and we
adopt four grid resolutions, namely, D/Ax=12, 24, 36, 48. To simplify the grid
independence test, a single cylinder is placed in the computational domain. Figure 2
shows Cp,qg and Cpi at different grid resolutions, where Cp.qgy and Cpip are
calculated by

2FDrag
Corag = 5112

pD-U

2F
Crife = D202

where Fp,g and Fi are the drag and lift forces. Since Re is low, the fluid flow is
steady, and Cp,qq and Cy;s, keep constant. At different grid resolutions, Cp,g varies
significantly. With the grid resolution increasing, Cp,, decreases until it varies
negligibly. The difference between D/Ax = 36 and 48 is negligible, which represents
that the grid independence is achieved. Cp;5, is not sensitive to the grid resolution,
namely, Cy; is always zero at different grid resolutions. Therefore, we adopt the grid
resolution D/Ax = 36 in the following simulations. Figure 3 shows the distribution of
the vortex magnitude around the transmission line. The fluid flow is steady, the vortex
is attached to the rear, and no vortex shedding occurs.
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Figure 2. Cp, .4 and Cy, at different grid resolutions.

Figure 3. Distribution of the vortex magnitude.

5. Results and Discussions

Then, the effect of transmission lines arrangement on the wind deflection characteristics
is studied. Four transmission lines arrangements are adopted, where the distance between
transmission lines is different, namely, A = 2D, 4D, 8D, 16D. Figure 4 shows the
distribution of the vortex magnitude, where the distance is different. The effect of the
distance between the transmission lines on the fluid flow is significant, which affects
Cprag and Cp;se. At small A, namely, A = 2D, the distribution of the vortex magnitude
around the four cylinders is like that around the single cylinder. With A increasing, the
interaction between the lines varies. At large A, namely, A = 16D, the interaction
between the lines becomes very weak, and the distribution of the vortex magnitude
around the four lines is almost the same to that around the single line.

Figure 5 shows Cp,q4, Where the distance between the lines is different, together
with Cp,q4 of the single line. Though A is different, the four lines are divided into two
groups, namely, the left two lines and the right two lines. Cp,q4 of the left two lines are
the same, which are larger than that of the single line, while Cp,44 of the right two lines
are smaller. With A increasing, Cp,qy of the left two lines decreases,
while Cp,,, of the right two lines increases.
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Figure 4. Distribution of the vortex magnitude, where the distance is different.
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Figure 5. Cp,,4, where the distance between the lines is different, together with Cp, 44 of the single line.
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Figure 6 shows Cy; ¢, where the distance between the lines is different, together with
Cyif¢ of the single line. Quite different from Cp,q4, Cpi; 0f the four lines are divided into
another two groups, namely, the top two lines and the bottom two lines. C;¢. of the top
two lines are larger than that of the single line, while Cp;f; of the bottom two lines are

smaller.

Among the four lines, Cy; of the top left line is the largest, while Cy ;s of the bottom
left line is the smallest. Similar to Cp,q4, with the increase of A, Cp;f; of the four lines
approach to that of the single line. At A = 16D, Cy;5; of the four lines is almost the same
to that of the single line, which represents that the interaction between the lines is weak.
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Figure 6. Cy;5,, where the distance between the lines is different, together with Cpf, of the single line.

Furthermore, Cp,q4 and Cp;f.0f the four lines at different positions are discussed.
Figure 7 shows Cpyqg4 of the four lines, where the position of the lines is different,
together with Cp,q4 of the single line. Clearly, Cp,q4 of the left two lines are larger than
that of the single line, with the increase of A, Cp,g decreases. However, from A = 8D to
A = 16D, Cprag appears to increase, which is very surprising. With the increase of A, the
trend of Cp,qy of the right two lines is monotonic, namely, Cp,,q increases gradually.
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Figure 7. Cp,qg4 of the four lines, where the position of the lines is different, together with the drag coefficient
of the single line.

Figure 8 shows the time history of ;5. of the four lines, where the position of the
lines is different, together with the lift coefficient of the single line. The lift coefficients
of the bottom two lines are smaller than that of the single line, and they increase gradually
with the increase of A. The lift coefficients of the top two lines are larger, and they
decrease with the increase of A. With the increase of A, the lift coefficients of the four
lines are monotonic, at A=16D, they approach to that of the single line.

6. Conclusions

The effect of transmission lines arrangement on the wind deflection characteristics is
investigated with the lattice Boltzmann method. Four transmission lines arrangements
are discussed, where the distance between transmission lines is different. With the
increase of the distance between the lines, the interaction between the lines becomes
weak, the fluid flow around the four lines is closer. Cp;f; of the left two lines are the
same, which are larger, while Cp,.,4 of the right two lines are smaller.

Cprag of the top two lines are larger, while Cp;, of the bottom two lines are smaller.
Both Cp;q4 and Cy ¢, of the four lines approach to the single line with the increase of the
distance between the lines.
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Figure 8. Time history of Cp;5, of the four lines, where the position of the lines is different, together with €5,
of the single line.
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