
SUPPLEMENTARY MATERIAL

APPENDIX A: Equivalence between fluid forces and parameters

in the model

The physical model considered in the manuscript is a generic model representing an

axially-moving string subjected to a distributed follower force. In this model, the direction

of the transverse velocity vtr is considered to be vertical and it is the total derivative of

the transverse displacement ‘w(x, t)’.

This generic model can be applied to the case of the string moving in fluid with suitable

equivalence. To show the equivalence between such a case and the formulation in the

model, first consider a cylinder placed exactly normal to the flow of fluid as shown in

Fig. R1(a). In this case, the cylinder experiences a resistive force, say fNπ/2 , as shown.

This force actually contains two components, one due to form drag and the other due to

skin friction. In the limiting case when the diameter of the cylinder is very small, the

friction drag coefficient dominates over the form drag coefficient, as shown for instance in

S[1]. Note that only this component in the normal force that arises due to form drag is

neglected in the physical model presented in the manuscript, and not the entire normal

force.
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Figure R1: Cylinder placed in a fluid flow.

Following the results of reference S[1], when a cylinder is placed parallel to the flow

of fluid as shown in Fig. R1(b), it experiences a force fL0 which is largely due to skin

friction. Now consider a cylinder placed inclined at an angle ‘i’ to the flow of fluid. This

is equivalent to the case of the string vibrating in the transverse direction along with its
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axial motion in fluid. In this case, the relative velocity between the fluid and the cylinder

is
√
v2tr + v2. When the fluid flow speed is much higher than the transverse velocity of

the cylinder, one can linearize as S[2], sin(i) = vtr√
v2tr+v2

≈ vtr
v

and cos(i) = v√
v2tr+v2

≈ 1.

This inclined cylinder experiences a force which can be divided into two components as

shown in Fig. R1(c):

fNi =
1

2
ρfDv

2(CDsin
2(i) + Cfsin(i))

fLi =
1

2
ρfDv

2Cfcos(i)

where ρf , D, CD and Cf are density of fluid, diameter of the cylinder, form and friction

drag coefficients. As already mentioned, in the case of the string, CD is negligible com-

pared to Cf . Therefore, for a particular flow velocity, the component which is normal

to the axis of the cylinder can be written as ‘cvtr(=
1
2
ρfDvCfvtr)’. Thus, the damping

coefficient in the presented model can be equivalently related to the normal component of

the resistive force experienced by the string. Similarly, the component which is parallel

to the axis of the cylinder can be equivalently considered to be a distributed follower

force, ‘p(= 1
2
ρfDv

2Cf )’ as is done in the physical model presented in the manuscript.
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