
Rope-held water

T

Liquid of density ρ flows with speed
v along a flexible pipe of cross-section S.
What is the tension in the rope holding
the end points of the pipe, if the pipe
forms a semi-circle and the points are di-
ametrically opposite to each other.



Answer of problem Rope-held water

We need to find force acting on liquid in one quarter of the pipe. For a small
segment of the pipe,

dF =
dm v2

R
= ρSdφ v2

and it is pointing towards the center, providing centripetal acceleration to the liquid.

Projection of the total force on the horizontal axis is Fx =
∫ π/2

0
dF cos φ, and the

answer is T = Fx,

T = ρSv2

This we can get from more sophisticated hydrodynamics as well, by considering
momentum flux equation

∂

∂t
ρvi = −∇jΠij + fi

where Πij = δijp+ρvivj is momentum density tensor, and fi is external force density.
Considering left quarter of the pipe, for steady flow there is no momentum change in
this volume, and thus we must have for the external force acting on the volume

Fi =

∫
dV fi =

∫
dV ∇jΠij =

∮
dSjΠij =

∮
ρvi(vdS)

where we used Gauss theorem and the fact that the pressure is uniform. The surface
integral is not zero only through opening parts of the pipe, since on the sides v ⊥ dS.
For x-component of the force we integrate only over the vertical cross-section at the
top of the semi-circle, to immediately get

T = Fx = ρv(vS) = ρSv2


