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S1 Fourteen equations model of FSI for straight pipe
Axial force, pressure and velocities:
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Shear and bending in the y-z plane:
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Shear and bending in the x-z plane:
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Torsion in the pipe wall:
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S2 Fourteen equations model of FSI for curved pipe
Axial stress, pressure and velocities:
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Shear and bending in the y-z plane:
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Shear and bending in the x-z plane:
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Torsion in the pipe wall:
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S3 Derivation of valve’s impedance
The equation for the flow pressure at the throttle can be expressed as

Q =CA

(S29)

where P, is the pressure difference between the front and back of the valve, and Q, is the flow

rate through the valve, C, is flow coefficientand A, is flow area.

Then this expression can be linearized at the mean pressure difference P° as
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and its Laplace transform can be derived as
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Considering the stable status, the relation between the mean pressure difference and mean
flow rate still follows Eq. (S29) here, yielding
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By submitting Eq. (S32) into Eqg. (S31), one may have
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which is the hydraulic impedance.



