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Predict fluid forces on the structure (validation) :
 Evaluate flow induce vibration in cooler representative geometry (tube bent)
 Compute structure eigenmodes and frequencies 
 Fluid-Structure-Interaction modeling (LES fluid model and structural model) 
 Vibration measurements (at room temperature)

Gravitational Wave Detectors Test 
Facility:
 Einstein Telescope 
 Cryogenic detectors ( <10 K)
 Minimum vibration
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Displacement measurements (point) of internal flow via AFM is a promising way 
forward for fluid induced vibration measurements in the nm range. 

The presence of fluid acts as a damping agent in the fluid-structure system, 
altering the observed structural spectral peaks. Additionally, fluid pressure affects 
the observed displacement spectra for the same mass flow rate.

Point displacement comparison between measurement and FSI simulation show 
good agreement in frequency however further model validation with new 
measurements for amplitude validation is required.  

Additional AFM measurements with J-T throttling device are planned.

Mode 1:  208.2 Hz

 One point displacement measurement at the mid-point of 
the tube bent.

 Controlled mass flow of  N2 in the range of 10 to 150 mg/s.

 Pressure control at the outlet via back-pressure regulator for 
3 pressure levels: 1, 3.5 and 5 bar.

 Contact mode measurement period of 90 sec with a time 
step of 0.0001 sec.

 Max peak-to-peak displacement of  ~3 nm for 150 mg/s 
flow at 1 bar.

Mass flow rate effect (Spectral Amplitude plot)

Structure 
Eigenmodes 

FSI results for 150 mg/s case :
 Simulation period of 0.1 sec with a time step of 0.0001 sec.
 Flow patters and structures show formations of secondary flow and eddies in the bend.
 The traction vector distribution acting along the tube boundaries shows high stress 

concentrations at the bend, directly indicating areas of noticeable fluid-induced stresses and 
associated displacements.

Spectral analysis and comparison of point displacement at 150 mg/s case :
 The displacement  spectra of  the mid-point at the bent is considered. 
 Comparison with measurement signal shows good agreement on first mode and  slightly 

higher peak on the second mode for simulated results.

 10 and 50 mg/s are 
laminar flows  with 300 
and 1513 Reynolds.

 Fully turbulent flow is 
resulted for flows above 
100 mg/s.

 Amplitudes for turbulent 
flows are significantly 
higher.

 For turbulent flow 
additional frequency 
peaks are present.

 The second mode at ~350 
Hz is the in-plane 
deformation in the 
direction of flow 
momentum change at the 
bend is present for all 
flow regimes.

 Complex interaction of 
modes harmonics and 
induced fluid frequencies 
are identified.

 Pressure effect on 150 mg/s flow : 1 bar, 3.5 bar and 5 bar.

 Spectral fundamental peaks tend to decrease with increasing 
pressure as the flow velocity and kinetic energy of the flow 
decreases (for the same mass flow rate).

 Three additional spectral peaks (between 480 – 645 Hz) are 
present for the 3.5 and 5 bar flows with respect to the 1 bar 
flow which are speculated to be related to particular flow 
frequencies (vortex shedding).

Pressure effect (ASD plot)
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Mode 2:  349.6 Hz

Mode 3:  769.4 Hz

Mode 4:  1333 Hz

Mode 6:  1954.2 Hz

Mid-point on bent

Related to fluid flow 
frequencies

2rd Harm. of 2nd mode 
(700-710 Hz)

5th Harm. of 1st mode
3th Harm. of 2nd mode
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Requirements
Total Vibration Budget b

Seismic Vibration Level: Vibration 
Specification for Cooler b

The forces emitted by the cooler must not surpass the excitation levels 
caused by background seismic vibrations at the cryogenic payload interface 

(cold finger): 𝟒𝟒 ⁄𝒏𝒏𝒏𝒏 𝑯𝑯𝑯𝑯 → 𝟏𝟏𝟏𝟏 𝒏𝒏𝒏𝒏 @ 𝟐𝟐 − 𝟐𝟐𝟐𝟐 𝑯𝑯𝑯𝑯

Fluid velocity and pressure in the bent

( Reynolds 4555 )

t = 0.0056 sec 

t = 0.0132 sec 

Displacement and fluid stress in the bent

Physical System

Experimental set-up
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