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Industrial fluid dynamics

Fluid-dynamic noise

Multi-phase processes

Control and regulation

Impact erosion

Fluid structure interaction

• The research topics     connected to control valves

GreenValve

Energy Harvesting

Cavitation

Energy Harvesting
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Experimental and Computational Fluid Dynamics applied to control valves

The study or the characterization of the fluid dynamic behavior of a control valve can be approached by 
experimental or numerical way .

Which are the differences?      

We measure a physical phenomenon

Issues to overcome
How to reproduce the phenomenon?
How to perform correct measurements?
How to analyze the experimental data?
How to make the results comparable?

We model a physical phenomenon by equations

Issues to overcome
What is the set of equations to use?
What are the strategies to solve the set of equations?
What are the information to keep?
How can we judge the results? 
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Experimental characterization of control valves

International STANDARDS 
IEC / ISA / VDMA …..

We measure a physic phenomenon

Issues to overcome
How to reproduce the phenomenon?
How to perform correct measurements? 
How to analyze the experimental data?
How to make the results comparable?

• IEC 60534
• ISA 72.01 01
• ISA 75.02
• VDMA 24422
• ………..

Definitions

Terminology

Parameters

Test procedures

 Flow coeffcient Cv or Kv

 Cavitation indexes σi – σc – σmv

 Liquid pressure recovery factor Fl

 Critical Pressure drop ratio factor Xt

 Liquid critical pressure ratio factor FF

 Piping geometry factor Fp

 Valve style modifier FD

 Reynolds number factor FR

 Valve Reynolds number Rev

 Compressibility factor Z

 Expansion factor Y

Main parameters:

The basic approach to the exp characterization of a valve requires following the standards !
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Numerical characterization of control valves

We model a physic phenomenon by equations

Questions to overcome
What is the set of equations to use?
What are the strategies to solve the set of equations?
What are the information to keep?
How can we judge the results? 

Laminar / turbulent
Incompressible / Compressible / Newtonian /…… 
Single-phase / Multi-phase ….
Heat transfer / ….
………

Laminar / turbulent
Steady  (RANS) / Unsteady (URANS / LES) 
Closure equations ( K-e ; K-w ; Low-Re; ….)
Exploitment of symmetries
………

V(x,y,z, “t”) & P(x,y,z, “t”) in each point of the computational volume.
Mimic the experimental Standards or provide more information?

Strategies are needed to ensure the consistency of the numerical solution
Strategies are needed to ensure the consistency of the physical solution

The basic approach to the numerical characterization of a valve needs a deep knowledge about the phenomenon to model and 
about the numerical strategies / approaches / methods to use.     NO specific STANDARDS  to follow
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Experimental  Control Valve  Numerical (CFD)

We can choose to use one or integrate them depending on our convenience

Example: Flow Coefficient  CV (or Kv)

If only CV is required; 
If the valve diameter is small;
If the flow characteristics are not limiting   

The experimental characterization 
is convenient in terms of costs / 
knowhow / reliability of results

Standardized tests

If you want to know/to improve the performance of trim; 
If the valve diameter is too big for testing;
If the flow characteristics are limiting   

The CFD characterization allows:
Knowing the flow features inside 
the valve; simulating large size 
system; simulating limiting flow 
conditions (very high pressure 
jump / different fluids / ….) 

No standardized tests
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Experimental  Control Valve  Numerical (CFD)

Example: Flow Coefficient  CV (or Kv)

Because no standards are available for CFD approach it is important to :   

Some commercial
CFD codes

Possible problem due to use of symmetry

CFD MODELLING OF A CHOKE VALVE UNDER CRITICAL WORKING CONDITIONS
ASME 2014 Pressure Vessels & Piping Conference, PVP2014. 

Velocity distribution 
inside the trim
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Experimental  Control Valve  Numerical (CFD)

We can choose to use one or integrate them depending on our convenience

Example: Cavitation Index  s

si Numerical prediction

si Numerical predictionHere you measure the bubble 
implosion effects on the structure

Here you estimate the pressure 
that allows bubble formation

Improvements and validation of the numerical prediction 

of the incipient cavitation index. 

Pressure Vessels & Piping Conference, PVP2015, 

Prediction and handling of cavitation in rotary control ball valves.

Valve Word Conference 2012

s  2.1

s  2.4

What do we measure 
and simulate ? 
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Experimental  Control Valve  Numerical (CFD)

We can choose to use one or integrate them depending on our convenience

Example: Recovery Factor FL

Usteady & multiphase CFD model

Calibration of numerical model using the standard orifice 

Vapor fraction

Vapor fraction

Exp. Test loop
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Experimental  Control Valve  Numerical (CFD)

We can choose to use one or integrate them depending on our convenience

What does it take to numerically evaluate Fl on a valve’s trim?

• Multiphase / Unsteady model
• Very small time-step 
• Variation of convergence coefficients
• Multiple changes of boundary conditions

For a 8’’ control ball valve, the calculation of Fl for one opening
requires approximately 2800 core/hour, or 10 days with a 12 cores CPU.

Vapor fraction downstream the valve

Use of calibrated model on valvesExample: Recovery Factor FL
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Experimental  Control Valve  Numerical (CFD)

Example: Tonal Noise 

Pibiviesse Air Loop 

Acoustic analysis of a rotary control valve.
ASME 2014 Pressure Vessels & Piping Conference, PVP2014

Experimental analysis of aerodynamic noise generation  in a rotary 
control valve.  FIV 2012Compressible flow
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Experimental  Control Valve  Numerical (CFD)

Example: Broad Band Noise 

Broadband Noise Generated Downstream of a Resistor 
in a Duct.  FIV 2016

Main exp. uncertainty source
 Air quality (no dry air)

even CV is also 
affected by the 
air quality Main num. uncertainty source  num. model 

Calibration of numerical model using the standard orifice 

LES

SNGR Bailly Source Sm[7]

SNGR Bailly Source Sm[9]

SNGR Karweit Source Sm[9]

SNGR Karweit Source Sm[7]

Numerical models for internal sound pressure level prediction.  FIV2018
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Experimental  Control Valve  Numerical (CFD)

Example: Broad Band Noise 

Location of possible 
source regions

Mean Flow Field

Turbulent
Kinetic Energy

Identification of IEC parameters 
for noise prediction

Ah

Stp

Use of calibrated model to define IEC valve’s parameters
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Experimental  Control Valve  Numerical (CFD)

Experiments are difficult and costly, but CFD requires calibration

Example: Erosive wear in a valve Calibration of numerical model using the direct impact test

Erosion hole

… but CFD prediction is not “EASY”!!! 
• Two-phase model
• Tracking of particles trajectories
• Fluid-particle-particle coupling?
• (empirical) erosion model

Enhanced erosion prediction for Xtree valves’ 
lifetime estimation

DPM particle tracking

400 20 30

Particle velocity magnitude [m/s]

10

Abrasive jet (water-sand)

Erosion experiments are difficult …
• Hard to keep the desired test conditions
• Hard to assess the test conditions (e.g. concentration)
• Hard to measure small mass losses in a valve
• Destructive tests
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Experimental  Control Valve  Numerical (CFD)

Experiments are difficult and costly, but CFD requires calibration

Example: Erosive wear in valve Application of calibrated model to a valve

mmeroded
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Retaining 

sleeve

Body

Flow

E-Loop setup @ Hydraulic Lab. of Polimi

Lifetime prediction of valves subjected to impact erosion

Prediction of erosion damage in a choke valve working in severe 
slurry condition (to be presented soon)

Estimation of the useful lifetime of a gate valve subjected to 
impact erosion

E-CODE

E-LOOP

E-CODE
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Example: Energy Harvesting in control process

Experimental  Control Valve  Numerical (CFD)

Flow Control
Remote Monitoring 

Automatic - regulation

GreenValve system

Water distribution system analysis  
14-17 July 2014, Bari, Italy

GreenValve system recovers the energy that 

is usually dissipated for regulation, thereby 

transforming a control valve in a stand-alone 

system for IOT and smart-system 

applications 

Actuator
&

Logic

Generator
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