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Rotating mechanical flow meters

Cup and vane anemometers




Rotating mechanical flow meters

Cup anemometer working principle
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Rotating mechanical flow meters

Cup anemometer working principle
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Pressure-based velocity measurements

Governing equation:

d
Bernoulli equation: i +UdU =0

along a streamline in a steady, inviscid flow. W Pitot tubes

® Multihole probes




Pressure-based velocity measurements Ugo = \] 2Py ;Pstaﬂc)

Pitot & Prandtl tube

Henri Pitot (1695 - 1771) was a French
hydraulic engineer and the inventor of
the pitot tube.

Ludwig Prandtl (1875 - 1953) was a
German fluid dynamicist, physicist and
aerospace scientist.
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Thermal anemometry relies on the relationship between the heat transfer from a small heated
sensor (=hot-wire) and the velocity of the surrounding fluid in motion

Hot-wire probes

g of ~5um, L~ 1mm

"% intrusive
% fragile

55 high spatial resolution
55 high temporal resolution




Thermal anemometry R, sensor resistance when heated
I, current intensity in the sensor
Vv T, temperature of the wire when heated
2 f———— T, temperature of the surrounding fluid
HOt-W”' e pr Obes : Geom(V) forced convection effect
m, mass of the sensor
& specific heat of the sensor material

Heat is introduced in the sensor by Joule heating, and is primarily lost by forced convection.
In steady flows:

RWIV% = (Tw T Tf)¢conv(v)

In unsteady flows:

dT,

d_tw = RWIV% T (Tw - Tf)¢conv(v)

My Cy

Hot-wires can be operated in three modes:
W constant current — change in V creates a change in R,
W constant temperature — change in V' creates a change in I, to be fed to keep the temperature constant
W constant voltage — change in V' creates a change in I, to be fed to keep the V=R, I,, constant



Particle-based velocimetry

® [aser Doppler anemometry (LDA or LDV)

® particle image velocimetry (PIV)



Particle-based velocimetry

Tracer particles

Particle-based techniques are indirect, they determine the particle velocity instead of the fluid velocity
= need suitable seeding particles to avoid discrepancies between fluid and particle motion

A primary source of error = mismatch between the densities of the fluid o and the tracer particles p,

Gravitationally induced velocity of spherical particles acceleration (assuming Stokes™ flow)
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Particle-based velocimetry

Laser Doppler anemometry (LDA or LDV)
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Particle-based velocimetry

Particle image velocimetry (PIV)

Image
acquisition

Image
processor




Particle image velocimetry (PIV)

Example W
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Particle image velocimetry (PIV)

Cross-correlation
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Particle image velocimetry (PIV)

Cross-correlation

t.+ At

C(Ax,Ay) = ff Ii(x,y)L,(x+Ax,y + Ay)dxdy




Calibration

Why?

® determine the imaging magnification factor M
® correct for lens distortions
B stereo mapping
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Particle image velocimetry (PIV)

Timescales

camera exposure time

time delay between
snapshots
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Particle image velocimetry (PIV)

Cross-correlation

t.+ At

C(Ax,Ay) = ff Ii(x,y)L,(x+Ax,y + Ay)dxdy




Particle image velocimetry (PIV)

Interrogation window size

How to choose the right interrogation window?

The choice depends on:
= flow
® seeding
B imaging
W timing

too small interrogation window size

— not enough particles in interrogation window
— particles ‘leave’ interrogation window

too large interrogation window size
— decreased spatial resolution
— multiple correlation peaks

=> one choice does not fit all




Particle image velocimetry (PIV)

Advanced correlation techniques
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Fig.5.115a,b Window shift technique. (a) The correlation is evaluated between two particles patterns shifted, accounting
for the translation due to the flow motion. Shaded shifted window with the estimated displacement. (b) Window shift for
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Fig.5.116a,b Block diagram of multigrid interrogation (a) and graphical description of the interrogation grids (b)



Particle image velocimetry (PIV)

Peak fitting and peak locking

Particle image Correlation Map (in x-direction)
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Stereo particle image velocimetry (PIV)
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Using PIV for your project?

What do you need?
® particles
B camera

® fluid motion
® jllumination
B processing software: e.g. PIVlab
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