
Local velocity measurements

Ps: static pressure ~ free stream

Po: stagnation pressure

ps +
1
2
ρV 2 = Po

Po −Ps = ρ f gh

V =
2(Po −Ps )

ρ
=

2ρ f gh
ρ

- θ: should be aligned with flow direction (small)
- not suitable for low-velocity measurement
- poor temporal and spatial resolution (compared to hot-wire)

q Pitot tube



Local velocity measurements

Pitot tube mounted on an airplane

q Pitot tube



Local velocity measurements

Hot-wire Constant Temperature circuit

Wheat stone bridge system

Hot-wire probe

anemometry

Flow velocity (V) àTemperature T decreases
Current (or voltage) to increase T and 
maintain the constant temperature

à voltage vs. V (calibration)

Good temporal and spatial resolution

q Hot-wire anemometer



Local velocity measurements

q Hot-wire anemometer



Local velocity measurements
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q Hot-wire anemometer



Local velocity measurements

V(t)

Particles scatter lights: f       f + Δf (Doppler effect)

Very good spatial resolution

V

V =
λΔf

2sin θ / 2( )
(λ: wavelength of laser light)

q Laser-Doppler anemometer (LDA or LDV)



Local velocity measurements

Conventional methods
(HWA, LDV)

o Single-point measurement
o Traversing of flow domain
o Time consuming
o Only turbulence statistics

Particle image velocimetry

o Whole-field method
o Non-intrusive (seeding)
o Instantaneous flow field

z

q Particle image velocimetry (PIV)



Local velocity measurements

Twin Nd:YAG
laser CCD camera

Light sheet
optics

Frame 1: t = t0

Frame 2: t = t0 + Dt

Measurement
section

q Particle image velocimetry (PIV)



Local velocity measurements

PIV components:

- tracer particles
- light source
- light sheet optics
- camera

- measurement settings

- interrogation
- post-processing

Hardware (imaging)

Software (image analysis)

q Particle image velocimetry (PIV)



Local velocity measurements
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After: Adrian, Adv. Turb. Res. (1995) 1-19

o The fluid motion is represented as a displacement field

q Particle image velocimetry (PIV)



Local velocity measurements

Inherent assumptions

• Tracer particles follow the fluid motion
• Tracer particles are distributed homogeneously
• Uniform displacement within interrogation region

q Particle image velocimetry (PIV)



Local velocity measurements

Visualization vs. Measurement
inhomogeneous vs. homogeneous seeding

q Particle image velocimetry (PIV)



Local velocity measurements



Local velocity measurements



Karman Vortex (Shedding, Street)



Local velocity measurements



Local velocity measurements



Local velocity measurements



Volume-flow measurement

P1 P2

dead zonethroat

continuity: Q =
π
4
D2V1 =

π
4
D2

2V2

Bernoulli eq: Po = P1 +
1
2
ρV1

2 = P2 +
1
2
ρV2

2

q Bernoulli obstruction theory



Volume-flow measurement
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: inaccurate due to neglected friction and we 
don’t want to measure D2.

→  assume, D2 /D = β  (i.e., d = D2 )

Q = AtVt = cdAt
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cd = f (β,ReD ) :  dimensionless discharge coefficient

q Bernoulli obstruction theory
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shapefactor, H
= 8D= 2 . 5 clamman)

= 1 . 3 ( furbulent)
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