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Methods to Measure Local Flow Velocity -1

 Mechanical methods:

 Taking advantage of force and moments that a moving stream applies on immersed objects.
» Vane anemometers
 Propeller anemometers
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2 Metions 1o MeASURE LocAL Frow WELoeITY -2

e Pressure difference methods: Streamlines Static taps

= (several, equally
spaced circumfere nce)

e Utilize analytical relationship between the local velocity
and the static and total pressures.

® Pressure taps sensing static pressure (also the reference
pressure for this measurement) are placed radially on the
probe stem and then combined into one tube leading to
the differential manometer (p.,..).

Stagnation point

e The pressure tap located at the probe tip senses the
stagnation pressure (p,).

e Use of the two measured pressures in the Bernoulli

| Differential

equation allows to determine one component of the flow | | manometer
velocity at the probe location. e /

* Special arrangements of the pressure taps (Three-hole, S
Five-hole, seven-hole Pitot) in conjunction with special 1
calibrations are used two measure all velocit — — 2

y pO - pstat + IOV ,(BernouIID

components.

e |t is difficult to measure stagnation pressure in real, due to V = \/ 2( P, — P ) / 0
friction. The measured stagnation pressure is always less 0 stat
than the actual one. This is taken care of by an empirical V =C./2 _ /
factor C. \/ (Po — Psar) ! P

(O V-V RO TS B Copyright © by Dr. Hui Hu @ lowa State University. All Rights Reserved! Ge/'“”“‘e g




2 MeTnons 0 MEASURE LocaL Frow VELogITY -3

e Thermal methods:

e Compute flow velocity from its relationship between local flow velocity and the
convective heat transfer from heated elements.

Tungsten Wire with Thin Platinum
e Coating on Surface
/ {0.00015 inches)

(0.0038 mm)

Quartz Rod

= 0.060 Inches
\ = ‘
0.050 inches (1.50 mm) Dia.
{1.25 mm)

Gold Plated Stainless
Steel Supports

\

5 . \
0.095 Inches ‘— Gold Film Electrical Leads

. Plating to Define

Sensing Length ',-"' “ (2.4 mm) Dia.
/ /
/ ; _ Stainless Steel Tube L Quartz Coated Platinum Film
/ gua;f.ll Coated Shielding Quartz Rod 0.004” x 0.040” (0.10 mm x 1.0 mm) Each Side
- L Hot rum
Hot wire anemometers On Surface

Figure 7: Hot Film Wedge Probe
Figure 6: Hot Film Flush Mounted Probe
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1 MeTnons 10 MeaSURE LocaL Frow VELocITY -4

e Frequency-shift methods:

e Based on the Doppler phenomenon, namely the shift of the frequency of waves scattered by moving particles.
e Laser Doppler Velocimetry(LDV) or Laser Doppler Anemometry (LDV)
* Planar Doppler Velocimetry (PDV) or Planar Doppler Anemometry (PDA)

<

Laser beams

Interference fringes

-
|_
|

= .9
A burst 281 —
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] MeTHobS T0 MEASURE LocAL Frow VELoCITY -9

« Marker tracing methods:

» Trace the motion of suitable flow makers,

optically or by other means to derive local
flow velocity.

Particle Imaging Velocimetry (PIV)
Particle Tracking Velocimetry (PTV)
Molecular Tagging Velocimetry (MTV)

P1V image pair

FreaaaaAA LA AAAQAL

A4d4y
T mmRAAALAALALA AL AWy
0.03 m/s Basas SS S Y R Y YR X
. == AARNAALAAAA AN L Ly
N TEEE RSO AR A AAAAAAL L LA
Temperature (°C) SAcachaAA R A A AL | LA\
SAARAAAAAANL A AN
26.50 M\“\\\\\\NAKKKAA
26.40 M\\\\\\\Sﬁﬂ~~¥ ~a
26.30 M\\ A A AT A B e e
26.20 //“M\\\\\\\\\\\»W
26.10 //“"M\\\\W
26,00 %—..M\\\\\\g\s il
25.90 /;;:::::m\kkkﬁﬁﬁs
25.80 / A AR R R e =
25.70 = /{ “\mw\kﬁ" '___'
25.60 e A
25.50 e T
25.40 A g a L SR
25.30 e SR
25.20 - g e e
25.10 pEE—
25.00 — P g
24.90 —
24.80
24.70
24.60 H
| i Corresponding flow
t=t —t +5Ms velocity field
0 t 1:0

Wﬂy&l i IMBYB AL e wniversity. All Rights Reserved! @“P"‘e Engineering




2 How Doks A Hot WiRe SEnsoR WoORK

e Thermal anemometers: Measure the local flow velocity
through its relationship to the convective cooling of
electrically heated metallic sensors.

e Hot wire anemometers:
e for clean air or other gas flows

e Hot film anemometers:
e for liquid or some gas flows

Thermal anemometry — system components:

A/D converter

Linearization

\, Servo amplifier

Flow L% Wheatstone bridge
Hot-wire probe

DantecDynamics

Time series Data
analysis

Tungsten Wire with Thin Platinum
/— Coating on Surface

(0.00015 inches)
(0.0038 mm)

0.050 inches
(1.25 mm)

2 Gold Plated Stainless
Steel Supports

~.__ Plating to Define
Sensing Length

. 0.095 Inches
~ (2.4 mm) Dia.

/ < _Stainless Steel Tube
/ g““r'zl Coated Shielding Quartz Rod
L_ Hot Film

On Surface

Figure 6: Hot Film Flush Mounted Probe
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2 How DoEs A Hor wiRe SENSoR WoORK

The electric current (i) flowing through the wire
generates heat (i’R,,)

Ueb
Flow Field | |
%R, 3&.
V |
2.'Ul'uj’, D
N ;Q.‘-nﬂr
- 5 R
—> :,'
In equilibrium, this must
Y
be balanced by heat lost .
. . . etoll
(primarily convective) to 8
the surroundings. by:10ma
(Air, P»lotm)
| A
. . : Tungsten Wire
Electric current, I, g > PN
through wire 20125 mm
Ta =250°C

Price: ~$2750
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J How DoEs A Hot WiRe SENSOR WORK

Y
Pl
=
Z e’
Y Basic principle: .
/ Sensor
\_’ : Heat transfer e -
% . . B voltage
Resistive heating: g, =—=IR,
_Downstream R [: current

Upstream
prong °

I)l'llnLI w

Heat loss to the environment through:
Probe stem Radiation (often negligible)

q, = f(]’f —Tj) a-ambient; w - wire
CONVECTIVE HEAT TRANSFER: CYLINDER Conduction through prongs:

Laminar

: - If 1>>d = negligible (//4>200
Bot’a’;g?ry 3 Oy _f (]:v’ w2y pmngs) 9 ( )
. Convection:
e § -
Layer = - QK = hAw(]:r a ];)

Nusseltnumber. — Nu=hd /= f(Re,Pr, M,Gr,direction)
Reynolds number: ~ Re= pUd / Il
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2 How DoEs A Hor wiRe SENsoR WoORK

e Heat transfer characteristics:

e Convection (nature convection, forced convection or mixed
convection depending on Richardson numbers)

e Conduction to the supporting prong
e Radiation: <0.1%, is negligible.

Fluid flow

Hot wire T
u= q
Ak (T, —T)
= Nu(Re, Pr,Gr,M,Kn,a,,l/d,8)
Rezﬂ; pr=2
H /4
Gr = ga(-l-w_-l-)d3 M _\i
- V2 ’ S
Kn:i: 17zc|0/cvM
d 2 Re
o LT
T prongs
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2 How A Hot wine SEnsor WoORKS

* Following King’s Law (1915),

CONVECTIVE HEAT TRANSFER: CYLINDER )
Nu=(A+B Re”)(1+§aT)rn

Laminar
Boundary -
Layer

gurbtgern 7 \J/\/';r—-—~\\\‘;:::§§,ﬁ::::f\,
oundar . arrower
Layer Y 3‘\ //j:\s;\:;!¢ki;=<§2,f;::?\\\_/

For a wire with constant temperature and a constant ambient temperature, one can
develop a general relationship between voltage and velocity:

» According to Collis and Willams (1959):
Nu = (0.24 + 0.56 Re***)(1 + % a; )", for 44 <Re <140

Nu = 0.48Re"*")(1+ % a. ), for 0.02<Re <44

E*=A+BU"

King’s law

Coefficients are then obtained through

24 . ) )
>a calibration. Example of typical values:
22
A B C n EU(%)
2.1
= E'=4+BU"
'It . A,B,n gleich—eitig geldst 5,980 4.608 0.4137 0.11
vo 19 schrittweise in n 6.018 4.587 0.4145 0.15
. schrittweise in A 6.005 4.592 - 0.4143 0.15
1.8 E'=A+BU” +CU 7.544 3.449 -0.005 0.5000 0,46
1.7 -
164 ©
‘1 -5 A A - i i 1L 1 'l 1 | L
0 10 20 30 40

U, mvs




2 How A Hot wine SEnsor WoORKS

Current, i/ \ CONVECTIVE HEAT TRANSFER: CYLINDER
\\ Laminar
Boundary """
Ld Layer \
Velocity, V Wire support EghanAgp; \/C\/ M
Layer ‘-‘\ ’M P

Thin wire sensor

* For a given sensor and fixed overheat ratio, The above equation can transfer as the
relationship between the voltage output, E, of the hot-wire operation circuit and the flow

velocity E
——=A+BV"
T,-T
» Wire temperature cannot be measured directly, but can be estimated from its relationship

to the wire resistance, R,, directly measured by the operating bridge.

* For metallic wires:
F R, =R [L+a (T, —T)]

a, :thermal resistivity coefficient
T, : referencetemepature
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2 How A Hot WiRE SENSOR WORKS

e For a sensor placed in a unsteady flow, the

Flow Field unsteady energy equation will become:
— dT
W o_ ;2 :
y mc m =1"R,—qV,T,)
m: the mass of the sensor
n Current flow _ iih h fth
through wire C. SpecItich heat or the sensor

d: convectiveheat flux q=q(,T,)
The above equation has three unknowns: i, T,, (or R,) and V

To render this equation solvable, one must keep with the electric current, i, or the
sensor temperature (T,) constant, which can be achieved with the use of suitable
electric circuits.

The corresponding methods are known as:
(1). Constant Current Anemometry
(2). Constant Temperature Anemometry




] CONSTANT-CURRENT ANEMOMETRY (CCA)

Voltage follower :

' ¢ E HOTWIRE ANEMOMETER
R : [ I
r € : A :

%—‘;» : NVW :. £

P i Rf i
Te =& | . i
° sensor 'Compensation § R,
icircuit

dT

o GVT) T Tk,

a time constant, which is proportional to the overheat ratio, and a static sensitivity, K

Ty -

Since voltage, E, is proportional to, Rw , which, in turn, is linearly related to Tw, the linearized E-V
relationship will be: dE

z-wa_i_(E o Eop) = K(V _Vop)

T\, - is usually ~ 1ms for thin hot-wire and ~ 10 ms for slim cylindrical hot-film.

*  For flow with variable velocity or temperature, overheat ratio will vary as well.
* Flow low speed flow, it may result in “burnout”, for high-speed flow, sensitivity is low
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