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1 Resistan
e CalibrationThe resistan
e 
alibration is a ne
essary pro
ess in order to determine the volta-ge delivered by the anemometer to the probe so it maintains a 
ertain overheattemperature Tw whi
h is set to 2500C.First, the ambient wire resistan
es of the probe are determined by subtra
-ting the resistan
e of 
ables, probe leads and support equipment from the totalmeasured resistan
e.
Ra = Rtot − (Rcables + Rleads + Rsupport) (1)The overheat resistan
e Rw is then found from

Rw = Ra + α0R0(Tw − Ta) (2)where
• R0 is the wire resistan
e at 200C.
• α0 is the sensor temperature 
oe�
ient.
• Ta is the ambient temperature during the 
alibration.2 Velo
ity CalibrationAfter the resistan
e 
alibration and the frequen
y response adjustment of theanemomenter have been performed, the next task is to obtain the a dire
t re-lation between the output voltage and the �ow velo
ities. This is done throughvelo
ity 
alibration whi
h is des
ribed below.2.1 UV-Probe: Center Velo
ity Calibration - with NikuradseThis 
alibration method is outlined in Dante
's pra
ti
al guide and basi
allyit is about exposing the probe to a set of known velo
ities and determine thetransfer fun
tion between the obtained voltage signals and the velo
ities. Thisis done by applying a quadrati
 polynomial expansion

Ui = C0 + C1Ecorr,i + C2E
2

corr,i + C3E
3

corr,i + C4E
4

corr,i (3)2



where C0 - C4 are 
alibrations 
onstants to be determined and Ecorr is thetemperature 
orre
ted voltage output obtained from the probe.
Ecorr =

(

Tw − T0

Tw − Ta

)0.5

· Ea (4)where
• Tw: Overheat temperature, here 2500C.
• T0: Ambient temperature during 
alibration, here 240C.
• Ta: Measured temperature during experiment.
• Ta: Output voltage during experiment.Dante
 re
ommends to do this 
alibration pro
edure using an automati
 
alibra-tor whi
h generates a set of known laminar �ow velo
ities. But as this 
alibratorwasn't at our disposal, we de
ided to use the pipe �ow in order to 
alibrate theprobe. There were two main 
hallenges that we had to deal with:
• The pipe �ow is turbulent
• The 
enter line velo
ity is unknown and has to be approximatedOur solutions:
• To make sure the a �ow stability 
riteria was established and use meanvalues of the voltage output.
• Use the mass �ow rate Q measured by the 
oriolis �ow meter to derive abulk velo
ity Ub (5) whi
h is used in Nikuradse's equation (6) to �nd the
enter line velo
ity Uc.

Ub =
Q

ρA
(5)and

Uc =
Ub(n + 1)(2n + 1)

2n2
; (6)The problem with the last solution is that Nikuradse's equation underestimatesthe 
enter velo
ity. Figure (1) Ū/Ub measured from the 
enter of the pipe anddown to the bottom. 3
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HW CenterCal + Nik
DNS−Wu

Figur 1: Center to Bottom HW with 
enter line 
alibration and nikuradse vs Wu'sDNS2.2 UV-Probe: Pro�le Integrated Calibration - without Niku-radseThe 
alibration pro
edure that �nally proved to work is the pro�le integrated
alibration. This method provides us the apportunity to avoid the use of theNikuradse approximation. The 
alibration pro
edure envolves measuring velo-
ity pro�les at di�erent �ow rates and using the integrated voltage output to
ompare with the known bulk velo
ities given by the �owmeter.The relation between the bulk velo
ity Ub and the in situ velo
ity U is given by
Ub =

1

A

∫

2π

0

∫ R

0

Urdrdθ =
2π

A

∫ R

0

Ucrdr (7)The quadrati
 expansion then be
omes
A

2π
Ub,i =

∫

Uirdr = C0

∫

rdr+C1

∫

Eirdr+C2

∫

E2

i rdr+C3

∫

E3

i rdr+C4

∫

E4

i rdr(8)where the index i indi
ates a given �ow rate and E is of 
ourse the temperature
orre
ted voltage output and should have been denoted Ecorr.The pro�le integrations are performed by measuring the �ow at a set of uni-formely distributed points along the pipe diameter and using the Simpson's
omposite integration rule to approximate the integrals in eq.(8).4



[
∫

(Ej)
nrdr

]

ik

≈ [(Ej)
nrwj]ik (9)where wj is the Simpson weighting ve
tor wj = [1, 4, 2, 4, 2, ..., 4, 1] and j indi-
ates the uniformely distributed points in the pipe.The result of this pro
edure is a linear system

A

2π
Ub,i =

[

En
j rwj

]

ik
Ck (10)and the 
oe�
ient ve
tor 
an be found by solving this equation

Ck =
A

2π

[

En
j rwj

]

−1

ik
Ub,i (11)The results from this 
alibration pro
edure, see �g (2) turned out to be prettya

urate proving that the avoidment of the use of Nikuradse's approximationwas a ne
essity.
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HW Profile Cal CB
DNS−Wu

Figur 2: Center to bottom HW with pro�le integrated 
alibration vs Wu's DNS
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