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Definitions : Statistics
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Definitions : Statistics

t-Distribution Random Variable

A(E, &, v, N) Number of associated elements
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Error Factors f,

Physical Phenomena which deteriorate the quality of the
measurement. They must be independent !
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No Error Factor Analysis

No Error Factor

Analysis (Yp)p:]_,,Ny

Raw Data

Population of raw data

@ Measurement of the same true value Y.
@ Y. not necessarily known.

Yp = Krue + EF\)/




No Error Factor Analysis
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Raw Data Raw Data Total
Errors

Step 0 : Approximation of the raw data errors
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No Error Factor Analysis
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No Error Factor Analysis
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No Error Factor Analysis

Advantages

@ Quick Method
@ Fluctuation of the Estimation Value

@ No Bias
@ No Interpretation of the Error Structure




Error Factor Analysis
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Error Factor Analysis

Raw Associated
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Population of raw data
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Error Factor Analysis

Y?M )p:l..N;M .l 6$,fM )p=1..N
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Step 0 : Approximation of the raw associated errors

@ Approximation of &
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Error Factor Analysis
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Error Factor Analysis

Raw Associated
Data Populations

Population of raw data
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Error Factor Analysis
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Error Factor Analysis
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Error Factor Analysis

Error Factor Analysis

Raw Associated Estimation Associated
Error RV Error RV
Step 2 : Determination of Ay
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Error Factor Analysis
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Error Factor Analysis

Advantages

@ Description of the Error Structure
@ Bias Taken Into Account

@ Choice of the Predominant Error Factors




Extra Calculation

®

(AY,fk,l )T{ Ay, )

H Intrinsic Average
.

Ay N

Raw Associated
Error RVs

Step 5 : Intrinsic average
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The Monte Carlo Method
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The MC method

Yn, Zn,

Inputs Outputs

Inverse Technique

@ N, Estimation Inputs
@ N, Outputs




The Monte Carlo Method

=p p
(Yl)p=1~~NMC (Zl)p=1~~NMC
(Y3)p=1.n , (Z8)p=1.n
2/p=1..-Nmc Inverse Technique 2/p=1..Nmc
The MC method
(YR o= (ZRo)o=
N;/p=1..Nmc No/pP=1..Nmc
Ao V,
Populations Inputs Populations Outputs

The Monte Carlo Method

@ Noised population for the inputs
@ Noised outputs




Generation of Noised Input Populations
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Generation of Noised Input Populations
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Generation of Noised Input Populations
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Generation of Noised Input Populations

(6P )i=1.n, va(ti) =Y(t)+.. + ' + )

Estimation Associated Noised Input
Error Values

Estimation Assiociated
Error RV
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Autocorrelation Matrix
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Error Factor Analysis
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The Inverse Technique
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The Calibration of the Thermocouples

U Reference probe
.\ r — Thermocouple
Reflux
T T Insulated pipe
L Refrigerated/heated bath

Experimental Setup




The Calibration of the Thermocouples

ATA

>
>

Vrc

Data Acquisition

@ AT : Temperature difference between the two junctions
@ V.. : Voltage between the two junctions




The Calibration of the Thermocouples

AT Setke S

5°C

[Vrcij, AT refi)

.o

Setk

>
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Ve

@ N; = 13 Sets of acquisition
@ N, = 15 Acquisitions per set




The Calibration of the Thermocouples

ATA P

. [Vrcij, AT refij]
Vrci, AT ei]

>
>

Vrc

Averaging the data




The Calibration of the Thermocouples

ATA

Calibration curve

e [Vrcij, AT refi)
Vrci, AT ei]

>
>

Ve

Calibration Curve

@ obtained with [V, AT, ]

AT, =c V2 + ¢ Vi + G




The Calibration of the Thermocouples

ATA

Calibration
Curve
Error A
o= 3= Noise

Error

>
>

Ve

The error factors

@ Noise Error
@ Calibration Curve Error




The Noise Error

ATA

>
>

Ve

@ Due to the electromagnetic noise
@ Fast fluctuating error




The Noise Error

ATA

>
>

Vrc

Approximation of the noise error

Vicir =Vi +ev C+5V )

true
Vig,n =V +5Vc+ew

true

N,
VTC,i,NA V +€Vc ‘“’V :

true

VTC,i V

true
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The Noise Error

ATA

Vrc

Approximation of the noise error

@ Turning a voltage error into a temperature error

68, = De(Vrigin — Vioiy) =¥, — 7,




The Noise Error

(TnplNAl .' AT”I }l'{ T“ A?,n J
= Raw Noise Error RV Est\mahon Noise

p Nt l " l |

E(;T,n)p:l..NA AT-’LNT

Error RV
Raw Noise Errors Raw Noise Error RVs

Calculation steps

@ One noise error random variable per set of acquisition
@ Step 5 : Intrinsic average

@ Step 2’ : Fluctuating Error : the Averaging decreases the
Variance




The Calibration Curve Error

ATA

Calibration
Curve
Error

>
>

Vrc

@ Discrepancy between the curve and the real behavior of the
Thermocouple

@ Bias during a set of measurement




The Calibration Curve Error

ATA

Calibration
Curve
Error

+e) +ET

+€7.0+E 7

true

Tc,z) =T:
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Ac(vnm ) =T,
v

Ao =T
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The Calibration Curve Error

ATA

Approximation of the errors

@ We suppose T, ~ AT,

true

@ 3 Parameters ¢, ¢, ¢, to estimate the errors :

5‘;,0 = ATc(VTc,f) - ATref,f




The Calibration Curve Error

@ @

E(s%c)p:l“NH AT,C H Af,c )

Raw Calibration Raw Calibration Estimation Calibration
Curve Errors Curve Error RV Curve Error RV

Calculation steps

@ Step 1’ : v, = N; — 3, because of 3 parameters
@ Step 1’ : Variance Correction
@ Step 2’ : Bias : the Averaging does not modify the Variance




The Calibration Curve Error

ATA

Calibration Curve
"True' Response

Vrc

Autocorrelation




The Calibration Curve Error
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Autocorrelation

@ 7, = k x 5°C Temperature delay
@ Autocorrelation :
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The Calibration Curve Error
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Temperature Estimation Uncertainties
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Temperature Estimation Uncertainties

1 3 5 7 9 11 13
N° Thermocouple

T=Te+AT(Vy)

@ Error on cold junction neglected
@ Average : AT" = 0.05°C
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Generation of the Noised Input Populations

(TE.i)P:]---NMC (?szs)pzl..NMc

Inverse Technique

((bz,ks)P:lnNMC




Generation of the Noised Input Populations

5Bzt Th(t) = T(ti) + o8 + o0 )

(6P )iz1..,




Generation of the Noised Input Populations

( At H(éﬁﬁ)i:l..m)—{ﬁ(ti):ﬂ<ti>+6ﬁ-i+65ﬂ)

Noise Errors

@ Independent Errors




Generation of the Noised Input Populations

Th(ti) = Tw(t) + 6P + 6P )

Calibration Curve Errors

@ Autocorrelated Errors

R, = GT(T(ti) - 7(l‘/))




Temperature Uncertainty

IM Temperature Uncertainty

IM Mean Temperature

) KRR
o N
Nk
N\ MW

15

Temperature
Uncertainty

Temperature Uncertainty

@ A¥” constant with time




Temperature Uncertainty
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Time-Averaged Temperature Uncertainty

@ Local Maximums at Thermocouple locations




Heat Flux Uncertainty

Uncertainty

IM Mean Heat Flux
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Heat Flux Uncertainty : Error Factors

Interpretation

T —T_, ¢
N .

Heat Flux Uncertainty




Heat Flux Uncertainty : Error Factors

Interpretation
¢
T—T.,
R N .
e T

Heat Flux Uncertainty




Heat Flux Uncertainty : Error Factors

Interpretation
¢
T—T.,
R N .
e T

Heat Flux Uncertainty




Heat Flux Uncertainty : Error Factors

Interpretation
= 2
o~ epc,~ .
e Ti
Ti+e)— (T +e
b+e.melp+e) M)( ) A(t o)
Heat Flux Uncertainty ep Cp
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Heat Flux Uncertainty : Error Factors

IM Mean Heat Flux

Uncertainty associated to p
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1500 :
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Heat Flux Uncertainty associated to p

@ proportional to ¢




Heat Flux Uncertainty : Error Factors

IM Mean Heat Flux Uncertainty associated to cP
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@ proportional to ¢
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Heat Flux Uncertainty : Error Factors

Uncertainty associated to T

IM Mean Heat Flux

<%2 \\\}\\\\&&\&\\\\\\\\\\\\ gta
0 A\ Tqiq

Heat Flux Uncertainty associated to T

@ proportional to ¢

i i1y PG
g, ~(er—er) Atp x ¢




Heat Flux Uncertainty : Error Factors
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Heat Flux Uncertainty : Error Factors
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Heat Flux Uncertainty : Error Factors
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Heat Flux Uncertainty : Error Factors

éc Independent BC Autocorrelated Bc Constant

Heat Flux Uncertainty




Heat Flux Uncertainty : Error Factors

éc Independent BC Autocorrelated Bc Constant

Heat Flux Uncertainty
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Heat Flux Uncertainty : Error Factors

IM Mean Heat Flux Uncertainty associated to k

E \\\\\\\\\\\\\\\\\\\\\\\\\&&\\\& :

Heat Flux Uncertainty associated to k

@ Peaks when ¢ varies




Heat Flux Uncertainty : Error Factors

Al

Heat Flux Uncertainty

Orders of Magnitude

@ Error in k negligible
@ Error Mainly due to the Temperature Uncertainties




Thanks For Your Attention




	Method 0: Foreword, Definitions
	Bibliography
	Definitions
	Scope of the Study

	Method 1: Determination of an Estimator Uncertainty
	No Error Factor Analysis
	Error Factor Analysis
	Extra Calculation

	Method 2: The Monte Carlo Method
	The Monte Carlo method
	Generation of Noised Input Populations
	Error Factor Analysis

	Application 0: Presentation of Study Case
	The Inverse Technique

	Application 1: Temperature Estimation Uncertainties
	Calibration of the Thermocouples
	The error factors
	Results

	Application 2: Inverse Technique Uncertainties
	Generation of the Noised Input Populations
	Temperature Uncertainty
	Heat Flux Uncertainty




