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What Consider the two patterns HTH and HTT
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Which of the following is true:

4

A The average number of tosses until HTH is larger
than the average number of tosses until HTT
\

y
B The average number of tosses until HTH is the same

‘ as the average number of tosses until HTT

y
C The average number of tosses until HTH is smaller
‘ than the average number of tosses until HTT
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Three DP Meters

3]

Pressure

[} [
P1 P2 P3 flow




North Sea

Three DP Meters

Pressure

[ ]
[ flow I ": | | >
L - | | / P1 P2 P3 flow
P1 P2 P3
mt APt mr APr

Mppp APppy,



North Sea

Three DP Meters

3]

Pressure

] ]
| |
S — i / p1 P2 P3 flow
P1 P2 P3
my = EA;YCy(2pAP,)Y/? m. = EA.K,(2pAP.)Y/?

mpp;, = AKpp (2pAP PPL)l/ 2



North Sea

Mass Flow and Pressure Drop Constraints
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m, = EA,YC,(2pAP,)1/?
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-@' 100% certainty — all 3 DP meters are measuring the same flow rate
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Pressure Drop Constraint

Measurement Workshop

A\

»
Ll |

A A

AP, = AP, + APpp;,



North Sea

Mass Balance
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Non-Linear Constrained Maximum Likelihood
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Mass s am oy
Balances E = —m,(d,D,K,p,AF) =

W = 1 — 1ipp, (D, Kppr, , APppL) = 0
Pressure s . .
Balance ()= AP, — AR — APpp, = 0

Measured v — [AP, AP, APpp, Y Cq K. Kpp, pl
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Non-Linear Constrained Maximum Li‘elihood
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Uir1 = U; — UZUxVJZ)_lju)_ljavaljg)_l(]xxo +]x(xi - xo)) )

Xiv1 = Xo — VIEUVID) T (Jexo + Ju (i — ug) + J (i — x0))
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Uncertainty over a Range of Flows FL

Relative Uncertainty (%)

0.9%

0.8%

0.7%

0.6%

0.5%

0.4%

0.3%

0.2%

0.1%

0.0%
0.000

U

Measurement Workshop

4" 0.5 Beta Orifice Meter Trad itional

MLU

0.500 1.000 1.500 2.000 2.500 3.000 3.500
Mass Flow Rate kg/s

® Traditional @ Reconciled



North Sea

Information and Uncertainty

U

Measurement Workshop

e nformation essssncertainty



North Sea

Information and Uncertainty
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Return to the Mass Balance
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my = EA;YCy(2pAP,)Y/? m. = EA.K,(2pAP.)Y/?

Mmppyp = AKppy, (ZpAPPPL)l/Z
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Mass Balance
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Re-writing the Mass Balance
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Modified Flow Coefficients
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Mass Flow and Pressure Drop Constraints
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Mass Flow and Pressure Drop Constraints

Cy(AP)Y/?

A A LA AL ST LS SIS SIS LSS SIS SIS LSS LSS IS

K/(AP)/?

AP,

APPPL

A

AP,

v

North Sea

U

Measurement Workshop

Py

(IQPL (APPPL) 1/2




Maximum Likelihood Uncertainty
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Maximum Likelihood Uncertainty
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Mass Flow and Uncertainty
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Mass Flow and Uncertainty
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Mass Flow and Uncertainty

Measurement Workshop

K. (&)Y

— ——

AP APpp,

—

AP,

My = Koo (BPpp1)  (2p) 12 MLU mass flow, A
reduced
uncertainty




North Sea

MLU time, t=1 FL w
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MLU time, t=2
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MLU time, t=1 and t=2 FL
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MLU time, t=1 and t=2 FL.
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MLU time, t=1, t=2 and t=3
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Thought experiment - theoretical example
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Three DP Meters - Perfect Information
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4”, 0.5 Beta Orifice DP Meter
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Table 1 - Hypothetical 4”, 0.5 Beta Orifice DP Meter Variable and
Parameter Uncertainties

Variable / Unit ‘True’ Value Percent Absolute
Parameter Uncertainty Uncertainty
Mass Flow kg/s 3.2064
DP: Pa 90,796 1.0% 908
DP: Pa 23,931 1.0% 239
DPppL Pa 66,866 1.0% 669
d M 0.0508 0.05% 0.000025
D m 0.102 0.25% 0.00026
Y Dimensionless 0.991 0.30% 0.0030
Cq Dimensionless 0.602 0.5% 0.003
Kr Dimensionless 1.163 2.9% 0.017
KppL Dimensionless 0.177 1.2% 0.002
p kg/m?3 36.304 0.27% 0.098
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Hypothetical Example — Mass Flow Rate
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Hypothetical Example — Mass Flow Rate Uncertainty FL
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Hypothetical Example — Mass Flow Rate Uncertainty
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Hypothetical Example — Cd’ Evolution FL

U

Measurement Workshop

0.3965
0.3960

0.3955

e - I——— S

3 0.3950

0.3945

0.3940

0.3935

31
64
67
70
73
76
79
82
85
88
91
94
97
100

Time Step

el e—Trye Cd' +Unc -Unc



North Sea

Hypothetical Example — Kr’ Evolution FL
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Real Data - 6”, 0.6 Beta Orifice DP Meter
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Real Data - Cumulative Mass Difference FL
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Real Data — Mass Flow Rate Uncertainty FL
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What Consider the two patterns HTH and HTT
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Which of the following is true:

4

A The average number of tosses until HTH is larger
than the average number of tosses until HTT
\

y
B The average number of tosses until HTH is the same

‘ as the average number of tosses until HTT

y
C The average number of tosses until HTH is smaller
‘ than the average number of tosses until HTT
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The Introspective Orifice Plate
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To raise new questions, new
possiblilities, to regard old
problems from a new angle,
requires creative imagination and
marks real advance in science.




