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Abstract

Monte Carlo simulation(MC) method was used as an uncertainty assessment tool for gas flow
measurement in this paper. Uncertainty sources for gas.flow measurement were analyzed, and probability
distribution characteristics of each source were discussed. Detailed MC methodology was described
including the effect of the number of simulation. The uncertainty result was compared with that of the
conventional sensitivity coefficient method, and it was revealed that the results were different from each
other for this particular gas flow measurement case of which the modelling equation was nonlinear. The
MC was comparatively simple, convenient and accurate as an uncertainty assessment method, especially in
cases of complex, nonlinear measurement modelling equations. It was noted that the uncertainty
assessment method should be selected carefully according to the mathematical characteristics of the

measurement.
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Table 1 Measured parameters for airflow
calculation at AETF

Parameter Apparatus Description
Pr, PSI 9816
P, PSI 9816
P, Setra 270 w/
HP VX1 E1413C
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D Vernier Calipus
T from theory 3.1416
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7 from theory 1.4
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Fig. 1 A schematic of uncertainty components
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Table 2 Uncertainty components for gas flow measurement ((N) : normal distribution, (R) : rectangular
distribution, figures are standard deviations for normal distributions, full ranges for rectangular ones)

coponens TR | nomaniomity| et e | consans | Combiea
Inputs ™) ™) ™) ®) ® uncertainty
P, [Pa] 51.71 74.55 10.24 0 0 91.30
P, [Pa] 51.71 49.31 3225 0 0 78.39
P, [Pa] 15.0 0 0.6099 0 0 15.01
T r [°C] 1.0 2.490 0.09170 0 0 2.685
D [m] O(neglecting) 0 0 0.05%x10 73 0 0.05%10 ~*
n 0 0 0 0 O(neglecting) 0
R [Vkg - K] 0 0 0 0 0.005 0.005
y 0 0 0 0 0.00277 0.00277
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Fig. 2 Monte-Carlo simulation results (using
intrinsic random number generation
function of ANSI C, 5,000 simulations)
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Fig. 3 MC results for P r, with various numbers
of simulation
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Table 3 Statistical properties and uncertainties of
measured and simulated airflow data

Traditional

method MC

Average W 5.12514 kg/s | 5.12518 kg/s
4 A

Standard uncertainty
2(Wy)
Expanded uncertainty
U Wa)
Expanded uncertainty
U(W4) [%)

0.0131 kg/s | 0.0105 ke/s

0.0263 kg/s | 0.0210 kg/s
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