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Abstract 
 

Critical sonic nozzles are used for the calibration of flow meters and also as highly stable transfer 
standards [1-3]. We consider the characterization of a sonic nozzle in terms of a linear model between 
the effective area of the sonic nozzle and the inverse square root of the Reynolds number. The model 
is identified from calibration data which consist of several measurement series. However, while each 
series is well described in terms of a linear model, intercept and slope of the linear models obtained for 
the single series differ significantly. Simple least-squares procedures fail to account for this between 
series variation and uncertainties obtained by such approaches can turn out significantly underrated.  

We apply a linear mixed model [4-6] that addresses the between series fluctuation of intercept and 
slope by random effects. The particular linear mixed model used for the analysis of the sonic nozzle 
calibration data is described as well as its identification using Bayesian inference. In this context we 
also discuss the selection of an appropriate prior. The numerical calculation of the posterior 
distribution is done by applying Markov Chain Monte Carlo techniques. In addition, we also consider 
the Laplace approximation method [7]. 

Results for calibration data will be presented and accompanied by a sensitivity analysis. Particular 
focus is put on predictions made by the inferred model. We show that resulting prediction intervals 
cover the observed significant variability of different measurement series in a reasonable way. 
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