The expansibility factor equations in ISO 5167-2 and ISO 5167-4: do they deliver what they promise?
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The expansibility factor equations in ISO 5167-2:2003 and ISO 5167-4:2003 are very different.  The equation for orifice plates was derived from experimental data.  It will be expected that it will work for the original orifice plates whose data were used to derive it.  The crucial question is whether it works for orifice plates from which data were not used to derive the equation.  Sufficient data have now been published from such plates.  This paper will compare these data (and the original data) with the equation and conclude that the ISO expansibility factor equation does deliver what it promises.
The expansibility factor equation for Venturi tubes in ISO 5167-4 is based on theory alone.  However, this leads to bias in measurements.  In this paper data for β = 0.4 have been analysed.  Although the best way is to collect data at constant Reynolds number by installing the Venturi tube downstream of a choked sonic nozzle and with a valve downstream of the Venturi tube, the data analysed here were taken in conventional calibration rigs, without a constant Reynolds numbert.  Discharge-coefficient data from one 4” Venturi tube, as calculated using the expansibility factor equation in ISO 5167-4:2003, are shown in Figure 1. 
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Figure 1 The discharge coefficient for 4” Venturi tube 28907C

From the experimental data for four Venturi tubes (one 2”, two 4” and one 6”) an expansibility factor equation (using conventional notation) for a Venturi tube of diameter ratio 0.4 has been obtained:
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The benefit from changing the expansibility equation is obvious in Figure 1.
The difference between the ISO expansibility factor equation and Equation (1) is approximately equal to the uncertainty of the ISO expansibility equation as stated in Section 5.8 of ISO 5167-4:2003.  It seems that it just fails to meet what it promises.
It would be appropriate to collect data on the Venturi tube expansibility factor over the full range of diameter ratio, so that the expansibility factor equation in ISO 5167-4:2003 may be revised.
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