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Abstract 
We performed a DP flow meter calibration to determine the combined system accuracy of a 
Yokogawa EJX® Series multivariable transmitter EJX910 H range (2000inH2O) and M range 
(400inH2O) combined with VERIS Accelabar® flow primary element 4” based on averaging 
pitot tube technology at the CEESI NIST traceable air laboratory located at Nunn, Colorado, 
USA. 
One of the observations of this is that the linearity of VERIS Accelabar® calibrated flow 
coefficient indicates excellent performance. Another observation is that EJX910 DP 
measurement indicates excellent performance. 
Then we performed flow coefficient and fluid physical property effects analysis for above DP 
flow meter calibration result. 
In conclusion, to improve the accuracy of the mass flow rate, not only flow coefficient variance 
but also the density of the fluid must be accurately managed using the most up-to-date and 
current fluid properties and by calculating changing densities in real time.  
 
1. Introduction  
We performed a DP flow meter calibration to determine the combined system accuracy of a 
Yokogawa EJX® Series multivariable transmitter EJX910 (1) H range (2000inH2O) and M range 
(400inH2O) combined with a 4” VERIS Accelabar® (2) flow primary element based on averaging 
pitot tube technology.  Testing was performed at the CEESI NIST traceable air laboratory 
located at Nunn, Colorado, USA.  
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Fig.1. Yokogawa EJX910 Transmitters 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2. 4” VERIS Accelabar® 
 
 
Figure 1 shows the multivariable transmitters 
representing three different DP ranges. 
 
 
Figure 2 shows the 4” VERIS Accelabar® 
with integral RTD and manifold head. 
 
 
Figure 3 shows the pressure and DP 
connections including the CEESI and 
Yokogawa instruments. 
 
 
 
 
 
 

 

 
Fig.3.  Instrument Connections 

 
2. Mass Flow Rate Measurements  
 
Flow rate outputs of the EJX910 transmitters were compared to CEESI flow rates determined by 
CEESI’s NIST traceable sonic nozzles. Also, the VERIS Accelabar® flow coefficient was 
calibrated with CEESI’s NIST traceable differential pressure transducers and CEESI flow rates. 
And the EJX910 differential pressure, static pressure and temperature measurements were 
compared with CEESI’s differential pressure, static pressure and temperature transducers. 
 
During the 800 psia air tests, the best performance was achieved with accuracy of 0.25% with 
10:1 turndown for the EJX910 M range with the 4” VERIS Accelabar® (See Figure 4), and 
accuracy of 0.5% with 15:1 turndown for the EJX910 H range with the 4” VERIS Accelabar®, 
when the VERIS Accelabar® flow coefficient (K) value was corrected from EJX910 flow data to 
match CEESI flow data (See Figure 5). This means that calibration in the operating fluid at 
operating conditions yields the greatest possible accuracy. 
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Fig.4.  0.25% Accuracy, 10:1 Turndown 
 

 
 
 

 
 

Fig.5.  0.50% Accuracy, 15:1 Turndown 
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3. Flow primary element  
 
One of the observations of this is that the linearity of the VERIS Accelabar® calibrated flow 
coefficient indicates excellent performance (2) (See Figure 6).  
 
 

 
Fig.6.  VERIS Accelabar® Linearity 

 
 
The VERIS Accelabar® combines a unique toroidal nozzle design with the VERIS Verabar® 
averaging pitot tube (See Figure 7). The nozzle’s patented “settling distance” design 
accelerates, linearizes, and stabilizes the fluid’s velocity profile.  
 
The VERIS Verabar® located within the nozzle then accurately measures that velocity profile. 
The nozzle also significantly increases the differential pressure output, thus increasing the 
operating range (turndown) of the VERIS Accelabar®. 
 

 
Fig.7.  VERIS Accelabar® DP Flowmeter 
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4. Differential Pressure Measurements  
 
Another observation is that the Yokogawa EJX910 DP measurement indicates excellent 
performance. M range achieved high accuracy and H range performance achieved wide 
turndown (See Figures 8 and 9). These graphs represent the EJX910 value compared to the 
CEESI value. The transmitter specification is based on "Reference Accuracy of Calibrated 
Span": ±0.04% of span and "Static Pressure Effects Change": ±0.075% of span per 6.9 MPa 
(1000 psi). Vertical error bars on the graph represent the uncertainty of the CEESI lab. 

 
Fig.8.  Yokogawa EJX910 DP Accuracy, 400 in H2O Range 

 
 

 
Fig.9.  Yokogawa EJX910 DP Accuracy, 2000 in H2O Range 
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The EJX910 is designed with multi-sensing capabilities using built-in silicon resonant sensor 
technology (3) (See Figure 10). The pressure sensor based on advanced silicon resonant sensor 
structure contributes to the flow measurement performance by better accuracy and linearity 
feature.   
 
Using resonant sensor, the pressure on the high- pressure side (static pressure) is 
simultaneously measured along with differential pressure between high- and low-pressure. Two 
resonators are incorporated into EJX910 using MEMS technology at the location of the silicon 
diaphragms where tensile strain and compressive strain occur. The differential pressure and 
static pressure signals can be calculated by making differential computations and summation 
computations of the two resonators respectively. DP signal linearity is influenced by static 
pressure effect. EJX910 continuously & dynamically cancels the static pressure effect and 
ambient & process temperature effect and provides precise DP measurement. 
 
The resonance frequency can be read directly using a counter for CPU-based high-precision 
data processing. The sensor is free from the A/D conversion errors which are inherent on 
pressure sensors based on other operating principles. 
 
Since the resonance frequency of resonators depends on their mechanical and structural 
dimensions, the sensor has extremely small temperature coefficients and extremely low 
impurity-ion sensitively, compared with piezo resistance-based sensors. Because of this feature, 
the output signal is stable during long term operation.   
 
 

 
 

Fig.10.  Yokogawa EJX910 Silicon Resonant Sensor  
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5. Fluid Properties Analysis  
 
Then we performed a flow coefficient and fluid physical property effects analysis (4) for the above 
DP flow meter calibration results. 
See Figure 11 for mass flow calculation. 
 

 
Fig.11.  Mass Flow Calculation 
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Figure 5 represents the mass flow output from the EJX910 H range compared to the CEESI 
mass flow value. The percent error in flow has been adjusted to the calibrated flow coefficient 
(K) value determined from the 800 psia test results. The published K of .7106 was programmed 
in the EJX910 during the test. Using a calibrated K value of .7255, the error results were 
corrected as shown on this graph by a factor of (.7255)/(.7106), or 2.05%. This indicates that 
original EJX910 flow measurement data difference from CEESI flow data was approximately 
2.05%.  
 

Table 1. EJX910 H range flow rate difference from CEESI flow rate 
K factor max 0.7233 

K factor min 0.7277 

(max + min) /2 0.7255 

calibrated K factor 0.7255 

published K factor 0.7106 

Ratio % 2.05 

 
We analyzed the cause of the difference and evaluated the test facility calibration uncertainty 
and the VERIS Accelabar® flow coefficient (K) variance from the published value which is 
already combined in the EJX910 calculation.  As with other geometry based DP primary flow 
sensors, like orifice plates and Venturi devices, the VERIS Accelabar® flow coefficient will be 
most accurate when calibrated in laboratory conditions.   
 
Calibrated VERIS Accelabar® Kfactor is 0.7215. The published Kfactor is 0.7106. The VERIS 
Accelabar® flow coefficient (K) variance from the published value is calculated as 
(.7215)/(.7106), or 1.51%. 

 
Table 2. VERIS Accelabar® K factor calibration result 

K factor max 0.7251 

K factor min 0.7179 

(max + min) /2 0.7215 

calibrated K factor 0.7215 

published K factor  0.7106 

Ratio % 1.51 

 
But we could not align with CEESI calibrating results only by K variance. So, we estimated 
another cause and we assumed that the rest of the difference 0.54% can be attributed to the 
difference of density from the calibration laboratory and the EJX910 flow rate calculation.  
 
The density difference between the EJX910 and the calibration laboratory is that VERIS 
Accelabar® calibrated flow coefficient is obtained using NIST REFPROP which is provided by 
CEESI. On the contrary, the EJX910 uses DIPPR (American Institute of Chemical Engineers 
(AIChE®) DIPPR® Project No.801 Database: 2003 Edition) for the flow rate calculation.  

 
According to the above assumption, we corrected the EJX910 flow measurement data with the 
VERIS Accelabar® calibrated flow coefficient and NIST REFPROP density.  
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We evaluated REFPROP density and DIPPR density under flowing condition. Then, the density 
correction factor SQRT(DIPPR density) /SQRT(REFPROP density) turned out to be 
approximately 0.53%, which was almost same as the assumption 0.54%. 
 

Table 3. Evaluation of DIPPR density/REFPROP density 
Density difference max 1.15% 

Density difference min 0.97% 

Average=(max + min) /2 1.06% 

average/2=SQRT(Density) diff ratio 0.53% 

 
And by correcting the actual measurement data, we confirmed that the EJX910 flow rate results 
align with CEESI calibration results. Figure 12 is created by correcting the actual measurement 
data and align with Figure 5 previously presented for the final accuracy of the mass flow rate 
measurement. 
This analysis is conducted by matching the density database of same fluid under same pressure 
and temperature. Future analysis considering different condition of pressure and temperature 
will be followed.   
 
 

 
 

Fig.12.  4 Inch VERIS Accelabar®, 800 psia, H Range EJX910, Combined Error 
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6. Conclusion  
 

We performed a DP flow meter calibration for a Yokogawa EJX® Series multivariable 
transmitter EJX910 and VERIS Accelabar® flow primary element at the CEESI NIST traceable 
air laboratory and observed excellent performance of combined system accuracy. 
 
Then we performed flow coefficient and fluid physical property effects analysis for DP flow meter 
calibration result. We evaluated the test facility calibration uncertainty and the VERIS 
Accelabar® flow coefficient (K) variance from the published value which is already combined in 
the EJX910 calculation. Also, we evaluated the density difference between the EJX910 flow rate 
calculation and the CEESI calibration laboratory. By correcting the actual measurement data 
with these differences, we confirmed that the EJX910 flow rate results align with CEESI 
calibration results. 
 
In conclusion, to improve the accuracy of the mass flow rate, not only flow coefficient variance 
but also the density of the fluid must be accurately managed using the most up-to-date and 
current fluid properties and by calculating changing densities in real time.  
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