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Examples of relative variations of C* for a temperature deviation AT, of 10 K and a pressure deviation Ap1 of 8 bar-11 are given in the 
table. 

Table - Relative variations of C* 

T, = 30 T, Ap, = 8 bar PI = 5 bar, AT, = 10 K  

Gas C* (2 bar) -C* (10 bar) C* (5 bar - 30 OC) -C* (5 bar - 40 OC) 
C* (2 bar) C* (5 bar - 30 OC) 

%  %  
I 

He - 0,02 +I,6 

H2 - 0,02 +1,6 

02 -0,4 +I,6 

CH4 -0,5 +I,8 

C2H6 -1,7 +1,9 

co2 -I,3 +1,8 

It thus appears that, for the required accuracy, C* cannot be considered as constant when the upstream conditions vary appreciably. 

Moreover, the contraction coefficient Cd depends basically on the geometry of the nozzle and, through the Reynolds number, on the 
nature of the gas. 

This means that, in practice, calibration of the nozzle under conditions close to those of its use is necessary. Knowledge of the 
theoretical variations of C*, which are themselves calculated from variations in y, is subject to a certain inaccuracy. In addition, there 
is also a deviation due to the fact that the expansion is not completely isentropic, with the result that forecasts of C* prove difficult. 

3.5 Principle of calculation 

The molar ratio of component A, XAI is defined by 

M A  
XA = 

%A + $IJ + QrnC + 

M A  M B  MC 
. . . ! 

where 

q m A f  qmBr  qmCt  l  *a  
are the mass flow rates of components A, B, C, . . . ; 

M A ,  M B ,  MC,  ; l  l  
are the respective molar masses. 

1) 1 bar = 105 Pa 
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4 Practical examples 

A gas mixer with sonic nozzles comes in the form of high-stability pressure regulator units and sonic nozzles discharging into a mixing 
chamber. A schematic example is shown in figure 1. 
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Figure 7 - Gas mixer with sonic nozzles discharging into mixing chamber (schematic) 

Another possibility consists of several sonic nozzles per component; the mixer thus gives a series of concentrations in a known ratio, 
according to the combination of sonic nozzles in service. A schematic example is shown in figure 2. . 
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Figure 2 - Gas mixer with several sonic nozzles per component (schematic) 
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5 Operating conditions 

5.1 Pressures q is the mean temperature upstream of the nozzle; 

The absolute upstream pressure p1 of the sonic nozzles is be- 
tween 3 and 6 bar. This pressure range enables a variation in 
the downstream back-pressures of the sonic nozzles of 250 
mbar to be achieved, without affecting the value of the concen- 
trations of the mixture. 

Only the supply pressure p1 of the sonic nozzles shall satisfy 
precise conditions in order to attain levels of repeatability for 
the concentration proportions stipulated in clause 1. 

The stability of this pressure p1 shall be greater than 5 x 10 -4 
in relative value. 

5.2 Flow rates 

In practice, the minimum flow 
pressure and temperature. 

5.3 Filtration 

rates are 5 cmVmin at ambient 

Filtration of the components and the complementary gas is ap- 
plied in relation to the section of the passage in the mixer com- 
ponents. 

54 . Temperatures 

A simultaneous variation of the absolute temperatures of the 
components and of the complementary gas does not introduce 
any variation in the concentration of the mixture. 

In the case of a variation in temperature of one component in 
relation to another component of the mixture, the concentra- 
tion is modified and this modification can be calculated. 

6 Experimental determination of 
concentrations and examination of sources 
of error 

6.1 General 

Any of the calibration methods described in clause 3 of 
IS0 6145/l can be used. 

The example of calibration given below involves the gravimetric 
method (sub-clause 3.2.3.2 of IS0 6145/l), the calculation of 
the effect of variation of temperature and pressure controllers. 

62 . Presentation of the method 

m qfm = - . . . 
t 

(2) 

The coefficient A, 9 Cd . C* is obtained from equation (3) : 

. . . (3) 

t is the time; 

pi is the mean pressure upstream of the nozzle. 

The sources of error of the method arise from the following : 

a) weighing, refer to IS0 6142 (4.2.1) for the procedure 
and error calculation ; 

b) variations in pressure and temperature linked to the 
quality of the regulators used, and, where applicable, uncer- 
tainties in the measurement of these parameters; 

cl gas losses arising from 
sion in the transfer lines. 

compression and decompres- 

By differentiating equation (3) : 

d(A,m Cd. C*) dm dt 1 dTi w-i 
A, 9 Cd. C* = < - t 

--- -+2’ Ti pi 

An evaluation is obtained of the uncertainty on the determina- 
tion of A,. Cd . C* by 

AtA,- Cd. C*) Am At 1 AT; AFi <-+-+-m--=-+- . ..(4) 
A,++‘* m t 2 Tj pi 

When the nozzle which has been calibrated in this way is used, 
with the service pressure and temperature p1 and T1 being as 
close as possible to the values used during calibration, the mass 
flow rate is given by equation (I) : 

4rn = Cd ’ C” l  

PI 
fl 1 

If the values of p1 and T1 are subject to measurable fluctua- 
tions, mean values should then be taken and qm becomes a 
mean flow rate. 

By differentiating equation (I 1: 

dqm d(A, l  Cd l  c”) -= dp, 1 dT, +---.- 
qrn A, l  Cd 9 C” PI 2 T, 

The uncertainty in the 
the equation 

determination Of qm is evaluated using 

Aqm -< 
A(A, m Cd’ C”) 

+ 
Ap, 1 AT, 

qrn A, l  Cd l  C* -+=i- 
. . . 

p1 

< ACal + Af 

The calibration error, ACal, is calculated by 

ACal = 
A(A, l  Cd. C*) 

A, l  Cd l  C* 

(5) 
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The precision error, Af, depending upon the random variations 
of the parameters pressure and temperature both during one 
operation and from one operation to another, is given by 

API 1 AT, 
Af=----+---- 

PI 2 Tl 

6.3 Numerical example - Determination of the 
molar ratio of a binary mixture CO2 and N2 

In this example of a calculation, it will be assumed that the 
pressures and temperatures were measured with the same in- 
struments during calibration and use, and that fluctuations in 
these parameters were negligible during the period of time t. 

6.3.1 Calibration of the “nitrogen” nozzle 

Am 
m = 0,264 97 + IO-5 kg = 3,8 x 10-S 

m 

Pi = 80483 x 105 + 250 Pa Wi 
- = $1 x IO-4 
Pi 

- 
Fi = 309,3 If: 0,1 K 

AT{ 
-= 

Fi 
3,2 x 10-a 

At 
t = 252,2 + 0,l s - = 4,0 x 10-4 

t 

m A,.CdaC* = - .- 0 t Pi 

A,mQ C* 0,264 97 T/m = - ’ 
252,2 8,048 3 x 105 

= 2,29581 x IO--* 

h(&cd-c+) Am At 
< 

1 AT{ Wi -+-+-.-++ 
A, l  Cd * C* m t 2 IFi Pi 

< 3,8 x 10-5 + 4 x 10-4 + 

3,2 
+T- 

x 10-4 + 3,l x IO-4 

Therefore, the calibration error estimated for qN 
2 

is: 

ACaIN < 9,l x 10-4 

6.3.2 Calculation of the mass flow rate of nitrogen 

PI = 8,0485 x 105 + 250 Pa API - = 3,l x IO-4 
PI 

Tl = 309,l -t 0,1 K W -= 
TI 

3,2 x 10-4 

The precision error is estimated by 

AfN2 < (3,l + 1,6) x 10-d 

< 4,7 x IO-4 

PI =A,-Cd’C*-- 

= 2,29582 x 10-8 x 
8,048 5 x 105 

Jrn 

= 1,051 0 x 10-S kg/s 

AqN2 
. 

QN2 

< AcaIN, + AfN2 

< 9,l x IO-4 + 4,7 x IO-4 

< I,4 x 10-3 

Therefore : 

1 qN2 = 1,051 X 1o-3 + 1,5 X lo--skg/s ) 

6.3.3 Calibration of the “carbon dioxide” nozzle 

Am 
m = 0,296 18 + 10-S kg = 3,4 x 10-5 

m 

Wi 
Pi = 5,2937 x 105 -t 160 Pa - = 30 x IO4 

Pi 

T; = 307,8 + 0,l K 
ATi 
-= 

Fi 
3,2 x IO-4 

At 
t = 3 607,9 + 0,l s - = 6,2 x 10-5 

t 

A,.Cd.C* = 

= 6,10480 x 10-g 

AtA,-Cd=C*) Am At 1 AT{ AFi 
< -++++.T+- 

A, ’ cd ’ c* m t 2 Ti pi 

Which means a calibration error for CO2 of 

Awo2 < 5,6 x 10-d 

Ac. Cd. C* = 6,10480 x 10-g + 3,4 x IO-12 
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6.3.4 Calculation of mass flow rate of carbon dioxide 

PI = 5,293 5 x 105 + 160 Pa 

Tl = 307,9 + 0,l K 

The precision error is estimated by 

AfCo2 < 3 x 10-4 + 1,6 x 10-4 

< 4,6 x 10-J 

qco, = A,. Cd. C* . m!!!- 
fl 1 

= 1,841 7 x 10-d kg/s 

A4co, 
- < ACalco2 + Afco2 
Qco2 

< 5,6 x 10-d + 4,6 x IO-4 

< 10,2 x 10-a 

< I,0 x 10-3 

API -= 3,0 x 10-4 
PI 

4 -= 
TI 

3,2 x 10-4 

qA4CO2 and %4N2 are the molar flow rates of CO;! and N2; 

qM is the total molar mass of the mixture produced. 

Disregarding the uncertainties on the molar masses, the relative 
uncertainty on the molar ratio of CO;! is evaluated as follows: 

Go2 = RIO,35 mmol/mol 

AGO;! 
- < (1 + 1,4) X 10-3 X 0,9 
(202 

< 2,2 x IO-3 

qco, = 1,841 7 x 10-d + I,8 x IO-7kg/s 

where 

or, when isolating the components coming from the calibration 
and from the precision on the two flow rates, 

l  CNp +kfC02 +AfN$.,, 

6.3.5 Calculation of the molar ratio of carbon dioxide 
in the nitrogen 

qco2 

cc02 = 
MC02 

qCO2 + qN2 

MC02 MN2 

= QMC@ 

&WC02 + qMN2 

qiwco;! =- 
4M 

where 

MC02 and 42 are the molar masses of carbon dioxide 
and nitrogen ; 

+-)(l - 4 +(3’c,, 

< A%~,2 + Afcc02 

Acalcco2 is from the calibration errors on the two flow 
rates ; 

Af Cc02 is from the precision errors on the two flow rates. 

AQ-k~02 < (5,6 + 9,l) x 10-d x 0,9 

< 13,23 x 10-J 

< 1,4 x 10-3 

Af Cc02 < (4,6 + 4,7) x 10-4 x 0,9 

< 8,4 x IO-4 

< 0,9 x 10-3 

100,35 + 0,23 mmol/mol 
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