
Definition and principle of the use of Venturi nozzles 

The Venturi nozzles used in critical flows (‘sonic nozzles’ in the rest of this article) are nozzles derived 
from the principle of the de Laval nozzle (with a converging and then diverging orifice), a principle 
taken up by Gaz de France at the beginning of the 1970s when they were looking for a precise and 
reliable method for the calibration of meters under pressure. Different research studies produced 
the standard NF EN ISO 9300. 

 

View and principle of a critical flow Venturi nozzle 

The theoretical function of sonic nozzles has been described by Saint Venant, Stokes, Wilde and 

Reynolds. The principle rests on the fact that the gas which passes over the nozzle accelerates up to 

critical speed, which is equal to the speed of sound, at the throat. By using different equations 

(continuity equation, isentropic flow), it has been demonstrated that, under critical flow, the mass 

flow across the nozzle depends only on the upstream conditions. Theory therefore allows us to 

calculate the mass flow qm which transits the nozzle using the following formula: 
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where  f  is the function of critical flow defined by: 
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A* 
the area of the nozzle throat (in m2) 

 the isentropic coefficient; defined as being equal to the relationship between the specific 

heat capacity isobars (cp) to the specific heat capacity isochore (cv) 
M The molar mass of the gas (in kg/mol)  
p0 The pressure of the gas stop at the entry to the nozzle (in Pa)  
R The universal constant of ideal gases (in J.mol-1.k-1)  
T0 The temperature of the gas stop at the entry to the nozzle (in K). 

 

The hypotheses leading to the formula above are not completely complied with for: 

 ideal gas 

 isentropic flow 

 mono-dimensional flow 

 pressure of the gas stop upstream of the nozzle 



Thus the use of a nozzle under real conditions leads us to introduce the function of critical flow  C* 

and the coefficient of the discharge CD, as shown in the formula 
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The function of the critical flow C* intervening in this relationship depends on the pressure p0 and of 

the temperature T0 of the gas stop upstream of the nozzle, and also of the nature of the gas. For a 

certain number of gases, tables exist which allow us to calculate the value of the critical flow 

function. On the other hand, the determination of this function for the more complex gases such as 

natural gas require more significant means of calculation (see AGA8-1992 and ISO 9300). The 

coefficient of the discharge CD intervening in this relationship is the ratio between the real flow and 

the theoretical flow. This term is a corrective coefficient which takes into account the geometry of 

the nozzle. 

 

In this way, taking the nature of the gas into account in the function of the critical flow C* allows us 

to separate  the corrections due to the gas from the corrections due to the geometry of the nozzle. In 

these conditions, the calibration of the nozzle comes back to determining experimentally its 

coefficient of the discharge CD independently of the gas. 

 

For calibrations, the coefficient of the discharge CD is determined for different values of the Reynolds 

number Red of which the value is expressed by the formula: 
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This is a dimensionless number, where 

d : diameter at the nozzle throat 

µ0 : dynamic viscosity of the gas 

 

In practice, the relationship can also be used under the equivalent form: 

00RDm ρ  pCCAq  

In which CR is the coefficient of the critical flow for a mono-dimensional flow of an ideal gas set equal 

to C * x Z0, where Z0 is the compressibility factor of the gas at the entry to the nozzle. 

 

 



Use of sonic nozzles 

Sonic nozzles are a measurement instrument particularly suited to measuring gas flow under 

pressure, for the following reasons: 

 stability over time; 

 less sensitive to conditions upstream compared to other flowmeters; 

 low uncertainty because they depend only on the accuracy of the associated measurement 

instruments (pressure and temperature); 

 the calibration curve represented by CD = f(Re) is independent of the gas under 

consideration; 

 insensitive to instabilities downstream as a result of the sonic operation. 

The reliability of sonic nozzle technology is also confirmed by the numerous comparison results. 

 


