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Abstract— In air sampling is often necessary to 
limit the air inflow into an initially void vessel in or-
der to extend the filling time. This requires devices 
characterized by very low, known and stable conduc-
tance. Likewise devices may also be used to control 
the gas flow between two vessels, or the outflow from 
gas containers. Depending on the use, they are called 
flow controllers, controlled leaks or, as in our case, 
inflow regulators. In this work we describe simple 
and cheap inflow regulators designed to collect air 
samples in 0.5 L vessels with filling times of many 
days. These inflow regulators may be adjusted with-
in a wide impedance range and proved to be very 
stable under laboratory conditions and reasonably 
stable even under much harder operating conditions 
in field experiments.  
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I. INTRODUCTION 
Low hydraulic conductance gas flow regulators, also 
named controlled leaks, are used in many laboratory and 
industrial applications. Some examples are leaks detec-
tion in complex system (Calcatelli et al, 2007), leaks 
quantification (Hidalgo and de Segovia, 2008), meas-
urements of large, irregularly shaped volumes (ENEA, 
2004), pressure regulation in plasma generators under 
continuous flow condition (Torven and Babic, 1972) 
and time-averaged air samples collection (Ki-Hyun et 
al., 2004; Trabue et al., 2008; Hoshi et al., 2008). Usu-
ally, conductance C is expressed in terms of the rate of 
increment of the pressure in a previously evacuated ves-
sel and is of the order of 10-9- 10-7 mbar.L/s for a pres-
sure difference of 1 bar. In this work we focus on the 
latter application, and we shall call Inflow Regulators 
(IR) the developed devices. 

There are basically two kinds of low conductance 
IR: porous plugs or membranes, and geometric leaks. 
Porous plugs rely chiefly on material permeability, 
which must be in the range 0.1 to 1 mdarcy to achieve 
the desired conductance. These values are easily acces-
sible by using baked clays. But permeability is sensible 
to temperature changes (ca. 3% for ºC). Besides, in the 
above range porous plugs are selective with respect to 
trace gases in air because pores diameters are of the or-
der or smaller than molecular mean free paths (≈ 100 

nm at NTP). This is a serious hindrance at least for at-
mospheric sampling applications.  

On the contrary, the above effects are very small or 
absent in geometric leaks, currently constituted by seg-
ments of very thin capillary tubes (an inner diameter – 
ID– of 0.1 mm is the smallest commercially available) 
wherein a Poiseuille flow develops. Therefore, this solu-
tion has been adopted to collect air samples when time-
averaging are mandatory, as, for instance, in applica-
tions of the Johnson SF6 tracer technique, designed to 
measure the discontinuous CH4 emission by grazing 
ruminants (Johnson et al., 1994; Johnson et al., 2007). 
Clearly, during the filling of initially void vessels 
through IR, the inflow rate decreases as the pressure dif-
ference decreases. Therefore, the time variation of the 
pressure p in the vessel is given by:  
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Here V is the vessel volume, p0 the atmospheric pressure 
and C the conductance of the IR. Integrating: 
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Strictly speaking, filling is linear on time only if t 
<< C/V. However, in the concern of air samples collec-
tion, it is usual to extend the filling until a time T for 
which p ≈ 0,5 bar. This is a reasonable compromise be-
tween the need to collect enough air for analysis and to 
avoid excessive departures from linearity. Therefore, a 
good choice for C is: 
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Normally, T and V are fixed “a priori” when 
planning a field experiment. Therefore, the optimal C 
for the IR to be used should be close to that given by the 
above expression. According to Poiseuille law and Eq. 3 
for a 1 m long capillary tube of 0.1 mm ID , and T = 
8,64 104 s, V should be 1.5 L. We conclude that IR 
based on capillary tubes are reasonably suitable only for 
T of the order of 1 day or less.  

On the other hand, both in applications of the 
aforementioned Johnson technique and in other field 
measurements, it is convenient to extend T up to many 
days. There are many reasons to use longer T: the 


