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ABSTRACT 

During air sampling, simple flow controllers are often adversely 

affected by changes in the upstream pressure, which can result from 

variations in the pressure drop across sampling devices or changes in 

the atmospheric pressure. Two improved flow controller designs are dis-

cussed that overcome this problem. Details of their construction and 

performance are discussed. 
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DISCUSSION 

Air sampling with a concentrating device such as a particulate 

filter or a bubbler requires that the sample be collected at an accu-

rately known mass flow rate. Ordinarily, this flow rate is obtained by 

placing a valve or orifice directly between the sampler and a vacuum 

source. This arrangement by itself is not adequate for accurate flow 

control, since variations in the vacuum source can cause the flo\v rates 

to change. This difficulty is often overcome by using a critical ori-

fice (1,2), or by using a pressure regulator to control the vacuum 

source (3). For these methods to be effective, it is necessary that the 

upstream pressure and the temperature remain constant. 

Variations in the upstream pressure resulting from changes in the 

atmospheric pressure or in pressure drops across sampling devices usu-

ally cause more severe variations in the flow than minor temperature 

fluctuations. llhen air samples are being collected on filters, the 

pressure drop across the filter increases as the filter becomes clogged. 

llhen air is sampled using bubblers with frits, it can be observed that 

the pressure drop varies from bubbler to bubbler, making the flow rate 

different for each bubbler. In addition, if fritted bubblers are used 

with an unstable trapping solution, precipitation can occur inside the 

frit. This causes a gradual increase in the pressure drop, and thus a 

decrease in flow rate. 

The latter t>Jo problems became apparent when measurements of indoor 

and outdoor aldehyde concentrations in ambient air were made using 3-

methyl-2-benzothiazolinone hydrazone as the trapping reagent. The sam-

pling system employed used fritted bubblers in combination with critical 
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orifice flow controllers. As the sample was being collected, a blue 

precipitate formed inside the frit. The frit became noticeably clogged 

during each sampling period, and significant variations in the flow rate 

were observed. 

As a result of these problems, it was decided that it \lould be 

desirable to have a flow control apparatus in which the flow rate was 

not affected by variations in the upstream pressure. Either electronic 

mass flow controllers or constant pressure differential flow controllers 

could have been used to construct such an apparatus (4 ,5). For reasons 

of price, ruggedness, and simplicity, the latter type v1as chosen. It 

was possible to design two different flow control apparatus using a con

stant pressure differential flow controller, one with and one without a 

pressure regulator. These two apparatus, shown schematically in Figure 

1, were used in different field sampling situations, as discussed belov7• 

The flow control apparatus shown as Apparatus A (-see Figure 1) uses 

a pressure regulator to provide a stable downstream reference pressure 

for the flow controller. The constant pr~ssure differential flow con

troller then uses the reference pressure to maintain a constant pressure 

difference across a control valve. \-lith the upstream and downstream 

pressures, relative to the control valve, held constant, the flow rate 

becomes a function only of the control valve setting, the temperature, 

and the gas in the system. The flow controller is able to maintain a 

constant pressure difference across the control valve, and thus a con

stant flow rate, until the sample inlet pressure approaches the regu

lated downstream pressure. At this point, the flow controller can no 

longer function properly and the flow rate begins to decrease in propor-

-4-

u 



tion to the decreasing inlet pressure. 

The regulated pressure must be chosen carefully. Lowering the down-

stream reference pressure will make the flow rate independent of larger 

variations in the upstream pressure, but will require a larger pump. A 

lower reference pressure may also ir1crease the sensitivity of the systen 

lJ 
to changes in atmospheric pressure if a vacuum regulator is used in 

place of an absolute pressure regulator. In the system constructed at 

Lawrence Herkeley Laboratory, a regulated pressure of 0.35 atm was found 

to work well. As is shown in Figure 2, the flow rate is constant at 1.0 

slpm for upstream pressures between 0.63 atm and 1.0 atm. At lower 

pressures, the flow decreases along the load line of the system. Once 

the regulated pressure is fixed, it should not be changed if the in-line 

rotameters are to be used t:o check the flow rate. Rotameter readings 

increase with decreasing pressure for a fixed flow rate so that the 

pressure must be constant for these readings to be meaningful. 

Only one sample inlet is shown for Apparatus A in Figure 1; however, 

in the system actually constructed at Lawrence Berkeley Laboratory, a 

single pressure regulator is used to provide a constant downstream pres-

sure for seven sampling lines' each line having its 0\vn constant pres-

sure differential flow con troller. This minimizes the cost and complex-

ity of the system. The entire system (except for the pump) is contained 

,.I 
in a single box measuring 20 em x 46 em x 61 em. The pump is kept 

separate from t:he system so that it can be placed in a location ~vhere 

noi.se is not a problem. Fl.th the exception of the pressure regulator, 

the flow controller and the control valve, the performance specifica-

tions of the components shown in Figure 1 are not critical. It should 
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be noted, however, that the pump must be large enough to draw the 

desired flow rate and maintain the necessary pressure drops. The system 

can also use a house vacuum line for laboratory work. All of the parts 

listed are for a system intended to draw air at a rate of one standard 

liter per minute (slpm) through each sampling line. For higher flow 

rates, different valves and rotameters will be needed; for lm.rer flo>vs, 

the flow controller may also have to be changed to a lo•.r flow rate 
() 

model. 

A bypass valve is included in Apparatus A as shown in Figure 1, so 

that a total flow rate of more than 4 slpm can be used. The pressure 

regulator works best with a flow of less than 1 slpm, and stops working 

altogether if a flow rate of more than 4 slpm passes through it. To 

avoid this, the bypass valve is opened so that some, but not all, of the 

flow goes around the regulator. The remaining flow (approximately 0.5 

slpm) passes through the regulator and is sufficient to keep the regu-

lated manifold. pressure constant. If an unstable vacuum source (e.g., 

an erratic house vacuum line) is used, this system will not work prop-

erly, since a low pressure will cause all the flow to go around the 

regulator, and the pressure in the manifold will vary. This has not 

been found to be a problem in practice. 

Care should be taken to prevent the control valve from being 

accidentally readjusted while the sampling system is in use. Placing 

the control valve inside the box eliminates this problem, as does 

replacing the valve with a fixed orifice. A fixed orifice makes the 

flow control apparatus extremely stable at one fixed flow rate, but it 

also makes it difficult to change flow rates if necessary. 
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Temp~rature can have an effect on the control valve, as shmvn in 

Table I. The theoretical flow rates shown were calculated using 

Poiseuille' s law and literature values for the density and viscosity of 

air (6). The thermal expansion of an orifice is extremely small and was 

neglected. It can be se.en that some valves exhibit temperature sensi-

tivities that are quite different from what would be expected from the 

changes in gas density and viscosity. Under normal circumstances, the 

use of a fine needle valve or fixed orifice will prevent temperature 

effects from becoming a problem. If extreme temperature fluctuations 

are encountered, it is possible to thermostat the apparatus. A simple 

heater circuit constructed using heat tape and a bimetallic thermos,vitch 

should-be adequate. 

Apparatus B (see Figure 1) was designed so that a pressure regulator 

is not required. In this system, the constant downstream pressure is 

atmospheric pressure, while the upstream pressure is above atmospheric 

pressure. This is possible because a pump is included in the line 

before the flow controller. It is important that this pump not leak, 

since it provides the upstream flow rate which is to be controlled by 

the flow controller. A diaphragm pump is adequate for this purpose. 

The flow through this type of system is somewhat uneven, due to the 

rapid fluctuations associated '·lith the pump. For the system constructed 

at Lawrence Berkeley Laboratory, the total flow rate, as measured with a 

wet test meter, remains constant at 1.0 slpm for upstream pressures 

between 0.47 atm and 1.0 atm as shown in Figure 3. Since this apparatus 

operates on the same principle as the first apparatus, it suffers from 

the same linitations described previously. This simplified apparatus is 

-7-



very convenient for field sampling where noise is not a problem, since 

it is compact and provides a constant flow. Uhen this type of system is 

used in conjunction with a fixed orifice, it provides a very simple, 

rugged and portable sampling system. 
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Table I. Temperature variations of the flows 
through several types of control valves. 

Valve Flow at Flow at Flow at 
or 10°C 20°C 30°C 

Orifice (slpm) (slpm) (slpm) 

Nupro B4H (A) 0.79 0.83 0.87 

Hoke D3752G4Y (A) 1.04 0.92 0.80 

Nupro B4L (B) 0.96 0.93 0.90 

Matheson 7200 (B) 0.96 0.93 0.91 

Becton and Dickinson 0.82 0.80 0. 77 
#20 hypodermic needle 

Glass Orifice 0.76 0. 75 0.73 
(0.2 mm I.D. X 15 mm) 

Theoretical Orifice 1.06 1.00 0.94 
(Poiseuille's Law) 

(A) - Coarse needle valve 

(B) - Fine needle valve 
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Variation 
at 20°C 

(% per °C) 

+0.44% 

-1. 32% 

-0.33% 

-0.24% 

-0.31% 

-0.20% 

-0.62% 



FIGURE CAPTIONS 

Figure 1. Flow control apparatus A (with pressure regulator) 
and B (without pressure regulator) 
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Parts used for the flow controllers: 

Glass fiber prefilter 

Flow controller (Moore Products 63 BD for flows between 
0.3 and 50.0 slpm or Moore Products 63 BD-1 for flows 
between 0.007 and 5.0 slpm) 

Control valve (see text and Table I) 

Bypass valve (Hoke D3752G4Y or equivalent) 

Rotameters 0-2 slpm (Matheson 7200 or equivalent) 

Vacuum Manifold 

Vacuum gauge, 0 - 1 atm (Matheson 63-4101 or equivalent) 

Pressure regulator (Moore Products 44-20 or 43-20) 

Vacuum pump (Gast 0522 or equivalent) 

Leak-proof pump (diaphragm pump) Thomas 2107 or equivalent 

All connections were made using poly-flo tubing and 
gyrolok fittings 

Figure 2. Flow through Apparatus A (see Figure 1) as a 
function of inlet pressure. The downstream 
pressure is 0.35 atmospheres. 

Figure 3. Flow through Apparatus B (see Figure 1) as a 
function of inlet pressure. The downstream 
pressure is 0.98 atmospheres. 
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