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Abstract 

Air density, viscosity, and other factors change with barometric 

pressure, and this has been the source of error in personal monitoring 
pump sampling in cases such as air sampling in underground mines or 

airplane cabins. Flow constancy at ambient conditions is important for 
determining volume sampled and is particularly critical when using 

inertial particle size separators such as impactors and cyclones, where 

flow rate changes affect cut point.  A new feature in a widely used 
pump, incorporating the necessary technology, allows for automatic 

compensation of barometric changes, such as calibrating at ground level 
and sampling in an underground mine or at altitude in a passenger 

airplane.  Bench testing in a pressure chamber produced and verified 
the data that was used to form a correction algorithm.  The pump 

contains pressure and temperature sensors that provide the data to 
perform the correction in real time.  Unit operation was confirmed in 

field testing at a deep gold mine in South Africa.  The results indicate 
that the pump is capable of maintaining the flow rate at +/- 5% 

(volumetric) under such conditions. 
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Introduction 

Personal air sampling pumps were first used in underground coal mines 

to monitor for worker exposure to airborne coal dust. They have evolved 
over the years from the hand-operated pumps of the late 1930s, to 

battery powered pumps of the late 1950s, to constant flow 
compensating pumps of the 1970s to the smart, software driven 



 
 

 
 
 
 
 
  

versions of today. Over that time a perpetual problem has been the 

changes in air density associated with pump operation at altitudes other 
than that of the daily pre and post calibrations (Treaftis et al 1976, 

Treaftis et al 1986). The flow rate through the pump is normally 
measured and reported on a volumetric basis. The difference in air 

density at a calibration conducted on surface and the sample collected in 
an underground mine (or conversely in an unpressurized air craft) 

resulted in a calculated air volume that is biased by the density and 
viscosity change.  While mathematical compensation is possible if 

sufficient data is available, a pump that compensates automatically is 
highly desirable. 

 

Air sampling pumps containing the necessary technologyoffer automatic 

compensation for barometric changes.. Such pumps include the required 
temperature and pressure sensors, verified firmware. The compensation 

is attained by a mathematical algorithm based on testing and 
experimentation with pumps operated across the pressure and 

temperature range inside a pressure and temperature controlled 
chamber. The test facility itself is located near sea level at an elevation 

of about 20 feet. 

 

Methods and Equipament 

A test chamber was designed and constructed using a 300 mm [12-inch] 
ID section of heavy duty PVC pipe capped at one end and flanged at the 

other, and approximately 736mm [29 inches] overall length. The 
flanged end was enclosed with 25 mm [1 inch] thick Plexiglas for 

viewing the test equipment placed inside.  The Plexiglas window was 
attached to the flange with a series of 25 mm [1 inch] hexagonal bolts 

and nuts with a rubber flange gasket. The pressurized system was 
limited by a 103.4 kPa [15 psi] pop-off valve located in the capped end, 

allowing a maximum pressure range from vacuum to 204.7 kPa [30 psi] 
absolute (i.e., 103.4 kPa [15 psi] plus 101.3 kPa [14.7 psi], atmospheric 

pressure). The chamber was pressurized (both positive and negative 
pressure) using the facility’s laboratory compressed air system.  A 

manifold assembly provided pressurized air routing and throttling for 
both positive and negative pressure applications.  Positive pressure was 



 
 

 
 
 
 
 
  

achieved directly from the pressurized lab air system, and negative 

pressure through a venturi/aspirator powered by lab air.  A 
communications cable was also routed through the capped end of the 

chamber, so flow rate data could be logged in real time. 

 

The air sampling pumps were operated at various pressures 

representing altitudes from 2438 m [8000 feet] above sea level to 2348 

m [8000 feet] below sea level.  Flow rates were measured using TSI 
Model 4046 mass flow air flow meters.  Algorithms for correcting the 

flow rates at various barometric pressures were introduced into the 
pump’s operational firmware as an optional feature that may be enabled 

or disabled by the user. 

 

Figure 1: Photo of the pressurized test chamber 



 
 

 
 
 
 
 
  

Figure 2: Photo of the test setup inside the pressure chamber  

Results & discussion 
To calibrate and validate the correction algorithm, ten identical pumps 
were tested at ten incremental flow rates across the range, at varying 
flow back pressures and at different ambient pressures, as shown in 
Table 1. (Barometric pressure levels for pump S/N 091302080001 
shown).    

 

 Table 1: Test Parameters of Flow Rate, Flow Back Pressure and Barometric Pressure 

 

Flow 

Rate

Flow Back 

Pressure

l/min kPa

0.5 0.5 to 10

0.6 0.5 to 10

0.7 0.5 to 10

0.8 0.5 to 10

0.9 0.5 to 10

1.0 0.5 to 10

2.0 0.5 to 10

3.0 0.5 to 6.25

4.0 0.5 to 5

5.0 0.5 to 3.75 130.6, 110.5, 113.2, 102.1, 75.8, 50.6

Barometric Pressure (Pump S/N 

091302080001)

mm Hg

130.6, 110.5, 113.2, 102.1, 75.8, 50.6

130.6, 110.5, 113.2, 102.1, 75.8, 50.6

130.6, 110.5, 113.2, 102.1, 75.8, 50.6

130.6, 110.5, 113.2, 102.1, 75.8, 50.6

130.6, 110.5, 113.2, 102.1, 75.8, 50.6

130.6, 110.5, 113.2, 102.1, 75.8, 50.6

130.6, 110.5, 113.2, 102.1, 75.8, 50.6

130.6, 110.5, 113.2, 102.1, 75.8, 50.6

130.6, 110.5, 113.2, 102.1, 75.8, 50.6



 
 

 
 
 
 
 
  

All testing was conducted with the pumps running in the constant flow 

control mode, where the flow rate is controlled within +/- 5% of the set 

flow in normal sampling conditions.  The uncorrected data representing 

the various barometric pressure conditions includes errors outside of the 

+/-5% control specification.  The graph in Figure 3 indicates flow control 

errors as great as +25% at around 53.3 kPa [400 mm Hg] and -10% at 

around 133.3 kPa [1000 mm Hg].  This illustrates the level of error 

possible when calibrating at one altitude and sampling at another. 

Figure 4 shows the collective flow rate curves before and after the 

correction algorithm is applied to the data. The data falls well within the 

+/- 5% flow control specification when corrected with the algorithm. 

 

 

Figure 3: Percent Error levels of Uncorrected Flow Rate Curves at Various Barometric Pressures in mmHg 
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Figure 4: Percent Error Levels of Flow Rate Curves Corrected (red) and Uncorrected (black) vs Barometric 

Pressure in mm Hg 

 

Pumps with the barometric pressure compensation feature enabled were 

field tested in South Africa at Goldfields South Deep underground gold 

mine in May of 2014.  The testing took place during their normal 

employee sampling program by adding a flow rate check shortly after 

the sampled employees arrived underground.  Regular employee 

sampling for silica dust is conducted at this site at 2.2 LPM using a 

cyclone size selector, and the silica content is determined by laboratory 

analysis using XRF.  The pre- and post-calibrations are conducted on 

surface. In the testing of the flow control compensation, the pre- and 

post-calibration checks of underground flow rate for 21 sampling pumps 

were conducted using a Go-Cal air flow calibrator, serial number 1137.  

The barometric pressure for the surface measurements was 630 mm Hg, 

y = -3,876E-04x + 2,833E-03 
R² = 9,773E-01 
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and the underground measurements were at 840 mmHg.  The 

underground measurements were taken in close proximity to the 

elevator shaft which doubles as a fresh air inlet, so the temperature 

change between the surface pre-calibration and underground mine area 

was minimal. The results of the flow rate comparisons appear in Table 2 

shown below. 

 

One of the 21 pumps (No. 31507) failed to operate during the pre-

calibration, due to a dead battery, which had not charged properly. That 

test was abandoned for the day.  Only one of the pumps failed to 

maintain the +/-5% specification when comparing the underground flow 

rate to the post-calibration flow rate, and only two pumps were outside 

the +/- 5% specification from pre-calibration to post-calibration. 

Pump 

No.

Flow 

Rate at 

Surface: 

Pre-Cal 

at ~ 7 AM 

l/min at 

84.0 kPa

Flowrate 

Undergrnd: 

Flow Check 

at ~ 8:30AM 

l/min at 

112.0 kPa

Percent 

Difference: 

Undergrnd 

From Pre 

Cal

Flowrate 

at 

Surface: 

Post- Cal 

l/min at 

84.0 kPa

Percent 

Difference: 

Undergrnd 

to Post Cal

Percent 

Difference: 

Pre-Cal to 

Post-Cal

31530 2.204 2.067 -6.2% 2.064 -0.1% -6.4%

31515 2.198 2.12 -3.5% 2.122 0.1% -3.5%

31514 2.199 1.989 -9.5% 2.049 3.0% -6.8%

31518 2.203 2.144 -2.7% 2.12 -1.1% -3.8%

31532 2.203 2.166 -1.7% 2.133 -1.5% -3.2%

30094 2.204 2.163 -1.9% 2.114 -2.3% -4.1%

31510 2.200 2.183 -0.8% 2.138 -2.1% -2.8%

30093 2.201 2.154 -2.1% 2.154 0.0% -2.1%

30090 2.198 2.162 -1.6% 2.133 -1.3% -3.0%

31531 2.199 2.132 -3.0% 2.131 0.0% -3.1%

30087 2.209 2.019 -8.6% 2.169 7.4% -1.8%

31517 2.199 2.202 0.1% 2.133 -3.1% -3.0%

30096 2.202 2.195 -0.3% 2.143 -2.4% -2.7%

31507 N/A N/A N/A N/A N/A N/A

31535 2.202 2.189 -0.6% 2.145 -2.0% -2.6%

31512 2.206 2.178 -1.3% 2.119 -2.7% -3.9%

31521 2.202 2.179 -1.0% 2.134 -2.1% -3.1%

31504 2.206 2.185 -1.0% 2.163 -1.0% -1.9%

31528 2.203 2.302 4.5% 2.288 -0.6% 3.9%

31519 2.203 2.184 -0.9% 2.161 -1.1% -1.9%

31503 2.203 2.331 5.8% 2.312 -0.8% 4.9%



 
 

 
 
 
 
 
  

Conclusions 

The barometric pressure compensation feature in the purposely 

designed pump serves to hold the flow rate constant over a wide range 
of barometric pressures and therefore a wide range of depths in a 

mining application.  It has been shown that the compensation feature is 
capable of holding the flow rate within the +/- 5% specification.    
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