
Physiol-12A10 Outline the principles of a pneumotachograph. What factors 
affect the accuracy of this device? 
 
Background 
 
Pneumotachograph = instrument used to indirectly derive the rate of gas flow by 
measuring the pressure differential across a barrier of known resistance 
 
Flow = amount of gas moving past a given point per unit time 
 
How it works 
 

 
Figure above = typical pneumotachograph setup (image from www.PFTforum.com) 
 
(1) Barrier (e.g. gauze) of known resistance placed in path of gas flow 
(2) Gas flow past barrier will have small pressure drop 
(3) Pressure drop is measured by differential pressure transducer 
(4) As resistance is known, instantaneous flow rate could be calculated 
(5) Flow vs time curve constructed ! integration of curve = volume 
 
Assumptions 
 
Measurements using pneumotachograph generally assumes: 
 
(1) laminar flow such that Poiseuille’s law of laminar flow holds true, i.e., flow rate is 
directly proportional to pressure drop across barrier 
 
(2) the proportionality constant relating pressure drop and flow rate is resistance, 
which is a known constant 
 
The above assumptions may be summarised by the Hagen-Poiseuille equation: 
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where, 
Q = flow rate; ΔP = pressure drop; R = resistance 
η = gas viscosity; L = resistor thickness; r = resistor pore radius 
 



Factors affecting accuracy 
 
Accuracy may be affected by: 
 
(1) Deviation from laminar flow 
Poiseuille law of laminar flow no longer holds ! flow rate and pressure drop no 
longer follow simple linear relationship 
 
Laminar flow more likely when Reynold’s number is low (< 2000) 
Re = flow rate × vessel diameter × gas density / gas viscosity 
 
(2) Resistance deviates from known constant 

For laminar flow, 
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Variations in above parameters ! alters resistance ! introduces error in calculated 
flow rate 
 
Alterations in viscosity of gas:  ↑η ! ↑resistance 
∴ calibration required for various gases compositions (e.g. air, N2O, volatiles, etc) 
 
Alterations in temperature:   ↑T ! ↑η ! ↑resistance 
also, ↓T ! condensation of water vapour ! ↑resistance of barrier 
∴ intrinsic heating coil maintains constant temperature of gas inflow and prevents 
condensation in resistor 
 
(3) Errors in measurement + errors introduced by measurement 
If flow is too low ! resistor results in large decrease in flow rate ! introduces error 
in measured flow rate 
 
If flow rate too high ! resistor results in very small pressure differential ! difficult 
to accurately measure ! error introduced 
 
Different types 
 
(1) Fleisch pneumotachograph → Fine bore parallel tubes (bulky) 
(2) Lilly/screen pneumotachograph → Layer of metal or plastic gauze 
(3) Pitot tubes → 2 pressure sampling tubes in the centre of gas flow measure the 
potential difference between the upstream & downstream (static) pressures 

 
 
(PENDING: what are normal accuracy ranges of pneumotachograph?)



Examiner’s comments - 30.4% of candidates passed this question. 
 
A well-organised answer allowed for the optimal awarding of marks. An example of 
this may be 
" An introduction might include uses for a pneumotachograph, definition of flow 

and ability to derive volume from such. 
" The underlying principle of Poiseuille’s Law of laminar flow and the 

assumptions or constants which then allow the proportional relationship of 
flow and pressure. This approach also addressed many of the factors affecting 
accuracy of the device. 

" Descriptions of the different types of pneumotachograph, for defining laminar 
flow, determinants of turbulent flow and for detail regarding the differential 
pressure transducer. 

" Additional marks were awarded for understanding that temperature not only 
affects condensation but also physical properties of gases and for a statement 
of the normal accuracy range for a pneumotachograph. 

 
Common mistakes included repetition, vague statements, incorrect formulae and 
imprecise wording especially with respect to which values were measured and which 
derived by calculation. Whilst most clinical measurement devices do require 
calibration this question sought evidence of deeper understanding with respect to 
specific gases or flow ranges. Detail of flow-volume loops and patient effort or 
technique in performing lung function studies attracted no marks. 
 


