
Physiol-04A14 Briefly describe the differences between laminar and turbulent flow. List 
the factors that increase the probability of turbulent flow. 
 
Background 
 
Flow is defined as the quantity of fluid (i.e. gas or liquid) passing a point in unit time 
 

 
 
Laminar flow – orderly flow whereby fluid travels in smooth streamlines parallel to vessel 
wall 
 
Turbulent flow – disorderly flow whereby fluid travels in eddies, resulting in lateral mixing 
 
Properties of Laminar Flow 
 
Flow rate is greatest in the centre (approximately twice the mean flow rate) 
Flow rate approaches zero near the vessel wall 
 
Flow rate is proportional to pressure difference with ratio of proportionality being resistance 
 
For laminar flow, resistance is independent of flow rate 
 
Resistance to laminar flow is governed by the Hagen-Poiseuille equation: 
 
R = 8ηL/πr4 
 
Where, 
 
η = viscosity 
L = length of vessel 
r = radius of vessel 
 
As seen above, resistance is dependent on viscosity, independent of density 
 



Properties of Turbulent Flow 

Flow is not smooth. Forms swirls (eddie currents) causing lateral mixing. 
 
Relationship between flow rate and pressure is complex and depends on the degree of 
turbulence 
 
Flow rate is roughly proportional to square root of pressure (i.e. to double flow rate, need 
four-fold increase in pressure) 
 
Flow rate is inversely proportional to square root of density and vessel length 
 
Resistance (ratio of pressure to flow rate) is dependent on flow rate 
Resistance to turbulent flow is more affected by density, minimal contribution from viscosity 
Resistance rises with decrease in vessel radius, but the relationship is complex and depends 
on the degree of turbulence 
 
Probability of Turbulent Flow 
 
Turbulence is a stochastic event (i.e. cannot predict exactly when it will occur, but can 
estimate the probability of its occurrence) 
 
A number of factors will increase the probability of turbulent flow occurrence 
These factors are combined into an index known as the Reynolds number, as follows: 
 
Re = 2ρRv/η 
 
Where, 
 
ρ = density 
R = vessel radius 
v = flow rate 
η = viscosity 
 
Re > 2000 ! flow likely to be turbulent 
Re < 2000 ! flow likely to be laminar 
 
Increased density ! conducive of turbulent flow 
e.g. warming of gases ! reduce density ! more laminar flow 
e.g. Heliox is a mixture of helium + oxygen ! lower density than air ! more laminar flow 
 
Faster flow rate ! conducive of turbulent flow 
 
Larger vessel calibre ! conducive of turbulent flow (if all other parameters are constant) 
However, increased vessel lumen ! slower flow rates (continuity equation) ! flow pattern 
is complex and difficult to predict 
 
Reynolds number is derived empirically from smooth cylindrical tubes 
∴ altered vessel geometry can precipitate turbulent flow irrespective of Reynolds number 



 

Irregularities in vessel wall ↑probability of turbulent flow 
e.g. corrugation, kink and bend in tubing are all conducive of turbulent flow 
 
Branching in vessel wall ↑probability of turbulent flow 
e.g. at the braching point of bronchioles; bifurcation of arteries 
 
Examiner’s comments - 70% of candidates passed this question in 2004. 
 
The question most naturally fell into three areas:  

• A description (and diagrams) of the nature of laminar and turbulent flow and the 
significance this might have for passage of fluid through a tube.  

• A description of the different ways that laminar and turbulent flow are related to 
pressure, radius and length of tubing, viscosity and density. These were usually 
summarized by equations (+/- graphs) with interpretation.  

• A description of how diameter, velocity, density and viscosity can be used to predict 
the likelihood of turbulent flow, as summarized by the Reynold's number. This 
section should also include mention of the geometry of the tube potentially affecting 
the nature of the flow as the Reynold's number is for parallel-sided cylindrical tubing. 
Concepts of critical velocity, entrance length and transitional or mixed flow types 
could also reasonably be included.  


