
Phys-11A16 Explain the difference between viscosity and density. Outline the 
effects of changes in viscosity and density on the flow of gases and liquids. 
 
Background 
 
Viscosity is a measure of fluid’s internal resistance to flow  

- viscosity usually refers to dynamic viscosity = fluid’s resistance to shearing 
flows 

- kinematic viscosity = dynamic viscosity / density 
 
SI unit of viscosity = Pa•s 
Common non-SI unit = poise = 0.1 Pa•S 
 
 
If a fluid with viscosity of 1 Pa•s is placed between two plates, one plate pushed 
sideways with shear stress of 1 Pa then the distance moved by plate in 1 second is 
equal to the thickness of the fluid between plates 
 
Density is the mass of a substance per unit volume 
SI unit of density = kg/m3 
 
Gases with similar viscosities may have very different densities, vice versa 
e.g. He viscosity 1.9 µPa•s ≈ N2 viscosity 1.8 µPa•s  
but He density 0.178 g/L << N2 density 1.25 g/L 
 
Determinants of Laminar vs Turbulent Flow 
 
Flow of fluid in tube may be either laminar or turbulent 
 

 
 
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 
 
The probability of turbulent flow occurring depends on (1) fluid factors and (2) vessel 
factors 
 
Fluid factors (assuming smooth straight vessel wall) may be summarised by 
Reynold’s number: 



Re = 2ρRv/η 
 
Where,  
ρ = density 
R = vessel radius 
v = flow rate 
η = viscosity 
Re > 2000 ! more likely to have turbulent flow 
Re < 2000 ! more likely to have laminar flow 
 
i.e. higher fluid density ! more likely to have turbulent flow 
i.e. higher fluid viscosity ! more likely to have laminar flow 
 
Resistance to Laminar vs Turbulent Flow 
 
For laminar flow, resistance proportional to fluid viscosity and is given by Hagen-
Poiseuille equation: 
 
R = 8ηL/πr4 
 
Where, 
 
η = viscosity 
L = length of vessel 
r = radius of vessel 
 
For turbulent flow, resistance is proportional to fluid density and is less dependent on 
viscosity 
 
Clinical example 
 
Heliox is a mixture of helium and oxygen ! i.e. He replaces N2 in air 
He has similar viscosity to N2 but much lower density 
∴ relative to air, Heliox has (1) higher probability of laminar flow and (2) reduced 
resistance to turbulent flow ! reduce work of breathing 
 
Examiner’s comments - Passed by 72% of candidates. 
 
In general this question was well answered. Points required for a pass were to 
demonstrate some understanding of the definitions of viscosity and density, the 
differences between laminar and turbulent flow and their dependence on 
viscosity and density respectively, and the factors that might influence the 
transition between laminar and turbulent flow. Additional marks were given for 
illustrative examples taken from physiology or anaesthetic equipment, 
understanding of flow-resistance relationships, and deeper understanding of the 
underlying physics (e.g. inertial vs. resistive forces). A common fault was that many 
candidates erroneously thought that density was defined as mass per unit area. 
 


