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LAST TIME
• “Dimensional analysis” involves determining the physical 

dimensions in an expression to see whether it is dimensionally 
consistent. 

• We can convert between different units, for example kg/m3 to g/
mm3, by straightforwardly manipulating the units. 

• Revision of Cartesian and cylindrical polar coordinates 

• The mass dM of an infinitesimal volume of fluid dV is dM = ρ 
dV, where                  is the density. 

• It follows that the total mass in an overall volume V is,

M =
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2.7 CONTINUUM APPROXIMATION

• We mainly describe the fluid in terms of two such properties: 

• These describe how much fluid there is at a given point in space 
and time, and how it moves. 

• Other properties include pressure P, temperature T and 
concentration of some chemical C. 

• The continuum assumption is important as it allows us to apply 
calculus, for example to take derivatives. 

• We assume the continuum approximation throughout this 
module.

The continuum assumption treats the fluid as a continuous 
distribution (or “continuum”) of matter whose properties are 
defined at any point in space and time, and vary continuously.

! = !("x, t), "v = "v("x, t)



2.7 CONTINUUM APPROXIMATION 
- WHY DO WE NEED IT?

• Fluids (and all matter) are not continuous. 
• Zooming down to the “microscopic scale” we find a discrete fine-scale 

structure, composed of particles (atoms, molecules, dust) with empty 
space in between.

The air in the room 
(mostly nitrogen and 
oxygen molecules)



2.7 CONTINUUM APPROXIMATION 
- WHY DO WE NEED IT?

• Under the continuum approximation, we blur out this fine-scale 
microscopic structure. 

• Instead we consider the average behaviour of many many 
particles on “macroscopic” length scales.

• This is actually how we perceive the fluids around us anyway. 

• Our human senses are not sensitive to individual particles. 

• Our senses detect the blurred out behaviour of many particles 
(over scales of millimetres or centimetres).









How big should the “averaging region” be for the continuum 
approximation to be valid?  
• Consider a cube of air, one micrometer wide (1μm=10−6m)
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2.7 CONTINUUM APPROXIMATION 
- VALIDITY

How big should the “averaging region" be for the continuum 
approximation to be valid?  
• Consider a cube of air, one micrometer wide (1μm=10−6m) 

• In air there are around 1025 particles per cubic metre, so our cube 
contains 
         N ≃ 1025 x (10−6)3 ≃ 107 ≃ 10 million particles!  

• This is a huge amount, more than enough to ensure good 
averaging.   

• Thus the continuum approximation is valid in air on this 
lengthscale.



2.7 CONTINUUM APPROXIMATION 
- VALIDITY

• From the previous slide, the continuum approximation is justified in 
air even on micrometer scales. 

• For liquids, which have many more particles per unit volume, the 
continuum approximation even more readily satisfied. 

• Thus, for the majority of situations we might be interested in which 
the dynamics typically occur on scales of millimetres or larger, the 
continuum approximation will be satisfied. 

• Air flow past a car or wing 
• Water flowing down a stream 
• Water flowing around a boat



• However, the continuum approximation must be considered carefully for 
high-altitude planes and spacecraft. 

• The ambient air is so dilute that even scales of centimetres might not 
fall within the continuum approximation

2.7 CONTINUUM APPROXIMATION 
- VALIDITY



2.7 CONTINUUM APPROXIMATION 
- FLUID PARCELS

A fluid parcel (sometimes fluid particle) is a volume of fluid which is 
sufficiently large to satisfy the continuum approximation but small 
enough to treat as infinitesimal with respect to the fluid properties 
of interest.

For example, when we think about the velocity of the fluid, we will 
image how a fluid parcel moves with the flow.



• Why not model the particles themselves?  We could treat each as an 
object moving via Newton’s law F=ma, under the forces it experiences. 

• For N particles we would need to solve of the order of N coupled 
ordinary differential equations.   

2.7 CONTINUUM APPROXIMATION 
- WHY BOTHER?

• Consider a typical room of air: 

• Volume 100m3    →    around 1027 particles    →   1027  coupled ODEs. 

• Recently it took months to simulate 1011 ODEs on a supercomputer. 
At this pace, simulating 1027 such ODEs would take about 1 million 
times the age of the Universe! 

➡ We cannot describe any sizeable amount of fluid on a particle-by-
particle (microscopic) level.   

➡ The continuum approximation is vital to model fluid flow.



2.8 THE MICROSCOPIC REALITY  
OF MACROSCOPIC PROPERTIES

• The physical world we see and sense is an averaged blur of 
what is really going on at the microscopic scale.   

• Let’s delve deeper into 3 properties to see how the microscopic 
reality and the macroscopic appearance are related: 

• Flow 
• Temperature 
• Pressure



FLOW

Particles are moving with different speeds and 
directions, some even moving against the flow.  
However, the net flow is left to right.



PRESSURE

force F

area A

• School definition: Consider a force F 
acting normal to a surface and acting 
over an area A.  The pressure on the 
surface is p = F/A.

Pressure is the reason 
this is a bad bad idea.



PRESSURE

• Fluids exert pressure on the walls on their 
container.   

• This arises because the particles collide with 
the walls and thereby impart a small force.  

• The average of many such collisions gives 
the experience of pressure.  



PRESSURE
•  The more we squash a fluid, the 

higher the pressure. 

• The higher the temperature, the 
higher the pressure. 

• High pressures can lead to 
explosions! 



TEMPERATURE
• At any temperature, some particles in the  

move fast, some move slow. 

• Temperature is a measure of how 
vigorously, on average, the particles move.  

• Increasing the temperature amounts to 
more vigorous motion (higher kinetic 
energy) 



OK GREAT, BUT SO WHAT… 
• Fluids move due to gradients in pressure. 

• Temperature affects pressure, thus driving 
fluid motion. 

• The temperature field is also advected by 
the fluid. 

• Changes in temperature change the fluid 
density 

• Gradients in density drive fluid motion 

• Its all very nonlinear and gets complicated 
very quickly! 


