
 at a glance

We often ignore air resistance in calculations, but air 
(e.g. a strong wind) can exert a large force. 

When an object moves through a fluid (any gas 
or liquid) it experiences forces that affect the way it moves. 
The fluid can provide lift that enables aircraft to fly (pp. 
18–20) and drag that impedes motion. 

There are two types of drag force. The force sometimes known 
as inertial drag is so called because it is related to the mass 
(inertia) of fluid that an object must ‘push out of the way’ (1). 
The inertial drag force F

i depends on the fluid’s density, ρ, as 
well as the object’s area of cross-section, A, and the square of its 
speed, u, relative to the fluid:

Fi = ½CDAρu2 (1)

CD is the drag coeffcient, a number that depends on the object’s 
shape (2). 

Viscous drag involves forces between layers of fluid as they 
flow around an object, rather like the friction between solid 
surfaces sliding over each other. Streamlines show the speed and 
direction of the fluid's motion (3). Continuous lines indicate 

flow in smooth layers. Broken lines show turbulent flow, 
where layers are mixed, so energy is transferred and dissipated. 
A  viscous fluid does not flow easily: there is a lot of ‘friction’ 
between layers, and between the fluid and object. The viscous 
drag force, Fv, depends on the fluid’s viscosity, η, and on the 
object’s shape and linear size as well as its speed, u, relative to 
the fluid. For example, the viscous drag on a sphere with radius 
r is given by Stokes’s law:

Fv = 6πrηu (2)

The Reynolds number, Re, indicates whether the dominant drag 
force is viscous or inertial:

Re = 
Fi

Fv

 = 
ρuL
η

 (3)

where L is a linear dimension of the object (e.g. length or radius). 
When Re >> 1, flow is turbulent, and inertial drag is the 

dominant force responsible for air resistance. Viscous drag on 
objects moving through air is generally much smaller than 
inertial drag (4, 5). 

Air resistance
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5 Comparing inertial and viscous drag

Object

Typical values

Linear 
dimension, L/m

Speed, 
u/m s−1

Reynolds 
number, Re*

Hot-air 
balloon (6)

20 1 106

Golf ball 5 × 10−2 40 105

Dust particle 
(7)

2 × 10−4 0.01 10−1

*Calculated using: air density, ρ = 1 kg m–3; air viscosity,  
η = 2 × 10–5 N m–2 s

1 Force exerted by moving air

Suppose air with density ρ, moving at speed u, meets a solid flat 
surface with area A, and loses all its forward momentum (it is 
deflected sideways in all directions). In a time interval t, the volume V 
of air deflected is:

V = utA (2.1)

This air has mass m and initial momentum p: 

m = ρV = ρAut (2.2) 
p = mu = ρAu2t (2.3)

The force, F, that the solid surface exerts on the air is given by 
Newton’s 2nd law of motion:

force = 
change of momentum

time

F = 
p
t
 = ρAu2 (2.4)

As described by Newton’s 3rd law, the air exerts an equal force on 
the solid surface. 
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air density, ρ
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2 Drag coefficients

sphere

Shape Drag
coef�cient

Shape Drag
coef�cient

0.47

half-sphere 0.42

cone 0.50

cube 1.05

angled
cube 0.80

long
cylinder

0.82

short
cylinder

1.15

streamlined
body

0.04

streamlined
half-body

0.09

4 For an object of given size and shape, inertial
drag becomes the dominant drag force as speed
increases
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inertial drag,
Fi ∝ u2

viscous drag,
Fv ∝ u

3 Streamlines show the speed and direction of 
the fluid’s motion

6 Hot-air balloon 7 Dust particles


